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MPEOUCNOBUE

Co mpeMeHV BBIXOJa Ha DpBIHOK NEPBOr0 HIMPOKO  MPUMEHAIOIIETOCH
B MPOMBILLTEHHOCTH MHKpomnpolieccopa 8080 komnanuu Intel passutue mocnenyiomumx
NOKONEHWH NOHINO 1O ABYM TTaBHBIM HanpabacHuaM. C ofHOH CTOPOHSI HAXOAATCS Ta-
KHE BBICOKOTIPOM3BOAMTENLHEIE Mpoueccops! kak Pentium komnauuu Intel unu cemeli-
ctBO npoueccopos 680x0 komnaumun Motorola, KoTopsle HAXOAST MPHMEHEHHE B TIep-
COHAILHBIX KOMIBIOTEPaX, pabouuX CTAHHHAX W HAYUHBIX BBIYHCAHTENBHBIX YCTAHOB-
KaX, a TAKKE PEeanu3yioTcd B APXMTEKTYpe KOMITBIOTEPOB CO CIOXKHbIM HaGopoM ko-
maH CISC (CISC — Complex Instruction Set Computer). C apyroii cTopoHs! 6s1cTpo
ofo3Haurack Gonkias moTpeOHOCTE B Godee MPOCTBIX MHKPOKOHTPOJILICPAX, LTS KO-
TOPBIX KOMITAKTHOCTh BadkHee crnocobHocTy 0bpaboTare OrpoOMHBIH MOTOK KOMaH/I.

Komnauus Intel ewe 8 1976 rogy BeiBena Ha PHIHOK OJHOKPUCTANBHEIH MUKPOKOH-
tponnep 8048, y koTOpOro B OAHOM KPHCTAJUIE HHTErpupoRaH Habop komaHn 1 Kéair
(ROM), 64-6aiirhoe O3Y (RAM), 27 nopToB BROJA/BBIBOJA, BOCBMHPA3PAAHbIi Taii-
vep, cXxema MpephiBaHui, 2 TAKKE KBAapLEBbIH OCLIHIUTATOP.

[N BBICOKONMPOM3BOAWTENLREIX MpoLEeccopoB, Hanogobue Pentium (koTophle,
BMIpOYEM, HALIENEHB! Ha APYToif CerMeHT PHIHKA), HeO0OXO0MHMO GONbILOE HHCIO TaKHX
BHEINHMX KOMIIOHEHTOB Kak 3arpysouHoe 13V (ROM), RAM B kaudecTse pabodeii na-
MATH, KecTRUl OKCK B KauecTBe yCTpOMCTBa ANs XpaHeHus nporpamm, Talimep, cxema
MpEPBHIBAHMH H T.II., KOTOPBIC JO/DKHBI OBITH Pa3MEIUEHB! B ORHOM Kopryce. B cayuae
A€ OJHOKPHCTANBHOTO MHKPOKOHTPOJUIEPa /U paboThl He TpebYIOTCH HUKAKHE APYIHe
ITEMEHTHI.

[lo 1eHe Taoke HaMETHIACH CYLLECTBeHHas pa3Huna. B To BpeMs kax fpoLeccops,
nanonobue Pentium, BecAeaCTBHE CIOXKHONO YCTpOHCTBA M JOPOrOCTOAMIENO fIpOLiEcca
H3rOTOBNEHHS, MPEANAraloTca Mo LEeHe B HECKOMBKO COTEH JIOMUTapOR, CTOMMOCTL OHO-
KPHCTANBHOIG MUKPOKOHTPOJIIEPA HAXOJUTCA B NIpedeNnax OT OHOro 10 25 AONNapoR.

OaHOKpHUCTANILHEIE MUKPOKOHTPOILIEPH! HAXOMAT WHPOKOS NPHMEHEHHE B CaMBIX
pa3u000pa3sHLIX chepax: OT HIMEPHTENBHEIX IPHOOPOB, GOTOANNAPATOR K BUASOKAMED,
MPUHTEPOB, CKAHHEPOB H KONMMPOBAJBHBIX AMMapaToB A0 M3/IEIHH DICKTPOHHBIX pa3-
BICYEHHI M BCERO3ZMOMHOH AOMAIUHCH TEXHHKH, B PE3Y/IbTaTe Hero OHH MONYYHITH Ha-
PUUATENLHOE HAZBAHME “UPOLECCOP AN CTHPANBHEIX MATIHH,

YuuTsiBag 0OLIMPHYIO 0OIACT: MPUMEHECHHS H, COOTBETCTBEHHO, BONbIINE 06BEMBI
MPORAK OJHOKPUCTANBLHBIX MUKPOKOHTPOJUIEPOR, HET HMYETD YAMBUTENLHOIO B TOM,
4TO NPAKTHYECKH KOKIBIH H3TOTOBHTENE NONYIPOBOJHHKOB MPEATAracT Ha PhIHKE CBO#
cobcTBeHHBIH “TAN”. TeM He MeHee, B BOCHMU/ECHTHIE FOBI HA PRIHOK CMOF MPOJBY-
HYTbCH [JIABHBIM 0Dpa3oM BOCEMHUpaspanHeldl niporeccop 8051 komnanuu Intel co Bee-
MH er0 Bapualuamu. [laxxe HECMOTPA Ha TO, YTO CO BPEMEHEM HA PRIHKE IIOABMIICH KOH-
Kypupytowuii 16-paspanusii MuxpokorTponnep, i805} no-npexneMy ynepxuBaer za
coB0# ManbMy NepBEeHCTBa, XOTS B MOCHERHES BPEMS €r0 M NIOTECHHIM BOCLMUpasps/-
Hele RISC-konrponnepsl Hosoro noxonenus (RISC — Reduced Instruction Set Com-
puter — KOMIIBIOTEp C COKpalneHHsiM HaGopoM koMaH). K takum RISC-mukpoxoHT-
ponnepam, K npuMepy, OTHOCHTCA cemedicTro PIC xomMnanun-usrororurens Microchip,

2---5-2384
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a Tarke cemeiictBo AVR koMnanvwu Atmel, koropsie SyayT nonpofHO paccMOTpeHBI
B JAHHOM KHHIE.

MokHO 3apaHee OTMETHTb, 9TO KoMnaHua Atmel, 6rarogaps koMOuHauuH fpo-
rpeccusHoi apxutektypsl RISC u nporpammupyemoii ¢now-namaty EPROM (Eras-
able Programmable Read Only Memory — cTHpaeMoOe IIpOrpaMMHPYEMOE NOCTOAHHOE
3aMOMMHANOLIEE YCTPOHCTBO), paspaboTana oveHb 3Q(PeKTUBHOE pellleHHe Ans Bcex
MBICIMMBIX 38784 BHYTPHUILIATHOTO YNPABNEHHd H YCTAHOBMIA HOBBIE MaciTalsl B CO-
OTHOIIEHUH UEHBI H IIPOU3BOHUTENLHOCTH.

Ta KHMra NpeaHasHaueHa IS MPOEKTHPOBUUKOB, CTYAEHTOB, HHKEHEPOB U yue-
HbIX, 478 TeX, KTO 00y4aeTcs [O MIEKTPOTEXHUUECKHM CIIeUHAIbHOCTAM, a TaKKe 1l
ONBITHLIX JIOOUTENEH MEKTPOHUKH — KOpOYe oBOPA, /I BCEX, KTO yxke obnanaer
ONpeeeHHBIMU OCHOBHBIMH MO3HAHUAMH O MOCTPOSHHH K (PYHKUHOHMPOBAHUH MHK-
POKOHTPOANEPOB, KeNaerT NOHATb U H3YUHTb OJHOKPHCTAIILHEIE MMKPOKOHTPOJIEPHI
AVR ¥ yCEWHO NPeTBOPHTE B XKHU3HL COOCTBEHHBIE HAEH, YTODB! HE OTCTATh OT “Noes-
Ja”, KoTopbii IBMKETCA B TeXHONOrnyeckoe Syayluee.

Xotren Obl BbIpA3UTh MPU3HATENLHOCTE 3a JAPY)KECKYIO noanepxkky boby Xewnep-
cony (Bob Henderson) u toutepy Kucury (Gunter Kiessig), coTpygHUKaM KOMTMAaHHU
Atmel u, npexae Bcero, Muro leunay (Ingo Schwind) w3 Hemeukol kommnannu Ven-
tec — pucTpubbloTopa Atmel. OHH ¢ 60AbLIIOH 3aMHTEPECOBAHHOCTRID BCEMM CHITAMHU
MOMOTATH MHE TIPY HankcaHum 370l KHHru. Tawke Gnaronapro Beex, KTO nocnocoleT-
BOBA TOABJEHHUKD 3TOTO W3AHUA, M KOTO A HE HMEXD BO3MOMHOCTH NMEPEYHCIIHTL M0-
HMEHHO.

Bripaxkato ocoOyio npusHatensHocTh [toHTepy Bamo (Gunther Wahl) u3 w3pa-
tenbcTha Francis® 3a okazanHoe MHe 0oBepue U A4o0poe CoTpyAHHUYCCTBO.

Byay 6naroaapen uuTaTensM 3a HOBbIC HIEH M NMPEAIOKEHHS N0 YIYULIEHHIO MOeH
kHHUrH. Ecnu korga-Hubyas nepes keM-1HG0 U3 BaC BO3HUKHET npobnemMa, 1718 pelleHus
KOTOpOM MOKHO 0110 Obl UCMOL30BATE MUKPOKOHTpOEpHl AVR, To coobumrte mHe.
B Tom cny4ae, ecnu npeaocTaBaeHHas MHBOpMaLusa OyaeT NpeacTaBIaTs HHTEPEC Tak-
KE M N4 APYTHX YMTaTeneit, BO3ZMOKHO, B CIIeLYIOLISH Moel KHHIe 110 MUKPOKOHTPOI-
Aepam AVR bl HaliieTe npeUIoKeHHE IO PEUICHHIO YkazaHHOH npobnemnl. [Ipu stom,
OIHAKO, Bb! JOMKHBI MOHUMATD, YTO S HE HMEI0 BO3MOXKHOCTH OTBETHTL Ha KaXKabli 3a-
npoc, NOCKOIBKY B 5TOM Cyyae $ He CMOTY 38HMMATBCS HU4EM APYTuM!

JKenaro MOUM UUTATENIM GOMBUIMX YCNeXoB NpH paboTe ¢ 3TOH KHUrol u nocne-
OYIOIIEero NpeTBOPEHHS B KH3IHE COOCTBERHBIX HAEH.

Bonwdraur Tpamnept
Anpec anextponno#t noutsl: W.Trampert@web.de
Homaurass ctpannua: http://Trampert-AVR.de.vu



19

YCNOBHbIE OBO3HAYEHUA

B 3710t KHMTE NPHHATBE HEKOTOPbIE YCJIOBHbIE 0003HaueHus. Tak, HaUpuMep, B -
TepaType NPHHATA PasMYHas 3aMUCh LIECTHAALATEPHUHBIX Yncen, B nporpammax, Ha-
nucaHHsIX Ha s3bikax Pascal w Basic, oHM ofo03HavaloTes ¢ NOMOLIbIC NpE(HKCa B BUE
3Haxa fonnapa (Hanpumep, $A3). B nporpaMmax, HanucaHHeIX Ha s3bike C HAW Ha ac-
cembriepe, KOTOpbLIC MPHMEHAIOTCA B CeMEHCTBE MUKPOKOHTpoaepos AVR komnanuy
Atmel, T0 ke caMoe LWecTHaguUaTepuvHoe yHcno obo3Havaerca kak OxA3, a B TEKCTe
yacTo npeacTtaBneHo ¢ uHaekcoM “h” (A3;). B HacroAulell KHHTE, B 38BHCHMMOCTH OT
cllyydas MpUMeHeHus, Oy IyT UCTIONb30BATLCA BCE NEPEUHCICHHEIE BADUAHTEI.

B npencraBneHHo# Hibke TabaMie CBEIEHB! APYTHE YCNOBHBIE ODO3HAUEHMS, MC-
nonwyemme B KHHTE.

SAF, $10, SFEDC
0xAF, 0x10, OXFEDC
AF,, 10, FEDC,

I_Uecmaﬂuarepuqnble Co 3nakom "$" mepen umvciom
4KCna “0x™ + HIecTHAMUATEPHYHOE YUCNO

C HUXHHM HHASKCOM “h”

IBouuurle yucna “0b” + nROMUHOE YHCTO 0b10100101
C BepPXHWUM HHASKCOM “b” 10100101,
Hecaryuneie yucna bBe3 npucTaBok 15,37,1023

C HMKHUM HHEeKCOM “d”

15, 27, 10234

Komangp! acceMbrepa

["oTHuecKHit WpH$T

rijmp, clr, breg

HuseprHposanmne

3uak “/" snepenu

/Rd, /Rr

B knure npuHaTo, Yro Gur “yctaHoBnen”
(nior. 1) H, COOTBETCTBEHHO, BLICOKHI YPOBEHHE,

, ECIIH UMEET 3HAYEHHE JIOrudecKkoi
“cOpotuen”,

(.51!’

€CNH UMEET 3HAUYCHHE J10-

rudeckoro “0” (nor. 0) u, COOTBETCTREHHO, HU3KHH YPOBEHb.
JIns BBUIENEHHS ONPENEneHHbIX MECT B TEKCTE NPUMEHSIOTCA ClIeAyrOLMe 3HAKH:

V TO 3HAK BXHOTO NPHMEUAHHA

l 3TuM 3HAKOM 0003HaYaeTCs JOMOMHUTENAbHAS HH(OPMALWS U TI0JE3HbIE CO-
BETHI
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1 BBEAOEHUE

CemelicTBO MUKpoKoHTpOIepoe AVR kommanuu Atmel Ha MOMeHT HanucaHus
HACTOALIEH KHHTM COCTOMT M3 YETHIpEX NpencraBMTeNell: Tak HasblBacMoit “‘GazoBoi
cepuu” (Basic Line), koTopble, Kak noka3aHo B Tabn. 1.1, oTIU4aoTCAa No NMPOH3BOAM-
TeALHOCTH a c/IeNOBaTENBHO, — M M0 CTOHMOCTH). brnarogaps sTomy, B 3aBUCHMOCTH
OT ¢yyas TMPHMEHEHHS, B PAaclOPSKEHWM BCETNa MMEeTcs cambldl ONTUMAbHLIH 1O
TPOU3BOJMTENEHOCTH M CTOMMOCTH MUKPOKOHTPOIUIEP, YTO COOTBETCTBYET JIO3YHTY
“He uano nnatuth 3a HenyxkHoe!”. ToT dakT, 4To Ha CErogHALIHHI AEHR YiKe onpee-
JIEHbl KOMaH/kl, He 3aJelCTBOBaHHbBIE B MePBLIX YETBIPDEX MHUKPOKOHTpojnepax AVR,
TIO3BONSAET CeNaTh BBIBOA O TOM, YTO KoMmnaHusa Atmel Tawke u B Oyaymem Gyaer no-
CTOSIHHO pacIiUpsTh CEMeHCTBO MUKpoKoHTpoliepoB AVR 3a cyeT paspaborku Gonee
MTPOU3BOAHTENBHBIX 0GPa3LIOB,

Apxutektypa RISC

Bce mukpoxonTponneps! AVR cnpoekTHpoBaHbl A1 paloTel B COCTaBe OUEHb
npou3soaHTenpHOH Manomoludoid apxurextypel RISC. Ho no kakol ke mpuuune 3To
HOBOE MOKONEHHE KOMITBIOTEPOR CTARO TAKWM ONACHBIM KOHKYPEHTOM IN YXE YTBep-
NMBUIMXCH HA PBIHKE?

Bce MHKponpoLeccopsl NeEpBOro NOKOMEHUS 0Onanany xecTko “NpolMToi” noru-
k0¥ dexeavposanus koMand. B To BpeMs TEXHONOIHMA CO3JAHMA 3aTIOMUHAIOLIMY YCT-
poiicTB CHABHO “XpoMarna’” Mo CPABHEHWEQ ¢ TEXHOJIOTHEH W3rOTORICHHS NIPOLIECCOPOB,
TO €CTh, HONEE CKOPOCTHRIM IIpOLIECCOpaM MPHXOIHIOCE AONT0 OXKUAATE CUMTHIBAHHS
clenyrollel KoMaHabl i1 JEKOQUPOBAHHA U3 MEANEHHONCHCTRYIOMETC 3alIOMHHAND-
wero yerpoiicrsa, [lostomy, ¢ uener 3hdekTHBHOTO HCMONL3OBAHMA 3TOro neproia
OKHMIAHHS, BO3HHIUTA HIEA 3AMONHHTL BPEMA OO IMOCTYIUIEHHUS cliefylouledl KOMaHIbL.
B pesyneTate G111 pa3paboTaHe! CIOKHEIE H KOMITAEKCHBIE MalUMHHBIE KOMaHABL.

BO3HHMKIN KOMaHIBbI, KOTOpBIE BBIMOTHANH MOCNEA0BATENBHO HECKONBKO BHYTpPH-
TEPOLIECCOPHBIX OMEPAUMH N0 TeX Mop, MOKa HE MOCTyMnana CAeAYIAas BHELIHAA KO-
manga. Tax nogeunuce nponeccopsl CISC (Complex Instruction Set Computer ~— xoM-
NBHTEP CO CAOKHBIM HAGopoM KOMaHM). THIHYHBIMH NPEACTABUTENAMM ITOH apXUTeK-
TYPbl NpoLECCOpoB ABagroTCH ceMelicTBa 80x86 u npoueccop Pentium xomnanun Intel
unu ceMeiictea 680x0 komnanun Motorola,

INpaktuuecku Bee npoueccopst CISC pa6oTaloT Mo NPHHLKIY MHKPOMPOrpaMMH-
PORaHHA, TO €CTh, KAXAAd MAIIWHHAA KOMaHAA MOCIenoBaTenbHO obpabarsiBaeTcs
MHKPOMpPOrpaMMOH, KOTOpas BbINONHAETCS BHYTPH XPHCTALIA NpoLieccopa.

Opnnako ecnd B3rNAHYTH Ha CYLIECTBYIOLIHE TTPOrpaMMBbl Yepes MPH3MY CTaTUCTH-
KU, TO OGHApPYKUTCH, uTO U3 Gonblioro Habopa xomaua npoueccopoe CISC (y nekoro-
peix THNOB — cBbllle 300) HcnoNB3yeTcs TONEKC HEOONBLIAA, MOCTOAHHO TMOBTOPSIO-
lasgcs 4acTh B paiMepe okoao 20 NpouUeHTOB.



Mpedomasumenu 6azoeol cepuy AVR 23

MNpeactasutenu 6asoson cepun AVR

B Tabn. 1.1 nepeynciaeHbl XapaKTEPUCTHKN ApeACTaBUTENEH GA30BOH CEpPUH MHK-
pokouTposiicpoB cemercTBa AVR. CpaBHME 3TH XapaKTepHCTHKM, MOXHO OBICTPO OII-

PEaCHTb INCMEHTHYIO 63.3)/ A KKA0ro KOHKPETHOTO Ciiyyasa MPHMERCSHHA.

Ta6nm.|.a 11. OTJ'IVNVI’I'SJ'Ibe!e npuaHaKu yeTblpex npeAcraBuTeneu BaszoBoi cepuu MquoKomponnepoa AVR

5851 TOOS44T4 | FATO082313. | L ATI0ST200
Konnqecmo KOMaH[ 118 118 118 89
@5w-EPROM 8 Koaiit 4 Kobalita 2 Kba#ita 1 KGaitr
[IporpaMMupoOBaHUe uepes Ha na aa oa
untepdelic SPI
EEPROM 512 Ganr 256 GaliT 128 Baiir 64 Gaitta
SRAM 512 ba#T 236 Gaiir 128 GaiiT TOJILKO CTEK
Paboune perucTpsl 32 32 32 32
KoHTakThl BBOAY/ BLIBOAA 32 32 15 15
{Ipuemonepenarydk UART Ja aa k] HET
Hutepdetic SPI Ja Ia HET HET
CTopoxkeno#t TaliMep Ja Ja Aa Ja
8-paspaaHbii TaitMep/cueTUHK at:] na aa na
C IPEeANCAHTENEM YACTOTHI
16-paspanHblii Taitmep/ cuer- na oa aa HeT
UMK C TpeIAeIUTeNIEM YACTOTH
HIHMM-monynarop 2 2 1 HET
HcToMHHKH ApepbiBadts 12 12 10 3
AHaIoroebl# KOMOAPaToOp Jit:] na aa Ja
HKnymnii pesxuMm na na oa na
PexuM NOHMKEHHOIO 3HEpro- oa Ia aa aa
notpebnenus
Pabouee HanpaxeHHe 2,7..6B8 2,7..6B 2,7..6B 2,7..6B
TakToBad 4acToTa 0...8 MI'u 0..8 MI'y 0...10MI'n | 0...12MI'y
mpy Vee=+5B
TakTosas yacToTa 0...4 MI'u 0...4 MI'y 0..4MI'u 0..4 MI'u
npu Vec=+3 B
Kopnyc PDIP40 PDIP40 PDIP20 PDIP40
PLCC44 PLCC44 SOIC20 SoIC20
SSQP20
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2 OB30P

OCHOBHbIE XapaKTEepHCTUKM CEMENCTBA MUKPOKOHTponnepos AVR

B npuHuLmMne, Bce MHUKPOKOHTPONJEPHl MOCTpOeHb MO OOHOW cxeme. Cucrema
yIpaBieHHs, COCTOAILAA M3 CUETHHKA KOMAHJ H CXeMbl AeKOAMpOBaHHs, Geper Ha ceba
CYMTBbIBAHWE M JEKOAMPOBAHHE KOMaH], M3 MaMATH NPOrpaMM, a OfePaLHOHHOE YCTPOii-
CTBO OTBEYAET 32 BbIMIOJHEHHE APHPMETHUECKHMX H JIOTHUECKHX Onepauuii; uHTepdeiic
BBOAA/BLIROJA MO3BOAAET OOMEHHMBATHCA NAHHBIMH C MepH(pEPHHHLIMHY YCTPOHCTRAMH;
H, HaKOHeL, HeoOXOAHMO HMETE 3alIOMHHAIOUlee YCTPOHCTRO ANA XpaHeHHd MporpamMm
W AaHHbIX (puc. 2.1).

UeHTpanbHei# npoyeccop

S T T TP T T T T EY S

YcTponcTao _i  OnepauyuoHHoe
ynpaeneHua YCTROWCTBO

NamsTh NporpaMm

MamaATe AaHHBIX

- - Beop/BoiBog,
' } Y l T
Appecran UuHa WurHa MNepudrepun

WHHA  AEHHEIX YIPBBNEHHA

Puc. 2.1. Ba3oBan CTPYKTYPa MUKPOKOHTPONNEPA

OnepatgioHHoe ycTpoHCTBO, KaK NPaBHIO, COCTOMT U3 apUMETHKO-TOTHYECKOTO
yerpoiersa (AJIY), HakanTMBalOIEro CyMMATOpa B HECKOJTBKHMX BCIOMOrATENbHBIX pe-
THCTPOB. B wiaccuueckol nporpaMMe MOYTH NOJNOBUHA BCEX KOMAHI — 3TO KOMaH/bl
NEPECLUTKH (move) A nepeRadu AaHHBIX OT BCIIOMOIATEIBHEIX PETHCTPOR K HAKAIIM-
BAKOILEMY CYMMaTopy W obpatHo. B cemelicTBe MukpokxoHTpomnepor AVR Hakannu-
BAIOIIMA CYMMATOp, NMPEeACTaRIAIONIMI coboll “ToHkoe MecTo”, CTaHOBHUTCH HE CTOJb
KPUTHYECKH BaKHBIM, Bnaronaps npumenenuto 32-x paGouux perucTpoB, CBA3AHHEIX
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¢ 6nokom AJTY. B pezynsTate apuMETHYECKME H JIOTHUECKUE OfEpalldd MOTyT OBITh
BbIMIOJHEHBI B TEYEHHE €IHHCTBEHHOTO TAKTA.

ApHnmeTHKO-NOTMYECKoe YCTPOHCTBO

Onepauun AJTY MOXHO pa3fenuTh Ha TPH OCHOBHblE KATEropuH: aphdMerHve-
CKHE, norudeckue i nopaszpaasble. Kamaol U3 3THX KaTeropHH COOTBETCTBYHOT MOLI-
Hble koMaHab, HekoTopeie (HOBblE) MUKPOKOHTpOJUTEpH! cemeiictBa AVR umeror Tak-
JKe arnapaTHble YMHOXKHTENH B apdMeTHueckoM Ooke AJTY.

CrpyxkTypa KomaHg

HecmoTps Ha RISC-apxuTexTypy, 3anmac KOMaHJ He TaK y»K M OrpaHWueH: Kkak HH-
kak, AT90S8515, “napanHaa nomans” Gazopoil cepun, umeet 118 komaHn, B BbICINEH
CTerNeHH ONTHMH3HPOBAHHLIX C TOUKH 3peHHA LenecoobpazHocTH U dddekTHrHOCTH, 2
camulii “cnabmiit” npencrasurens ceMeiictea — AT90S1200 — enea AW cuibHO “OT-
cTaer oT nugepa” co ceonMH 89 komannamu. B mukporoHTponiepax AVR Gaszosoit ce-
pHM Bce KOMaHibl HMEIOT OIMHAKOBYIO LIMPHHY c/oBa 16 6uT (To ecth, 2 Gaiita). He-
KIIOUYEHHEM SBIAIOTCS TOMLKO IBE KOMaHABl A1 NPAMOM ajpecalud cTaTHveckoi na-
MATH aHHBbIX 13S U st 5, COCTOMIUME U3 IBYX CJIOB H, COOTBETCTBEHHO, M3 4 GaiirT.

3a HEMHOrMMH HCKIIOUEHMAMM (KOMaHJa MEpPEXoa, ONepaudy ¢ HelocpeacTBeH-
HOH aipecauned M TepPechIKM B MAMATH/M3 MaMATH) Bce koMaHasl obpabareiBaioTcs
B TEYEHHE OJHOTO TaKTa CHCTEMHOH CHHXPOHU3AUNH.

BpemMA BLINONHEHWA KOMaHabl

Ha puc. 2.2 moka3aHO COMOCTABIEHUE KOMMYECTBa HEOOXOMHMBIX TaKTOBBIX MM-
NyJLCOB OCLWIUIATOPA IS BBIMOIHEHHA ABYX MNOCIEAOBATENbHEIX KOMaHi IMpOLEcCOo-
pamu 68HCO05, 80C51, a raioke cemeticrsaMu MukpoxkoHTponniepos PIC u AVR.

1 1 1 I
] 1 1 I
AVR 1 lotopal i E i i
i | | | |
1 : 1 : :
PIC ] 1 2 ToTogol ! !
E 1 ]
+ 1 1
! 1
68HCO5 Y 11 { 2 i { I oToBol
I 1
1 1
] 1
gocsr 11 : Yy 12 T otosol
i ] 1 ] )

Puc. 2.2. CpasHeHWe BPEMEHM BLINONHEHUA KOMAHA PASNMYHLIMA NPOLIECCOpaMY

ApXMTeKTypa namMaATH

B 3anoMUHAOLIMX YCTPOHCTBAX, COOTBETCTBYIOUIMX KMACCHUECKON KOHHErnuUu
¢on HelimaKa, naHHbie U KOMaHAB! XPAHATCS B OIHOM namsaTu. B NPOTUBOIIONIOKHOCTh
3TOMY, NaMATb MO ['apBapickodl apXWTEKTYpe, HCTIONB3YEMOH B MHKPOKOHTpOJIEPaX
AVR, COCTOHMT W3 HECKOIBKHX KOMNOHEHTOB, B JaHHOM cilydae pasnenedbl naMaTh Ko-
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MaHJl ¥ 0aMATb BAHHBIX, TO €CTh, OOpalleHne K KOMAaHAAM OCYLUSCTBAAETCA HE3aBHCH-
MO OT JIOCTYTIA K AaHHbIM.
B mukpoxouTponsiepax AVR OTAenbHEIE CErMEHTRI NAMATH YCTPOSHBI NO-APYrOMY
Take 1 PUIHHECKH.
= [TamMaThL MporpaMm peasd3oBaHa Ha OCHOBE NPOrPaMMUPYEMOMR H 3NEKTPUYECKH
cTrpaeMol duai-Texnonoruy. Bo scex muxpokouTpomepax AVR namare 16-
paspsasanas (apyx6alitosas), v Bceria Haxoaures “Ha kpucranne”. Pacuupenne
namMsTH TIporpamMm ¢ nomoiubto 61okoB EPROM nium g HesosMoxHo.

* BHyTpeHHSS NMaMaTh 214 IHEPrO3IABHCHMBIX JaHHBIX (TO €CTh, TAHHBIX, KOTOPbIE
OyayT noTepAHbl TOCKE OTKNOUEHUS pabouero HanpskeHHs ), NpeICTaBgeT Co-
Goit cratueckyro naMats RAM (SRAM). [IpenmyiuecTso 3ToT0 3aK/ovaeTes
B TOM, YTO OTMAAAET BCAKas HE0OXOJAMMOCTb BO BHYTPEHHEH pereHepaliy Kak
B CJIYHAE C HEKOTOPBIMH APYTUMH NPOLECCOPAMHM, KOTOPHIE HCAOIb3YHOT AHHA-
mygeckyrd naMsThb. 1o 3To#l npuuHHe MukpokoHTporepsl AVR moryT pato-
Tath ¢ Taktamu Bniaots 1o 0 Tu. B nononHeHHe k 3T70My, HEKOTOPbiE MHKPOKOH-
tponepet AVR s ysenuuenns o6bema 0bpabaThiBaEMbIX aHHBIX MOTYT pa-
6oTaTh ¢ NOAKIROYaeMoli BHelliHel namaTeio SRAM. I1na storo, oanako, npu-
XOAUTCA XKEPTBOBATH APArOLEHHEIMH KOHTAKTAMM BBOAA/BbIBOAA NOPTOB A U C.

v JIna AaHHLIX, KOTOPbIE RODKHBI COXPAHUTLCS NOCIe OTKITIOUeHs paboyero Ha-
NPKEHUH, B pacliopmKkeHid uMeeTces Mukpocxema EEPROM (Electrically
EPROM — anekrpuueckn ctupaemoe [TI13VY). B namsare EEPROM maxuo 3a-
NHCHIBATD JaHHBIE BO BPEMS HOPMATLHOTO BBITIONHEHH TTporpaMMsl, Jlns ob-
nactu EEPROM raroke Het o0s3aTenbHOH HeoOXOAMMOCTH B MPOrpaMMHpYIO-
LeM ycTpoicTBe.

O6nacTb BROAA/BbiBOGA

B muxpoxonTponnepax AVR o6nacts BBOna/BRIBOMA 3aHMMaeT 64 OaliTa v Haxo-
autcs B Gnoke cratuueckoi namatn SRAM no aapecam ot $20 no $5F. B mukpokon-
Tponnepax AVR (yHKUMH BBOJA/BbIBOAA ATA B3AMMONEHCTBHS CO BHELIHMM MHPOM
NPHMEHWMBL HE TONBKO A% NMOPTOE (0T A A0 [3), HO Takke H ANs BCEX PECUCTPOB CO-
CTOAHHS W YIIPABIEHHA TakuX “BCTPOEHHLIX B kKpucTani” ne;jndaepnﬁﬂblx tbyHKUMH Kak

Taiimep, yetpodctee UART, cropoxesol TafiMep, 1OCTYI Ha 3aMUCh M YTEHUE K NaMs-
™ EEPROM, snrepdeic SPl u ..

lMpepsisanus u nodnpozpamme

TexHuKa nOIAPOrpaMM W NMpepeBARME B MMUKPOKORTPOUTEpax AVR MoxeT 6biTs
npumMeHeHa obbiyHEIM 06pasoM. Ilepexon x yacTaM ApOrpamMMel, KOTOpPLIE B NPOLECCe
€e BRIMONHEHH oOpabaThiBAFOTCA MHOTOKPATHO WM [OJDKHBE COAEPKATLCA OT/AENBHO
MO NpUYAHE CTPYKTYPHPOBAHHA, OCYUISCTBIAETCA C [TOMOLKRKD KOMAHIBI rcall.
370 — KOMaHJIA NEPEeX0/Ia, KOTOpas NOMEILACT B CTEK CJIENYIOULYED KOMaHLy HOPMAlb-
HOTO BBLIMOJIHEHHA TTPOTPAMMB] B KauecTse agpeca Bozepara, [locne BLINOIHeHus noxa-
[POrpamMMel aapec H3BMEKaCTCA U3 CTeKA C MOMOUIbIO KOMAHAB! ret, U IporpamMma npo-
JOIDKaeTCA.

Crek uist aZpecos BO3BpaTa HAXOAMTCA B naMaTi SRAM. UcknioueHue coctasnser
TONMBKO MUKpOKOHTposep AT90S1200, koTopelit npHMeHsieT ang 3Toit 1eny anmnapar-
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upii ctek no npuHuumy LIFO (Last In, First Out — “nocienum BoUte, NEPBLIM Bbl-
uren’).

B npumepe Ha pHc. 2.3 ykasaTenk CTeKa MHHLHANM3UPYETCHA, HAuuHas ¢ METKH
Start, MOCHE Yero cnefiyeT MeTka Calll NepBoro 8e130Ba noAnporpaMmet UPL. B ka-
yecTBe a4peca BOARPATA B CTEK TOMELNAETCA A/Ipec CHCAYIONIER KOMAaH/bI, TO ECTh,
$78A. CaMa noanporpaMMa UPL B NPEACTAB/IEHHOM NMPUMEPE HE BBLIMONHICT HUKAKHX
JeHcTBYH, U MPOUCXGAMT HEeMeUIeHHbIH BO3BpaT K raaeHoll nporpamme. s atoro us
CTEKa U3BJIEKAETCA AAPEC, M BLITIONIHEHHE MPOrpaMMBbl TIPOAOIIKASTCS ¢ KOManabl rimp
Callz. C merkd Call2 NPOUCXOAMT NOBTOPHBIH BI3OR rloAnporpammel UP1. B s3Tom
clyuvae B CTEK NMOMELIAETCA afipec BO3RpaTa $78D.

Kon
Agpec ongpaym Merxa  Komawaa Anpec  Crek
LL) UPt.  hop O%25F ~— Yeaateb cTexa
9508 retd OX25E
25D

Crex nepes BuINOAHEHWEM 120BOTO Bbiz0BA

50T Stat Wi AGWAF

BFOD out  splriG Agpec  Crex

E0DZ i r16,0x02

BFOE out  sph 16 OxzaF [ B4

DFFE | Callt:  rcall UPT BsE | U7

Tl fjimp Calf2 0X250 -4— YxazaTefle CTeKa
CTBK focne BbiNGNHERKEA HEFBDFD BLIZOEa

DFF3 Call2:  reall UP1

Coo2 nmp Weiter
Agpec  Crex

] ter  no| ox25F [ BD

Weite p e

025D -4— YxazgTens creka

CTek Noche BLINANHEHKUA BTANOMY BI30BA

Pue. 2.3. [lpa BuI30Ba NOANPOTpaMmEI

B npasoit yactu puc. 2.3 noxasaH tparMenT ctatHucckor namaTd SRAM, otee-
JCHHOI Ang cTeka. YKa3saHO cogep:KMMOoe cTeka Nepe/ BHIIOTHEHHEM TIEPBOTO W riocie
BLITIOTHEHUSA MEPBOrO M BTOPore Bhi3oBoB. [lognporpammel Takke mMoryT ObITh BO-
KEHHBIMH (TO €CTh, U3 NOANPOrPAMMB] MOXKHO BBI3BATH APYTYHD TTPOrpamMMy).

Ocoboit dopMoli nognporpaMM SBIAKOTCA TOANPOrpaMMEL 06pabOTKH npephiBa-
HHIA, C TIOMOIIBIO KOTOPLIX PEAM30BAHbLI 3apaHee He 3armnaHuPOBaHHbLIE obpalueHns us3
nporpamMM. JpyTHMH cNOBaMH, BRITIONHAIOWASCH IPOrpaMMa ACHHXPOHHA 110 OTHOLe-
HHIO K COOBITHEO, BEI3LIBAIOLIEMY JIPEPBIBAHUE. 37€Ch, HANIPUMED, PeUb MOMKET HITH O
paboTe takiMepa, npueme GakTa uepes npuemonepenaruuk UART wnn 3anpoce va npe-
PhIBAHHE OT BHELLHErO yeTpOiCTBA.

B 3aBUCMMOCTH OT TIOCTPOEHUA MUKPOKOHTPOLIEPS, B PACNIOPSKEHUY GazoBow ce-
pur AVR umeetca 1o 12 BeKTOPOR NpephiBatng (AIPECOB BXOAA).

Mepugbepuiinbie chyHkyuu

C TOMKHM 3peHHMs annapaTHOW 9acTu, B8 MUKPOKOHTpoinepax AVR peanuzorano
MHOMKECTBO  NnepudepHiHBIX  yukuuid. Tak, Hanpumep, “napagHas  nowaie”
AT90S8515 ofmamaer cneayOIIUMH 0CODEHHOCTAMMU:

* 32 nporpaMMHpYyeMBIe JIKHUY BBOAA/BLIBOMA;

* OporpamMMupyemMoe yerpoiicreo UART,
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= CcMHXpPOHHLIH MHTepdeiic SPI;

®  8-paspanHeiii TalMep/CUETUHK;

» 16-pa3pagHbiii TaliMep/cueTUHK ¢ QYHKUHAMH CPAaBHEHHA H 3aXBaTa U BO3MOX-
HOCTBIO peanu3ausy ABYX Bbixogos LIIMM (wupoTHO-uMITy bCHBIH MOTYNS-
TOp);

*  HHTErpUpOBAaHHBIN CTOPOXKEBOH TaiiMep;

"  AHANOTOBBI KOMMAapaTop.

Briok-cxema mukpokoHTponnepos AT90S51200 n ATS0S8515

ApxuTekTypa ceMeiicTBa MHKpokoHTposnepoB AVR rnokaszana Ha npHMepe ee Hau-
fonee npocToro B Hacrodllee Bpems npercrasutens AT90S1200 (puc. 2.4) u camoro
NPOH3BOUTENLHOTO MHKpokoHTpoiepa AT90S8515 (puc. 2.5).

Isa Apyrux npeacTaBHTeNs cemelcrBa —  MHKpokoHTpoanepsl AT90S2313 u
AT90S4414 — ONTHMH3LPOBAHEI C TOYKH 3peHHS pasMepa JEMEHTOB W/HITH UeHBI (CM,
Ta6n. 1.1) ¥ NMPeRoCTaBAAIOT B PACTIOPSKEHHE TO K€ KONHYECTRO QYHKUHMI v MOmyrneil,
uTe W MuKkpokoHTponep AT9088515.

KOHCTPYKTUBHOE UCNONHEHUE KOPNYCOB W PAcnonoXeHUe BbIBOAOB

Pacnonoxenue BBIBOAOB ueThIpEX MpelCTaBHUTeNeH ©az0BOH CepHMM MMKPOKOH-
Tposuiepos AVR noxasano Ha puc. 2.6 ¥ puc. 2.7. PaccMOTpHM Ha3HAaueHUE BBIBOAOB
noapobHee.

vCC

INonson nuTalomero HanpsxXeHus
GND

3azemMierue

Port A (PAOD...PAT)

[lopt A npencranser cobolf ABYHanpaBNeHHbIH MMOPT BBOAA/BEIBOJA C MPOTYCK-
HO#A cnocobroCTRIO 8 6UT. Bydep BoiBona mopra A B pexkMMe HpHeMA AAHMHBIX B CO-
CTOSHHU NPUHMMATL TOK CHIOH 10 20 MA u, 6Gnaroaaps 3ToMy, HANPAMYIO (THTATh, Ha-
npuMep, cBeTOAXOAB!. Kax bl BRIBOX MOPTa MOXKET OBITH CKOHOUTYPUPOBAH WHIWBHM-
AyanbHO KaK BXOJ M/TH BBIXOZ, & TIPH BRINOMHEHHH (PYHKUWH BBOAA K HEMY, MPU Keya-
HHH, MO3KHO N0JKNOYaTE NOATATHBAIONIEe COMPOTHRIEHHE,

B xavectse ocooit dynkimu depes nopt A paboTaeT neMyTbTHIIIEKCHPOBaHHA

WIMHA MEpefaty NaHHBIX W aipecoB, €C/IH K MHUKpokoHTponnepy AVR pomxkHa 6bITh
MOAKIIOUEHA BHEWHAA NaMaTh RAM.

Port B (PBO...PB7)

ITopr B npexactaenser cofoit AByHanpasnesnill nopr ssoga/srisona (LO) ¢ npo-
myckHOH cnocobHocTeio 8 6ut. Bydep Bhipona mopra B B pexuMe npHema JaHHBIX
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B COCTOSHHH NPHHAMATE TOK cHioil 1o 20 MA u, fnaronaps 3ToMy, HaNpAMYIO THTATh,
HatpuMep, cBeTOAMOAR!. Kaxcbti BoIBO OPTA MOXKET OBITE CKOHGUIYPHPOBAH HH/H-
BM/IYaJbHO KaK BXOJ WM BBIXOA, a MPH BHIMOMHEHNH QYHKLINU BBOMA K HEMY, FIPU JKe-
JaHWH, MOXKHO GOJIKITIOUATE MOATACHBAOWIEE COITPOTHBIICHHUE,

AJIETEpHATHBHO, 4epe3 NOPT B MOryT BBIMIOAHATHECA TAKKE PAa3/IHHHbIC CHELUAIL-
Hble GyHKUUK (TaliMep, NOIKNIOYEHHE BXOJ0B aHATIOroBOro koMraparopa, uHrepdeiic
SED.
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Puc. 2.4, Bnok-cxema mukpokorTponnepa AT90S1200
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Puc. 2.7. KoHCTpYKTUBHOE MCNONHEHKE Koprycos AT90S4414 u ATO0S8515 (sug ceepxy)

Port C (PCO...PC7)

[Topr C npeacrasnser coGoi nByHanpaBaeHHbIH MOpT BBona/BEIBOAa (I/O) ¢ ntpo-
MyCKHOH CTIocobHocTei0 8 OMT. Bydep BoiBoma mopra C B pexume npuema AaHHbIX
R COCTOAHMH NIPUHHUMATE TOK CUI0A 10 20 MA n, Graroaaps 5ToMY, HAMPAMYEO NIUTATh,
HanpuMep, ceeToamonsl. Kaxabli BoiBoa nopTa MoxeT ObITL CKOHGUIYPHPORAH HHAM-
BHIYallbHO KaK BXOJ HJIM BBIXO[, A NPH BbIMOHEHHH (YHKLNH BBOAA K HEMY, NIPH Ke-

JaHHH, MOXHO NOOKIMIOUATE NOATACHBaIOINES COMPOTHUBITCHHE.
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B kauectne ocoboi (yHkuuu vepes nopt C BbIBOAMTCA cTapiumii 6aiiT anpecHoit
ILIMHBI, €CM K MHKpOKOHTpoiiepy AVR momiHa 6biTh NOAKIIOYEHA BHEIIHAA MAMATh
RAM.

Port D (PDO...FD7)

Topt D npencrannger coloii ARYHanpaRneHHbil TOPT BBOAA/BLIBOLA € MPOTYCK-
Holi cnocoGHocThO § OUT. Bydep BHBoja mopra D B pexuMe npHeMa JaHHBIX B CO-
CTOSHMH NPHHUMATL TOK cHnoit Ao 20 MA H, Gnaroxaps 3TOMY, HaNpAMYIO NUTAThb, Ha-
npuMep, ceetoanonsl. Kaxapiit BeiBOA nopTa MoskeT ObITh CKOH(MIypUPOBAH WHAMBY-
AYaNbHO KAK BXOZ WK BBIXOJ, 4 NPH BBINONHEHHH QYHKLUMH BBOJA K HEMY, NIpH Jkena-
HHUH, MOXKHO NMOAKIIIOYATh NMOATATHBAIOLUEE CONPOTHBIICHHME,

AnbTepHATHBHO, depes NMopT D MOTYT BEINONHATECH TAKXKE PAsTHYHBIE JOTIONHH-
TenbHbIE (YHKIIMM (HATIPUMED, NOCTYTLTEHHE 3aMpOCOB Ha MpephIBAHNWE, Nepeaya Bbl-
XOIHBIX AAHHBIX TaliMepa, HHTepdeiic ¢ yeTpoHicteom UART).

/RESET

BriBoa mna nogauu curuana copoca. YposeHs nor. 0 Ha 3TOM BBIBOJE Ha NpOTAXKE-
HHM MHHHMYM JBYX LIMKJIOB CHCTeMHOTrO TakTa @ npH aKTHBHOM OCLMJLIATOpPE MEpEeBo-
AUT MHKPOKOHTPOI/IEP B UCXOJHOE COCTOSAHME.

ICp

BoiBoa ¢ynxiuu “3axpar” (Capture) HHTerpUpoBaHHOrO TaiiMepa/cueTuuka T/C1.
OC1B

Brison dynxuuu “Cpaenenne” (Compare) HHTErPHpPOBAHHOTO TaiiMepa/cueTuuka
T/CH.

ALE

BbiBoa 1A nonavy MMITY/IbCa MPH 3alMCH MIAAIIEro aapecHoro SaiTa ¢ JeMyllb-
TRIUICKCHPOBAHHOH MIMHBI JaHHBIX/afpeca uepes HopT A BO BHEUIHHH GHKCHPYIOWMA
perucTp, korja Kk MUKpokoHTpoanepy AVR nogintoueHa eHeluHaa namsts RAM (cwm.

puc. 3.6, puc. 3.7 1 puc. 3.8). Baiit naHHLIX nepepaercd Ha BTOPOM lLuare oGpaimeHus
k namatd RAM uepes nopt A.

XTAL1

Bxoa uHTerpupoBaHHOro ocumanaTopa Ans BIpa0OTKH TAKTAa CHCTEMHOM CHHXPO-
Huzauud P W, paBHeIM 00pa3soM, BXOR AN BHELIHETO TaKTOBOTO CHIHANA, €C/TH BHYT-
PEHHHI OCHHIATOP HE NPHMEHAETCA.

XTAL2

Brixon MHTErpUpOBAHHOIO OCLWUIATOPA /1S BEIPAGOTKM TAKTA CHCTEMHOM CHH-
xponuzauuy P.
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leHepupoBaHWe TakTa CUCTEMHOW CUHXPOHU3aLUU
B MUKpOKOHTponnepax AVR

JIna reHepupOBaHMSA TAKTOB CHCTEMHON CHHXPOHM3aUMKH B MHKPOKOHTpO/Iepax
cemeitctBa AVR ucnonnzyercs WHTErpHpoBaHHbIH ocuumystop (BeiBoasl XTALL u
XTALZ), seipabarbiparomuii TakTel ®. B xauecTBe anbTepHaTHBHOTC BAPHAHTA MOXKET
TaKKe UCMONML30BAThCA BHEILNHH TakTOBRIW cuMrHad. B ciiyyae MHKpOKOHTponnepa
AT90S1200 Bo3MOKEH €Ille OJIMH BAPHAHT, NOCKOJIEKY B 3TOM MHKPOKOHTpO/UIEpe IS
reHEPHPOBAHUA TAKTa CHCTEMHOH CHHXPOHH3ALUH MOXKET ObITh MPUMEHEH HHTErPHpO-
BaHHbIH RC-ocumuisTop, BRIpabaThiBarOLMil TAKTOBBIH CUrHAI [U1 CTOPOXKEBOIO Taii-
mepa (cM. rnary 5, “Cropoxeroii TaliMep”) U cxeMbt cpoca (cM. nyHKT “C6poc 1 06-

paboTka npepbiBaHUiA™ rnasel 3).

VinmezapuposaHHbill Keapuesbitll ocyunnamop basosoll cepuu
MUKDOKOHmponnepos AVR

HuterpupoBaHHbIfi KRapUEBLIH OCUMIIATOP HCTIONL3YETCH BCEMHU MPelcTaBUTeNs-
mu GazoroH cepun MUKpoKoHTponnepor AVR.

XTAL] vt XTAL2 — 3T0 BXOABI/BBIXOAB! HHBEPTUPYIOILErC YCHIUTENS, KOTOPBIH
MoxkeT ObITe TIPHMEHEH KaK BCTPOEHHBIH OCUMINATOD AN MeHEPHUPOBAHUS TaKTa CHC-
TeMHON cHHXpoHM3auuu @, [eHepupoBaHue KonebaHH MOXET OCYLIECTBIATHCS KBap-
UEBBIM WAM KepaMmHdeckHM pesoHaTopoM. Emkoctd koHpencatopoB Cl v C2 Ha
puc. 2.8, KOTOpble BMECTE C KRapLeM ¥ BHYTPEHHMM HHBEPTOpoM 00pas3yloT reHeparop
[Tupca, obbruHo coctapnsior 22 nd.

Ecnn muxpokoutponnep AVR nomxeH pabotaTe Npy TAKTHPOBAHWH OT BHELUHETO
MCTOYHHKA, TO CHrHan noasoautes Ha Bxon XTALIL, a seixog XTAL2 serpoenHoro oc-
LHISTOPa B 3TOM CITYYae OCTAETCA OTKPBITHIM (pHUC. 2.9).

AVR
KTALT  XTAL2
AVR
I >
|D| *TALT  XTALZ
C1 c2 !
—— “
e —a Bretinui
" 0—

22p 22p TaKTOBbIMA

] CUrHan
Puc. 2.8, BuipaSorka TakTa cuctem- Pue. 2.9. MpuMeHeHne BHELUHEro TAaKTOBOro CUrHana
HOK CUHXPOHNAALMK @ ¢ NOMOLWbID B KAYECTBE TAKTa CUCTEMHOW CHHXpOHU3aumun @

BCTPO@HHOM CCUUNNATORA

1 —35.2384
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TeHepuposaHue makma CUCMEeMHOU CURXPOHU3AUUU € NOMOWLIO KOHMYPa
RC-ocyunnsmopa

TeHepupoOBaHHE TAKTA CHCTEMHOM CHHXPOHH3AUMH ¢ TIOMOLHEEKD KOHTYpa RC-ocun-
ansTOpa peanuzoBaHo Tombko B Mogenu AT90S1200. Hdna cnyuaes npumeneHus, oco-
BeHHO YyBCTBHTENLHBIX K OBICTPOASHCTBHIO, KOTAA HE NpeNbABIgoTeS Doabwne Tpe-
HOBaHMA K TOYHOCTH TAKTA CUCTEMHON CHHXPOHM3ALMH, B KAYECTBE TAKTOBOTO WCTOM-
Huka mukpokonTponnepa AT90S1200 BMecTo KBAPUEBONO OCLMIIATOPA MOMET ObITh
ucnonbiosald RC-0CHMNNATOD, MPUCYTCTEYIOWHH HA KPHUCTAIUIE BCEX MHKPOKOHTPOI-
nepos AVR.

DTOT OCHUIATOP CAYXKUT B NMEPRYIC Ovepelb A NOJAUH TAKTOB HA CTOPOXKEBOH
Taitmep (cMm. rnaey 5, “CroposkeBoH Talimep”) u cxemy cbpoca (cM. pasgen “ChHpoc u
ofpaboTka npepbiBaHuii™). OH konebneTcs ¢ NocToaHHOR 9acToTol okono 1,1 MI npu
paboueM Hanmpsxennn Vec = 5 B. Yactorsl juid Apyryx 3HaueHuit pabouero nanpsske-
Hus MoryT ObITb B3aThI M3 puc. 2.10.

1600 /
1400

b
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1200 e

1000 7

800 -
600 2

400 =

200
C

25 3 25 4 45 5 5
VCC'I? 'I"n"l.

"
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Puc. 2.10. YactoTa BcTpoerHoro RC-0cUMNNATOPA B 3ABUCUMOCTH OT NUTAKWErO HanpaxeHua Voo
NPy TEMNEepaTYpe OKPYXaIWen cpeak Ta =25°C

Cawmo coboii pasymeercs, TouHOCT, RC-0CLMMNATOPA HAXOAHTCS B pamkax o0blu-
HBIX JJIEKTPHYECKHX cxeM ocuuanatopok tHrna RC, W 3aBucHT oT Temmepatypbl. s
paboTst MukporkouTponnepa AT9051200 cosmectHo ¢ RC-ocuunnaTopom HeT HeobXo-
IMMOCTH B KAKHUX-THOO BHELIHUX KOMIMOHEHTAX, BLIBOA XTAL2 KBapueBOro ocumuis-
TOpa MOXKET OCTABATLCA HEMOAKMIOUEHHLIM, a BX0j XTAL] sonmen Hu1Th ycTaHoBMeH
B sor. O wnu nor., 1,

Ocuunnarop tina RC B cnyvae mukpokonrtponiepa AT90S1200 shibupaertcs
B KaUecTBe TAKTOBOMO FEHepaTopa ¢ NOMOLIBD yhpasaswowero pazpaga RCEN (RC
Enable — “RC-ocunmnarop axktuser™) Bo dnsw-namatu, Ecny paspan RCEN sanpo-
rPaMMHPOBAH (TO €CTb, HAXOAUTCA B COCTOAHUM Jior. (), TO BbiOMpaeTcs BCTPOEHHDBIH
B kpHcTann RC-ocuunagrop; a B Tom ciyuae, ecnd RCEN = mor, 1, TakT cHeTemMHOH
CHHXPOHH3ALMH BLIPaOATHIBAETCS KBAPLEBBIM OCLUIIATOPOM.

o monuaunio, paspsa RCEN mukpokonTponnepa AT90S1200 npu nocraeke He
3anporpamMMupoBal  (jior. 1), X0oTd MOXHO NpHOBPECTH  MHKPOKOHTpPOIEp
AT90S1200A u ¢ 3anporpammupoBanueim paspazom RCEN (nor. 0).



M’yﬁmg}wy Tert.: (044)239-2065, 494-2525, hakc: 239-2069

roynna xammanwd  WWW.SYmmetron ua, info@symmetron.com.ua 35

[onw3orarens MoskeT W3MeHuTh paspad RCEN Tonbko B mapajiiensHOM pexume
nporpaMmuposanui. Ecan muxpokontponanep AT90S1200 momsxen paborats ¢ RC-
OCURITIATOPOM, 2 faHHble A1 namaTd ¢ow 1 EEPROM pomkuel O6ITh 3amporpamMmu-
POBaHLL B MOCNENOBATENbHOM pexume, 1o paspan RCEN nosmkeH Gbrre 3apaHee 3anpo-
rpaMMHpPOBaH B MapaIENbHOM PEKHME,

MporpammiutpoBaHune ona AVR Ha A3bike BbICOKOTO ypoBHA C

B ces3u ¢ Tem, 9To MHKpOKOHTponepsl AVR ObiTH NONHOCTEIC HOBOH paspaboT-
KOH, 1 oTrMana HeoGXOAUMOCTE YUHMTBIBATh COBMECTHMOCThL ¢ KAKMMH-AKOO npeniuect-
BEHHUKAMU, TIOSBHIACH BOZMOXCHOCTE BOCMOIL30BATLCH CAMBIMHM COBPEMEHHBIMH A0C-
Tvakenuamu. Tak, HanprMep, ¢ cAMOTO HAYANa B MPOEKTUPOBaHWe H pa3paloTKy CTPYK-
TYP MHKPOKOHTponaepoR AVR Obinn BOBMEYEHBI CTICUMAIMCTEI MO A3bIKAM BBICOKOTO
YPOBHA -— Tpexae Bcero, 43bIKy NnporpamMuposanns C. B peaynbrare Obina nonydena
ApXNTEKTYpa MpoLeccopa, CHEUMaTbHO PacCUdTAHHAA Ha COCTARNEHHE MPOrpamMM Ha
a3bixe C.

Huxe Ha npuMepe ABYX KOpOTKHMX (DparMEHTOB NporpaMM MokasaHo, kak sddek-
THBHO 3N1eMeHThl A3bika C MOTYT ObITh MpeBpalleHbl B KO acceMbepa AnS MHKpPO-
koHTponnepor AVR.

“HexoBibit w08 nanss | pUpOGaNH:
unsigned char *varl; 1d rlé, ¥
unsigned char *var2; st 2+, rlé
*yarl++ = *var2;

void routine {void) A
{ cp r0, r4 inl-n2 (byte 0)

long nl, n2; cpc rl, 5 ;nl-n2-C {byte 1)
int n3 cpe ri, rb ;nl-n2-C {(byte 2)
. cpc r3, r7 :nl-n2-C (bvyte 3}
if (nl != n2} n3 += 5; breq EQUAL ; Mepexon, ecnu paeHo
subi rle, Low (Oxfffb) ;n3+5, mnamgmui Bafr

} sbci rl17, High (O0xfffb) ;n3+C, crapuwwit Saar
EQUAL:

B neprom npuMepe nokazaHa THIHYHAA ONEPALHsA C yKa3aTelneM B TOM BUAE, B KO-
TOPOM OHA OYEHL YACTO BCTPeUaeTcs B f3blke nporpaMvuporanms C.

Bo Bropom npumepe nl um n2 — uenele uucna TMna Long Integer, To ecth, oba
HMENT JuHy 4 6aiiTa. n3 — 3TO UENOYKC/ieHHAs nepeMeHHas anuHoi 2 Galita. 3Ha-
HeHHA nl, nZ M n3 onpeaeneHbl BHYTPU NOANPOTPAMMBl KAk JOKAJbHbIE TIePEMEHHbBIE.

B kone, creHepHpoBaHHOM Ha acceMOnepe, 4MCIO nl pasMellaeTcd B PErucTpax
v3-r0,nZ — B pPerucTpax r7-rd4,an3 — B perucrpax r17—rle.

Kpowme Toro, Bo BTOpoM NpUMEpe MOKa3aHO, 4TO OTCYTCTBYIOLME B Habope AVR-
KoMaHz komanael addi (add immediate — “noGaBHTH HermocpenACTBEHHOE 3HAYEHME™) U
wdci {(add immediate with carry — “a06aBuTE HemocpeACTBEHHOE 3HAUEHUE ¢ YHETOM
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nepeHoca’™) ANA BBIMHCISHHA BLIPAKSHHS n3+5 MOTYT OBITh 3aMEHEHBI BbIHHTAHHEM
BTOpPOro KOMIIOHEHTA K3 5.

CTenaoBbie UCMbITaHUS AN CpaBHEHNUsST MUKPOKOHTpOnnepos AVR
C rMAaBHBIMU KOHKYPEHTaMK

To, 4TO NpHMeHeHHKe A3bika BbICOKOro yposHa C NPH COCTaBICHHH NporpaMm Ans
AVR paer B peaynbTare Hpe3BsMaWHO CxKaThid koA HA accembnepe (a 3HauwT, U Ma-
INHHHBIA KOA), 10KA3bIBAIOT TAKIKE M CTEHIOBBIE HCTIBITaHYA §a30BOH CEPUH MHKPOKOH-
tposiepoB AVR. Tlpu 3ToM pesynsTaThl COMOCTABNAINCH C TTIABHBIMH KOHKYPEHTaMH
(80C51, 68HCI11, 80196 ...), a kpurepreM Ang oleHKH OblT 06beM KOMa, CTEHEPUpPO-
BAHHOTC JNTS BBIMOMHEHHS 0JHON K TOH ke 3afaui pa3THYHBIMH NPOLIECCOpPaMH.

HanHble 10 CpaBHMTENBLHBIM HCIBITAHMAM MHKPOKOHTpOJIEPOB ceMeiicTBa AVR
C pacnpocTpaHeHHBIMK Ha pbiHKe §- U 1 6-paspaAHBIMH MUKPOKOHTPOMIEPAMH, fIpEe1oC-
TarleHbl KoMnanyeH Atmel. Bo BpeMs HCNBITAHMI pellanych, NEBATH PACMpPOCTPaHEH-
HBIX MPaKTHYECKHX 3aa4 U3 pa3nuuHbIX oOnacTed npuMeHeHuna npoueccopos. Ing no-
JYYEHUS CPABHUMbBIX PE3yAbTATOB UCTIBITAHMI, MPOrpaMMa /118 BCEX MPOLIECCOPOB Obl-
Jla HamMcaHa Ha f3blIKke Belcokoro yposHs C.

. Jns TpaHcnauMH Koga rMoyTH BO BeeX ciiyvasx Obl1 pUMeHeH KoMIuaaTop Gupmbl
IAR Systems Ltd (Ha MOMEHT NpoBefeHHsA MCTIBITAHHHA KOMIMIATOpA 3TOH (PHUpPMBI He
CYIMECTBOBANO TOMLKO Ana npoueccopa ARM7/ARM Thumb). brnaroaaps 3tomy, pe-
3YALTATE] UCNBLITAHHE 3aBHCENW HE OT BO3IMOMKHOCTEH ONTHMM3alMM Paz/HYHBIX HU3rO-
TOBUTENeH KOMMMAATOPOB, a B 3HAYMTENBHOM CTEMEHH OT apXMTEKTYPHLIX OTIHUHA
npoueccopoe. TeM BpEMeHeM Yxe NOABHIMChL OoJiee HOBBIS BapHaHThl HEKOTODBIX
KOMITHIATOPOB, BCJIEACTBYE YEro Mpe/CTaBlieHHbIe 3/leCh Pe3yfbTaThl MOTTIH Obl Bbi-
FAAAETh €11e MyUllle, DTO OTHOCHTCS TAKKE H K XoMAUnaTopy AVR-C, koTophiif Apas-
€TCs OTHOCHTENBHO “‘MOJIOABIM” M C NOARIEHHEM KaX0H HOBOH BEPCHH 3aMETHO YITY4-
LIAeTCA B TJTaHe CO3NAHMA Pe3yNIbTUPYIOLEro KoAa.

Camo coboit pazymeercs, CTeHIOBbIE UCIBITAHHA 3TOTO BUAA MOXKHO Ha3BaTk 00b-
€KTUBHBIMH TO/ILKO YCJIOBHO, H TIOTOMY HX HArifAHOCTE OIPaHHYEHA, TOCKONBKY Kax-
Ablil NpoLeccop MMeeT CBOM ocobble CUNBHEIE U ¢ladbie CTOPOHDI,

- DddexkTHBHOCTL KOAA MUKPOKOHTPOJLIEPA CHIBHO 3aBHCHT OT NOCTAHOBKH 3aja-
YH — HET HUKAKUX YHHBEPCANBHBIX “TYULINX MUKPOKOHTPOJIIEPOR™ I/ BCEX CNyYaer
[PHMEHEHHA.

C noMollBH CTEHAOBRIX HCMBITAHUA (KaK KU ¢ ITOMOMIBK CTATHCTHKH) MOXKHO J0KA-
3aTh NOYTH BCE, YTO YIMOAHO, MOCKONBKY KaX/AbIH MHKPOKOHTPOMJIED HMEET CBOM
“CHINIBHBIE CTOPOHBI”, M €CIH €r0 CKOHCTPYHPOBATH [ OCOOLIX CNYYaeB peanH3allii
3THX CNeun(bUYECKHX CHIBHEIX CTOPOH, TO OH MOXET CTaTh “9(EKTHBHBIM ¢ TOUKH
3peHus Koja”.

Takum ofpazoM, Ha OCHOBAHHH 3TOr0 COMOCTABJICHHA MBI He GyneM oOBABIAATEL
MUKPOKOHTpONIepsl AVR cambiMM JyHIIMMH W3 HMEIOLIMXCA Ha phiHke. Llenb nanueix
HCMBITAHHHA - [MOKA3aTh, YTO APXWTEKTypa OTAEIbHBIX NPEACTABUTENEH cemeicTea
AVR B BBICIUEH CTEMNEHH ONITUMH3HPOBAHA C TOUKH 3pEHHA 00bEMa MPOrPAMMHOTO KO-
na.
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Hioke Ha puc. 2.11-2.19 npencrasnedbl pe3ynbTaTel OTAENbHBIX TECTOR, 4 TAKKE
o1t pe3ynBTaT HCMBITAHUE.

Bantbl

BaiTe

Bauthkl
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3000
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Puc.

36000

25000
20000
15000
10000

5000

B8HC11 AVR Thumb H8/500 . Z80 BO196 HGISOOH' ARM7 80C51 H8/300
Puc. 2.11, MpoTokon nedaxepa ¢ TPEMA YPOBHAMU, BKNIQYAA ApaiBep

AVR Thumb B88HC11 Z80 HE/500 80196 80CS51 H8/300 H ARM7 H3/300

2.12. Aranoroestit Tenedhorneil annapat 1 ¢ wimepdeicom SIM v yrpasnerinem aucnneem

AVR Thumb 68HC11 H8/500 ARM7 H8/300H H8/300 B80C51

Puc. 2.13. Ananorosuiil TenedorHbIA annapar 2 Ha 6aze KoHeuHbIX aBTOMATOBR
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HB/600 68HC11 AVR Z80 H8/300H  80G5H1 H8/309
Puc. 2.14. Arancroeel TenedoHHbld annapat 3: cobpaHbl TANUYHBIE NOANPOIrPaMMb
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Thumb H8/500 ARM7 AVR 6BHC11 H8/300H Z80 80C51 H8/300
Puc. 2.15. WndpaTtop/aewvidpatop Puaa-ConomoHa (anropuTm Koppekuuu aimnbork}
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200 - S — ' -

Z80 AVR  80C31 H8&/500 68HC11 Thumb HS8/300H ARM? H8/300

Pue. 2.16. YnpasneHue aBTOMOGUABHEIM DAL WONPUEMHHUKOM
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AVR Thumb 280 68HC11 80C51 H8/500 ARM7 H8I300H H8/300
Puc. 2.17. OBpaboTka nepenvenHbix BuTdenbsa pasnuyHoi BeNUYUHbB
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Thumb H8/500 AVR 68HC11 280 ARM?7 HB8/300H 80CS51 HB8/300
Puc. 2.18. Anroputm DES AnA KOAUPCBAHWSA W SEKOAUPOBAHUA AaHHLIX
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H8/500 Thumb 68HC11 80C51 ARM7
Puc. 2.19. HaBuraunoHHble HaIMEPEHUA, BEIMUCHEHUR ¥ CBAIb
Peaynsmamet

B ceMH n3 neBATH TecTOR MUKpoKoHTpornep AVR Bbi1 cpeay Tpex JyHLWHX |, Kak
NOKa3bIBaeT O0ILas OLEHKA, OH PE3KO OTITHYAETCS B JIYUILYIO CTOPOHY OT BCeX MpoTec-
THUPOBAHHBIX KOHTPOJIEPOB.
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Ha pue. 2.20 npencTaBieHbt pesyibTaThl OTAENBHBIX TECTOB, NMPOCYMMHPOBAHHbLE
H HOPMAJTH30BAHHBLIE HA OCHOBE Pe3yJbTaTOB MHKPOKOHTponnepa AVR. Hanpumep, nnsa
ARMT7 obbeM koaa TIOAYYHIACA B CPEAHEM B MonTopa paiza Sonblue, qem ana AVR.

25

0,6

:
—_
_
—:
———

Thumb H8!500 63HC11 280 30196 ARM7 H8/300H 80C51 H8/300
Puc. 2.20, CymmapHblit pesynsTaTt {HOpManu3oBaHHEIA}

Benymum npouasosurenem C-kOMNUTATOPOR MOMKHO CYMTATB koMmanHio JAR
Systems Ltd.. 3a ux npekpacHbie “HOy-Xay” B 061acTH KOMIMIATOPOB ASHCTBHTENLHO
CTOMT 3aNAaTHTE BhICOKYIO LeHY. Ha phiHke yiKe cyluecTRYIOT HaMHOr0 Gonee Jetuerbie
C-komnunatopel SmallC AVR (ecTeCTBeHHO, NMpPH OrpaHHYEHHON MPOW3BOANTENLHO-
CTH), CTOHMOCTb KOTOPBRIX Hibke 50 gostnapor CILA.

Jna moburene# Apyrux A3bIKOB MPOrpaMMHPOBAHHA HA PHIHKE HMEKOTCA Cleayio-
uMe xkomnHAsTOpsl AVR:

" nns a3eika Pascal — xomnanua E-LAB, Fepmanus, agpec B Internet:

http://www,e-lab.de/;

® 154 a3bika Basic — xommanus Silicon Studio, agpec B Internet:
http://www.sistudio.com/.
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3 LIEHTPANbHBIV MPOLIECCOP M BHYTPEHHSAS
NAMSATb

MukpokonTponnep AVR noctpoen u paoTaeT o MOAYJRHOMY TMPUHUHMITY, Kax
nokasano B Tabn. 1.1, oAHAKO T8 MHOFMX ClTYYaee TIPUMEHEHHs HeT HeoOXOoauMOCTH
B [I0/IHOH KOMIUTEKTALMHM, TIPEICTABIeHAOH B MUKpokoHTpomepe AT90S8515. Tlo sroi
OpUYMHe, HApAay c “napagHoii nowaaeto” 6a30BoH cepHH MHMKPOKOHTPONIEPOB
AVR — AT9088515 — wmoxkuo npuobpectu eute Tpu wieHa cemeficrsa AVR, B xoTo-
PBIX ¢ UETBbIO CHIDKEHHA LEHBI WIH YMEHBIIEHHA Pa3MEPOB KOPMYyCa HET TOTO WKW UHO-
ro ¢yukupoHanLHOrO H10Ka (oM. Tabn. 1.1),

B uacrosuiei riase OyayT noapoGHo paccMOTPEHBl BCE OCHOBHBLIE CUCTEMBI LIEH-
TPanbHOTO Npoueccopa H HECKOMBbKO BHYTPEHHHX O10KOB NaMATH.

CucteMa ynpaenenus n AJlY

Cuctema ynpaefieHHs pPeryaupyer MNpOLecC BLINOJHEHWs [porpaMmMbl K
KOHTPOJIUPYET B3aUMOAEHCTRRE OTAENBHBIX BCTPOEHHBIX B KPUCTALT MOAYNEH, KaK 3To
noKa3aHo Ha 6JIok-cxemax Ha pHe, 2.1 ¥ puc. 2.5. CHcTeMa KOOPAWHHPYET BhiNONHEHHE
gcex nelicTBHil, Heobxomumerx ana oOpaboTkH KOMAaHAB! OT AEKOJHWPOBAHWA 10
BBINQJIHEHUR (HATIPUMEP, B Cay4vae apuhMeTHUECKHX OTIepaLHid).

Bce apudMeruueckde W JIOTUYECKHE ONepauMH BLITIONHIKTCA B apuMeTHKO-
norvueckoM yerpoticTse (AJIY) u 32-x pabounx peructpax. AJIY Da3oBoi cepun MUK-
poKkOHTpoepoB AVR MOXeT BBINOIHATH ONEpaulu CIOXKEHHS, BHIYHTAHMA, CMeLle-
HHA, a Takke norudeckne onepaunn “HU7°, “HMIJIM” n “HUckmovaromee UNTHU”. ["oToearcs
K BhIMYCKY MuKpoxoHTpoaneps! AVR, apudMeTuko-fordueckoe yCTPORCTRO KOTOPLIX
OyZeT B COCTOSHUM BBIMIONHATL TZIOKE W onepaldd yMHoxeHus. AJTY MukpokoHTpon-
nepos AVR ABnAeTCA HACTONBKO MOLUHEIM, 9TO B TEYEHHE €AHHCTBEHHOI'O CHCTEMHOIO
TaKTa MOMET W3BNEYb H3 PErHCTPOR ABa ONEPAHA, BBIIOAHHTL HA/l HUMH OMEPALHH U
COXpPAHHTL Pe3yNLTaT B perHcTpe HAZHAYEHHMA.

Cratnyeckasa namate RAM (SRAM)

OnepaTnsHas NaMsTh, DOMYyCKAOLAd 3aMHCh H CUUTBIBAHKE MEPeMeHHbIX BeNUUYHH
U JIAHHBLIX, KOTOPBIC HE JO/IKHB! COXPAHATbCA MOCHE OTKIIOUEHHS paGouero Hanpsixe-
HHS, B ceMeiicTBe MUKpOKOHTpoNTepos AVR peanusosana B BHAE CTATHYECKOH MaMATH
RAM (SRAM). B nporusononoxHocTs AuHaMHueCKOH NaMaTn RAM, ata TexHonorus
He HYKaeTcs B Pery/JapHOW pereHepalu, Mo3ITOMY Ul HEKOTOPBIX CTYHaeR [pHMe-
HEHH# CYILECTBYET BOSMOKHOCTE YMEHBILHTE TAKTORYIO YacTOTY BIUIoTh a0 O I'u.

[Mamsae SRAM cocTodT M3 oTAenbHBIX RS-TPHITEPOB, KaK 3TO CHMBOMHHMECKH NO-
KazaHo Ha puc. 3.1. Hueiikd namstu pacrnonokeHbl B GopMe MaTpULB, & AEKOAUPOBA-
HHE BBIMIOMHACTCA NO CTONOUAM U CTPOKaM. [1aMATh TPHUITepHOTO THIA, KaK ITO CHMBO-
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JIMYECKH NOKAa3aHo Wa puc. 3.1, coctout Mz aByx KMOII-nHBepTOpOB, 00pasoBanubIx
TpansuctopaMu V1, V2 u, coorsercrsenno, V3, V4. Tlpy 3anvcH 6MTa AaHHLIX CHIHAT
uepes apaiteep Gl nonanaer na paspaanyio umuy B, npeobpasyercs apaiisepom G2 w1
nonajgaeT Ha AONOMHHTENBHYH pazpaaHyio uny /B.

LHchopmaqMOHHblﬁ BbIX0OA,

[l g 1
WwuHa cnoe
{ebiBop cTPOKK)
7
V1 V3
V5 P—t —
Lt { I
— — - V6

—

T]i|

__{ |_.A
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u e — —
£ V2 V4 o
35 l §
BE 3
! h—1
. — %
B G1|A Bl &

| WnchopmaumorHeit Bxog,
Pue. 3.1. CumBonnueckce npeacTaBnerne sHedkn cTareckoi namata KMOM-RAM

Ecnu B npouecce 3anucH cOOTBETCTBYIOMAA Avelika maMaTu Oyner BuGpaHa uepes
Jor. | Ha mKWHe cJI0B, TO ynpasieHue ocyiecTBasoT ABa MOIl-Tpan3ucTopa: V5 u V6.
Ecnu Teneps, Kk npumepy, HeOGX0AMMO 3anucaTh B A4elky nor. 1, To ata “17 uepes V5
Oyaer nepeaana Ha reHTHNM V3 u V4, OnHoepemenHo yepes V6 Ha sedtunax V1 u V2
Haxoautcs nor. 0 MHBEPTHPOBAHHOW Pa3pAAHON LIMHLL, MOYTOMY BLIXOA MHBEPTOPOB
V1, V2 nepexoauT B cocTOsHHE NOT. |, U, aHAJIOTHYHO, BLIXOA WHBepTOpos V3, V4 —
B coctosnye nor. (). Korja myHa ciop onsThk BO3BpalaeTcs B COCTOSHHE Jor. 0, M
cTtpoka Gonblle He BEIOpaHa, TO HHopMauus OyzeT COXpaHeHa Ha COOTBETCTBYIOMIEM
MPOTHROTIONOHHOM BXOAE C ITOMOLLLIO 0OPATHOM CBA3M BLIXOMOB HHBEPTOPA.

Jnsa cuuTbiBaHMA 3aMHCAHAOH HHbOpMalMK suefika 1o/xHa ObITh ONMATL BRIGpaHa
Yepes nor. | Ha uMee cnos. 3atem vepes noakmodentsie MOl L-Tpansuctopst V35 u V6
cojlepaaHHe AYEHKH ByaeT NepeneceHo Ha pazpsaHsle wuHbl B # /B. Ecnu, nanpumep,
B namaThk 3anucal nor. O, to wuna B cogepxur yposens 0, a muHa /B — ypoeeHb 1,
nosToMy Ha Beixoae BentHna “U” G4, obwennnsiouero obe wxHel, Gy1eT yCTaHOB/EH
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nor. 0. Ecni B mamsts 3anucana nor. 1, To, cOOTBETCTBEHHO, WHHA B conepxuT ypo-
BeHb 1, a 1MHA /B — yporeHs 0. B 3Tom ciyuae, B pe3yibTarte HHBEPTHPOBAHHS YPOB-
s WuHb /B uepea G3, Ha oba Bxoaa sBenTiin AND G4 nopgaercs yposens 0r. 1, a Ha
€ro BBIXQJE MOARAAETCH 0T 1.

OpraHusauusa ctaTuueckon namMATH SRAM cemeiticTea MukpokoHTponnepos AVR

Craruueckoe O3Y (SRAM) cemeiicTBa MuKpokoHTpoitepoe AVR, kak 370 noka-
3an0 Ha puc. 3.2, npencTarnger cobolt ONok co ¢cKBO3HOM aapecalideit, cocTosMit n3
Tpex (Ha mukpokoutponnepe AT90S1200 Tonsko aByx) nogodnacreil.

Adpeca
7 0 SRAM
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e - e N -
L Wi A\ g Py
§ t3C| T3apasepanposao) \ ~ BHewHee O3Y 7)™~ ..
3B LS K ) Y
BN . \ RamEnd+1
2 \ RamEnd
@ $04 [ T3apesepanpoBanc) L N
o 303 (3ape3epBMpORAHC) Y ey ~—
g $02 SSDGBSDBHDOEEIHOJ Y BHyrpeHHee Osy *)
g $01 33Pe38pBHPOBAHY) \ " s080
$0C [ {3apeaspBrpoEaqD) - TN TR S05F
\ er. BEJ/BbIB. B2
Y el. 88/Bb8. 61
%WF r3] :;er % CTaApUIIA ) ‘\\ \
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8 30412
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‘% 203 [ 3 O6nacTe perucTpos
$0z2]r2
$01[r1 r1
$oo g i} N r0 $000

") Heft B mukpokontponnepe AT3051200
"y HeT B MUKpokoHTponnepax AT9031200 u AT9052313

Puc. 3.2. Opranmnaaius MoAyns cTaTuueckoro O3Y

Cambifi BepxHuil agpec BHyTpeHHelt namstu SRAM, olozHauenubili Ha puc. 3.2
kak “RamEnd”, 3apncut ot noctpoenus O3V coOTBETCTBYIOLIErO MHKPOKOHTPOMNEPA.
B pacnionokeHHoOH Hibke Tabiuue nokazaHel HaubonblMe agpeca namMsTH SRAM muk-
pokoHTponnepor AVR $azoBoi cepun.

MuxpoxonuTposaep | AT9051200 [ AT90S2313 | AT90S4414 | AT90S8515
Anpec RamEnd $005F $00DF $015F $025F
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B mukpokontponnepax AT9054414 n AT90S8515 MOXHO YRENTHUHBATH MPOCTPaH-
ctBO naMaTH SRAM nocpeacTroM moaxmioueHHs BHELUTHWX ONOKOB NAMATH BIIOTH A0
64 Kbaiit, oHaKO s 3TOTO NPUXOAMTCA MOXKEpPTBOBATE nopraMu shiBoga A H C, ko-
TOPBIE B ITOM CIy4yae IPHMEHAIOTCA B Ka4eCcTBe LIKMH NepeaayuH JAHHBIX W af[PeECOB.

Bcee yeTwipe npeacTasuTens 6a3080ii cepur MUKpokoHTposiepos AVR umeror 06-
AaCTh PETHUCTPOB (pPerucTpoBLIit Galin) u obnacTe BBOAA/BBIBOAA, OIHAKO B MHUKPOKOH-
Tponnepe AT90S1200 eHyTpentee cratudeckoe O3Y oTcyTCTBYET, MO3TOMY AN 3aMo-
MHHAHHA TEPEMEHHDLIX, NMPHUMEHAEMbIX MPH BBINOTHEHUH nporpammbl 8 AT90S1200,
HeobxoaumMo oOpawaTeesa K 32-M pabounm perneTpam.

Peaucmposbiil ¢haiin

Caman Hwxnsas obnacte namatu SRAM obOpasyer peructporbiii daitn ¢ 32 pabo-
YUMH perucTpaMi, KOTOpBIE Bce CBA3aHbl ¢ AJIY B AOCTYN kK KOTOpbIM MOKET ObITh
BLEIMNOJIHEH B TEUCHHE €IUHCTBEHHOI'C TAKTa CHCTEMHOM CHHXPOHH3ALHH, 3To O3HAYaeT,
YTO 3a BpeMS TaKTa B apUMETHKO-IOTHYECKOE YCTPOHCTRO BBOAATCS ABA ONMEPAaHAA M3
peructpoBoro (aiina, BLIMOMHIETCS Onepalys, a PE3YIbTAT 3aNIOMUHAETCR B PECHCTPE
HazHaueuus (puc. 3.3).

T Th+
TaxT cucTemHol
CHHXPOHW3ALMA § _f /
Obwee Bpemsa BoINONHeHUR | ( \_
KOMaHA| 4
Ob6pawenve AJTY
perncTpy-onepaHay — /
BeinonHeHue onepayun AlY ),
CoxpaHeHue peaynbTara —h
B MaMATH A

Puc. 3.3. lnarpamma BeINONHEHWA OFHOTAKTHOI OnepaLvi

HecmoTps Ha TO, uTo paboune perucTpsl, ¢ GHIMHECKOW TOYKH 3PEHHA, He ABNAIOT-
cH syeldxaMu naMmfATH, UM, KaK 3TQ MOKa3aHO Ha PHC. 32, MOCTBAJICHbI B COOTBETCTBHE
32 cambIx HxHEX afpeca oT $00 no $1F B mamaru SRAM, noatomy ux MoxHo anpe-
COBAThb Kak OObIMHblE AHEHKH.

Pernctpbl ABOAHON AnnHbl X, Y n 2

[lects pabounx perucTpoR oT R26 mo R3] MOTYT NMpHMeHSATECA B KavecTBe
perucTpoB ABOWHOH aHMHBL X, Y B Z umpnHOH 16 6MT C BO3MOMXHOCTBK JOCTYNA
K ofenm nosoBuHam (puc. 3.4).

Bnam)lapﬂ COCUHAIIEHBIM KOMaHAaM, UX MOXHO HUCITOJB30BATHL B KAUECTBE YKa3a-
TeNeH, 4TO TPH KOCBEHHOW ajpecaldu MO3BOJAET O4YeHb 3ddexTHBHO obpainarhes
k Aueiikam namaTy SRAM. JIONONHHUTENBHO K 3TOMY, ¢ IOMOIUBIO PErHcTpa Z U3 Nams-
TH KOMaH[ MOKHO W3BJIEKATb BOCBMHPA3PAIHbIE KOHCTAHTHL.
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15 0
Pernctp X 7 07 0}
R27 (31B) R26 (31A)
15 0
Peructp Y [7 017 0|
R29 ($10) R28($1C)
15 Q
Peructp Z [z 0l7 il
R31 ($1F) R30($1E)

Puc, 3.4. CTpyxTypa perucTpoB ABOWHON AnNuHbI X, Y U Z

[MpumeHenue pervcrpos ABoiHONH anuubl X, Y # Z ¢ BO3MOXKHOCTBIO JOCTYNA
k 06cHM TIONOBHHAM MOAPOOHO ONMHCAHO B NyHKTE “Pazuudbie ¢nocoObl aapecal i
KOMAHJ 1 JaHHBIX”, a Takke B rhage 12, “Cucrema xomMang”.

*

l KIOUEHE! TAICKE W PErucTph! ABOHHON AnMHE X U Y. 3aeck B pACNOPAKEHUH UMEETCRA TONbKO pe-
rcTp R30, KOTORLIR BHNOAHAET POnk BOCKMWPA3PAAHOIC ykasaTena Z 4na xOcBeHHORW agpecayuu
PErucTPOB (CM. HKE COOTBETCTBYIOLWMIA nyrkT ). PerucTpel ot R26 ao R29, a Tawke R31, ectecr-
BEHHG, MOIYT NPUMEHATLCA B KaYecTBe obblurbix pabounx perncTpos,

Obnacmes eso0alsbisoda

B atoit obnact nmamsty SRAM pa3MenieHbl Bce perHcTphbl IUIS NpOrpaMMHpoBa-
HHMS, YNpaBIeHHs W CHIHANH32LUHMK O BeeX nepHdepHitHblX QyHKUHAX MUKPOKOHTpON-
nepos AVR. B 1aba. 3.1 nepednciieHs! percTphl BBOAA/BEIBOAA DAZ0BOI CEPUM MHKPO-
kOHTpORIepoB AVR.

Tabnuua 3.1. OGnacTtk sBoAa/BbiIBOAA Ba30B0M Cepuin MUKDOKOHTpoNNEepoB AVR (3apesepBrpoBaHHbIE UMK
HE UCNONbAYIOLLMECH afPeca He yKasaHbl)

es‘!-gx i g;ﬂ s :

RURLHET LR ; / ik
$3F (85F) | SREG Peructp cocToaHus 300 + + + +
$3E ($5E) | SPH Vkazarens cTeka, cTapuini $00 | — | — | + +
Hatit
$3D ($5D) | SPL Ykazarens cTeka, $00 — + + +

mutauui Gairt
$3B (85B) | GIMSK OBUINI PETHCTP MACKH NPEPEI- 300 + + + +

BaHui

$3A (85A) | GIFR O6uuii perucTp ¢uaros mpe- $00 — | + + +
priBaHUH

$39($59) | TIMSK Perncrp mMacku npepriBaduii %00 + + + +
TaiiMepa/cueTuHKa

$38 ($58) | TIFR Peructp tnaros npepriBanuii $00 + + + +
OT TalMEpOB/CYETYHKOB

$35(855) | MCUCR | PerucTp ofuiero ynpasneHus $00 + + + +

MHKPOKOHTPOJLICpOM
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. Adpe

$33 (553)

TCCRO

PerucTp ynpaeneHus TadMe-
pom/ cuerdukom T/CO

$32 (8$32) | TCNTO CueTHptii perueTp taimMe- $00 + +
pa‘cuerauka T/CO (8 6ur)

$2F (84F) | TCCR1A | Peructp ynpaenenus A taiime- $00 + +
pa/cuetunka T/C1

$2E ($4E) | TCCRIB | Peructp ynparnexHns B Taiime- $00 + +
pa/cueryuka T/CI

$2D($4D) | TOCNTIH | Cyernniit peruetp T/C1, crap- $00 + +

_ i Halir

$2C ($4C) | TCNTIL | Cuernstii pernetp T/C1, maan- $00 + +
i Halit

$2B($4B) | OCRIAH | Peructp cpasHeHns A Taiime- 500 + +
pa/cuerynxa T/CI, crapmuii
Gaiit

$2A (54A) | OCRIAL | Peructp cpaBHeHua A TaliMe- 300 + +
pa/cuerynka T/C1, mmaauui
Oaiit

$29 ($49) | OCR1BH | Peructp cpaBHenus B tabime- 500 + +
pa‘cuetunka T/C1, cTapumit
Hatit

$28 ($48) | OCRIBL | Peructp cpaBueHus B Taiime- $00 + +
pa/cueryuxa T/C1, Maaawuii
Baiit

$25($45) | ICRIH Perucrp 3axsara TaiiMepa/ $00 + +
cuerymuka T/C1, crapuinii 6ait

$24 (844) | ICRIL Peructp 3axsara taiimepa/ f00 + +
cyeTumka T/C1, mnmanmu# 6ait

$21(341) | WDTCR | Peructp ynpagfaeHua CTOpOXe- 500 + +
BBIM TAHMEPOM

$1F (83F) | EEARH Persictp aapeca EEPROM, $00 — |+
crapuuit 6aiir

$1E ($3E) | EEAR(L) | Peructp agpeca EEPROM, $00 + +
Mnanuvit Gait

$1D ($3D) | EEDR Perucrp aaHHex EEPROM $00 + +

$1C ($3C) | EECR Peructp ynpasnenns EEPROM | $00 + +

$1B ($3B) | PORTA PerucTp AaHHBIX nopTa A $00 + +

$1A (33A) | DDRA PerucTp HanpaBneHys nepena- $oo + +
Y} JAHHBIX NOpTa A

519(339) | PINA Boigoas nopta A Hi-Z + +

$18($38) | PORTB PerucTp ZaHubix nopra B $00 + +

$17($37) | DDRB PervcTp HanpaBneHus nepega- $00 + +
4M JaHHBEIX nopTa B

$16($36) | PINB Brioael nopta B Hi-Z + +
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Ta6Gnuua 3.1. OkoHvanne

* Adpe asaa .

$15(835) | PORTC Peructp panHeix mopta C 500 e +

$14 ($34) | DDRC Peructp Hanparienus nepesa- $00 — | — + +
uu gaHukix nopra C

$13(533) | PINC Bereoae! nopta C Hi-Zz | — | — + +

$12($32) | PORTD Peructp manHsIx mopta D $00 + + + +

$11($31) DDRD PerucTp HanpasIeHns nepeia- $00 + + + +
W JAHHBIX MopTa D

$10(830) | PIND Beigone! nopra D Hi-Z + + + +

$0P ($2F) | SPDR Peructp BBOAA/BLIROAA NAHHBIX $00 — | — + +
5Pl

$0E ($2E) | SPSR Peructp cocrosnus SPI $00 — | — + +

$0D (82D) | SPCR Peructp yrnpasneaus $P1 304 — | — ] + +

$0C ($2C) | UDR Peructp navneix UART $00 — + + +

$0B (52B) | USR Pernctp coctonuns UART $20 — | + + +

$0A (82A) | UCR Peructp ynpaenenus UART $00 — |+ + +

§09(529) | UBRR PerucTp cxkOpocTH nepeayu $00 — 4 + 4

‘ sannsix UART

308 ($28) | ACSR Pervcrp ynpasaenuns u cocrosi- $00 + + + +

HHA AHAJIOTOROTO KOMIaparopa

Cronben, “Hauansn.” B Tabn. 3.1 ykaspiraeT Ha 3HAUeHHE, KOTOpoe OyaeT 3anucano
B COOTBETCTBYHOLIWH PErUCTP NOCNE MOCTYINEHHS curHana copoca.

K perncrpaM BBOA/BLIBOAA OTHOCATCH PErHCTPLI PA3PEUISHHMS/3ANPETA OTASHLHBIX
NPePLIBAHMI, a TAKME YKA3ATENb CTEKA, PETHMCTPLI COCTOSHHA AN YKa3aHHS pe3yiibTa-
TOB apUMeTHHECKHX U JIOTHYECKHX OIIepauMii, peruerpe! ynpasieHus paboToif MHOMo-
UNCNEHHBIX KOMIIOHEHTOR 4nnapaTtHoro obecneusHns W nepudepd (NOpTLI, TaiMep,
UART, unrepdetic SPI, ananoroeetii koMnapatop, CTOpPOkeBOH TaliMep, pexumsl r1o-
HIKEHHOTO aHepronotpebnenus), a Taioke perucTpbl Ui obpalleHus K namsTH
EEPROM.

JUis mocTyma K perucTpam BBOA/BBIBOAA yHINE BCErO MCIONB3OBATL KOMAllb]
pBOJa/BbIBOIa AVR in u out. KomaHaa BeiBoda out BblgaeT oAuH GalT M3 OOHOrO W3
32-x pafo4ux PETHCTPOB B PETHCTP BBOAA/BLIBOA, KOMAH/A BBOJA in CUUTHLIBAET GaiiT
M3 OHOTO PerucTpd BBOJA/BLIBOJA B OJHH W3 32-X palouuX perucrpos,

Obnacty BBOAA/BEIBOAA HazHaudeHbl anpeca ¢ $00 no $3F, xortopuie aon#um npu-
MCHATBLCA B Clydae HCMONBb30BAHUS ClelHanbHbIX KOMaHA in, out, sbi, ¢cbi, shis ¢
shic.

Ecnu perverp sBBOJA/BLIBOAA aapecyeTes kak oGnacTs B namat SRAM, 1o x anpe-
cy mBoAa/BeiBOAA Heobxoammo nobaeurh $20. Bee aapeca perdcTpoB BBOAA/BLIEO/A
B HACTOALIEH KHHIe YKalbIBAIOTCA BMECTE ¢ COOTBETCTBYIOUIHMH aApecamMi B NamMATh
SRAM e ckobkax (cM. taba. 3.1).

Takum obpazoM, IPH UCNONKE30BAHUKM ABYX TIOC/ICI0BATEIbHOCTEH KOMaHA, npen-
CTABJAGHHBIX HIDKE, PE3YJILTAT OYIET OAHHAKORLIM,
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HepBaﬂ NMOoCNea0BATE/IBHOCTE KOMAH/I!

Ajppec Kop Komanna
030000 eala 1di rl6, UOxAA ; 3Barpy3uTe $AA B rl6
Q00001  bbo2 out 0x12, zrl& ; BusecTwm <rlé> B nopr D

{ no ajpecy BaONa/BEHBOOA
Bropas nocienosaTenbHOCTL KOMAHA!

Anpec Kon Komanna

000000 eala 1di rie, OxAA ; Parpysure SAA B rlé

00000L 9300 0032 sts 0x32, rlé ; BusecTu <rl6> B nopt
: D o agpecy SRAM

B oboux cnyuyasx B nopr D BLIBOAKTCA UHCNO $AR, TOCKONBKY NopT D umeer azn-
pec seona/sbiBona $12 u agpec SRAM $32 (cpaBuute ¢ Tabn. 3.1).

¥V peructpos BeOja/BeiBoga B obnacti ¢ $00 no $1F (320 ... $3F) otaenbubie pas-
paasl MOryT OBITH H3MEHCHBI HANPAMYIO ¢ MOMOLLBIO KOMaH/ sbi U cbi. KpoMe Toro,
COJEPHUMOE OTAEIbHLIX PA3PRA0B ITUX PETHCTPOB MOXET OBITL HAMPAMYIO ONPOLUCHO
C NOMOLUBIC KOMaH)L sbis B sbic. bonee nogpoGuo 06 2TOM MMKHO y3HATH U3 TNaBbl
12, “CucreMa koMaHa”. Pasnnunble perycrpsl BEo/a/BHBOIA U nepudepuiitbie peruct-
pbl ynparneHus 6yayT noapobHO paccMOTpeHb! B COOTBETCTBYIOIMX IaBax.

Peructp cocroanuna (SREG)

PervicTp cOCTOSIHWA COAEPIKHT GHTBI ycrmoBuit {Quiard) MHKPOKOHTPONJIEPOR Ce-
metictea AVR u pacnonaraetcd B ofnacty BROaa/RIBosa no aapecy $3F (35F). On
JOCTYICH U1 YTEHMA W 34THCH M MOC/e MojJaqH curdana c¢Opoca WHHLHANMHIKpYeTCH
HYIAMHU,

Paspap 7 6 5 4 3 2 1 0
$3F$sH | 1 L T f H] S| viN|{ z | cC]lSrEG

B muxpokontponnepax cemeiictea AVR nas ofo3HaueHHs pe3yNbTATa BHITO/IHE-
HUA ONEPALIHE UCTIONB3YIOTCA BOCEMb Pa3/IHYHbIX OUTOR yclnoeHd. Bee oHM MOryT ObITh
NpoBepeHs C NOMOINLID KOMaHA, ONPEAEAIONMX TOCISAYIOUMHA XON BBINOIHEHHA
nporpaMmel (Hanpumep, bres, brhe, brte, brie n T.4.).

[Tpu Bxoae B noAnporpaMmy oOpaGoTKH pepbIBAHUS PEKOMEHIYETCA COXPaHUTh
PETHCTP COCTOAHMA M CHOBA ero BOCCTAHORMTH LW BEIXOME 18 TOI, 4to0bl nocie
BO3BpATa 8 NMPEPBAHHYIO NporpaMmy paboTaTh C KOPPEKTHBIMH GUTAME YCIIOBHE.

3usayenHs OTAeNLHBIX OHTOB ycnosui ((raro) B MUKpOKOHTpONNEpax ceMeiicrsa
AVR:

= paspan 0 — C — duar nepenoca (Carry) — ykasbiBaeT Ha nepenoiHeHue (ne-

PEHOC) NOcIIE BEIMOMHEHUS ApH(QMEeTHYeCKOR HIIH JIOTHYECKOH onepanyy;

* pazpan 1 — Z — uyneroif dnar (Zero) — Beeraa yCraHaBlIHBaeTCs, €C/u pe-
3yNbTaT apudMETUHECKOH HIH NOFHUECKO OMepaliuy paBeH HYIO; cOpacsina-
€TCH, €C/IH PE3YNbTAT ONEePallMK He paBeH HyJTKY;

* pazpsn 2 — N-— duiar oTpunarenstoro pesynsrara (Negative) — yka3biBaeT
Ha OTPHULIATENLHBIH pe3y/IbTaT NOCIIC BLITOIHEHMA apHpMETHYECKON MM JIOTH-
YecKkoH onepaumy,
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" pazpan 3 — V — dunar nepeno/HeHUA TIPY BLIUHCJIEHUAX B JOTIOTHUTENLHBIX
konax (Two's complement Overflow) — noanepxueaeT apudMeTHKy AOMOI-
HUTENbHBIX KOAOB (ApH(METUKA KOAOB ¢ JOMOTHEHHEM [0 ABYX); YCTAHABIHBA-
eTCs, €CJTH MPU BHITIONHEHHWH COOTBETCTRYIOLLEH ONepatii MPOUCXOAUT fiepe-
NoNTHEeHHe, B IPOTHBHOM ciiydae — cOpaceiBaeTcs;

* paspan 4 — 8 — ¢nar 3uaka (Sign) — S =NOV —ceazs dnaros N n 'V
¢ noMouusio onepauud “Hexmouaromes UM, dnar 3HaKa MOXKET MPHMEHATL-
¢S [U1A onpeneneHus (hakTHUECKOTO pe3ynbTaTa apHpMETHIECKOH onepaLiny;

* paspaa S — H — dnar nonosunxoro nepeHoca (Half Carry) — ykaseipaer Ha
nepenonHeHne B MnaguemM nonydaite (Ourtel 0...3 GaliTa NaHHBIX); YCTaHABIH-
BaeTCs, KOr/a MPOUCXOIUT NIEPEHOC M3 MITAJIILIErO MONyOaiTa B CTapUIHid, B
IPOTUBHOM cryvae — cOpacbiBaeTcy,;

* pazpan 6 — T — dnar komupoeanug (Transfer or Copy) — npeaHa3HaueH s
cB06OAHOrO NPUMEHEHHS IPOrpaMMHUCTOM (HarpuMep, B KadecTee Oydepa);

» pazpan 7 — I — ofiee pazpewieHue npeprisannit (Global Interrupt) — ecau
NpephIBaHKsA, KAK TAKOBBIE, JOJDKHBE OBITh pa3petieHbl, TO JOMKEH ObITh YeTa-
HOBJIEH paspaf 7 perueTpa coctoaxus (B mor. 1).

TIpasuna ycraHoeku daros nofpodHo paccMarpuearores B rnase 12, “Cucrema
koMaHa”

Peructp ynpasnenua MCU (MCUCR)

Peructp ynpasnenus MCU (Microcontroller Unit — Moayns MUKpPOKOHTpOsiepa)
COIEMKUT pa3psAasl ynpasneHHs oOmumH ¢yHkuumu MCU. Hapagy ¢ paspelleHdem
noctyna k BHewHed namaty RAM, pernctp MCUCR rakoke ynpasnser “cnfuuM™ pe-
JKHMOM H Xapaxktepom cpabaTbiBaHHA BHELIHUX IPEPhIBAHMIL.

Peructp MCUCR HaxonuTesd B oGnacTy BBOAA/BbIBOAA N0 afpecy $35 ($55) v noc-
TYNeEH JUTA yTenus 1 3anuck. [Tocne nosaun currana c6poca oH MHHLHATH3IUPYETCS HY-
AMHU.

Paspan___7 G sS4 3 2 1 0
$35(855)] SRE {SRW | SE | SM |ISC11{ISC10|ISCO! [ISC00{ MCUCRR
**) *%) *) )]

*}— 8 AT90581200 orcyTcTyer
**+) — 5 AT90S1200 1 AT90S2313 oTcyTcTRYET

Ecnu pazpaan SRE (External SRAM Enable) ycrauosnen B nor. 1, To paspelieH
JOoCTyI K BHewmHel namati RAM; a noptet A, C (a Takke BeiBoasl PD6 u PD7 mopra
D) 6yayT nepekioveHbl B HX anbTepHarususle pyHkunu ADO...7, AB...15, /'WR u /RD.
Paspanbl HanpasneHus nepeladyH JaHHBIX, COOTBETCTRYIOLUME BLIBOJAM PETHCTPOB Ha-
npasjieHus nepelayd JaHHbIX, ¢ MOMOWBIO paizpaaa SRE OymyT o0HOBNEHBI cornacHo
1X HoBeIM GyHxumaM. [oapobroctu paboTsl BHemHeH namath SRAM onucane! B pas-
nene “Brewnss namate SRAM”. Ecnu paspan SRE comepskut nor. 0, To BHelnHAA na-
MATe SRAM HenocTynHa, W Bce MOPTH! W PA3PSAbI HATIPABIEHHA MEpelayk JaHHbIX BbI-
TIONIHAIOT CBOU OOBIYHBIE (PYHKLIHH.

Ecnn B8 paspan SRW (External SRAM Wait State) 3anmcana nor. 1, 10 B
focaenoBaTeNbHOCTE oOpauieHus k BHewHed naMaty SRAM Gymer ao0aBieHo
4 — 52384
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cocTosHue mxuaauug (Wait State) npoao/KHTENBHOCTLIO OAMH CHCTEMHBIH TakT. Ecnu
pazpan SRW coneput sior. 0, To noctyn k BHelwHed namary RAM BbionHseTcs 3a
Ara OOBIMHBIX TAKTOBBIX LUKIA, JKCMAYATalUUA RHETIHeH maMatu SRAM c¢ cocrosunem
oxunanua u 6e3 nero nosipoHHe onucaxa B pazaene “Buewmnag namats SRAM”,

Paspsn SE (Sleep Enable) nomxen GbiTe ycTaHoBIeH B jtor. 1 ang Toro, 4To0bt
caenaTe 2gdeKTUBHON KoManay sleep. Ecnu atoT paspan cosepkur sior. 0, To nocne
BBITIONHEHWS KOMaHAbl sleep UEHTpanbHblii mipouecccop (LIIT) ocramercd akTHMBHBIM.
Bo uszfexaHde HenpelHAMEPEHHOrO MEPEBOjA fpoleccopa B KAYIIMH PeXHM MM
B PEXKMM TTOHWKCHHOTO 3HEprornoTpebnenus HEMOCPCACTBECHHO MEPE) BBIMONHEHHEM
KOMaH bl S1eep peKOMCHIYETCA YCTAHOBHTE pazpaj SE.

C nomouwio paspana SM (Sleep Mode — “Crnsttuuil pesxum™) OCYUBIECTRIACTCS
RLIGOP MEXAY ABYMS BO3MOXHBIMH COCTOAHHMAMH FOHWKEHHOTO 3HEPronoTpebieHus:
“Idle” u “Power Down”. Eciw pazpan SM cogepskut ntor. 0, To LIT Mukpokontponnepa
noc/e BBIMOMHEHHS KOMaHObl sleep MEPEXOAMT BKAYLME pekum (“Idle”™), ecan xe
paspstn SM comepskut nor. 1, To L1 MukpokoHTposiepa nepeiiert, COOTRETCTBEHHO,
B PEKHM MOHKEHHOro suepronotpetrenns (“Power Down™). [Toapo6ree oba pexuma
onucansl B paznene “'Crgimue’ peskuMbl HIEHTPATEHOTO MpoLeccopa’.

Paspsaner ISC11 u ISC10 (Interrupt Sense Control 1, paspaast 1 u 0) onpenensior
crnocof akTuBM3aLMK 00padoTKH BHELIHCrO npepbiBaHus I, koraa B peructpe SREG
ycTanosaeH paspag I, a B perucrpe GIMSK — paspan INT1: no HapactamoueMy wiu
HucnagarotmieMy (QpPOHTY cuTHanma, WM ke o ypoeHio sior. 0 Ha BwiBOfme INTI.
B Ta6n. 3.2. nokaszansl Bo3moykHble komMGuHamu ICS11 uw ICS10

TaGnuua 3.2. BuiBop cnocoba akTuBnaaumn npepbiBaHus INT1

[Npepeiratne INT] Bei3sIBAETCH 110 YpPOBHW Jor. 0

3ape3epBHPOBaHO
Ipepeisanne INT1 Bel3piBaeTCA NO HapacTalolieMy QPOHTY CHrHaA
[Mpepbisanne INT1 BeisIBaCTCE N0 HECHAsAOWEMY (DPOHTY CHCHATA

0
1
0
1

— | — | DS

\'/ Ecnn paspagbl ISC11 1 ISC10 40NKHE! BLITE M3MEHEHE!, TO cHavana HeoBXOANMO 3aNDeTUTL npe-

prieaHue 1 nocpeacTsom cBpoca paapaga INT1 e peructpe GIMSK, e npoTtueHom cnyyae, Henpeg-
HaMeperHoe uaMeHerive JTUX PAIPALOR MOXET NPUBECTY K BLIZ0RY BHEUIHEro npephiBatua l. ...
Pazpsae ISCO! u ISCO0 (Interrupt Sense Control 0, paspsaet 1 u ) yeranasnuea-
10T cnocod akTHBH3AUMM BHeinHero npepwiaHus (, korza B peructpe SREG Gyner ye-
TaHoBaeH paspsan I, a B peruertpe GIMSK - paspsn INTO: no wapacrarouieMy niu
HUCTIAJAI0ILEeMY BPOHTY CHMHATA, HIH e 10 YporH jtor. {f Ha Beioae INTO.
B tabn. 3.3. nokasaus! Bo3MoxHble KoMOuHaumu ICSO1 u ICS00.

Tabnwuua 3.2, Beibop cnocofa akTvenaayum npepeiaaHun INTO

IMpepuisarne INTO BIzEIRaETCS MO YpOBHIO J0T,

3ape3cpBUpPOBAHO
IMpeprieanne INT0 Boi3sIBaETCA O HECTIAnAOWEMY (QPOHTY CUrHANA
MpepsiBatine INT | BeI3EIBACTCA MO HapacTalOMEMY QPOHTY CHTHATA

_—— DS

— o~
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putBanue 0 nocpeacTeom cBpoca paspaga INTO a peructpe GIMSK, 8 NpOTUBHOM CNyvae, Henpes-

W Ecnu paspasel 1ISCO1 1 ISCO0 40MKHB BbITh MAMBHEHEI, TO CHAYaNa HEOBX0ANMO 33APETUTE Npe-
HAMEPEHHOE N3MEHEHWE 3TUX PA3PAL0E MOMET NPUBECTH K BbI3OBY BHELIHETD NpepbiBaHus 0.

BrympenHas namsams SRAM

JTaHHble H IEpeMeHHbIe, UCTIOMBE3YEMBIE B TIPOrpaMMax, Kak TIPaBHII0, XPAHATCSA BO
BHYTpeHHell mamstit SRAM mukpokoxTponiepor AVR. K aTum naHHbiM MoxHO 0bpa-
1ATHCA H3 MPOrpaMMBbl MPAMO WIH KOCBEHHO (¢M. paszaen “Paznuunble cnocobrl anpe-
cauuy KoMang u AaHHbIX”). B namaty SRAM Ttaioxe MoxeT OBITH pazMellicH CTek —
MCKJIIOHEHHE 3[ieCh COCTaBJIAET TOAbKO MHKpokoHTpoanep ATS90S1200 co croum an-
MapaTHbIM ctekoM (cM. NMyHKT “Ctek 6a30Boi cepun MukpokonTponnepos AVR™). Ha
puc. 3.5 CUMBOTHYECKH NMOKA3aHB! MPadHKH CHHXPOHU3AUMH TIPU 0OpAILEeHHH KO BHYT-
peHHeii mamath SRAM.

UTeHue u3 3annchb B
SRAM SRAM

T1 T2 T T2
Takr cucTeMHol

CUHXpOHM3aLM ¢ _/_\_/_\_/——\__/—_\.___

TY 1

BHyTpeHHA A wnHa agpeca —— A0.n X AD N
BHYTpeHHAs WuHa AanHbIX {D0.7 DG.7
BHyTpeHHWA curHan /RD ——\ /

BHyTpeHHUWIi curHan AWR \ ]_

Puc. 3.5. Cunxporuaaums npy o6palyenum K BHyTpEHHEH NnaMATH SRAM

ITpy cuureirannu Gaitta manHbix U3 namatw SRAM B paGounii peructp cHauana
uepes BCTPOSHHYIO LIMHY alpeca BBOAWTCA skenaemblit agpec SRAM. Konuwecteo »
aAPECHEIX Pa3paloB 3aBHCHT OT IMOCTPOEHHS 3aMOMMHAKOIErO YCTPOHCTBA TOTO WITH
HHOro MukpokoHTponiepa. [Tocne 3Toro nonaercs BHyTpeHHUH curHan uteHus (/RD =
nor. 0). 3atem conepxximMoe aueiikd maMatd SRAM DO0...D7, nossusiueecs Ha BHYT-
peHHeH LIMHE JaHHBIX, MEPEHOCUTCA 10 HapacTaromeMmy ¢ponty curHana /RD B xe-
naemsbtii pabounii peructp.

Ecmu conepxxumoe pabouero perucrpa JOMKHO OBITH 3aMHCAHO B NamsaTh SRAM,
TO CHauana kenaeMslif aapec SRAM nopaercd Ha BCTPOEHHYIO WIMHY ajpeca, a COAep-
KHMoe pabodero perucTpa — Ha BCTPOSHHYIO LUHHY JaHHBIX. Bemen 3a 5THM mofaerca
BHYTpeHHUH curdan sanucu (/WR = nor. 0), no rapacratouwemy dpoHTy KoTOpOro Gair
¢ LIHHBI JaHHBIX 3aMChIBAETCS B JKENAEMYIO AHSHKY MAMATH.
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BretuHan naMamb SRAM

Ecnu ofbema BHyTpeHHell mamiatH SRAM HenocTaTOYHO, TO B MHKPOKOHTpPOILIE-
pax Tunos AT9084414 u AT90S8515 ero Moxxo ysenuuuts no 64 Kbaiit nocpenct-
BOM MOAKTIOHEHHA BHEIIHHX Onokor mamsati. s atoro B peructpe MCUCR (azpec
B oBnactu sRoga/eeiBoga — $35, anpec B SRAM — $55) cnenyeT ycTaHOBHTS paspan
SRE (paspsan 7). Iocne yeraHoeky sT0ro paspsana nmoptel PA (AD 0...7) n PC (A8...15)
6yoyT BICTYNarh B Ka4yecTBe (WHWHBI aApeca U LUHHbL JIAHHEIX, 4 BLIBOOLI 7 W 6 MopTa
PD — B KayecTBe yNpaBAIOWIMX CHIHANOB uteHHd /RD- W, COOTBETCTBEHHO, 3anucH
/WR nna suemueti namaty SRAM (cM. puc. 3.6), He3aBHCHMO OT TOro, KAKHE HANpaB-
JICHHA Nepenavyd JaHHBIX YCTAHOBJIEHBI A4 3THX MOPTOB B COOTBETCTBYIOMIMX PErucT-
pax HanpaBjieHus nepenaud AaHHelx. Jlanenefimiee obpallieHMe K BHellHeH craruye-
CKOH MaMATH MOXET OCYLIECTRIATHCA C MOMOLIBIO TeX ke koMaHa (1d, st, lds, sts,
1dd, std, push, pop), YTO H TIpH o6pau1eHuu K BHyTpeHHeit naMaTy.

. |'|pu oﬁpameumm K aApecaM SRAM KOTOpre HaXOARTCA B 08NACTA BHYTpeHHEW CTaTUMecKol na-
l MATHU (TO ecTh, No agpecam ¢ $000 no RamEnd nHa puc. 3.2), nepeaada AaHHbIX BLINOMHASTCA ag-
TOMATHUECKM KAK BO BHYTPEHHIOK namMATe SRAM, Tak u 13 Hee, axe npH yCTaHOBNSHHOM paspase
SRE. B 3TOoM cnydae ynpaensiowme curians! uteHuA /RD 1 3anucu MWR 0CTaKITCA HEaKTUBHEIMU
Ha NpoTAKeHWW Beero uukna. Ob6patierue K BHeluHel namst GyfeT 8LINCAXSHO TONbKO TOrAA, KO-
raa aapec ByaeT Gonbwe, 4em RamEnd, a Takke ecnu B peructpe ynpasnesus MCUCR Byget ye-
TaHosner pazpsag SRE.
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Pue. 3.6. Nogkniowenue BHawmero 6roxa naMaTih ANA PECLUNPEHUA cTaTUHECKOW naMaTH SRAM g0 32 Kéa#t
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C uenbio YTMpoLIeHHs, HA puc. 3.6 He MoKazaHbl BCe JAETalnM, HeOOXOOHMble As
pacuiMpeHus craTiieckoi namaty SRAM.

Jns Hayana HOBOTO LIMKJIA NEPEeiayM Ha MOPT A, KOTOPbIFA QYHKLUHOHHPYET B Kaye-
CTBE MYJBTMIUIEKCHPOBAHHOH IUWHBL AApeca/JaHHbIX, NMEepeJaloTcs BOCEMb MIAMIMX
pazpanos aapeca AQ..A7. Ilo nucnanaromeMy ¢pouty curHana ALE (Address Latch
Enable) oHu coxpansioTcs B 8-paspsagHoMm duxcHpylomieM peructpe 74HCT573. Tla-
pannensho, uepes nopT C BblOAOTCA BOCEMBb CTApLIMX paipanos aapeca A8..A1S5 (cm.
puc. 3.6 u puc. 3.7).

Breuw ee cumiBaHe | BHelwkaa sanuck bes
003 COCTORHWA OMULAHWA | COCTOAHMA CXMAaHHA

TakT ccTemMHOR n T2 T T2

cupormsaymn @\ T\ T\ L W
UlvHa pgaHHbY | 3 = YD

aapeca (nopt A) — O C )i/

WuHa agpeca {4415 Ag.15 -
{nopt C)

ALE A I\

/RD (Bit7/PD) (.

AR (Bit6/PD) ju

Y AGT ™ D0.7

Puc. 3.7. OGpaweHne k BHelHeR naMAaT SRAM Ges cocToAHMA oxuganus {paspag &
8 peructpe ynpaenenus MCUCR no agpecy Beoga/BeiBosa $35 ($55) cBpolwer)

Jns uTeHMA ¢ YYeTOM COIpeReneHHOro BpeMenu obpalleHus, noka aapec Oyaer yc-
TOWYHBO HAXOAWTLCA Ha BXOAAX BHeilHero Groka mamate 43256, axTuBU3MpyeTcA
curan uteHus /RD, nocne dero 610k mamatd SRAM seigaeT aapecyemseiit GalT Ha
nopt A wuHb AaHHbIX. [1o HapacTatomemy dponTy curnana /RD 6Gaift 3aTeM 3anuckl-
gaeTcd B pabounit pervctp, onpeneneHHwii B acceMOnepHoit KoMaHe.

Ecau coaepsxumoe pafodero perdctpa HeofxoaumMo ckonupoats B SRAM, To no-
cle BbIBOJA MYJNBTHIIGKCUPOBAHHOTO MIARLIETO anpecHore daifra cozeprkaHHe 3Toro
perucTpa BhIBOAWTCA HAa IIMHY AaHHBIX nopta A. Korna mocne KopoTxoit 3anepikkd
»T0T DaliT gaHHbX ¢TAOMIBHO YCTAHOBHUTCS Ha BXOJaX AaHHbXx SRAM, momaercs cur-
Hat sanucu (fWR = nor. 0), 1 no ero HapacTawolieMy QPOHTY MPOUCXOANT 3anuch Oai-
Ta ¢ WHHBI JAHHBIX B a/IpecyeMyO sdedky rnamiaTu.

Ha puc. 3.8 cHMBO/IMUECKH NMOKA3aHA CHHXPOHW3ALMA TPH BbIMOJHEHWH KOMAaHLbI
4TEHHA, CNEOYIOLIEH cpasy »Ke Mocie KoMaHAbl 3anmHcH. [TocneroBaTenbHOCTh KOMaH
storia GbITh, HaNpUMeEp, TaKok:

1d x0,x
st Y,rl
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BHBEUHEE CUMTLIBAHUE BreuHAS 3a04Ch ©

€ COCTOAHHEM G AaHMA COCTOAHMEM 0T aHKA
TaKT CHCTEMHOR T1 T2 T3 T1 T2 T3
CUHXPOHUIALN QD /—\__f—-\_/—\——l—ﬁ\—/—'\-—/—\-_-/—\—/-—
L uHa AaHHBIX/ —
agpeca (nopr A) ——(7) X T
lwHa agpeca y;
(nopT C) AB.1E A8.15
ALE A W
/RD (Bit7/PD) \ ../
MR (Bit6/PD) (i -

A0 = 0.7

Puc. 3.8. OBpatyenve k BHewwHeR namaTn SRAM C COCTCAHWEM OXMaanna
(B pernctpe ynpasneHns MCUCR no aapecy esoaa/asieona $35 ($55) ycranHosnen paapag 6)

Ha toT cmyuvafi, ecnn MCIoJb3yeMble BHEWHHE DNOKH CTATHUECKOH MamsTH Oka-
JKYTCA HEHOCTATOMHO ObICTPOACHCTBYIOIMME IS HHMKNOB 3aITMCH/YTEHHS MUKPOKOH-
Tpannepa AVR, ycranosus paspsa SRW (pazpaz 6) B peructpe MCUCR MoxkH0 akTH-
BH3UPOBATh COCTOSHUE OXKHOAHHA.

Bnaronaps BReleHHIO 3TOro AOMONHMICIBLHOIO COCTOSHUA NPOAQKHTENbHOCTEED
B OJIMH HMITYJIC TAKTa CHCTEMHOH CHHXPOHU3ALMH, UTHTENEHOCTE CHIHAJIOR Iepeaaqu
nanusix ¥ koMana /RD K, coorrercreeHHo, /WR yBenuuupaetcs ans Toro, ytobsl npe-
JAOCTaBHTL JOCTATOYHO BPEMEHH jUls [ICpeiaud JaHHBIX §10KaM MaMATH, paboTaronuM
MeaeHHEe.

Graropapst Ype3BbiyaiHO KOPOTKHMM MapLIpyTaM NPOXOXAEHUS CHTHANOB BHYTPH
KpucTamia, obpalieHue K BHyTpeHHeH namsatd RAM B 3paudTenpHol creneny Bonee
cB0DOAHO oT cboes, ueM 0bpalleHye K BHELIHEH MaMATH Yepes wuHy. Ecnu npy atom
IPUHATL BO BHHUMAHHE, YTO H3-3a MOACOSIUHEHUS BHELUIHErO 3aTIOMHHAIOWErD YCTPOii-
CTBa TeparoTcs 18 BLIRONOB, TO CNENYeT TLIATETBHO B3BEITHBATH: JCHCTBHTENbHO JIH
HOACOEAHHEHHE BHEIIHEH NaMATH — 3T HaWIyullee pElISHHE AR JaHHOro ciy4as
NpHMeHEHHS.

Cmek ba3osol cepuu MukpokoHmponnepos AVR

CTex cnyXHUT A XpaHeHHs a/[pecoB BO3BPATa MPH BLI3OBE MOANPOrpaMM, 4 TAKKe
ANs TEpelayd rapameTpos B NoAanporpaMMel. KpoMe Toro, 3adacTylo B CTeke, Kak
B Oydiepe, RpeMEHHO XPAHATCS ICPEMEHHBIE ¥ MPOMEKYTOUHBIE PE3YJILTATEL

B cnyqae mukpokouTponnepos AT9054414 u AT90S8515, ctek no rEGOpy MOKeT
ObITh pacnionoxeH BO BHyTpeHHEH WK BHeIIHeH namiTy RAM, a B MukpoxoHTponiepe
AT9052313 on Bceraa HaxoAMTCS BO BHyTpenHeit mamaTH RAM. B MukpokonTponiepe
AT90S1200, KoTOpBIH HE UMEET ABHOM MAMATH JAHHDBIX, IPHMEHAETCH TPEXYPOBHEBbIE
anmapaTHbIA CTEK (ASHCTBYET MO NPUHLMIY “TIOC/IEAHHM BOLIET — MNEPBBIM BhImEN”),
NpeIHAZHAUEHHBIH JU1S BLI3OBA NOANPOrpaMM H 06paboTkm npepuiBasmii,
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Ykazatenb ¢TeKka

Mpexae Bcero paccMOTpuUM ocobblif cnyualt MukpokoHTpomiepa AT90S1200.
3neck 1Mo TPUYKHE anMapaTHOTO CTe€KA NpOrpaMMa MONB3OBATENA HE VIpaBaser
ykaszareleM CTeka. ANmaparHblil ¢TeK, KaK W CHYETHHK KOMaHI MHKPOKOHTpOJIepa
AT90S51200, umeer wiHpuHy 9 pazpance. [IpH BHITOJHEHHH KOMAHABI rcall Wi 3a-
npoce Ha fIpepeIBAHHE BCC ajpeca, BBECHHbBIC B Ell'.ll'lapaTH[:ll;‘I CTEK, CMEINIATCA Ha
OAMH YpOBeHb BHU3 {aapec, NOMELUEHHBIH A0 3TOro Ha ypoBEHb 2, TEpAeTcs, a Haxoas-
ILMiics HA YpoBHe | repeMeIlaeTes Ha YPOBEHb 2; aapec, paHee 3amucaHHblil Ha ypOBHe
0, 6yuer nepemelleH Ha ypoBeHb 1). Tlocne atoro cooTeercTRYrOUIMI agpec Bo3BpaTa
MoMeiaeTcs Ha ypoBeHs () anmapaTHOTO CTeKa.

Hoscuum 310 Ha NIpHUMEpe CAEOYIOLIEH NPOrpaMmb:

.device ATO90S1200

G00000 di3f Start: rcall UF1l
00001 cffe rimp Start
,org 0x140

000140 4d0Of UPl: rcall up2
000141 9508 ret

.org 0x150

000150 dO00f UP2: rcall UP3
000151 9508 ret

.org 0x160

000160 9508 UP3: ret

ATnaparHbId cTeK mepe] BLIMTONIHEHHEM KOMaHAR roall UPL;

Yposess 0 77%
Yposens 1 27?7
VYposens 2 277

ATINapaTHBIH CTEK NOCME BLINOAHEHHA KOMaHABl reall UPL:

VYposens 0 $001
Yposens 1 277
Yposens 2 27%

Annapamblﬁ CTEeK MOCNE BLIMOJHEHHU KOMaHabl rcall UP2:

Vposens 0 $141
Yposens | 5001
YpoBeHs 2 777

Annapa’mmﬁ CTeK NoCe BLHIGJIHEHUA KOMaHAbl rcall UP3;

Yposeus 0 $151
Ypoeenn | $141
Ypopets 2 5001




56 Lienmpanstbiii NPOUECCOR U BHYMPEHHAR NaMAMS

ITpu BbIx0Ze U3 0OBIYHOM HOAMPOrpaMMB! WM TOANPOrpaMMbl 06PabOTKK MpPepbI-
BaHHA aapec, HaXOﬂHMHﬁCS Ha HYNEBOM YPOBHEC, U3BJ/ICKACTCHA B CUHETUHUK KOMaHJH Kax
aJipec BO3BpaTa, M BCE YPOBHH AMNMAPATHOTO CTEKA MEPEMEILAIOTCA HA OJHY MO3HUMIO
gBepX (ypoBeHb | — Ha yposeHb 0, yposeHb2 — Ha yposeHs 1).

AnnapaTHbli CTEK NEPEA BLINOMHEHWEM KOMAHJLI ret B UP3!

Vposens 0 $151
VpopeHs | 5141
YpoBeHb 2 3001

AnnaparHblif CTEK MOCTIE BBINONHEHNA KOMaHAsI ret B UP3:

Ypogens 0 5141
Vposens | 3001
VYposeHs 2 7?2?

AnnapaTHelii cTeK 0CIE BBINOIHEHHA KOMaHapl ret B UP2:

¥popeHs 0 $o01
Ypogens | 777?
YposeHs 2 77

Annaparself CTEK NOC/e BLINMOIHEHUS KOMaH/Ibl ret B UP1:

YposeHs 0 777
VYpogens | 277
YposeHs 2 777

Tlpu rnybuHe snoxeHna ewi3oBoe 4 (k Donee) noanporpamm  Heobxoawumo cobGnoaaTe
OCTOPOWHOCTh, NMOCKONeKY B 3TOM CNyuyse TEpPRETCA ajpec BO3BpaTa, BBEAEHHBIA B NamATh
[NepBbiM, BCNEACTBUE YEro BOIBPAT CTAHOBUTCA HEBOIMOKHbIM!

MukpokoHTposieps! moaenei AT90S4414 u AT9OSS5 15, KOTOpblE MOTYT aapeco-
paTh Ao 64 KGalit anpecos BHeulHel naMaTH, UMeroT 16-pa3paaHblil ykasaTenk cTeka,
COCTOALUMI M3 ABYX OTAeNbHEIX §-paspaasbix peructpos SPH u SPL B ofnactu BBO-
na/eeipona. Crapwmit 6aiiT SPH (paspaner SP8...SP15) vaxonurcs B naMaTu mo agpecy
$3E (85E), a Mmnamuuit 6aift SPL (paspaawsl SP0...SP7) — no aapecy $3D ($5D). Vka-
3aTeNb cTeKa Mocie nojayM curHana cbpoca yctaHarauBaeTed B “0”. OH nocTyneH mns
YTEHHS H 3aI1HCH.

Pazpsan 7 6 5 4 3 2 1 0
$3E (35E) | SP15 | SP14 | SP13 [ SP12 | SP11 | SP10| SP9 | SP3 |SPH
$3D($5D) | SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO |SPL

Hns mukpoxontponiepa AT9082313 pocrarouno ykazaTens cTeka IUpHHOH 8§
paspanos — sAueiika no agpecy $3D ($5D) B obnacTu BBOAA/BBIBOIA — TOCKOIBKY 3TOT
THN OoTOGp@KAeT CBOH CTeK HCKIIOYMTENBHO BO BHYTpeHHell nmamatd SRAM ob6neMom
128 Gaiit ¢ agpeca $60 mo $DF. Ykazarennb cTeka nocne noaaud curuaga cpoca nepe-
XO[HT B HY/EBOE COCTOAHKE, OH Takke JOCTYIEeH s UTeHHd W 3alHCH.

Pazpan 7 6 3 4 3 2 1 0
$3D ($5D) | SP7 | SP6 | SPs | sp4 | sp3 ] sp2 [ sp1 [ spo |spL
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VkaszaTenb CTEKa No3BojiseT obpamarbes K CerMEHTY JaHHbIX B 001acTH, 3apesep-
BMpOBaHHOM ans creka. Bo Bcex MuxpokonTponnepax AVR, 3a uckmoueHHem
AT90S1200, oH KomkeH OBITH MHYILHAIM3UPOBAH 10 HAYasa BhIIOMHEHHS MTPOTPaMMBt
npexae, yeM OyIeT BHIMOMHEHA MOATpOrpaMMa WiH ByAeT paspeleHo npepsisaHue,
MOCKONMBKY YKa3aTellbh CTEKA Mocie nogayn CHl"HaJ'[a 06})003 6YJICT CHOBA YCTAHOBJIEH B
“0”. B MHKpOKOHTpoNlepax cemeiicTBa AVR crek 3anonHsaerca “cBepxy BHH3”, TO
€CTh, MPH BbIIOJHEHHH KOMaHAbl push COOTBETCTBYIOWUH 6alT OyaeT ¢ckonuposan no
aJpecy, Ha KOTOPbIH B HACTOMLLEE BPEMs CCbIIAETCA YKA3aTeNb CTEKA, MOCIE Hero yKa-
3aTesb CTEKA YMeHbIuaeTces Ha | (ekpeMeHTHpyeTcs). D710 UellecoobpasHo NoToMy, UTo
Npy MHULMATK3AUMH [0 Havana BhIMOJHEHHA NMPOrpaMMbl YKas3aTeslb CTeKa Nnossonser
CCBUTATLCH Ha SYEHKY NaMaTH ¢ HaHOONbLHM apecoM.

[TpyMep MHMLHANH3ALMY YKa3aTeNis cTeka B MHKpokoHTposnepe AT90S8515
(Hauboneiuwii anapec B obnacTd aanHeiXx — $25F):

.equ SPH = 53E ; Onpemenedmns B ¢Qaine

.equ SPL = %30 ; B518def.inc

.equ RAMEND = $Z5F

.cseqg ; Cerment wxoia

.org 80h ; Hauaso ofnacTu nporpamMde
init: 1di rl6, low (RAMEND)

out SPL, rlé
1di rlé, high (RAMEND)
out SPH, rlé ; YrasaTens CTeKAa MHEMUMAaNM3MDOBAaH

Korna 6afiT ¢ noMoleio KoMaHAbl push NOMELAETCd B CTEK, TO OH 3aMUCLIBAETCA
N0 aJpecy, Ha KOTOPLIH celfyac CChIMAETea yKazaTeslb CTeKa, [OCe Hero yKasarenb CTe-
Ka JeKpeMeHTUpyeTca Ha 1.

Korpa 6aiiT ¢ moMoLbI0 KOMaRAEl pop H3BIEKAETCA U3 CTEKAa, TO CHauajla ykasa-
TeNb CTeKa MHKpEMEHTUpYeTcH Ha'l, a 3aTeM GalT, U3BAEUEHHBIH N0 COOTBETCTRYIOMIE-
MY afipecy, KOTTHPYETCA B PErucTp Ha3HAUSHHS.

PacemoTpuM crenyromuit mpamep:

Anpee Koa Merka  Komanaa
000000 e50f Start: 1di rlé, Ox5F

000001 DbfoOd out $PL, rile
000002 e002 1di rle, Ox02
000003 bfOe out SPH, rl6 ; 8P ykanunpRaeT Ha

; ampec $025F
000004 ee07 1di rlé, OxE7 ; rl6 ma3meHeH
000005 9230f push rlé ; rlé noMemaerca B cTER
000006 e30c 1di rle, 0x3C ; rl6 CHUMROJIMUECKM MNEMEHEH
000007 910f pop rlé ; rl6é m3BIeKaeTCA U3 CTeKa
000008 ¢ff? rijmp Start ; lUurn sasepued

B sTOM npHmepe ykazaTenb cTeKa MHHLMANM3HPYETCH B KOMaHAAX C afpecamMu OT
$000 no $003 BxmouuTtensHo. Tlocne 3toro B r16 sarpyxkaerca 3Hauenue $E7. [ocne
BBIMOMHEHHA KoMaHAbl push (agpec $005) sueifka namsatu $025F B cermente manHsIX
conepxuT $E7. Ykaszatens creka nekpementupyetcd Ha 1 mo $025E. C nomopio cie-
JYIOLLIEH KOMaHObl COAEPKUMOe r16 CHUMBOJHYECKH (BMECTO MOUIedKaIleii BHIMOMHe-
HUIO TIOCNEAOBATENbHOCTH koMaHa) usMetsercs Ha $3C. 3atem komaHza pep (agpec
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$007) yeBennumBaeT (MHKpEMEHTHDPYET) HA | ykasarenp CTeKa, OC/IE 4ero B rlé
3anuceiBaeTcs copepxiMoe aapeca $025F B cerMeHTe MaHHbIX, MO KOTOPOMY CChllaet-
CAl yKas3aTeNb CTexa — Tenepb r16 onath coaepxkut $E7.

B Tabn, 3.4 nokazano coAepKUMOE OTAE/LHLIX PETHCTPOR, 4 TAKKE f1eeK NaMATH
nocie o6paboTKH COOTBETCTBYIOMIEH KOMAHIbI.

Tabnuuya 3.4. CogepxuMoe perucTpos NOCNE BLINONMHEHUA KOMaHA M3 PacCMOTRPEHHON BbilWe NPOrpaMmel
L ) BG liarries i Mopee $O25F

i

ldi rl6, OxX5F 001 $5F $27
out SPL, rlé 002 $5F $77
1d) rlg, 0x02 003 £02 $?77
out SPH, rlé 004 $02 $7?
1dl rlé. OxE7 005 $E7 $77?
push rlé 006 $E7 $E7
1dl rlé, Ox3C 007 $3C SE7
pop rlé 008 $E7 SE7
rimp start 000 $E7 $E7

ITpu npepbIBAHMH WITH BBI3OBE MOANPOrpaMMebl (call) B KaUeCTBE afpeca BO3BpaTa
B CTEK GYJIET noMeuieH aapec CHCJZ[YI-OHJ,Eﬁ KOMAHAEBI U3 BEIIOMHAEMO#H NnporpaMmmel.

B npeacTasneHHOM HMXKE MPUMEpE MOKA3aH COOTBETCTBYIOLIMI TPOLECC BLITIONHE-
HUst TPOrPaMMBIL:

'.cseq
.org 0x480
Anpec Koa Merrka Komanna
000480 e50f Start: ldi rlé, Ox5SF
000481 bf0d cut SPL, rlé
000482 e002 1di rle, 0x02
000483 bfle out SPH, ri6 ; SP yxkasuHBaeT Ha agpec $025F
000484 d07b rcall UP1 ; OBpamenme x UPL
000485 cffa rjmp  Start ; SapepmMTbL LMK
’
.Org 0x500
000500 9508 Url: ret ; Cpa3y ®e BO3BpAaT

Komanast ¢ anpecamu ¢ $480 nmo $483 BrnrounTenbHO MHHUHATTUZHPYIOT YKA3aTENb
creka ($025F). Cnenyroman komanna rcall (agpec $484) sanuceisaer Mnamumi 6air
agpeca Bo3epata ($85) no agpecy B MaMATH NaHHBIX, HA KOTOpbIA B 3TOT MOMEHT
CCHIIAETCA YKA3aTeNb CTeKa, TO ecTh, — no afapecy $025F. Vkazartens cTeka aekpemen-
TUpyeTea Ha | — Teneps OH ykaswieaeT Ha afpec $025E. Tenepsb B 3Ty A4eiky namMaTH
3amMChIBaeTCa cTapLiui balit anpeca Bosspara ($04). Vkasarens creka elle pas nexpe-
MEHTHpYeTcs Ha 1, Temephs OH ykasbiBaeT Ha ajpec $025D. B s3apepuieHue kOMaHza
rcall yCTAHaB/IKMBAET CHETHHK KOMAH Ha ajipec noAnporpaMmsl UP1 ($500).

B 3TOM npumMepe H3 noamporpaMMel UPL ¢ MOMOIILEO KOMaHIb ret Cpaly ke npo-
MCXO/INT BO3BpAT K BhI3biBAOINEH mporpamme. KoManna ret yBeanuuBaeT ykasarenb
crexa na 1. Tenepb ox ccblnaercs #Ha aapec $025E B o6nactu naHueix. Xpauawuidcs no
sToMy azapecy OadiT ($04) xonupyeTca B cTapiumii 6alfT cueTyYMKa KOMaHA, NOC/E Yero
yKasaTenb creka ysenwuuBaercs Ha 1. Teneph oH yxaswiBaer Ha aapec $025F. Baur
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($85), xpaHsiumiica Mo 3TOMY aapecy, KOMUPpYETcs B MIaanuil 0alT cueTurnka KOMaHa,.
Hrak, nocne BLNMOIHEHUS KOMAHAB ret XOJ NporpaMMsl OyIeT MpoAoJKeH, HAYHHAS C
aapeca $485, To ecTh, — ¢ agpeca KOMaHIbl rimp, CASAYIOLEH TOCTE KOMAHIB! rcall,

Komandaa reti BHIIONHAET TY Xe PYHKLHMIO, 4TO M KOMaHza ret, C TEM OTIHYMEM,
YTO OHA NPUMEHSETCS 1A BO3BpATA M3 MOANMporpaMMsl o6paboTku NpepeiBaHUs U 10~
NOMHUTENBHO K 3TOMY YeTaHasnusaeT dnar | (pazpsaa 7) B pervicTpe cocTosHua SREG
AAs Toro, y1oOLI CHOBA pa3peUinTe ,HE]JIBHGI‘:IUJHE npepeiBaHHA.

Mamare komaHg (TexHonorua Flash-EPROM)

OTnHunTENBHOH 0COOEHHOCTHIO MUKPOKOHTpOJUIEpOB cemelicTBa AVR sBisercs
TO, YTO Yy HHX B KA4€CTBE [1aMATH NPOrpaMm HCIIONB3YETCS O[HA M Ta XK€ NaMATh THNA
Flash-EPROM, koTopad B 3aBHCHMOCTH OT OOCTOATENBCTE MOXKET ObITh pa3sHOro odbe-
ma (cMm. Taba. 1.1), ceo0OAHO NPOrpaMMHUpPOBATLCS N107L30BATENEM W OfSITH BEITHPATHCA
TIEKTPUUECKHM CTOCOBOM.

Takue nepebie MpeAcTaBUTENH OJHOKPHCTAIBHBIX MUKPOKOHTpONAEpoB Kak 8048 1
8051 komnaxun Inte! ¢ UX TPOH3BOHBIMU MOXKHO OBINO MPHOOPECTH MK C MAMATHIO
tunia MROM (nporpammuo-mackupyemas ROM), unu co BCTpoeHHOH NamaTbio
EPROM. AnbTepHaTHBHO, OHH MOTM pa0oTaTh Talkoke U ¢ BHewHeH namaTteo EPROM.
Monenu ¢ naMateio Tina MROM umenn ouH HeJOCTATOK: X MOT [TPOrpaMMHPOBATS
TOJLKO 32BOA-U3COTOBHTE)L B PAMKAX NPOH3IBOACTREHHOTO NPOLECSa, a BLITEPETh AdK-
dole Obl10 HeBO3MOKHO. Mukpokoutponnepnt ¢ namateio EPROM umenu B kopoyce
OKOLUKO € KBapLEBbIM CTEK/IOM [UTA BLITHPAHHA HH(OPMALINY, ONHAKO HX OTpHUATENb-
HOH cTOpPOHO# ObUIa BhICOKAA LEHA.

B muxpoxkoHTponnepax ¢ otaensHoil namatso EPROM, Hapany ¢ coGerserHo ma-
MATBEO, KaK Ipasuio, pYMMeHeHa Taioke 8-palpanHas aapecHelt ukcarop. He cienyer
TakKe 3a0bIBaTH U O TOM, YTO B 3TOM ciydae TpeGyrorcsa OparoueHHele 18 KoHTakTOR
BROIA/BBIBOA AJ1H aJPECHOH LINHB! K LWKWHBI AZHHLIX, A Takke AN YIPABASIOMUX CUl-
Hanos /RD u /WR.

MukpokouTposieps: cemeiictea AVR co BerpoenHol dnsw-namareo EPROM
3KOHOMST HE TOALKO MECTO Ha Me4aTHOH [/1aTe, HO TAaKKe NPEeNoCTaB/IsIOT B pacrops-
’KEHHE MONL30BATENSt BCe KOHTAKTHI BROAA/BLIBOLA MMKPOKOHTposnepa. Takke MOXeET
oTnacTe HeoBGXOAMMOCTb U B KONoaKe A1a BHellHeH naMaTu EPROM.

Hapsaay ¢ BOZBMOXXHOCTBIO MTPOrPaMMHPOBAHKA BCEX MOJYNEH MHKDOKOHTPOJIEPOR
cemeiictea AVR B papautensHOM pexuMe, KomnaHus Atmel mnpegocraBnser
B pacriopsbkeHHe none3osarenchi ouedb 3DQEKTHBHYIO BO3MOXKHOCTh MOCAEN0BATENL-
HOTO TpOrpaMMHPOBAHUA uepe3 MocienoBaTenbHblid HHTepdeiic SPl. B pesynerare
NporpaMMa Monb30BaTelsl MoKeT OuITh ‘3amucana” Bo (I3II-MaMATE W CHOBA BhLITEpTa
HETMOCPEACTREHHO B COCTaBE CXeMBl, B KOTOpoH OyaeT paboTaTh MHKPOKOHTpPOIIED.
CxeMa mporpaMMypOBaHWA YXKE UHTErpupoBaHa B Kpuctann. BemomorartenbHoe Ha-
npskenue V= +12 B Heo6xoaumo TOMbko MpH NpOrpaMMUPOBAHUN B MapanieabHOM
peskuMe. Tak HIH HHAYS, 5TO HanpsbKeHUE HCTIONB3YETCS B GOJIBLIHHCTBE HMIEKTPHUe-
CKHMX CXeM (HanpuMep, AN [OCNeA0BATEIBHOTO HHTephelica).
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Qusuveckas opzaHulauyus nsw-namamu basoeol cepuu
MUKPOKOHMposnnepoe cemedcmea AVR

TMamaTb KOMaHa B MHKpokoHTposutepax GasoBoif cepun cemelictaa AVR npeacras-
naer coboi gudw-namars EPROM M BO Bcex ueThipex MOAENSX COCTOMT 3 n 16-
paspaaubix (2 OGaifra) cnoB. B camMOM MOMIHOM M3 MHKPOKOHTPOINEPOB —
AT90S8515 — cueTyMk KOMAHA HMEET WHPHHY 12 pa3paaoB v, TAKUM 0DpazoM, MOXKeT
obpabarsiBath 7 = 4096 ($1000) — 4 Kb6aiT komaHaHBIX 16-paspsaHbIX CIOB. B MHK-
pokoHTpomiepe AT90S4414 ox umeeT wupuHy 11 paspafos, 4TO COOTBETCTBYET
n=2048 ($800) xomMananbix cnos. MukpokouTposnep AT9052313 obnamaer cueTun-
KoM KomaH wdpuHoi 10 paspanos (7 = 1024 u, cootBeTcTBeHHO, $400), a MHKPOKOH-
tposep AT90S1200 co cBOMM cHETYMKOM KOMAaH LIMPHHO# 9 pa3paaoB MOXeT ajgpe-
cosars 512 ($200) komanz.

PacuipenienieHe NaMATH KOMaHI B YETHIPEX OCHOBHBIX THIIAX MHUKPOKOHTPOJIIEPOB
AVR nokasauo Ha puc. 3.9.

Crapwwi BarT | Mnagwi 6anT |
16 8,7 0

AT8088515 | $FFF
1
1
1
1
1
|
|
1
|
\
1

ATS0S4414 . $7FF
|
|
|
1
1

AT90S52313 ; $3FF
1

AT90S1200 : $1FF
I
MNamATe Nporpamu |

$000

Puc. 3.9. PasMmep v opraHn3auma NamaTi KOMaHA No TeXHoNorun dnaw-namatn EPROM
TexHonoruu namatu Flash-EPROM

YToOb1 Ayulle NOHWMATD MPOLECCH NPU IIPOrPAMMHPOBAHHHN (AILI-TIAMATH MHK-
pokoHTpONIepOB ceMecTBa AVR, HeoGXOAMMO cienath HeGomblIOEe BBEIEHHE B TeX-
HONOFHIO PasIUYHBIX UMEIOLIMXCA B PACTIOPSDKEHHH THITOB naMaTtu EPROM,

Kak v B “obbranbix” EPROM (Erasable PROM — ghiTHpaemas namsats PROM),
KOTOPY10 ROJB3OBATEb MOMET HE TONBKO MPOrPAMMMPOBATh, HO ¥ OMATbh BBITHPATh
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MY4YKOM YIbTpadHONETOBOrO CBETa, Bo quistu-namati EPROM Takxke npumensiercs 3a-
noMuHaomui 3meMeHT Ha MOIT-TpaH3uCTOpe ¢ JOTOMHHTENbHBIM “TIIABAIOLIMM 3a-
teopom™ (Floating Gate). Ilpu nporpaMMHpPOBaHHH OH 3apsKaeTcs OTPHLATENbHBIMH
3apagamy H, Gnarogapa 3ToMy, cMellaeT noporopoe Hanpsmixeune MOTI-tpansucropa
(puc. 3.10).

ToK, NpoTexaoWmi

} Jepes adediky namaTH

HanpsweHue
Ha 3aTBope

) 1 T
VTU Von VH VTP VOn (prog)
Puec. 3.10. NMporpaMmupoBanlie AYelKn 3anoMUHaKLEro YCTpoRcTea ¢ thnaw-namateio EPROM

B npotusononomkxocts namath EPROM, y koTopoii sapag MoxkeT ObITE CHOBA Bbl-
TEpT MOCPEACTBOM OOMYUYEHMS NYYKOM Y/BTPa(hHONETOBbLIX Ny4ell uepe3 KBaplesoe
CTEKJI0 B Kopnyce B TeveHue oxono 20 Munyt, B Flash-EPROM Bo3MOKHO, B 3aBHCH-
MOCTH OT OPraHM3alMy 3anOMHHAIOLIEr0 YCTPOHCTBA, 3MEKTPHUECKUM METOAOM “‘MOJ-
HUEHOCHO” CTEPETh BECH KPHCTAIUT WITH €r0 OTAENbHbIe GIOKU B TEYeHHe HECKONbKHX
MuIMcekyHA (oTciona v HaseanHe “flash” — “Monus™).

Mpouecc nporpaMMMpPOBaHNR
B cayuae sueiiku ¢naw-namati EPROM peus uner o MOIl-tpansucrope, y KoTo-

pOro MeXNYy 3aTBOPOM M KaHAJTOM YCTAHOBIIEH €lile OAWH AQMOMHUTENbHLIA “niaBaro-
wuit 3aTeop” (Floating Gate) — puc. 3.11.

o +Vp

MogxnoNenne HEToka

NogxniovaHue cToka Vo o
n

NaRanWKA
3aTBop Crok

-

3ateop i Werok

Vo > Vg (g1 t

Vs < ¥on: log. 0

Pue. 3.11. MNocTpoerue aveiikv sanomuHalowero ycTpolictea Flash-EPROM (MCT1-TpanancTop © nnasakw-
WM 3aTBOPROM): enpaBa ~— paboTa AYERKU NAMATY C HE3PAMEHHLIM NNABAIOLLUM 33TBOPOM

Ynpaenawwmi satecp

Moanosxa (p-Tuna)

B BBITEPTOM COCTOAHMH ITOT MIABAIOUIMHA 32TBOP HE COMEPKHT HUKAKOTO JEKTPH-
ueckoro 3apaaa. Kak ynpasnsromuii 3aTBop, Tak ¥ ITaBAIOUIMI 3aTBOP MOMEIIEHH! B
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OYEeHb CHIBHO W30JHPORBAHHBIE CJIOU U3 OKHCH KPEeMHHA, TOSTOMY OHH OTAENEHbl APYT
OT JIPYra ¥ OT KaHana.

Hoerne momauy Ha YNPABJAIOLIMI 3aTBOP NOIOKHUTETLHOTO HANpPIKEHUs, KOTOpoe
Bonsite HanpmkeHus Vry (M. puc. 3.10), BO3ZHMKAET 2NeKTPHHECKUI TOK uepes sueiiky
3arlOMMHAKOLWIETO YCTpoiicTBa. EcM 5TOT TOK MpeBbilllaeT Noporosoe 3HaveHue Iy, To
COAEPIKHMOE SUCHKY 3aNOMHHAIONIEr0 YCTPOHCTBA HHTEpIpeTUpyeTes Kak jor. 1. Ha-
npskeHne V., NPH 5TOM ABSETCA, N0 MEHbLIEH Mepe, TEM HANPKEHHEM, KOTOPOE He-
obxoaumo mans MOIl-Tpan3ucropa B YCAOBMSIX HOPMANBHOM 2KCMNMYyaTalMH, TO €CTh,
TNpH HEe3apsKeHHOM TIIaBalOLLIEM 3aTBOPE MOXKHO NEPEKIIOUNTLCA B JTOT. .

HWTak, He3anporpaMMHpOBaHHAs WIH BhITepTas sueiika dnstu-namaty EPROM npu
NOJBOAE K 3aTBOPY CUMTLIBAIOIMErO HAINPMKEHUS, NPEBLILAIOWIEND HANpsxeHHe V.,
Becerjia cuuThiBaeTcs kak nor. 1. Jng toro urobel suekixy namsty EPROM sanporpam-
MUPOBaTH B JIOT. 0, HEOGXOAKWMO NMpPeoTBPATHTL BOZMOKHOCTE €€ OTEIOUYEHUA Hanps-
JKEHHMEM Ha YNPaBnsrOIleM 3aTBope. [is 5TOro Ha NMMaBalolIMi 3aTBOP MOAAETCA OTPH-
LaTelbHOE HANpSKEHUE, KOTOPOe CMetaeT MOTeHIHAN, HeOOXOMHMBIT [T BKAOYEHHUS
MOII-rpanzucropa, 10 3HAYEHWd, mpeBblwatomero Vp (CM. puc. 3.10). Teneps ans
sxmouends MOTI-tpansucTopa notpefyercs cHUTHIBAICLIEE HANpsKeHue 0oblle, YeM
Von (progy- [IOCKONBKY NMpH HOPMAILHOHA 2KCMUIYATALUMA HA YTIPABISIOINME 3aTBOD HANPA-
skeHue donelie Vy 6BITH MOJAHO HE MOXET, TO B AdelKy NaMATH Ha NMPOAOMKHTENLHOE
BpEM3 3anucaHo 3HadeHue nor. (.

Jns nporpaMMupoBanus Ob11a pa3paGoTaHa TEXHONOIHA WHKEKLHN TOPAYHX ek~
Tponos (hot electron injection). Ecin UCTOK TOAKITIOUKTE HA 38MITIO (KaK 2TO TMOKA3aHO
Ha pyc. 3.12), a Ha CTOK ¥ YNpaBiArCIIMH 3aTBOP NOAATh NOBLIUGHHOE HANpPIKEHHE
nporpaMMHpoBanHs Vo, npumepdo 12 B, to wepez kanan MOIE-Tpamzuctopa byzer
TIPOTEKATh OTHOCHTEJIbHO CHMIBHBIH 3nekTpudeckuit Tok. HexkoToprie aneKTpoHb! rnpu
ITOM CTAHORATCH HACTOILKO “TOPAYMMH” (TO €CTh, HACBILLEHHBIMU 3HEPrHeH), YTo Mo-
TyT NpeogoneTs Gapbep, 00pa3oBaHHLIA C10EM OKHUCH KPEMHMS, ¥ IONACTh HA MJIABA0-
LKA 33TBOP.

+vpp

MnapaoLHi
3ars0p

“Haepsop. . . ' :
REL 0 -) S -
- . i S SEamas AcTor
i T 3areop

Puc. 3.12. MporpaMmupoBaHine AYekA HNI-NamsT (MHKEKUWA rOpRYNX 3NEeKTPOHOB)

Crok

Braronaps okpyxaloneMy M30MSIHOHHOMY CIOK), 3TOT OTPHUATENLHBLA 3apan 6y-
ACT COXPAHATBLCA HA TUIABAOINEM 3aTBOPE TAKKE M 110 OKOHYAHUEO Mpoecca Nnporpam-
MHpoBaHus. bnaronaps sToMy, BKIIOUEHHE TPAH3WCTOPA 3aTIOMHHAIOLIETO YCTPOiicTBa
4epes ynpasistoiui 3aTBop 6yaer 3a610KkMpoBaHO HA ANTUTETBHOE BPEMSL.
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Mpouecc cTupaHus

Crupadue JaHHbIX Ha OOBIYHBIX 3AMOMHHAIOWIMX ycTpoicTeax THia EPROM gbi-
MONHAKOT NMOCPEACTBOM 00TYUEHHS MYyYKOM YNeTpatdHOIETOBOTO CBETA, BCIEACTBHE Ye-
ro 3ap4l Ha MyaBalouieM 3aTBope Mcueszaer. [Lis 5TOro B KOPITYyCe Ham KPUCTATIOM
HMEECTCH KBAPLCBOC CTEKIIO.

@DOTOHKI B Myuke YALTPa(HONETOBOro CBETa MOMMOMAIOTCA 3JSKTPOHAMH B Tina-
BAIOLIEM 3aTBOpE, Oaroaaps YeMy OHH CTAaHOBATCH HACTONBKO HAChILEHHBIMH YHEpTH-
eif, uTO npeononeBaoT Gaphep OKPYHAIOIIEro WX M3ONALUHOHHOIO €108 U MOTYT B3au-
MOZeCTBOBATE ¢ DNMEKTPOHAMH B YNPABIAIOLIEM 3aTBOPE UMM B NoAnoxke. B otnnune
OT 3TOr0, Ana cTupanusa ¢nzm-namaty EPROM npumenseTcs MeTon TyHHeNUPOBaHUS
Maitnepa-HopaxaliMa, KOTOpLIH 3akMtouaercs B cACOYIOLIEM: NMOCKONbKY BO (uiaw-
namATH, B otiinupe or EPROM, M30agUMOHHEIH ¢10l MeXIy HCTOKOM W MJARAKOLIWM
33TBOPOM TOHBINE, MOMHO NOOUTHCS TIPOHHKHOBEHHS UYEPe3 HETO HIEeKTPOHOB B PE3yJib-
TaTe CO3AaHHUA NEKTPHUESCKOrO ois.

s aroro sieiika 3anoMMHAIOUIETC YCTPOHCTRA MOJKIOUAETCS B COOTBETCTRBHMM
¢ puc. 3.13 (Ha WCTOK NojaeTcd HalpmXeHHe Vi, YIPaBNgOUIHi 3aTBOP — Ha 3eMITIO,
KOHTAKT Hctoka oTkpeIT). [locne »roro nmasarowmit 3arsop paspaxaerca, v MOII-
TPaH3UCTOP ONATb MOXKET OBITh MPHBE/ECH B COCTOSHHE NMPOBOJUMOCTH uepe3 yrpas-

TAIOUIHEA 3aTBOD.

E YnpaBenALLHA 3aTBOp

T R R TR O S D B G D I

Qrkpur

Hpp

DTRpLIT

Mnaea0uui
3aTBOp

Crok

3ateop |1 —-l—
+pp

-
Herok

i nnnoﬁca ;{p-.mr.ia)

Puc. 3.13. Ctupanue nHchopmauuy B Aueike namatu Tuna Flash-EPROM (MCNGNL30BAHVE TYRHENWDOBAHUA)

Hns  TORHOTHI M3NOMEHMA CNEAYET TakKe OTMETMTb, 4TO npouecc Quisui-
pOrpaMMHPOBaHNS OCHOBaH Ha apxurektype “HE-WJIH”. 310 o3Hauaer Takoe pacro-
NOXKEHHe NOMEH 3aroMHHAlOLIETO yCTPOHCTSA, NPKH KOTOPOM YTEHME KAKAOrO TPaH3H-
CTOpa MOXeT NPOHCXOAWTL OTAEABHO. Hapany ¢ atumM, Geinu paspaBoTanbl Apyrue Bu-
Ab! APXUTEKTYPBI 3aNoOMUHAIOUEro yeTpoicTsa Tuna Flash-EPROM, nanpumep, ¢ pas-
meleHreM sueek Tuna “HE-M”. 3nece kak nporpaMMHpOBaHHe, TAK M CTHPAHHE BbI-
TOJTHAETCA C NPUMEHEHUEM TYHHEMPOBAHMS, TIO3BONSIOIIErO COXPaHATL NONYNPOBO/-
HUKOBbI MaTEpHA.

CpaBHeHHe TEXHOMOTHUECKMX CBOWCTB, METOLOB MPOrPAMMHPORAHNA W CTHPAHUS
NpH Pa3saH4HeIX BapHaHTax rmamati EPROM npencrasneno B tabn. 3.5.

Ilpeanucanns v WHCTPYKIMH 110 MPOrpaMMHPOBAHMIO JUTA QISI-MAMATH MHKDO-
KO:{TPOHHepOB AVR noapo6Ho npeacrasnenst B rnage 11, “TIporpaMmupoBarie nams-
™.
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Tabnuua 3.5. CpaBHeHWe TEXHONOMMYeCKnX CBOACTE, METO/ 0B NPOrPaMMUPOBARINA U CTUPAHAA NPK PA3Nuy-
HbIX BApWaHTax namatk EPROM

i

BenuuuHa auedxu cn-
0,8..1 1 25.3
TepHo auelikd Flash-EPROM
MOII-Tpan3ncTOpoB Ha CAHY 1 1 MHHLMYM 2
AueliKy NaMATH
IporpaMmupoBanne Cneunpubop B cxeme B cxeme
M — HexekUHs rOpAYHX Huxkexuns rops- Tyunenupo-
EXaHH3M IIpOrpaMMupona 3NEKTPOHOB YHX MEKTPOHOB RAHUE
PaspeteHue Gaiit GaiT oamT
Bpens nporpammHpoBaKi Meree 100 mc 0,1...2 Mc 1...10 mc
ogHoro bafiTa
Ctupanue [pHBop ¢ ynbrpa- B cxeme B cxeme
(hHONETOBEIM CBETOM
M YneTpaduoneToseit TV HHEMDOBAHHE TyHuenupo-
eXaHM3M CTHpaHuA cBeT y p Batie
Kpucrann unu "
Pazpewmenue Kpuerann p baiit
610K
Bpems cTUpaHus Qxono 20 MHHYT 10...1000 Mc 1...10 Me

MaMATL ONA 3HEpProHe3aBUCUMbIX AaHHbIX (TexHonorua EEPROM)

EEPROM (EIPROM) AT90S1200 | AT90S82313 | AT9054414 | AT90S8515
64 Oaitta 128 Gaiit 256 Gait 512 Gaiir

lamames daxHbix muna EEPROM

MukpokonTponaepe! cemeiictea AVR umetor namare tana EEPROM oGbemowm ot
64 no 512 6Ga¥T, KOTOpas OpraHM3OBAHA B BHAE OTAEbHOrO 3alIOMHHAIOLLEE YCTPOHCT-
8a. 3alKCh M YTEHHE MOTYT BLINOMHATECH NO OAHOMY Gaiity. [lamats AVR-EEPROM
MMEET CPOK CiyskObl MUHMMYM 100000 wuknos 3anucu/yTeHus.

Hapsiny co BcTpOeHHOH B KpuCTann QM3LU-MaMATLI0 KOMAHM, BCE MPENCTABHTENH
BazoBoi CepHH MHKDOKOHTpOsNepoB AVR Takke UMEIOT BCTPOSHHYHO MamsTh THNA
EEPROM (paznuunoro ofbema) And 3aNOMMHaHUS IHEProHE3aBHCMMBIX JAHHEIX M
KOHCTAHT. 3TO0 oMeHb YA0OHO, K NpHMEpY, NMPH KaIMOPOBKE U3MEPUTENLHBIX NPUGOpPOB,
paboTalolMX Moj YMpaBieHHEM MHUKPOKOHTPOmIepoB AVR, y KOTOPHIX B MamsTH
EEPROM B npouecce HacTpoHkH coXpaHsoTCs NapaMeTphl KOPpeKTUpoBkH. Bnaroga-

pA 3TOMY, B OOIBIIMHCTRE CNy4ack MOMHOCTRI) OTIaJaeT HEOGXOD,HMOCTB B HacTpoeu-
HBIX NMOTCHUHOMETPAX W TPHMMEpAX,

TexHonoaua namamu EEPROM

TIo:l‘ namstblo TMma EEPROM (Electrically Erasable PROM — snekTpuuecku
crupaeMas namate PROM) nonumatot Takyro mamsts PROM, kotopyto, kak # Flash-
EPROM, MoxkHO 371eKTPHYECKH IPOrpaMMHUpOBaTh U CHOBA crpath. [IpH 3TOM B Cniy-
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yae namarn EEPROM 3a omuH pas CTHpaeTca He Bea MHQoOpMaLus Ha KpHCTalae, Oia-
roJaps 4eMy BO3MOKHO CTMpaTh TOJIBKO OTAeNbHble OaiTel (TO €CTh, BO BCE AuEHKH
cTpokH, cooTeeTcTByrolei GaliTy, 3anuceBaercs nor. 0). Kak nporpaMMHpoBaHue, Tak
u criupanve namati EEPROM ocyuiecTeisercs ¢ MCMoNb30BaHHEM TYHHERHPOBaHHSA
(cM. pazaen “Tlamsre komann (Texnonorus Flash-EPROM)™).

B mukpoxonTposnepax AVR npeoOpasoBaTeny HanpsxeHHa, HCIOAbL3YEMBIE A1
BLIPABOTKY HATIPSXKEHUS TNPOrPAMMMPOBAHMA W MUTaHKUA TaHMepa, ONPERENsIoWero
JJINTETLHOCT TIPOrPAMMMPOBAHHSA, MHTErPUpPOBaHE! B kpucTann. Kpome Toro, peanu-
30BAHO PACTiO3HaBaHUe NMPOBAJIOB HANPAKEHHS MJIS NPEAOTBPALIEHHUS 3aMUCH NPU 110-
HWKEHHH pabovero HAMPAKEHHA HHKE MUHHMAJILHO JOMYCTUMOTO 3HaYeHHA. [loaToMmy
AiS [OpOrpaMMHpOBaHMs ONHOTO Oajfita AOCTATOMHO BCETO  NHUIL - 3anycaTh
B COOTBETCTBYIOIUMA perucTp aapec U GailT JaHHLIX, a 3aTeM aKTHBU3HPOBATE NPOLIECC
3aTUCH Hepes perucTp yhpasnenus. JansHelwuii npouece NPOMCXOAUT Ha KPHCTae
B ABTOHOMHOM pexHME, NOITOMY MOIb30BaTeNo He 0 YeM OecniokouThes. CHavana Oy-
JET CTEpT cTapblii GaliT, a 3aTeM BHIMOIHEHO NPOrpaMMUpOBaHUe HoBoro OaWTa, DToT
pOLEce KOHTPONWPYETCH BHYTPEHHE H €ro NPOAOKMTEIbHOCTH, B 3aBMCUMOCTH OT
noJBeAeHHOro paboyero HalpsbKeHHd, cocTapideT 2,5...4 Mc.

Tem He MeHee, HECMOTPA Ha TAKWE NMPOCTEIE M OTHOCHTENLHO OBICTpBIE [1POLIECChI
cTHpaHus v 3anucd, namate tuna EEPROM nenb3s ucnonszoeats B kauectse O3Y
(RAM), NOCKOJIbKY KOJMYMECTBO BOIMOMHBIX LIMKIIOB 3aNMCH OTpaHHYeHo: OJHH Oaiit
He MoxeT Gbith 3anucad Gosee 10° pas. TIpOAOIKHTENBHOCTE MPOrPAMMHUPOBAHMA
B CPEIHEM COCTaBIfAeT 3 MC, CiIeA0BaTeNIbHO pecype A4YellKH NaMATH, ecld ee [IporpaM-
MHpOBRaTh HecnpepbIBHO, MOXKHO MCYEPTIATh B TEUEHHE BCETO JIMLbL SO MUHYT.

Mo sro#i mpyUuKHe HEKOTOpBIE 3aBOABI-U3COTOBHTENH KOMOUHHUPYOT MaMATb THNA
EEPROM ¢ RAM. [Ipu TakoMm RapuaHTe cogepXHMOe NaMATH MEePeHOCHTCA MPH Tpe-
Kpamenuu nojawu pabouero nanpsxenus B naMate EEPROM. Brnaroaaps stomy, nipu
HOPMaAbHBIX YCOBHAX SKCIUTYATALUMH JOCTHTalOT KOPOTKOTO LIMKIIA 3ATTHCH, HE MPUBO-
ASLIETO K H3HOCY.

ocmyn UM k namamu EEPROM Ha zanucs/umerue

s nporpamMupoBaHus naMaTy EEPROM mukpokoutponnepos AVR Her Heob-
XOIHMMOCTH NPHMEHATE BHEWIHEE MporpaMMHUpylollee yerpoitctBo. Kaxnas auelika na-
maT EEPROM MoxkeT GbiTh 3a[IporpaMMHpOBaHa HENOCPENCTEEHHO BO BPEMA BION-
HEHHS1 MONTb30BATENBCKOM MPOrpaMMBI,

TO pe3ynkTaT CyAeT HecnpefeneHHuld, NOCKONkKY perucTp aapeca EEAR GyaeT o6rynen. Mo aton
NpY4UHE MOTYT COAEPKATECR OLMBONHLIE AaHHBIE NO agpecy, NOANENALIEMY NPOTDAMMUDCBARYIO,
v 5 aiiTe ¢ anpecom 0 nausTi EEPROM!

V Ecnu Bo Bpema obpawenva k namaty EEPROM ¢ uensio aanucw npouc;o".ul;;ll'"é;mC‘reMHblﬁ"Eg;.)g;

Hns nporpaMMHpOBaHMA HCTIONE3YIOTCS TPH peructpa namsty EEPROM: peructp
anpeca EEAR, peructp aanwusix EEDR u peructp ynpasnenus EECR. Bo Bcex Tpex
cly4asx pedb uaeT O 8-paspasHOM PETHCTpE, 3a HCKTIoueHHeM peructpa EEAR mukpo-
KoHTpotepa AT90S8515. IMockoneky Ans 3TOro THMNA B PacnopsiKeHHUH HMeercs 512
6aiir mavath EEPROM, u, Takum obpasom, i anpecanun Heo6Xomumo 9 paspaioe,
10 38ech peructp EEAR 16-paspsanubiii, pasgenenusiit Ha nge uactu: EEARH (crap-
wuii Gaiit) u EEARL (Mmmameumit Gaiir).

5—5-2384
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Paccmorpum erHauane peructpel EEAR, EEDR u EECR, ncnonbsyemsie npu o6-
pamexus k maMatn EEPROM.

Pezucmp adpeca EEAR namamu EEPROM

Pernctp agpeca EEAR namstu EEPROM umeer anuny B oauM 6aiT (MMXPOKOH-
Tposmepsl AT90S1200, AT9082313, AT90S4414) wiu B asa GaiTa (MUKPOKOHTpPOMNIEP
AT90S8515). Ou pacnoaoxkex B obnacti Beoa/seisoaa 1o aapecy $1E (RAM:S3E) a, B
cay4ae MUKpokoHTpoinepa AT90S8515 sanumaer Ga#iTel ¢ anpecamu $1E (RAM: $3E —
maanumii 6ait) u $1F (RAM: $3F — crapiunit 6aiit). 311 GaliThl JOCTYNHEL 118 UTEHHS
u sanucy. [ocne nojaun cHrhana copoca OHKM HHHLIMATHIMPYIOTCS HYJISAMH.

Paspan 15 14 13 12 11 10 9 8

$1F ($3F) - - — | EEARS | EEARH Y

S1E ($3E) |EEAR7|EEAR6| EEARS |[EEAR4|EEAR3|EEAR2|EEAR]| EEARO | EEAR(L)
1}

2)

Paspsan 7 6 b 4 3 2 1 0
1) B muxpokontpannepe AT9051200 oteyTeTsyer

2) B murpokoutpoanepax AT90S1200, AT9082313 otecyTeTByeT

3) B mukpokontpoanepax ATI051200, AT90S2313, AT90S4414 orcyreryer

JEnsa mporpaMMHpOBaHUS MW uTeHus Galita naHHeix namstd EEPROM e perucrp
anpeca EEAR nomkeH ObITh 3anHcan cOOTBETCTBYIOIIMHE anpec.

Pezucmp danHbix EEDR namamu EEPROM

Pervictp aanupix EEDR namsti EEPROM naxopurea B oGnacti BROAA/BLIBOAA TIO
aapecy 31D (RAM: $3D). [ocne nojaum curvana copoca OH MHHLHATHIUPYETCH Hy-
namu. bafit EEDR poctynen ans ureHus M 3aiiicu.

Paspan 7 6 5 4 3 2 ] 0
$1D ($3D) | MSB | | | 7 | 1 | LSB | EEDR

B npouecce zanucu B namste EEPROM noanexaimit nporpaMMmapoBaHuto GaiT
sarpyxaerca 8 peructp EEDR. B npouecce urenns u3 namaty EEPROM B peructp
EEDR 3anucbiBaercsa conepkumoe cooTsercrayroweit ctpoxu EEPROM. Anpec g na-
matu EEPROM B ofoux ciyuasx onpefiensercs no cogepiumomy pernctpa EEAR.

Peauemp ynpaeneHus EECR namamu EEPROM

Peructp ynparnenus EECR mnamats EEPROM Haxoautca 8 ofnactu BRO-
Aa/spisosa no aapecy $1C (RAM: $3C). INocne nogauu cHrHana c6poca o4 HHHULHMATH-
3pyerca Hynamu. B MUKpokoHTposiepax 6a30Boil cepun cemeiictBa AVR ucnonbsy-
t0TCA TONbKO paspansl 0...1 (AT90S1200) vnu xe 0...2 perucrpa EECR (aoctynusi ans
uTeHus U 3anKcH). OcTanbHble paspsaael koMnanua Atmel 3apesepBHpoBana, H OHU A0C-
TYIHBI TOJNBKO 71 YTeHUA (Bcerza cogepikar jior, ().

Paspan 7 6 5 4 3 2 ] 0

sic$30) _ - | - ] - [ - ] -~ TEEMWE? [ EEWE | EERE | EECR
*) B AT90S81200 otcyreryer
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Umenue namamu EEPROM (8ns scex munoe MUKpOKOHIMPOIepos
basoeoli cepuu ceMeticmsaa AVR)

Jlng ynpaeaeHus 1polieccom uTeHHs Hcenomb3yerca paspia EERE (EEPROM
Read Enable — namsar, EEPROM rotoBa k utenuio). [Tocne 3amncu koppekTHOTO aa-
peca B peructp EEAR npouece urenns mMoxeT DuITh aKTHBH3HPOBAH YCTAHOBKOW pas3-
pana EERE B perucrpe yrnipaBnenus.

B mukpokoHTponnepax AT90S51200, ocobeHHo B BApWAKTaX ANA BLICOKAX TAKTOBLIX YACTOT (OKOH-

W yakme “-12" 8 oBo3HaveHnn moayna) paspag EERE Heobxogumo ycranasnuears NoapRa ABa
paza, uToObl NEegocTaBUTh annapaTHol YacTv [OCTATOMHO BPEMEHW ANA YTEHURA AYeeK namAaTu
EEPROM. 370 noKa3aHo Ha NpUMene pacCcMOTPEHHON HIBKE MPOrpaMMb.

Mo okoHuanH cuuThiBanua paspana EERE annmapathoe ofecnevenune cHutbiBaet
TpeByemblii Gaiit & pervetp EEDR, nocie uero yie et HeoSXOMMMOCTH BHOBE OMpa-
umeate pazpsz EERE, nockonbky cyuThHIBAHME ONHTCA TOABLKO OAMH LMK TAKTa CHC-
TEMHOH CHHXPOHH3ALMH.

LBA TAKTA CACTEMHOW CUHXPOHW3ALMK Npexge, 4em ByneT BbNONHEeHa CReAYolWan KoMaHaa {3To
He oTobpaxaerca npu TecTuposaHuy B AVR-Studio annote A0 sepcuk 1.50)

X 7 Tlocne Toro kak paspsn EERE yCTaHoBNeH B NOT. 1, LeHTDANsHbIA NPOLECCOp GYSeT 3aaepxan Ha

[lepen Havanom onepauyvM YTeHUA HPOrpaMma NONB3OBATENS AOHKHA [MOCTOSHHO
onpawmnsars pazpaa EEWE u xnare noasnenua aor. 0. Ecnu so BpeMsa nporpammupo-
ganus namaty EEPROM B COOTBETCTBYHUIME pervcTp BBOAA/BBIBOARZ HAMATH
EEPROM OynyT 3anucansl HOBble ajpeca MM JaHHLIE, TO €U MPOAMIKAIOWMACH

apaece MpOrpaMMHpPOBaHUA OYAeT MpepeaH W pe3ynbTaT OyIeT HeompeIeIeHHbIM!

3anuce e namame EEPROM e MukpokoHmposnepax AT9052313,
AT90S4414 u AT90S8515

Paspsa EEWE (EEPROM Write Enable —— namare EEPROM rortoBa k 3anu-
CH) — DTO paspsi ynpasnenus npoueccoM 3anuck. Jlns szamucy Gaiita B namath
EEPROM paspaz EEWE neofxoaumo yctaHoBuTh B 0T, |, ecnu B pervetpe EEAR
HAXOAATCS KOPPeKTHEIA agpec naMaTH EEPROM, a & pernctpe EEDR — Gaiit aauHbIX,
noageKalMd nporpaMmupoBaduie. s npefoTBpalieHus HellpeaHaMeperHHol 3annucu
B maMaTe EEPROM pazpsng EEWE moxer ObiTh YCTaHOBIEH TONBEKO B TOM Cly4ae, ec-
.11 ycTaHOBNEH Taioke u pazpag EEMWE.

Jns nporpammuposaduig namati EEPROM pomxnbl GbITh BRIMOMHEHB! craeyto-
IluHe nelcTang.

1. Joxxpathed OkOHYaHHA Npouecca nporpamMMuposadis namsate EEPROM (eciu oH
aKTHBEH), TO ¢CTh, [10KA paspsa EEWE BozepathTes B cocTosHue for. 0.

()

3anucars HOBBIH agpec B peructp EEAR namatu EEPROM (1 6aitt unu 2 Gaiira
B clly4qae MUKpokoHTposiepa AT20S8515).

i

3anucatb TpebyemMblit 6aiiT nanubIX B peructp EEDR namatn EEPROM.
4. ¥Ycrawosute pazpsa EEMWE s nor, 1.

"

Ha npora:xenun cneayrommx JeThipex NepHoIoE CUCTEMHOTO TaKTa NOCIe yeTa-
HoBKH pazpana EEMWE s pazpan EEWE nomxna ObiTh 3anucana sor. 1. Tewm ca-
MbIM OYeT 3anylleH NMPoLece NMporpaMMUpOBaHHS.
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[To OKOHYAHHIO LIMKNA MPOrPAMMHPOBAHHA (THITMYHAS MPOAO/LKHTENBHOCTD —
2,5 Mc npu paboueM HanpskeHUu Vee = 5 B H, COOTBETCTBEHHO, 4 Mc Py HAMPSKEHNN
Vee = 2,7 B), paspan EEWE annapatHo asToMaruuecky cOpaceipaerca B Jior. 0. ITpo-
rpaMMa Mnosib308aTens OMMKHA HENPEPBIBHO OTIPAIMBATE 3TOT Pa3paAn, OXKHAAA NOABIIE-
¥ JToT. (), NpeXyie YeM NPHCTYNMTE K NPOTPAMMHPOBARUIO ciienytowero GakTa.

V I'iocne ycranoa;ﬂuﬁ.:aapnna EEWE B nor. 1 uewrpam;:;lﬁ npoueccop ByaeT 3aaepxaH Ha ABa TakTa

Mpu 3anucu oaworo Gafita & namars EEPROM nosoken OmiTh Taske ycTaHOBMEH
g nor. | paspsn EEMWE (EEPROM Master Write Enable — oBiuee paspeweunne 3a-
nucu B namate EEPROM). TTocne roro kak paipsa EEMWE ycranomneH, ypoeeHb
nor. | B HeM COXpaHSETCs B TEYEHHe YEeTHIPEX NEPUOLOB TAKTa CHCTEMHOH CHHXPOHH-
3alMH, a 3aTeM OyAeT BLIIONHEH annapaTHblid ¢bpoc B jor. 0. [Iporpamma none3osare-
118 MOXET nporpamMMupoBath Galt nocpeactsomM 3anucwu nor. 1 B paspaa EEWE ronsko
HA TIPOTSIKEHHH JTHX UYETLIPEX TAKTOB CUCTEMHOW cunxponmsamuu. Ecnu Gyaer ycra-
nossien paspaa EEWE, Ho 6e2 ycraHoBky Taroke W paspsga EEMWE, To npouece npo-
rpaMMHUpOBAHHA HavaT He Oyler.

PaccMOTpHM B KauecTBe TIpHMepa KOPOTKYIO IPOrpaMmy, KOTOpas [OKa3blBaeT
npouece mnporpaMMdpoBanus # urcHud namatH EEPROM  muxpokoHTponaepa
AT90S8515.

HMma haiina Ha npMnaraeMom K KHMre KOMNakT-aucke: \Programm\EEPRB515. asm

.include "8515def.inc"

.equ AdrWr = $100 ; Adpec, 0O KOTOPOMY BYIET BEIIOIHEHO NpOrpaMMipoBaHue
.equ AdrRd = 5101 i Aopec, MO KOTOPOMY OOJRHC GHTh BRITONHEHO YTeHWe
.def EEdrd = r0 ; Balr, cumTaHHER® M3 namATH EEPROM

.def EEcwr = 16 ; BaWT, nomnexaumit NPOrpaMMMPOBAHMIO B namath EEPROM
.def Temp = rl7 ; BcnoMoraTeNbHEI pPerucTp

RESET:

¢00000 <013 rijmp Initial ; Nepexol K YacTy MHUUMANMSALMKA
EEWrite:

; kekws Tomnporpamdsa "SBanuck B EEPROM"
000001 9%e1 sbic EECR,FEWE ; Ecnu EEWE me jor. 0, To

000002 cffe rimp EEWrite H OFMIATE NAJNLIUIE

(000003 eD11 1ldi Temp,High{AdrWr} ; Crepmmit GaiT ampeca 3amcH B EEPROM -
000004 bblf out EEARH, Temp ; B PerkcTp ampeca

030005 <010 1di  Temp,Low(AdrWr) ; Mnammi SaiT agpeca samuck B EEPROM -
000006 bble out EEARL, Temp ; B DETMCTD agpeca

000007 bbod out EEDR,EEdwr ; BaliT naHHLX - B PerMcTp M&HHRIX

000008 %ae? sbi EECR, EEMWE ; Pazpsan EEMWE paspemaeT npolpaMMypOBaHMe
000005 %ael sbi EECR,EEWE ; Pazpan EEWE ycTaAHOBJIEH:! HA4JaN0Q OpOTrpaMMMp-A

; KoMAaHna BENIONMHAETCA B TeUeHMe 4-x
;/ TakTOB, NOCKOJLKY 3alepkKa

; Ul cocrarnser 2 TakTa
00000a 9508 ret

EERead:
00000b 9%el sbic EECR, EEWE
00000c cffe rimp EERead

*¥*wky Tognporpasva "Ypenyde EEPROM"
; Ecmm EEWE He nor. 0O, mo

i AOATE Janbie
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00000d e011 1di Temp,High(AdrRd) ; Crapunsi BalT amgpeca uTermsa EEPRCM -

00000e bblf cut EEARH, Temp ; B perMcTp anpeca

00000f e011 1di Temp,Low(AdrRd) ; Mrmamuft SailT ampeca YTeHms EEPROM -
000010 bble out. EEARL, Temp ; B DPETHCTpD agpeca

000011 3ael 3bi EECR, EERE ; YoraHOBMTE paspan EERE — mavars

; Tponecc YreHuA. KomMaHda BEIIONMHAGTCR 4
; TakTa, nocxoneky Il 3anepxad
; Ha 2 maxTa
000012 b20d in EEdrd, EEDR ; UreHue OaliTa IaBBHX
000013 9508 ret

Initial:

000014 e51f 1di Temp, Low (RAMEND)
000015 bfld out SPL, Temp

000016 =012 1di Temp, High (RAMEND

000017 bfle out SPH, Temp ; YCTAHOBUTE YKAZATENb CTeka

000018 eflf ldi Temp, S$ff ; Hanpa®bnmeHue nepemauM JAHHEX — BRBOLI
000019 kkla out. DDRA, Temp ; B perMcTp HANpaBASHUA Tepelayl JaHHBIX
00001a 010 ldi Temp, 500 ; HanpapBneHme nepemauM JAHHEX ~ BBOIL
00001b bbl4 out DDRC, Temp ; B perMcTp HAMNpPaBIeHMA MNEpelauy IAHHEIX
00001lc bblb out PortC, Temp ; BuSpaTk BXOO C TpeMA COCTOAHMAMMK
00001d b303 in  EEdwr, PinC ; Barpy=uTh OaiT ODadHEx M3 nopra C
0000le dfe2 rcall EEWrite ; NporpamupyeM Gafit no anpecy $100
00001t dfeb rcall EERead ; Yreune Gafra maHHMX NO anpecy $101
000020 balOb cut PortA, EEdrd ; CuMraHHEN DaliT nepedaTs B NOpT A
Endlos:

000021 cfff rijmp Endles ; CHMBOIMMYECKM VIS NPOAOSIXEHHS NPOTDRaEMMEL

IlonnporpaMMa EEWrite C MNOMOIIBK LMKIHYecKoro onpoca paspsga EEWE
oxkugaer roropHoctd namatk EEPROM k nosomy nporpammuposannio. Kax Tosbko
paspsa EEWE nepexonut B coctosHue nor. 0, 8 perucrpel EEARH, EEARL u EEDR
OyIyT 3amucaHkl COOTBETCTBEHHO fBa Oaiita anpeca EEPROM u Galit paHnmIx, moane-
skalMi nporpamMmuposanHio. [locpencTeoM ycTaHoBkH paspaga EEMWE Gyner paz-
pellieHo nporpaMMipoBaHHe. Teneps y MPOrpaMMBE NONL3OBATENS €CThH BpeMs NPOao-
JKHTEBHOCTBIO 4 TNepHoa TakTa CHCTEMHOH CHHXPOHH3AIMM 78 3anycka npolecca
NpPOrpaMMHUpOBAHHUA MOCPEICTBOM YCTaHOBKH paspiana EEWE. B paccMoTpeHHOM Bbitlie
TIPHUMEPE 3TO MPOUCXOMIUT yke NPH BBIMIOIHERUM CACOyIOLe# koManael. Ecnu Bbixoa w3
MOANIPOrPaMMEL OCYIICCTRAAETCH [0 KOMaHAe ret, TO MpPOUECC NPOFPAMMUPOBAHHUA
NPOAOKAETCA NANbLIE.

[ToanporpamMmMa EERead ¢ NOMOLIBIO LHKIHYECKOro onpoca paspaaa EEWE oxu-
AZET OKOHYaHHA MPOLECca NPOrpaMMHPOBaHKA (€CM OH B AAHHBIH MOMEHT AKTHBEH),
Kak Ttonbko paspan EEWE nepefiner B cocrosume sor, 0, B peructpel EEARH u
EEARL 6ynyr 3anucadi asa 6aiita agpeca namatd EEPROM, moanexariye YTEHUIO.
[locne sroro anga Hayana npouecca urenus Gyaer yeranosnen paspag EERE. B ceazm
€ TEM, YTO TAKT CUCTEMHOH CMHXPOHH3AlUK B MHUKpoKoHTposnepe AT90S8515 nomxkeH
cocTaBnATh MakcuMym 8 Ml'h, 3gecs Her HEOGXOAMMOCTH YCTAHABAMBATE Pa’psj
EERE niBa paza, kak aTo nponcxonut s Mukpokontponnepe AT90S1200 mma Toro, wro-
6kl MpenocTaBuTs B pacnopsiKeHHMe ANMapaTHON YACTH JOCTATOYHO BPEMEHH JUTS HTe-
HUa A4eliki namatu EEPROM, TpeGyemsiit Gaitt HaxonuTes B 0671acTH BBOMIA/BEIBOAA,

cootreTcBYtommeli peructpy EEDR, u mepenvceisaetcs mna aannHedie# o6paboTku
e pabounii pervctp EEdrd.
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OcHosHas NporpaMMa BHAYale HHALHATU3UPYET YKazaTe/lb CTEKa W HCTIONb3yemble
nopts!l BBoA2/BbtBOAa A 1 C. Benen 3a UM cunTeiBaeTca 0alT, MpUCYTCTBYOWMH Ha
BbIROAAX TIOPTa C, ¥ 3aMUCHIBAETCH C MOMOLLBIO MOANPOrpaMMbl EEWrite Mo agpecy
$100 namsatw EEPROM. 3areM noanporpamMma EER=ad CUWTBIBAET COAESPIKHMOE Aueii-
ki namata EEPROM no aapecy $101 B pabouwii peructp EEdrd. 3tor 6aiit B nans-
neitmem rnepeaaerca B mopt A. Ilocrnesyiolee BHIMOJHEHHUE NPOrpaMMbl NOKa3aHO
B BHJIE CHMBOHUCCKOrO GECKOHEUHOTO LUKIIa,

3anuce 8 namsms EEPROM 8 MuxkpokoHmponnepe AT9051200

Paspsn EEWE (EEPROM Write Enable) ynpasnser npoueccom 3anucu. [ns Toro
ytobel 3anucath Gaiir B namars EEPROM, paspsa EEWE nomxen ObiTe mporpammuo
yCTaHOBJeH B nor. 1, ecnu B perictpe EEAR Haxonutes koppekthbiii anpec EEPROM,
a B peructpe EEDR — §aliT nqaHHbIX, NOANEXKALHH MPOrpaMMHpPOBaHHIO. Pazpsaa
EEMWE, koTopbiii B ApYrHX MUKpPOKOHTponiaepax 6a3oBoil cepun cemeiictea AVR
MPeIOTEpALLAET HETIPeAHAMEPEHHYIO 3anuch B namath EEPROM, B MukpokonTposiepe
AT9081200 orcyrerByert.

Jna nporpammupoBaHus namMaty EEPROM B wmukpokontposiepe AT90S1200
JQJKHB ObITH BHITIONHEHBI CIEAYIOINE AeHCTBHS:

1. JlokaaTecd OKOHYAHMA npolecca rporpaMMupoBatig namsaTu EEPROM (ecny on
aKTHUBEH), TO ecTh, noka paspan EEWE ycranosuTes B nor. 0.

3anucathb B peructp aapeca namMaty EEPROM uoserit anpec (1 Gair).
3. 3anwucars TpeOyeMblit GaliT gaHHBIX B peructp AaHHbX EEPROM.

4, VYcranosuts pazpag EEWE B nor. 1. Tem cambim GyJeT Hauar 1npouecc nporpam-
MUPOBAHHA.

[To OKOHYAHMIO [HKIA TIPOTPAMMHPORAHHMSA (THMHYHAS TPONOIDKUTENLHOCTE —
2,5 mc nipu pabodem nanpmxedun Ve =5 B #, cooTBeTcTBeHHO, 4 MC TIpH Ve = 2,7 B)
anmapaTHas 4acTb aBTOMaTHuecku ycTaHasnupaeT pazpsaa EEWE B aor. 0. [Tporpamma
NoJIb30BaTeNs [OMkKHA HENPEPLIBHO OMPAIIHMBATE 3TOT Pa3pAl U OMMIATL MOABIEHUS
ypoBhs NoT. 0, npexkie yem CHOBa o0paTHThCA K namMatyd EEPROM.

CUCTEMHOW CUHXDOHW3ALMW, NOCNE YEro MOXET BbINOAHATE CNEAYIOULYIO KomaHay (3To He SyneT
nokasaHo B pesynbTaTax TecTUposadua 8 AVR-Studio ennoTe A0 Bepcumn 1.50; Tawke He NONHG-
CTbK YUTEHA W NPOAGMKUTENEHOCTL NPOLECsa NporpaMMupoBanua).

W Mocne ycTanoBku paspaga EEWE B fnor. 1 ueHTpansHsIi NPoUeCccop 384epKNBAEETCA Ha ABA TakTa

PaccMOTpUM B KadecTBE MPUMEPA KOPOTKYH TMPOrpamMMy, KOTOpas NoKalpigaer
MpoLecc MNporpaMMUpoBaHMs W uTeHus namaty EEPROM B MukpoxoHTponnepe
AT9081200.

WUma cparna Ha punaraeMom K KHAre KOMNakT-gucke: \Programm\EEPR1200.asm

.include "1200def.inc"

.def EEard = rl3 ; ADpec, NO XKOTOPOMY NOJNXHC CHTh BRIIOIHSHO YTSHUE
.def EEawr = rl7  Anpec, 0O KOTOPOMY HOIDEHO CEITE BETIICOIHEHO NPOPPaMMUDOBRAHMES
.def EEdwr = rlé ; BaliT, noamexaumil NporpaMMMPOEAEME B aMsTH ELPROM

.def EEdrd = r0 ; Banr, cunTaHHEl M3 naMatH EEPROM
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ao0000 <004 rijmp RESET ; K ocHOBHOHI nporpamme nocse cGpoca
EEWrite: ;W Tlomnporpamda "3anucs B EEPROM”
000001 99%el sbic EECR, EEWE ; Ecmm EEWE - He jor. 0, To

000002 cffe rjmp EEWrite ; CEMIATH Lallblie

000003 bble out EEAR, EEawr ; 3anmMcs alpeca B DPerMcTp ampeca

000004 bbod out EEDR, EEdwr ; 3ammch DaiiTa NAHHHK B DETMCTD JaHHED

000005 2ael sbi EECR, EEWE ; YcTaHoBKa pazpana BEWE — Hauano npouecca
; OporpaMvMpOBaHMA. KOMAHIA BBOIONHAETCA 38
; 4 TakTa, NOCKOIbKY 11
; 3a0EPAMBASTCA HAa 2 TaxTa

000006 9508 ret

LERead: ;orxxx* Jonnporpamva "Urenme EEPROM™
000007 99el sbic EECR, EEWE ; Ecm EEWE - me jor. 0, TO

000008 cffe rijmp EERead H OFMIOATE IaJbsme

000009 bblZe out EEAR, EFard ; 3Bamce anpeca B PerMCTp ampeca

00000a %ael sbli EECR, EERE ; YcraHOoBKa paspsanma EERE - Hauano npouecca

; duTeHMA. KoMaHOa BbIICJAHASTCA 3a 4 TakrTa,
; nockoneky U1 mamepwueaeT Ha 2 TakTa
(00C0b 9ael sbi EECR, EERE ; IlocBTOopHaA YCTaHOBKA paspana EERE. KoMaupa
; BRIOOIHASTCA 33 4 TaKTa, OOCKOIBKY
; Ul zanepxMBasTCHs Ha 2 TakKTa
30000c b20d in EEdrd, EEDR ; UuTaTes SaNT IOAHHEIX
30000d 9508 ret

RESET; ; *¥¥¥E* OCHOBHAA [NROIDAMMA

J0000e 2ala 1ldi EEdwr, $aa ; YCTaHOBKA PeIMCTPpa LAHHHEX [M1aMATHM EEPROM
J0000f =110 1di EEawr, $10 ; YCTaHOBKA pPerMcTpa ampeca HaMATH EEPROM
000010 Affo rcall EEWrite ; BamMcuBaeM $za no ampecy $10 EEPROM
000011 el01 1ldi EEard, $11 ; YcoraHoBxa perucTpa agpeca naMaTH EEPRCOM
J00012 Jdff4 rcall EERead ; CunrhizaaeM DalT maHHEX 00 agpecy $11
ndlos;:

000013 cfff rjmp Endlos ; CvMBONMUYECK) A NPOHCIDREHMA NPOTPadMMVE

[TormporpamMa EEWrite ¢ MOMOLWBIO UMKITHYECKOFO onpoca paspsna EEWE
okuaaeT rorosHoCTH mamatH EEPROM k wosomy nporpammuposanmio. Kak Toseko
paspag EEWE nepexoaut B cocrosuue nor. 0, B peructpsi EEAR 1 EEDR 6yayT coot-
BeTCTBEHHO 3amucanp! aapec EEPROM u GaliT mawHBIX, NMOAIeKaIiyi nporpaMMHpo-
sanui0. [Tocne sroro Oyner yeranosned paspan EEWE nns Havana npouecca rporpam-
MUPOBaHNA.

MoanporpaMma EERead ¢ NOMOILBIO UHKIHYeCKOro onpoca paspaza EEWE oxu-
JaeT OKOHYAHHA TPOLECCA NPOrpaMMHUpOBanua (ecnu o akTHBeH). Kak Tonsko paspan
EEWE nepexoaut B cocrosuue mor. 0, B peruetp EEAR Gyaer s3anucan moanexatuuii
uteHHK aapec namsatTu EEPROM. IMocne 3toro mis Havana npolecca UTeHHs JBAXK/IbI
nocneioBatensHo Oyaer yeraHosned paspaa EERE. Ecnu MukpokouTtponiep paGoraer
¢ TAKTOM CHCTEMHOM cHuxpoHH3auun 12 MI'y, To ocoberHO BakHO, HTODBI 3TOT paspaa
Obll YCTAHOBNEH JBa pa3a, 4To0bl NPEAOCTABMTL B PACIIOPSKEHUE ANMApaTHOH 4YacTH
JIOCTATOYHO BPEMEHH A1 uTenus fqucixy namati EEPROM., Tlocne atoro tpebyembiid
OaiT Oyner 3anucan B obOnacTh BBOJA/BbIBOAR, COOTBETCTBYIOWLYIO peructpy EEDR,
nepenMcal g AanbHeHwen obpaboTtku B paboumii peructp EEdrd.
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OcHoBHas nporpaMma BHaJasle BbI3bIBAeT MOANPOrpaMMy EEWrite Ans mporpam-
muposanus Oaiita $AA no anapecy $10 mamstu EEPROM. 3arem noanporpamma
EERead BBINOJIHAET YTeHHe coiepxkumoro syeiiku namati EEPROM no aapecy $11
8 paGouniit pervctp EEdrd. JlaneHeliiiee BBINOAHEHHE MporpaMmbl MOKa3aHO B BHiE
cHMBONMUEcKOro GeckoHeuHOro UMK,

PasnuyHele cnocobsl agpecauuy KOMaHg U AaHHbIX

B muxpokonTposnepax cemeiictea AVR nns jgocryna k maMaTH xomasna {¢uow-
NamATh) U QaHHBIX (PErUCTPBI, MOPTH! BBOAA/BbIBOAA H NaMaTh SRAM) vcnonn3yrorcs
aueHb ynoOHble W 3 PexTHEHBIE peXXHMbI ATPECAlHH,

B HacToALieM pa3fiene OMMCAHBI Pa3IMYHBIE BHABLI ANPECAliMH, KOTOpPBIE MOAiep-
AKHUBAIOTCH aPXUTEKTYPOil MUKPOKOHTpOepos ceMelicTBa AVR. Jlanee no tekcry co-
kpaiteHde “OP” o3nauaer “Operations-Code” (“kon onepauuu™), TO eCTb, HEUIMEHHYIO
4acTb KOMaHIHOTO CNIOBA, HA OCHOBAHHY KOTOPOHR ACMIKGPATOP paclo3HaeT KOMaH/Ibl.

'HeKoTOpLIE W3 ONUCAHKLIX HIAKE PEMWMOB BAPECALAM WCNONL3YIOTCA HE BO BCEX MAKPOKOHTOOM-
JIBDEX COMBIACTRA AV o ssesesessssesaessmsassase oo e o et e85 st ot
Mpaman adpecayuss 00HO20 peauicmpa

Takoit pexxum agpecaruu (puc. 3.14) ucrmone3yercs BO BceX MHKPOKOHTPONIEpPAX
Oaszopoii cepnu cemeticTea AVR,

KomaHngHoe cnoeo PervctpoBeld dain
11 6ur 5 Bur 31
L_oP [d]
d
Adpeca
peract-
poe
0

Pmc. 3.14. Npaman agpecauns ofHOro perucrpa;

PerucTp ¢ agpecom d cooepKWT OnepaHabl, K KOTOpPBHIM oOpaluaercs KOMaHZa.
Ipumepe! k puc. 3.14:

16-pa3paaHoe KOMaHIHOE CI0BO

com Rd 1001 010d dddd 0000
inc Rd 1001 010d dddd Qo011

Koa  Komanaga Kommenrapuii
5500 com rle ; DononHeHWe OO eOUHUUE COIepXUMoroe rlé
94£3 inc xl1l5 ; YBenuuuTe Ha 1 comepxmmoe rlb
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Mpsmasn adpecayus dsyx peaucmpos Rd u Rr

Takoit pexum aapecaums (puc. 3.15) UCNIONE3YeTCA BO BCEX MHKPOKOHTPOJUIEpax
Bazosoit ceprn cemerictea AVR. Peructper Rd u Rr ¢ anpecamu d u r cogepxar one-

paHjbl, K KoTopeiM ofpalllaeTcs koMaHaa. Pe3ynsTar onepalMd 3aruchlBaeTcs B pe-
ructp Rd.

Anpeca
Komarpnoe croso Pervctposelé dain perucTpos
6 but 5 bur 5 but 31
LOP r{d]|

L ;

0
Puc. 3.15. NpaMan agpecaunn gByX PerucTpos:

TIpumepsl k puc. 3.15:

16-pazpaaHoe KOMaHIHOE CIOBO

add Rd, Rr 000F [ 1lrd dddd rrer
cp Rd, Rr 0001 Olrd dddd rrrr
Kon Komanpa KommenTapnii
Qef( add rl5, rleé ; Cymma <rib> + <rlé> -
; CcoXpaHfeTcCA B peructpe rlb
1548 cp r20, r8 i CpaBrexre <r20> u <r8>

MMpsaman adpecayus obnacmu esoda/suieoda

Taxolt pexxuM agpecaumu (puc. 3.10) UcIONB3YeTCA BO BCEX MHKPOKOHTPOJIEpax
Oazoeoif cepum cemeiicTsa AVR.

KomaHAROE croBO

5 but 5 but B BuT aofén::;;bmop.a 653
LoP] n [P ]
Agnpecs
- =) BEOA S/
BLIBOAA
0
PerucTposrii dain 31 Aapeca
n PErucT-
a pos

Puc. 3.16, Mpaman agpecauns nopTos 8 66nacTv BEOAA/BEIBOAA

bykeoit “P” oGosHauen agpec BribpaHHOro nopta B 06/1acTH BBOAA/BRIBOA, A BYK-
BOH “n” — anpec pervctpa B peructposoM daitne. [pumepsi k puc. 3.16:
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16-paspasHOe KOMAHAHOE CIIOBO

in Rd, P 1011 OPPd dddd PPPP

out P, Rr 1011 1PPr rrer PPPP
Koa Komanpna KovmenTapui
h&fe in rlb5, Ox3E ; BZanMcaTe <SPH> B rl%
bedd out 0Ox3D, r% ; YeraHoBUTE SPL B <r9>

Mpamas adpecayus namamu 0anHbix (SRAM)

Takol pemuM agpecauny {(puc.3.17) OTCYTCTBYET B MHKPOKOHTpPOJIEPE
AT90S1200 dazosoii cepuu cemeticTea AVR.

KomauaHoe choso Anpeca
11 Bur & fur MNamATs AaHHBIX NamATH
cT. OP ’ n $FFFF

Ma. | Anpec SRAM

16 Bur

|

Puc. 3.17. Tpaman agpecayvs namaTi faHHbIxX

KomaHaw! ans npaMoi agpecaliid MaMATH JaHHBIX COCTOMT M3 JABYX KOMaHIHBIX
CNOB, M ANS HX BbITMOAHEHU] Tpebyercs TPH TakTOBBIX uMkia. Crapinee koMaHIHOE
C/I0BO COMIEPPKUT KO OTIEPALIMH H aIpec 7 COOTBETCTBYIOLUETO PEFMCTPA B PETHCTPOBOM
thaiine, — UCTOYHHKA W, COOTBETCTBEHHO, NPUEMHHKA JIUI TepeNau JaHHbix. Mnaa-
lIee KOMAHHOE CIIOBO COJAEKHT aapec obnacTy NaMATH, K KOTopoH Heobxoqumo 06-
paTHTLCA.

B cBg3u ¢ Tem, 4TO azpecanyia Moxker ObITh BLINMOMHERA BO BCEM naMATH JAHHBIX
(TO ecTh, Kak BHyTpeHHeit maMaTH SRAM, Tak H BHelTHEH MAMATH, KOTOPAs MOMKET HC-
[IOAL30BATECA B MUKpOKoHTponnepax AT9054414 n AT9058315), To ¢ nomowmso 3Toro
BU/IA aNpPECAllHM MOXHO TakoKe MepeflaBaTh AAHHLIE OT PErUCTPa K PECHCTPY WM OT
MOPTOB BBORA/BBIROAA K PETHCTPAM, [IOCKOMBKY KaK 001acTh PETHCTPOB, Tak H 061acTh
BRO/1a/BbIBO/IA OTPAXKEHb! B namMATy AaHHRIX SRAM (cM. puc. 3.2).

Tem He Medee, AN 3TOM LEMU MPUMEHAIOT TAKHE CHEUMANBHBIE KOMAHAbl Kak
mov Rd, Rr M, COOTBETCTBEHHO, out P, Rr, KOTOPBIE COCTOAT TOMBKO H3 OAHOTO CII0BA
u 06pabaTLIBAIOTCA 332 OAMH LMK, BCACACTBHE Yero Npamas aapecauns namaty SRAM
B IaHHOM cyiy4ae HeebiroaHa. Ipumepn k puc. 3.17:

16-pa3psiHOe KOMaHAHOE CIOBO

lds Rd, k 1001 0ood dddd 0000 | MSW
kkick kkkk kkkk kkkk | LSW
sts k,Rr 1001 0otd dddd 0000 | MSW
kkkk klckk kkkk kkkk | LSW
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Koa Komanaa KoMmenTapui

3100 cccee ids rlé, Oxcccce ; B rlé zarpyxaercsa
;. Comep®EMMOe A4HellKM BHellHew
; namMaTH C agpecom 3CCCC

92f0 0060 sts 0x60, rlb ; <rl5>» coxpaHsercs B 1-f
; Auelke RHYTpeHHel SRAM
9100 005d lds rlé, 0Ox5d ; B rlé sarpywaercsa
; cogepsymMoe SPL
92£0 005e sts Oxbe, rlb ;7 <rlb5» coxpaHserca B SPH
3100 00Lf ids rle, Ox1F ; B rlé sarpyxaercsa
; comepxumoe perucTpa r3l
92F0 0000 sts 0x00, rls ; <rl%> coxpaHdsercsa B r0

Kak YKE DLLIO OTMEUEHO BhIIIE, HETLIPE NOCNEAHKUE KOMaHAbl ACMYCTHMBL, HO HX
JYYIIE HE UCTHOJ1b30BATD.

KoceenHas adpecauus namsamu daHHbix (SRAM)

Takoi pesxum  anpecatmd  (puc. 3.18) OTCYTCTBYeT B MHKPOKCHTPOSLIEPE
ATO0S1200 Gazosoli cepyu cemeiictea AVR,

Ecnu BenoMHUTL Takoe “y3Koe MecTo” ceMeHCTBA MUKpOKOHTpoanepos 8051 kom-
nauun Intel kak ykazaTeslb JaHHBIX, TOTi@ CPa3y CTAHET NMOHATHO, HACKONbKO obneryaeT
padoTy anpecaltda ¢ TpeMs BOIMOXKHBIMHM YKA3aTeIAMH X, Y H Z, UCIIOTb3YeMan B MUK-
poxoHTpomiepax AVR.

ITpy KOCBEHHOH AIpECaUHH NPOUCXOAMT NEpefaqa OaHHBIX MENKILY PETHCTPOM,
yKa3aHHbhIM B KOMaHAHOM CNOBE C NOMOLILIO S-pa3paAHOTO agpeca n, U a4elikoi nams-
TH, aJpecauns KOTopoH OCYMIECTBASETCH ¢ NOMOLUBI PerucTpa ABOHHOH ANUHBI X, Y
unu z. ITpu 3TOM X COCTOMT M3 JIBYX PErHCTpoR: 26 (mnaawmuii 6aiT) u 127 (cTapiunii
Gait); y — u3 r28 (Mnazwuit Saitr) u r29 (crapwmii Gaiit), a z— u3 r30 (Mnaawmuit
OaitT) u r31 (crapuwmi SadT).

KomaHfHOE CNOBO Ajpeca
11 fiur 5 bur NamATH
| Op | n i MarmaTe B aHHex
$FFFF
YkazaTenb
L XY a7 |
15 Bur
0

Puc. 3.18. KoceeHHan agpecauvs namaTi JaHHBIX

Komanap ins KOCBEHHON afpecaudu NaMATH DaHHBIX COCTOST TOABKO M3 OAHOTO
KOMaHIHOTO ClIOBA, U TSt UX BHITIONHEHUS TpeGYyeTcs ABA TAKTOBBIX LMKIIA.

IIpu kocBeHHO! aapecauny, TaxK e Kak ¥ Npu OpaMoti, MOKHO obpaiuathes k of-
J1aCTH PErUCTPOB M k 0bnacth Baoaa/BbIBOAA. [TpuMepn! K puc. 3.18.
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1 6-pa3psaHOe KOMAHIHOE CIIOBO

st x,Rr 1001 001r T 1100
1d Rd,y 1000 000d dddd 1000

Kon Komanaa KommenTapuii

8108 1d rle, vy B rlt =zarpykaeTcs COODEPERUMOE AHENKH,
aIpeCcoBaHHOM C NOMOWLK <y>»

<rlS> coxpaHseTcs B Adeltke namsaATH,
agpeCOBaHHONM C LIOMOWBLID <X>

9z2fc st x, ri1b5

- wy we

KoceexHas adpecauus peaucmpos 8 MUKpoKoHmponnepe AT9031200

Taxoit pexum agpecauun (puc. 3.19) HCnoMb3IYETCS TONBKO B MHKPOKOHTPOINCPE
AT90S1200 6azoBoii cepu cemeiicTea AVR.
KomaHaKoe cnogo Peructposuiit dain

116ur 5 0ur ]|
I OP ] n I {Mn. GaiT ber. 7| 30

Adpeca
peruct-
poB

0

Puc. 3.19. KocsenHan agpecayns perucTpos B MUKpOKOHTRoNnepe AT8051200

[Ipu kocBeHHO# agpecalMy perucTpa, HCMONB3YEMOH B MUKPOKOHTPONNEpax MO-
aerm AT9051200, nanHble mepenaroTca MeXIY PerHCTPOM, YKA3ZAHHBIM B KOMAHIHOM
CIIOBE ¢ MOMONIBIY 5-Pa3spsAHOro a/(peca N, U PErHCTPOM, aApecOBaHHBIM C MOMOLIBIO
miaawero Haira ykasarens z (aapec perucrpa 30 = $1E). Conepskumoe crapinero Ga-
Ta yxasarens z (agpec peructpa 31 = $1F) npn 3ToM He MMeeT HHKAKOTO 3HAYEHHS.

Komanabt s kocBeHHOMH afpecalu peructpa B MEKpokoHTponnepax AT9081200
COCTOAT M3 OAHOI'0 KOMAH/HOTO C0BA, U JUTA WX BHIDOMHEHHs TpeGyeTcs Ba TakTOBBIX
umxna. [Tpumeps k puc. 3.19:

16-paspaiHoe KOMAHIHOE CIOBO

st z,Rr 1000 001r ITIT 0000
1d Ra,z 1000 000d dddd 0000
Kon Komauaa KommenTapui
8100 ld rlé, =z ; KonupematTs B rlé comepxumoe
' ; permcTpa, alpecoBaHHOTO yepes <z>
B2f0 st z, rlb i CoxpanuTh, <rlb5> B perucrp,

; ampecoBaHHLlI Yepes <z>

Hanpumep, nepen BhinonHenueM komaunel 1d r16, z muamwuit 6ait (r30) ykasa-
TeNd Z NOJDKeH CopepkaTh $18. Takum obpazoM, ykasaTenb Z CCHLUIACTCA Ha PErHCTP

124, TlycTe peruetp 124 comepskHT $55, TOIA NOCHE BEIIOJAHEHUS KOMAHIbI PECHCTP
r16 Taioke Oyner cogepxars $55.
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Koceenrana adpecayus namamu dasHbix ¢ nocnedylouiuM npupaieHuem
adpeca

Takoli pexum anpecauuy (puc. 3.20) OTCYTCTBYeT B MHKPOKOHTpORIEpe
AT90S1200 Bazosoii cepun cemeficTea AVR.

Mpu Takol ajpecalli JaHHEIE NEPENAIOTC MEKY PETHCTPOM, YKA3aHHBIM B KO-
MaHIHOM CIOBE ¢ MOMOLIBIC 5-pa3paHOTO ajpeca n, U sueHKOH MaMATH, aapecyemoii ¢
MOMOLLBIO CONEPKHMOr0 PETUCTPa BOKHON UTMHEE X, ¥ WK Z. [TpH 3TOM X cocTouT 13
ABYX perdcTpoB: r26 (Mnamiuuii 6aifT) u 127 (crapwimii 6aiT), y — u3 128 (maagwmii
6aiiT) v 129 (crapuuii 6aiT), a z — u3 r30 (Muamwuii Salit) u 131 (cTapumii Gakir).

KomaHgHoe cNeeo Alpeca
11 6uT 5 GuT MaMATE AaHHbX NaMATH
a H
L op [on] SFFFF
YiazaTens
-
16 6uT

1 ()

0

Puc. 3.20. KoceedHan agpecayus NaMaTi ganHbIX ¢ NOCAEAYIOLMM NpupalLeHuem aapeca

IMocne mepemayd JaHHBIX COASPIKUMOE YKasaress (TG €CTh, perueTpa JBOHHOM
JUIHHBI X, Y WIH Z)} aBTOMATHYECKH yBeNnUyYHMBaeTcs Ha | (mpHpalieHue agpeca). JT1a KO-
MaHAa OYeHb BEITOJHA, KOTAA JOJIKHBI GbITh 06paboTansl GalThl, CAEAYIOUME B TAMATH
OJTHH 33 JApPYTUM.

Takue koManbl COCTOAT M3 OLHOTO KOMAH/HOTO CJIOBA, M )11 WMX BBITIOJHEHHA
TpebyrTCs qBa TAKTOBBIX UMKTa. [IpaMept! k puc, 3.20:

16-pazpaHoe KOMRH/THOE CIIOBO

st x+,Rr 1001 001r TIT 1101
1d Rd, z+ 1001 | 000d | dddd | 0001

Koa Komanna KommenTapnii
9101 1ld rle6, z+ ; 3anMcare GaliT DaHHWX B rle,

; Nocne dYero YBeNUUMTE <z> Ha 1
9z2fd st x+, rlb ; CoxpanuTt <rl3>, nocne uerc

; ¥YBEJMYMTE <X> Ha 1

KoceenHas adpecayus namamu daHHsIX ¢ NpedsapumensHbiM
YMEeHbLeHuem adpeca

Takoil pexum anpecaupn (puc.3.21) OTCYICTBYeT B MHKPOKOHTpOMIEpE
AT90S1200 Gazopoii cepuu cemetictsa AVR.

[Ipu Tako¥ anpecan¥u NaHHble NePefarOTCS MEXKIY PErHCTPOM, YKAa3aHHBIM B KO-
MaHIAHOM C/I0BE C TIOMOLLBIO 5-paspsAAHOro aapeca n, M A4YeiKkoll naMsaTH, ajpecyemoii ¢
MOMONIBI) COJAEPIKMMOTO PErucTPa JIBOHHON ANMHBI X, Y WM Z. [Ipu 3TOM X COCTOUT U3
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ABYX pervcTpos: 126 (Mnaniuuii GaiT) u r27 (cTapuuit Galit); y — w3 128 (Mnanmmii
Gaiir) u r29 (crapmuii 6aitT), a z — w3 r30 (Maaawwuit 6aiT) U r3 1 (crapuumit GaiT).

KomaHgHoe CNoeo Anpecs
11 Gt 5 8BuT A nNamaATH
o n AMATE OAHHB
l i l $FFFF
Yrasarens
—a K,V WM Z -
16 Bur
0

Puc. 3.21. KocBerHas agpecauns naMaTv aHHbIX ¢ NPeABapWTEenbHbIM YMEHLWEHWEM agpeca

Tepea nepeaayeit MaHHBIX COAESPKUMOE YKazaTeNsl (TO €CTh, PETHCTPA ABOHHOH
JUTAHBI X, ¥ WJTH Z), ABTOMATHYECKU yMeHbLIaeTcs Ha | (npeaBapuTennHoe yMeHblleHHe
anpeca). Jrta KOMaHIa OYeHb BLITCGIOHA, KO JAO/MKHbL ObiTh 00padoTanbl GaliTe, cre-
AYHLIHE B TAMATH OAMH 33 APYTHM.

Takue KOMaHObL COCTOST W3 OJHOID KOMAHAHOrO CNOBAa. W AAR MX BLINOJIHEHUA
TpedylOTCS ABA TAKTOBLIX LHK/IA.

[Mpumepsl k puc. 3.21:

16-pa3panHOe KOMaHAHOE CIEOBO

st -y,Rr 1001 | 001r rrrr 1010
1d Rd, -z 1001 | 000d | dddd | 0010

Kon Komauna Kommenrapuii
9102 id rlée, -z ; ¥YMeHbuMTs <Z> Ha 1, [OCJAe 4Hero

; CRONMUPOBATL B ri6 BalT DaHHBIX
92fa st -y, rld ; IeKpeMeHTHPOBATE <y>, NOCTE Hero

; COXpaHMTE B namsaty <rl5>

OmmHocumensHana adpecayus namamu QaHHbIX

Tako# pexxum anpecaumu  (puc. 3.22) OTCYTCTBYET B MHKPOKOHTPOMIEPE
AT90S51200 6azos0#t cepun cemeiicTea AVR.

[lpu Takofi aapecatiud AaHHble NEPENalOT MEXAY PErMCTPOM, YKa3aHHbLIM B KO-
MaHAHOM CJI0BE C MOMOUIBbIO 5-pa3spAdHOro afipeca n, U S4elKol naMsaTH, anpecyemMoii ¢
[IOMOIIBH) CYMMbI 6-pa3psHOro ajpeca q, YKa3zaHHOro B KOMaHIHOM CJIOBE, ¥ coaep-
HKUMOrO yKazaTena (y unu z}. Ilpu 3TOM yKazaTens — 3T0 perdcTp AROHHON ANWHbI ¥
(r28 — mnanwwih Gait, r29 — crapummii Galit) wne z (r30 — mnagwui Ga#dT, 131 —
crapiiyit 6aiT).

Ilepen nepenavedl MaHHBIX COAEPIKMMOE YKazaTend (TO €CTb, pPerucTpa ABOHHOMN
AJIMHBI Y WM Z) CKIAAbIBAETCA C 6-paspafHbIM aapecoM ( (CMelleHHe OTHOCHTENLHO
Bazororo anpeca). ConepikumMoe ykazaTens rociie BLINOAHEHUA 3TOH OnepauHy ocTaer-
CS HEU3MEHHAIM,
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KoMaHaHoR cnoso

Anneca
50uT 5 6BUT B BuY n NamaTi
OP n AMATL AAKHBIX

(0Pl n] g SFFFF
Yiazarenb
[ vowm z
16 Bur
1]

Puc. 3.22, OTHoCHTENEHAR aApECALMA NAMATUH JaHHBIX

Takue KOMaHAb! BLICOAHBI, KOIIA 3HAYECHUSA AOKHBI ObITh U3BIIEUEHB] U3 TAOTHIIBL
OHH cOCTORT M3 OIHOTO KOMAHIHOrO CAOBA, a A7 UX BHITIOJNHEHHS TpebyeTcd ABa Tak-
ToBbIX unkKna. [Tpumepen! k puc. 3.22:

1 6-paspanHoe KOMaHIHOE CI0BO

std y+¢,Rr 1090 | gqlr | | 1gqg
ldd Rd, z+g i0g0 | qq0d | dddd | Ogge

Koa Komanna Kommeurapnii

ado?7 ldd rle, z+0x3F ; KenmpomaTh cofepxuMoe AYSHKM [MaMATH
; ¢ azpecom <z> + $003F B perucTp rle

82ff std y+7, rl5 ; CoxpaHuTk <rl5> B Auelke

; DAaMATH 00 adpecy <y> + 50007

Adpecauus KoHCmaHm 8 Namsamu npozpamm

Taxoh pewum agpecauns (puc. 3.23}) OTCYTCTBYET B  MHKPOKOHTpPO.UIEPE
AT9051200 GasoBoit cepuu cemeiicTea AVR.

Komakakoe tnoso NaMATE NAOFPAMK

Alipeca
16 BHT
I OF ] 15 Bi7 g MEmAm
T SFFF
YkazaTent
| Peructpz [1LSBL—
15T | 1w LSB=1| | LEB=0
- ) 1
Crapwwd | Mnagumii
Baldr ¢ GadT 0

Puc. 3.23. Agpecauma KOHCTaHT B NaMATI NporpamMm

MukpokoHTponnepst cemeiictea AVR nozeonsior HCnonL308aTh B BHINOIHAIOLEH-
A MpOrpaMMe MNperonpeaeneHHble KOHCTAHTEl H3 TAMATH NMPOrpaMmM {Hanpumep, onpe-
JienenHble [upekTuBol accemdnepa . db). C nomomsto komadasl 1pm (Load Program
Memory —— sarpy3ka maMaTH 0porpamMm) MOXKHO CKOMHpOBaTh GAHT M3 MamsTh po-
rpamMm B perrctp r0. C sToit uenbio B pazpaasl 1., 15 peructpa z, KOTOPLI ONsTL BbI-
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CTYTAET B PO/ YKAa3aTe s, A0JDKEH ObiTh 3arpyskeH TpebyeMslii azpec aMaTH KOMaHL.
B 3aBHCHMOCTH OT TIOCTPOESHHS MAMATH JIPOIPAMM COOTBETCTBYIOLIETO MHKPOKOHTPOI-
nepa Ga3zoeol cepuu cemeiicrBa AVR, Moxno aapecoBars 1o 4 K6alr cirog (aapeca
000...$FFF B mukpokoutpoanepe AT90S8515). Bur 0 (LSB) onpenenser, kakoii Sair
Jospken BbITh 3arpyxed B peructp rd: maammmii (6ut 0 = 0) niu crapumit (Gur 0= 1).

Komanna 1pm COCTOWT W3 OJIHOrO KOMaHIHOTO CJIOBA, U [ ee BBHITONHEHHS Tpe-
OyeTca TpH TakroBeiX uMKaa. Ipumep k puc. 3.23:

16~pazpsaHoe KOMaHAHOE CIIORO

tpm | 1001 | o101 | 110X | 1000 |

Kon Komauna KommenTapui
95¢8 lpm ; KonmpeBare B rd conepxumoe Haira,
; ALPECOBaAHHOTO C MOMONLY YKABATENA Z

Hanpumep, nepen BbiuioNHeRMeM KomaHAbl lpm ykasatenas z (r30 -—— mnamuwuil
aiir, 131 — crapumi Gaitr) conepxut $0050. [To LSB (6ur 0 = () Beibupaerca mman-
urui Gairr, anpec $0078 namMaTn KOMaun onpeaenseTcs ¢ NOMOLLBIO COOEPKHUMOTO pas-
panos 1...15 (emewenne $00F0Q enparo Ha omun pazpan). Cnoso no agpecy $0078 na-
MATH KOMaH] J0JDKRO COZEKaTh $55aa. B 3ToM npuMepe nocne BRINONHEHUS KOMAH-
Abl 1pm perucTp rl Oyner conepxars Saa. '

Npamas adpecayus NnaMsamuy nNpozpamMm (Komarob! imp U call)

B murpoxoHTpostepax 0a3oBoil cepuu cemeiicTBa AVR aTH KoMaHas! He HCMOb-
3YKOTCA, ONHAKO HX BCE PABHO CIE/TYET PacCMOTPETh, NMPUHUMAR BO BHUMAHHE paspa-
DoTky HOBBIX MoaeneH (puc. 3.24).

KOMaHOHOE croso Namats nporpar ri}\.:lmaca
15 gi7 g namamm
10 fur 6 BuT SOFFF
OP__ [eMSB ;
16 LB ;
186 kT
C

Puc. 3.24, MNpaAmas aapecaums naMATH RPorpaMm:

Komanasl jmp ¢ call suonnsior npamoit nepexon (Long Jmp) 1, pasusiM oGpa-
30M, BbizoB noanporpammel (Long Call) no ykazanHoMy ampecy, TO €cTh, B CUETUHK
KOMAaHJ 3arpy’aercs HEmoCcpelCTBeHHO YKa3aHHEIH aapec, a BBIIOJHEHHE MPOrpaMMbl
MPOAVJDKAETCA ¢ afpeca, coaepxamerocs B o0OHX KOMaHOHEIX cnoeax. TeopeTHuccku,
C MOMOWLIO afpeca IMPHHOA 22 paspanga B MaMATH MPOrpaMM MOXCHO aApecoBaTh
4 Mcnoe. EcTecTBeHHO, Ha NMPaKTHKE NOCTYTMEH TOMBKO (BH3Mucckuil 00BEM 3amoMH-
HAIOWWIErO YCTPOHCTRA.,

KoManb! jmp M call COCTOAT M3 ABYX KOMAHAHBIX C/TOB, H AJIA HX BBIIOAHEHHA
HEOOXOAMMBI, COOTBETCTBEHHO, TPH (jmp) U 4eThIpe (call) TAKTOBAIX LMKIA.
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[Ipumepbt k puc. 3.24:
1 6-pazpaiHOe KOMAHAHOE CJIOBO

jmp adr k | 1001 | 010k | kkkk [ 110k | high
kkkk | kkkk | kkkk | kkkk | low
call adr a 1001 | 010k [ kkkk [ 11ik | high
kkkk | kkkk | kkkk | kkkk [ low

Anpec  Kon Metka Komanpa
.org 0 ’

000000 340c 0300 labell: jmp label?
.org 0x300

Q00300 940c¢ 0000 labelZ: jmp labell

KocseHHas adpecayus namsamu npoepamm (KOMaHOb! ijmp U icall)

Taxol pexum agpecaunu (puc. 3.25) OTCYTCTBYeT B MMKPOKOHTpOJIEPE
AT90S1200 6azoroit cepun cemeiicTea AVR.

KamaHgHoe cnosa MaMATE NPOTRaMM Anpeca
16 Bur 15 Bi7 g Namatn
| Op | i SOFFF
YKasavens i
[ Peructp 2 |
16 BuT
0

Puc. 3.25. KocseHHas afpecauus namaTm nporpamm

KoManael iimp M icall BBINOAHANT KOCBEHHBLIH flepexol M, paBHBIM 00pa3oM,
BbI30B MOANPOrpPaMMbl MO &APeCy, HAXOMMIEMYCH B YKkasaTene z. B cueTyuk koMauj
3arpyXaeTess COASKHMOE PETUCTPA Z, W BBHINOJHEHHE MPOrpaMMbi MNpoaciXkaeTcs
€ OTOro ajpeca. TEOPEeTHYECKM, C TIOMOINBIO MMEIOUIErocs B PACMOPAKEHHH 16-
pazpaaHOTO aapeca B NaMATH NporpamMm ModkHo aapecoeatk 64 Kcnoe. Ha mpaktuke
K€, eCTECTBEHHO, JOCTYNEH TONBKO (PH3HUECKUI O6BeM 3aNOMHHAIOIIETO YCTPOHCTRA
(nanpumep, B MukpokodTposiepe AT90S8515 moctynmHo 4 Kcnog).

KocreHHy10 afpecallvio odeHb YA0OHO NMPHMEHATE B CITyHac WCTIOAL3OBAHHA KOH-
ctpykuun CASE, paszsersistomeif nporpaMmy s BEIGOpa HECKONIBKHX BAPHAHTOB.

KoMasap! 1jmp B icall COCTOAT W3 OJHONO KOMAHIHOTO CINOBA, H I UX BbITOJ-
HEHHA HEOOXOAMMBbL, COOTBETCTBEHHO, IBa (ijmp) M TpH (icall) TAKTOBBIX LUKNA.

[Tpumepst k puc. 3.25:

16-paspagnoe KOMaHAHOE CIOBO

idmp 1001 0100 | XXXX | 1001
icall 1001 0101 | XXXX [ 1001

6 5-2384
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Aapec Koa Merka Komanga

.org GO

000000 «0f£3 labell: 1di 31,03 ; cTapuMH OanT Z
000001 eQea 1di r30,0x0a ; mmagwmilt Ganr z
000002 %408 ijmp ; nepexom x <z>
.org 0x030a

00030a 940c 0000 labelZ2: nop ; llpcocmeenns

OmnrocumensHas adpecayust namamu npoepamm (KomaHds! rimp U rcall)

3roT THI agpecauMu (puc. 3.26} noanep:KUBacTCs BCEMH MHKPOKOHTPOMIEpaMU
Gazoeoii cepun cemelictea AVR.

Afpeca
KoMakiHO& Cnoeg MaMATL NPOTPaMKM NAMATH
46ura 12 6uT $0FFF
[ OP | k
CUBTUMK KDMaHA,

PC +
16 Bur
J 0

Pwue. 3.26. OTHOCHTENLHAR aapecaUns NaMaT NporpaMm;

[pu oTHOCHUTENBHOH aapecauyy NaMaTH NporpaMM KOHCTaHTa k wHpuuof 12 paz-
pAIOB, KOTOpas CONEPKUTCA B KOMAHAHOM CJIOBE, 00aBISETCA K TEKYUIEMY CONEPKH-
MOMY CHETHMKA KOMaHJ, Mocje 4ero cYeTuhKk KoMaHi UHKpemeHTUpyeTcs Ha | (PC =
PC +k +1).

Bo Beex Broax mamMsaTH KOMaH[, pazMep KOTOPbIX He rnpepbiwaer 4 Kenor nny 8
KGaitt (To ecTh, MaMATh BCEX MHKPOKOHTpoIepoB 6a3080i cepur cemelictea AVR), ¢
NOMOILLI OTHOCHTENBLHOM agpecauyi ¥ IPHMEHEHHR TaK Ha3b1BAeMOH KPYroBoi aape-
cain {Wrap Around) MOXHO afpecosath Boto obnacts ot $000 no $FFF. O1o nokaza-
HO Ha puc. 3.27.

Namats nporpakM  Adpeca

15 a E? 0 nNamAaTH
SFFF
$FFO

014
0

Puc. 3.27. OTHOCUTENbLHAA agpecalUs NAMATA NporpaMM

Eciu neobxomumo nepeiitd ¢ texymero aapeca $01A Ha $SFFO (cM. B kayecTre
npuMepa puc. 3.27), TO K CUETYHKY KOMaHH npHOaBnsercs 12-pa3psaHas KOHCTaHTa
k=8FDS5, u ou comepxur $FEF. Tlocne aBTroMaTH4eCKOTO HHKPEMEHTHPOBAHMS
B CUeTHHKE KOMaH HaxoauTes TpebGyveMerii afpec nepexoaa $FF0.
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Ecnn, HaoOopot, HeoOxoauMo nmepeiTH ot Tekyiuero agpeca $FF0 k anpecy $01A,
TO K COASPMUMOMY CUeTYHKA KoMaHi npudasnsercs 12-paspanuas kodetanra k = $029
(xpyroeas aapecauys). B arom ciyuae cuetunk xomani coaepxut $019, tak kax B
mukpokoHTponnepe AT90S8515 ero wupuHa cocraBaser Tonbko 12 paspsaos, a BLIXO]
3@ TPaHHLBl, BOSHUKAIOILUH 11PH CYMMMpPOBaHHH, He YuuThIBaeTcs. Ilocne asTomMaTHue-
CKOro HHKPEMEHTHPOBAHHSA B CHESTUYHKE KOMAaH roayuuTes TpebyeMblil agpec nepexona
SOTA.

KomaHael rimp M rcall COCTOST M3 OJIHOTC KOMAHAHOIO C/IOBA, U ANA UX BbINOS-
HeHHA HeODXOAUMBL, COOTBETCTBEHHO, JBa (rimp) B TPH (rcall) TAKTOBLIX LMK,
W TIpW KPYrOBOH BAPECALMM MUKPOKOHTDONNEPH AVR G 0BLEMOM NAMATY 4 KGO (HANPUMEP. M-

Aenb AT90SB515) CTAHOBATEA CULLKOM 3arpyHeHHLIMW, NOATOMY B TAKOM CNYYae oHa AGIXHA
BeiTh UCKMIOYEHA M3 UCXOAHOrD Koaa Ha accembnepe ABHO. AnA atoro B MeHic Options cpeab
paspaboTku accemBriepa HeoGXOZMMO YCTAHOBWUTL COOTBETCTBYIOLMA thnamox. Ecnu atoro He

caenars, To acceMEnep Npu paccTOAHWAX Nepexosa cBbilwe 2047 ($7FF) KoMargHbIX CNOB BbigacT
coobwenve of ownbre!

B mukpokouTposnepax AVR ¢ MeHbizMM 00BEMOM MAMATH KOMaHA B KPYroBO#
agpecalHy HeT HeOOXOAWMOCTH BCIIeACTBHE MEeHBLIMX PaccTOsAHUMN nepexona. B muk-
poxoHTponnepax AVR ¢ Gonbuium o6beMOM MaMATH KOMaH[ CNeAyeT HCMOb30BATH
KOMaH[B! BbJ30Ba call,

[Mpumeps! k puc. 3.27:

| 6-paspaAHOE KOMAHIHOE CIIOBRD

rimp 1100 | kkkk | kkkk | kkkk
reall | 1101 | kkkk | kkkk | kkkk

Aapec  Koa Metrka Komanaa
.device AT9058515

.list

.org $0la

00001a cfdb labell: rjmp label 2
org Ox££f0

000ff0 029 label2: rjmp label 1

Bpems docmyna K naMamu U spems ebinoSTHeHUS KoMaHd

TakTHpoBaHHE UEHTPATBHOTO Npolieccopa MHKpokoHTponnepoB AVR. BelosHseT-
CA HENOCPEACTBEHHO YEPE3 TaKT CUCTEMHOM CHHXPOHHS&HHH (I), KOTOprﬁ Bh]paﬁaTblBa—
€TCA BCTPOEHHBIM B KPHCTA/T KBApIIeBbIM reHepaTopoM konebanuit. YactoTa keapie-
BOro reHepaTopa HOSHTHYHAa TAKTOBOH 4acToTE U B naﬂbﬁeﬁwem BHYTPEHHE HE OASIUT-
cq. Ha puc. 1.1 nokazana napanniensHas ssibopka ¥ BhITONHEHHE KOMaHZ. 3TO OCHOBO-
nonararouas KOHUETIUWA KOHBEﬁGpHBaL{HH, DOZBONAKYHIAY BEINOMHATE MHJIJIHOHBEL KO-
MaHg 3a oauH MI'1 TakToBOH YacTOTHI.

i
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CHpoc u obpaboTka npepblBaHii

C6poc BO Bcex MHKpokoHTposlepax AVR ofecrneumsaeT 3amyck 3aJaHHON npo-
rpaMMBbl, HauHHAasg ¢ azpeca (0, H 3aM0HEHHE BHYTPEHHETO PErHCTPa yNpas/IeHHs 3apa-
Hee OMpeNeIeHHBIMH 3HAYEHUAMY B COOTBETCTBHH ¢ Tabn. 3.1.

B 3aBHCHMOCTH OT MoJenH, MUKpokoHTpomneps! AVR rakke MoryTt obpabarsiarh
pPa3H4YHOE HHCIIO HCTOYHHUXOBR npepblBaHHﬁ, TG €CThb, NpepbIBAHHA Bbll'lOJ'IHH]-OLL[Cl‘:ICﬂ
TporpaMMbi OT BHEWIHHX HUITH BHYTPCHHHX MPOLECCOB.

DTHM UCTOYHHUKAM npeprBaHHﬁ, TOYHO TaK ME KaK HEH3IMEHHO OnNpeacneHubiM AN
cbpoca aapecam BX0/1a B MaMATE IPOrPaMM, Ha3HAYEHBI TAK HA3bIBAEMBIC BEKTOPDI [Tpo-
rpaMM W BeKTOpbl npepbiBaHUH. BeeM npepbiBaHHAM TIOCTAB/ICHBI B COOTBETCTBHE OT-
JnenbHbte paspansl paspewienns (Enable), korvopele ycTanapnuBatoTca B Jor. 1, ecin
npepbieaHua pazpeinensl. OaHako, ecau paszpan I (6ur 7) B peructpe cocrosHua chpo-
wed (nor. 0), To 3anpeiueHsl Boobllie BCe MpepbIBAHMA, HE3ABHCHMO OT COCTOSIHHA OT-
AeabHbIX pa3psanos paspewtends. Camble mnauide aapeca B HaMATH NIPOrpaMM 3ape-
3¢pPBHPOBaHsl ANA BeKTOpoB cOpoca W npepeieaHuil. Tlonnelit nepeveHs npenonpene-
NEHHBIX BEKTOPOB (COTNIAacHO MPHOPHTETHOCTH) MpejcTasited B Tabt. 3.6,

Tabnuua 3.6. Agpeca cipoca u BEKTOP:I NPEPLIBAHKA MUKPOKOHTponnepos AVR

] hr

$£000 £000 $000 RESET Bxarouenue nuTaHus, seisoa /RST u
cTopoxeno TalMep
£001 $001 $001 INTO Brewnui 3anpoc Ha npepeisadue 0
- $002 $002 INT1 BHewnufl 3anpoc Ha nipepoiranie
- $003 $003 TIMER! CAPT Jaxpar Tafimepa/cueTumka |
- f004 $004 TIMERI COMPA | CoBnanexue A Talimepa/cueTuuka |
— - $005 TIMER! COMPB | CosnazeHue B taiimepa/cuetunxa |
- $005 $006 TIMERI OVF [lepenonHeHHe TaliMepa/cyerynka |
$002 $006 $007 | TIMERO OVF Mepenonnenue Taitmepa/cueTunra 0
- - $008 SPI, STC [lepenada no uurepdeiicy SPI za-
BePLIEH#
- $007 $009 | UART,RX UART: npuem Gaitra 3asepuien
- $008 500A | UART, UDRE Peructp nanasix UART mycr
- $009 $00B | UART, TX UART: nepefaua faHHLIX 3aBepile-
Ha
$003 $00A $00C | ANA_COMP AHanoroBslii KOMIaparop

YeM MeHBILIE afpec BEKTOpa MPEPHIBAHUH, TeM Bhille MPHOPHTETHOCTHL MpephiBa-

Hua, Jpyrumu cnopamu, eekrop cbpoca RESET nMeeT HaMBBICIUHI NMPHOPUTET, 3aTeM
crelyer BHeltHHA 3anpoc Ha npepeiBanve INT (0 u T.1. Ha puc. 3.28 nokazaso tHmuu-
HOE HavaJlo IIporpaMMel A8 MHUKPOKOHTpornepa AT90S8515.
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Anpec Merka Komanaa KommenTapuii

5000 rimp INITIAL ; NMomnporpamma oBpaBoTku cBpoca

5001 rimp EXT_INTO ; [NonnporpaMMa BHeWHeIo npepkzadva 0
8002 rimp EXT_INT1 ; NomnporpamMMa BHeWHerd npephBadmMa 1
$003 rimp TIMEl1l CAPT ; Momnporpamma 3sxBaTa Talimepa 1

5004 rimp TIME1l CCMPA ; HomnporpamMa cpabBHeHus Talimepa 1 ¢ A
$005 rijmp TIME1l COMPB ; NomnporpaMmma CpaBHeHMA TaWmepa 1 c B
$006 rimp TIME1l OVFL ; HomnporpammMa nepenoJHeHua TanMepa 1
5007 rimp TIMEQ OVFL ; Nomnporpamma nepenonHenuAa Takimepa 0
s008 rijmp SPI_HANDLE ; Nepepaua depes SPI 3abepuweHa

$009 rimp UART_ RxC ; Ycrporicteo UART: Galit NpHMHAT

$00a rjmp UART DRE ; Yerpoltcreo UART: peDPMCTp HaHHBIX OYCT
$00B rijmp UART TxC ; Yerpomerso UART: nepepnaua maBeplieHa
$00C rjmp ANA_ COMP ; AHaJIOTOBBIL KOMNapaTop

$100 MAIN: <KOMaHIE> ; Hauano OCHOBHOM NpOTIpaMMel

Pug. 3.28. (Tpumep TMAKYHOTO HAYana NoNb3oBATENBCKOW NPOrpaAMMbI

[ocne cBpoca, Kak NPaBHAO, MPOHCXOAHT HHHLIHANIM3ALUA HCTIONB3YEMEIX B TIONL-
30BATENbLCKOM MpOrpaMMe PerMcTpoB M TakMX mnepudepuHHbIX (QYHKLUHA Kak cTek,
UART, SPI, ratimep u t.1. [litst 31010 B [IpeAcTaBfieHHOM Bbllle IPHMEpPe BHINOIHACTCS
nepexo K 4acTH nporpamMmbel INITIAL. ITocne 3Toro MokeT GbITE HAYATO COOCTBEHHO
BBIMOIHEHWE MPOTPAMMbl, HAUMHAA ¢ METKH MALIN,

C nomopky XOMaHAbl rimp [IPOHCXOAHMT IEPeXod MO TOMY WIM WHOMY Mpo-
rpaMMHOMY aJpecy MpepLIBAHHWA, H HAUMHAETCA BBINOTHEHHWE COOTBETCTRYMOMIEH noa-
nporpammel o0CNnyXHBaHMA TpepbiBakua. [locie BBINMOMHEHHA 3TOH MOAMPOrpamMMal
NPOUCXQANT BO3BPAT K IIPEPBAHHOMY YHACTKY TPOrpPaMMEL.

BapuanThl c6poca B MukpokonTponnepax AVR:

= cOpoc NpH BRIOYEHHH NUTAHHS — MUKPOKOHTpOIEp cOpackiBaeTCA, €C/IH MeX-

Ay BeIBOdaMU Ve ¥ GND noaenserca pabouee HanpsxeHue;

* BHeWHHH cOpoc — MUKPOKOHTpOTEp cOpackiBaeTes, eciu Ha BeiBoae /RST
NoABRAeTCA YPOBEHS Jor. 0;

= cOpoc 0T cTOpOXkEROro TaiiMepa — MHKPOKOHTpoJUIep cOpackiBaeTcs Mo ucTe-
YeHHIO BpEMEHH, 3alaHHOTO CTOPOKEBLIM TaMepOoM, eCTH 3TOT TaiiMep 6bIn
paspelueH.

Bo Bpems cOpoca Bce perucTpel ABTOMATHYECKH WHHULMAIMZHPYIOTCA NpeAoTpeae-
JIEHHBIM MCXOIHBIM 3HAa4YeHWeM B cooreetcTBuM ¢ Tabn. 3.1. [ocne nocTynnenus cur-
Hana cOpoca BEITOMHEHHE NporpamMMsl HauuHaerca ¢ aapeca $000. Ilo aapecy $000
JOKHA HAXOAWTLCA KOMAaHA rjmp — KOMaHJA MepeXof K TOH HacTH MporpamMmmel,
B KOTOPOH PacTONOXKEHE! KOMAHMB! MHUIHANM3ALNE, cneyudirieckie 11 0Nb30BATE-
g (HanpuMmep, vHUUManu3auus taiimepos ¥ UART, w T.4.).

IMo anpecy 3000 moxeT ObITh BBENEH OOBIYHBIH NPOrpaMMHEIN KO TONBKO B TOM
cllyyae, KoTda fporpaMMa HE WCAOAb3YET HUKaKHX HCTOYHHKOER MpEpbiBaHWH (TO eCTh,
BCE BEKTOPbI [IPepbIBAHHIL OCTAIOTCA HERCIIONB3IOBAHHBIMH).

Enok-cxeMa, npeicrasienyas Ha puc. 3.29, nemoHceTpupyer cxemy cbpoca MHKpO-
kouTponnepor AVR
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PacnosHasaHue POR
chpoca no

BENQYEHWIO NMTEHAA

100...500 k o1

PacnosHas aHwe —] 1 8 52
RST . - chpoca ot =
leHe wHe o MeTodHMKal | O5—

CTopoxesol
TaRMEp

A

3
]

Vee

[V

7t gClear |

. : 21 4

WHTE OUpOs arslil t4-cTYNEHHETbIA BHy TpeHHuiA
RC-ccupnnatop A8 0OMYHBIF CHBTYME R cfpoc

Puc. 3.29. Cxema cBpoca MukpokoHTponnepos AVR

Kaxbiit U3 Tpex BO3MOMKHBIX HCTOYHHKOB cOpoca MoeT ObiTh onpefeNieH ¢ ro-
mowblo BeHTHNR “HJIM” Gl, koTtopwit ycTaHasameaeT RS-tpurrep, ofpasosanHsif
asymsa senTaaMu “HE-HJTH” G2 u G3. BemxogHsiM curnanom RS-tpurrepa sensercs
BHYTpeHHub curnan cGpoca (sor. I'). OaHoBpeMeHHO BBRIXOAHOH curHan ¢ sedtHas Gl
nepeBoauT 14-cTyneH4aThiil IBOMUHBIA cUeTYHK Z1, TAKTUPOBaHHBIH OT BHYTPEHHETO
RC-ocuunnaropa, B UCXOAHOE HYIEBOE COCTOAHUE H YIEPKMBAET €r0 B TAKOM COCTOA-
HHH [0 TeX TIOp, NOKa akTHBEH COOTBETCTBYIOLIHE HCTOYHHK cOpoca.

Kak Toneko BeixoaHoH curHan eHTuns G1 uaMmendercs Ha jor. 0, HauuHaeT pabo-
Tarh nBovuHbId cyeTunk Z1. Koraa cueruuk Z1 nocTHraeT HEKOTOPOro 3apaHee 3aflaH-
HOrO COCTOAHUA, BRIXOAHOH cHrHan Z1 cOpachigaeT RS-TpHUrrep, U BHYTpeHHUR CHruadi
cbpoca Oyaet cuat (gor. 0).

Ota 3afep:kKa trour BHYTPEHHero curnaia cbpoca HeoOXoAMMa No TOH npuvHHe,
YTO BHYTPEHHEMY CeHepatopy xoyebanud moche nojaud padouero HanmpsXeHHd Ha
KPHUCTAT KBapHa TpebyeTes HECKONBKO MUITMCEKYH AUTA TOTO, YToOk! Konebauus cra-
Y CTACUNBHBIMHA.

B npuxnagseix cHcTeMax, ¥ KOTOPBIX BHYTPEeHHUH TaAKTOBbLIN CHrHAN reHepupyercs
He KBapleM, a, HallpUMep, KEPAMHHYECKHM PE30HATOPOM, NPH KOTOPOM TeHepaTop Koie-
DaHMil JOCTHUraeT MOCTOAHCTBA YACTOTHE 3HAUHTENBHO GbICTpee, BO3MOKeH Gomee Ko-
poTKHH cHrran cbpoca. IToMy MOKeT cocobCcTBOBATL TO, UTO BO GUI3LU-NAMATH [IpO-
rpaMmupyeTrcd pazpsaa npenoxpaHenus FSTRT. Bonee nogpobuo ato onucano B ria-
se 11, “TIporpammupoBanme namaTn”. B taba. 3.7 npencragieHsl 3eKTPHYECKHE U OU-
HAMHYECKHE NapaMeTpsl cxeMbl cOpoca ang HanpskeHUs MUTaHus Ve = 5 B.

Voor TMoporosoe HanpskeHue cOpoca 1.8 5 22 B
NpH NoJaue NHTaHHA
[MToporosoe HanpskeHHe Ha Bbl-

VRST | pone /RST Vec2Z 1 0.7 Vee B
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TaGnwuua 3.7. OkoHyanne

G0IRY:
) [TpozomxuTenbHOCTE COPOCa 2 3 4 e
POR npH [oJayve NHTaHHA
; 3anepwxka cOpoca, ecnu FSTRT 1 16 21 e
TOUT | *) ye 3anporpaMMupoBan
Jagep:Ka NpEPRIBAHMA, eCNd
r + . R 1,2

four | pSTRT ) 3amporpaMMHpoBaH 1.0 L1 Me

*) FSTRT B murpokontponnepe AT90351200 orcytcryer

YacToTa BHyTpeHHero RC-ocyunisTtopa 3aBHCHT OT MUTAKOLIErO HANPIXEHH Vc.
Hns Vee = 5 B ona coctaeaser npubnuzurensho 1,1 MI'u. YactoThl ans Apyrux 3xave-
HUHA NUTAOIErO HANPSKEHHS MOTyT OBbITL B3ATH! K3 puc. 2.10.

C6poc o KIMOYEHUIO Numanus

Cxema cbpoca no sraoveHuo nutabng (POR — Power-On Reset), nokazanHas Ha
puc. 3.29, obecneunBaeT cOGpoc MHKPOKOHTPOJIIEPA TOJIBKO B TOM cay4ae, koraa pabo-
qyee HanpsbkeHHe Voc [JOCTUTHET MHHUMANBHOH BemuunHel Vpor  (Power-On
Threshold — nopor exmouerun ). Jng 3Toro Hapactawulee padovuee HanpskeHHe Cpas-
HHBAETCH C MOPOrOBLIM HAPSKEHHEM BKIOUEHHA Vpor. TONBEKO B TOM Clyudae, Koraa
paboyee HAMpPIXEHHE MNPEBLIIAET HAMPMKEHWE BIMOYEHHA Vpor, HAUMHAETCA OTCUET
BPEMEHU aKTHBHOCTH CHrHaNa ¢Gpoca tpor (puc. 3.30).

Vee - 4;’OT
_— /
RST T ' tpPoR
1
POR ]
i
!

t .
3agepxka [ tTout
BHYTpeHHWA , .
BPOC tRESET

Puc. 3.30. ®aza 3anycka MUKROKOHTPONNERa AVR: BbiBos /RST HE nogknioueH {BHYTPEHHWI NOSTArMBaIOWANA
PE3NCTOpR) UK €BR3AH ¢ Vec; cOpocC BbizbiBAa8TCA HApacTaHueM padovero HanpaxeHus Voo

IMoHaa NpoAOTKUTETBHOCT treser BHYTPEHHENO CHTHana cOpoca ABRAETCA CyM-
MOH aKTHRHOIQ BpeMeHH cOpoca tpor 1 3aIEPIKKH troyT, BHI3BAHHOM cyeTYHKOM Z1.
Jns crabuneHOro BITIOUEHHS NMUTAHHA JODKHBI OBITE BBIMOIHEHBI CIEAYIOUIME YC-
JOBHS.
* Ecnu B NPUKIAJHLIX CIYYasgX NPUMEHEHHA HET HEOOXOAMMOCTH BO BHEIIHEM
cHuruaje ¢Gpoca u He TpeGyeTcs BHYTPHCHCTEMHOE APOrPaMMHUPOBAHHUE, a Bpe-
M# HAPACTAHHA MHTAKOLETO HAMPAXKEHHS Ve JOMAKHO OBITh MEHBLUE, YEM CYM-
MapHoe Bpems cbpoca treset = tpor + trout, TO Ha Beisoa /RST MukpokonTpon-
Jlepa MOKHO NOAATHL MUTAIOILEE HANIPAXKEHUE Ve HITH OCTaBHTH €10 CBOBOAHBIM
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(6e3 BHYTpeHHETO MOATATHRAICLLETO pe3ucTopa) (CM. NeBYIO HacTk puc. 3.31).
OnHako, ey U1 IPUKIIAIHOTO Cly4as IPUMEHEHHS TpedyeTcs BHewwHsAA
KHOmKa cBpoca HIH Heo6X0auMO, 4ToOE MHKPOKOHTPOSUIEP MOT MPOrpaMMH-
poBaThCA NpU paboTe B COCTABE CHCTEMBI, TO AOKHA MPUMEHSTHCA CXEMA, TT0-
KalaHHas B npaeoii wacTh puc. 3.31.

»  FEcnu Bpems HapacTaHus fTHTAOLEETO HAMPAKEHHS Ve NPEBLIAET CYMMapHOe
BpemA treset = tpor T trouT, TO OAA cOpoca NpH BKIIIOYEHHY TTHTAHHA JO#HA
OBITb IpHMEHeHa BHeHIHSA CXeMa, JTa cXxeMa JOJIXKHA MOJAEePHKHBATE HU3KUH
noTteHuHan Ha puieode /R8T MukpokoHTponnepa Ao Tex nop, noka He Gyaer
obecrneveHo To, YTO HANMPHKeHHe NUTaHUus Voo 3a OcTaBIieecs BpeMs JOCTHIHET
CBOEr0 3aAaHHOre 3HaYeHHA troyT (oM. puic. 3.30). Tlpuroanas nns stoit nenu
JneKTpHYeckas cxeMa noawoveHus eeieona /RST nokazana Ha puc. 3.32,

Vo © + Ve © t
AT30Sxxx AT Sxxxx
Yee 10kE2 Ver
i — —
------------ RST otpoc RET
BHELLHErn
Gnd MCTONHHKA Gnd

i L

Puc. 3.31. MNeacoeguHerune BuiBoga /RST 6e3 BOIMOKHOCTY NPOrpaMMUPOBaRIS {(Cnesa) i
€ BO3MOXKHOCTRIC NpOrPamMMUpoBaHna npu paboTe 8 COCTaRe CUCTEMBI {(CnpaBea)

Vee © +
ATIDSxxxx
R D
N

{ <50 k) 2 Vee

. R1 _

1 +———1RST

(100Q..1kRY

C Gnd

1 I

Puc. 3.32. Noaknioyerne Boieocaa /RST k cxeme ¢ RC-3seHOM ANR cBPOCa NO BKMKIYEHMIO NUTAHWUA

YanHHenye dassl BKIOYEHHA, 00Pa30BaHHOE 3BEHOM IANEPKKH U3 CONPOTHBIEHHUS
R u eMxocTn C, MOXET GbITh BEIMMCIIEHO 10 popMyne T= RC, npH 3ToM T — 370 no-
crosuHad BpeMeHyt RC-3BeHa, TO €cTh, Bpems, HEOGXOAUMOE A1 TOrO, YTOGLI Harps-
KEHUE HA KOHIEHCATOpE MOAHANOCE A0 63% CBOErc KOHEYHOTrO HAYSHMUS,

Auon D npeanasHayen jis paspaaku koHAeHcatopa C MPH OTKITIOYEHHH paGoyero
HampsieHUd. brarogaps >ToMy, NpeAOTBPAINAETCA NOABIEHHE CAHIIKOM KOPOTKHX HM-
MyNeCOB ¢OpOCa NP NOBTOPHOM BKITIOYEHHH eLie B 3HAUMTENBLHOH CTENEHH 3apriKeH-
HOro kouaencatopa. Conporupienne R1 sawpinaer suison /RST oT cammkom Gonbmx
BE/IMHH TOKA Ha BXOJE MIPH MOJIHOCTRIO 3aPAKEHHOM KoHgeHcaTope C.

TeM He Menee, ¢ NOMOWIBIO 9TOH CXEMBI HE MOTYT GBITH NIPeAOTBPALleHb] TaK HAa-
3blBaeMbIe NpoBatel HanpsokeHus (Brown-Out), mpm koTopbix pabouee Hanpmxenme
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KPAaTKOBPEMEHHO TAAAET HIKE MHHHMANLHOHN BEJIMYHHDBL Vi min, MOCKONBKY HATIPSE-
Hue Ha BeiBoae /RST He qoctaTovHO Mano Jug yRepeHHoro obecrneueHHa cbpoca.

Jns Toro 4ro0bl HAAEKHO NMPEXOTBPATUTL MPOBAIL! HANTPHKEHHS, MOXHO BOCIOJb-
30BaTbCA MHTErpalbHBIMHU cxemamy cbpoca, KOTOpble TIpeUtaraloT MHOTHE (MpMbl-
wzrotoeuTeNtd. Tak, Hanpumep, komnadusg MAXIM npeanaraer MHTErpanBHYIO CXEMy
cOpoca MAXE809 ¢ akTHBHEIM HH3KMM YPOBHEM CHrHaiua, B Kopnyce SOT23 ¢ tpems
BHIBOAAMH IS pa3M4HBIX CHCTEM C MOPOroBbIMH Hanpsxeduamu 3 B, 33 B w 5B,
Ecnu HeoOxonuma Takoke KHOTIKE BHeUIHero cOpoca, TO MOXKET ObITh IPHMEHEHA cXema
MAXSEI11 B kopnyce SOT143 ¢ 4yeTbIpbMA BBIBOAAMH, CBOHCTBA KOTOPOH HIEHTHUHEL
unTerpancHoil cxeme MAXS00 BrjioTe A0 MOJKIOHEHHS: AOTIONHHUTEIbHBIX KHOMOK
{rmoueit) (puc. 3.33).

VCC o VCC Cr
WMAKE0D ATIOSxxxx WMAXS11 ATSDSxxxx
VCC VCI: VCC VL',I:
Raset =or - Reset or
Out RST ngchM MR Out RST
chpoc
Gnd Gnd [ Gnd 3nd

L L L L

Puc. 3.33. TenepupoBanve curdana c6poca npu BKNIOYEHUW MUTAHWA C UCHONbICBAHUEM MUKPOCXEM
MAXB09 n MAXB11 oT kamnanun MAXIM

Ilo zasBnennto koMnaHWH Atmel, 8 SyXy1uemM MUKPOKOHTpoOeps! ceMeiicTea AVR
OyayT pacnionaraTh 6J0KOM I8 pacno3HaBaHUs NpoBanos Hanpskeuus. [Ipeanaraiworcs
TAKOKE CXeMbl B KOMOWHALMH ¢ OPYrUMM mnepudepHiiHbIMH QyHKupamMu. OgHHM U3
NMPUMEPOB TAKUX cXeM apiAeTcd yerpoiicrso S24022 xommanuu Summit Microelectron-
ics, KOTopoe NpeAcTaRIAeT co0oll 3anoMUHarOWIEe YCTPOHCTBO ¢ namaTeio 2 K6aitt Tu-
na EEPROM, noaxniodenueM k wune I°C 1 TouHoii cxemoit cBpoca.

I'enepuporanue curHanoe cOpoca Npu BKMIOUCHHH THTAHHMA ¢ MOMOLILK CLELH-
albHO paszpaboTaHHBIX JUIA 3TOH LEIH CXEM TPEATIOUTHTENbHES TAKKE W [IOTOMY, YTO
B cydae cxemel cbpoca ¢ npocTeiM RC-3BeHOM, B MPOTHBOMOAOKHOCTL WHTErPUPO-
BAHHLIM CXEMaM, NPH OTKIIOYEHHH pabovero HanpskeHus cOpoc BOOGLIE HEBOZMOXKEH,
Onnako nekoTopble GJIOKH B cxemax cOpoca BHYTPH MUKPOKOHTPOIUIEPOR PSAa M3TOTO-
suTeNeil paboTaloT NpH MEHbINUX 3HAYEHHAX HanpskeHus, ueM Apyrue. [loka paboyee
HANIPKEHHE [OHM3UTCA 0 YPOBHS, AOCTATOMHOTO A OpeKpalleHna paboTel H10KOB
B CXEME, MOXKET CYUMTLCA TAK, 4TO MHKPOKOHTpOMep Oyner corepuIaTh HEKOHTPONIH-
pyeMbi€ ONePaLyH, BhIMOIHAS A0 CHIHANA cOpoca HeXelaTe/IbHbie KOMAHIbL.

Baxroe npepynpexaeHve! NA MUKPOKOHTPONNEPOB MOAEN 9051200 u AT90S8515 cneayet
obazaTensHo obpalate SBHUMAHWE HA TO, YTOGHI BPEMA YBENUYEHUA HANPAXEHNA NUTAHWA Ve OT
0 A0 2,2 B B nioBom cnyyae Geino medble 100 Mc! B TOM cnyyae, ecan HanpswEeHWe NUTanuA 8o
Bpema padoTul ynaget Himke yposHA 1 B, B TeueHne 100 MC OHO CHOBA AQMKHO AOCTUYL YPORHA
2,z B. 310 TpeboBaHue ASHCTRYET TalKe K TOTAA, KOT4a PMPUMEHSETCA BHeWHss cxema cBpoca.
Ecrnin BpemMA yBenuueHnA Hanpaxenua Ve oT 0 4o 2,2 B npesbilaet 100 MC, TO MUKPOKOHTPONNEP
He Byper paboraTe Hagnexaunm obpalom u ero cpoc MOXET GbiTh BLINGAHEH TONLKO NOCPEACT-
BOM CHUNEHNA HANPAXKEHNA Voo 40 HYNEBOro ypas
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Ec/iM B HEKOTOPBIX NPHAOKeHHAX TpedyeTcd AnHTENbHOCTL ¢Opoca MO BRAKUSHHIO
MATaHuA DONbIIE THTENBHOCTH, 3apanee 3a/aHHOH BEJTHYHHAMH thor M trout, TO 3TOMO
MOKHO TOCTHYE chneAyroimM obpaszom. [Ipy srtioueHrd pafouero Hanps¥enus ¢ no-
MOLLLIO HakaTHa KHOMKW WM RC-3BeHa Ha BbiBoAe /RST yxe OyneT ycTaHOBAEH ypo-
seHsb Jior. 0 (cM. prc. 3.32). Cuetunk ZI1, nokazauHslil Ha puc. 3.29, B 3TOM Cyyae Ha-
upHaeT paGoTaTh TONBKO TOrjAa, Korja BHelIHWH cMrHan Ha BwiBoae /RST nepexoaur
B cocToanue nor, 1 (puc. 3.34). BHyTpeHHHiT curian cOpoca B 5TOM Clydae Tawoke ak-
THBHIHPYETCH MPH JOCTHXKEHUH MOPOTrOBOro HAMPAXKEHHA BKIOYEHHA Vpor, OJHAKO
ero JAIUTEABHOCTL MOYKHO YBENHYHTL A0 mOGOro 3HaueHws, YBETHYMB JIHTENLHOCTD
curnana Ha suisone /RST.

Vee T Vot
RST / YrsT
PR [ |
_tpor -
Sagepxra - = = troyt —
BryTtperHna t
cépoc RESET

Puc. 3.34, dasza sanycka MUKPOKOHTpONNepa AVR;
NECAQMKMTENLHOCTL BHYTPEHHErO ¢Bpoca yBenndyneasTen,
Gnaroaapn BHeLuHemy curHany Ha eeleoje /RST

Brewnull copoc

BHewnuii vinu annapatHetii c6poc peanusyeTca noaaved cHrHana HU3KOTO YpOBHA
Ha BeleoA /RST. CHraan HU3KOro YpoBHA JOMKEH COXPaHATLCS KAK MHHHMYM /IBa Me-
pHoaa TakTa cucTeMHOH cHHXponuzauun. Hapacratomuii ¢poHT cHriana Ha BbIBOAE
cOpoca /RST nocne NpeBbILIEHUS NOPOrOBOr0 HANMPSAKEHUA BKIHOUSHUS Vygr MPHBOIUT
B AeicTBUE cHeTYHK 3adepkkH Z1 {puc. 3.35), H, cnenoBarenbHO, — BHYTPEHHKI cur-
Han cGpoca. [To HeTedeH e BpEMEHH troyt BHYTPEHHMH MpoLece cOpoca 3aKkaHuHBaeTCH,
¥ MHKPOKOHTPOJUIEP NEPEXOIHT K BLIMOMTHEHHUIO TPOrpaMMEL, HauKHasg ¢ aapeca 0.

Vee

RST —\_// Vast
3apepHka B tTOUT ]
BHQD;C';'CHW - tRESET

Pue. 3.35. BHewHui cOpoc BO BPEMA BRINOIHEHKS NporpaMMbl
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Cépoc om cmopoxeesoz0 maumepa

[py cpabGaThiRaHUM CTOPOXKEBOH TAHMEp reHEPHpPYeT KOPOTKHH MMIyabc cOpoca
MPOAOKUTETBHOCTBIC OAMH TIEPHO/ TAKTa CHCTEMHOH cHHXpoHM3auuH. Hapactatonimii
(GPOHT 3TOTO HMITYyNbCcAa MHULIMHPYET BHYTpeHHuH npolecc cbpoca, a HUCOAnatoLMi
(hpOHT aKTUBU3UPYET CUETUMK 3adepikH (pre. 3.36).

Vee

RST
1 nepuop

CTopoxeno# KBapljia — "
Talimep

~— troutr —

Sapepxka

BryTpeHHA
cBpoc — URESET

Pue. 3.36, COpoc ne cropoxeBomy TakmMepy BO BpeMs BLINGMHEHWS NPOrpaMMel

Iocne GopMUpPOBAHHUS 3aJePKKH troyr BHYTPEHHHEH Tipolece cOpoca 3akaHunBaeT-
CA, H MUKPOKOHTPOJUIEP MEpeXOHT K BBINOIHEHUID MporpaMmMbl, HaYHUHAR C ajpeca 0.
[Moapobxee 3TOT NpoLiece paccMaTpHBaeTes B raee 5, “CToposkenoii TaliMep™.

Obpabomka npepsigaHuill

B MmukpokoHTpomnepax Ga3opoii cepuu cemeiictea AVR 3a o0padoTKy npepbipa-
HHI, B NIePBYIO OUepelb, OTBEYAIOT ABA PETHCTPA:
= GIMSK (General Interrupt Mask Register ), xoropelii paspewaeT iy sanpeiua-
eT BHelIHHE npepbiRanud INTO u INT1;

» TIMSK (Timer/Counter Interrupt Mask Register — pervctp Macku npepuisa-
HY# OT TafiMepa/cueTUHKa), KOTOPbIH YNIPAaBIAIOT MPEPHIBAHUAMK BO B3AHMO-
cBA3M ¢ Tajimepamu/cueTunkamu T/CO u T/CI1.,

O COCTOSHMH COOTBETCTRYIOIIETD MPEPBIBAHUA CHTHANM3HpYET ero ¢nar. dnaru
A4 BHELIHUX TpepbiBaHWIT HaxonaTca B obiueM perdcrpe diaros npepoiganuii GIFR
(General Interrupt Flag Register), a (nary ans pasauuHbIX TaliMEPOR W CUSTUNKOB —
g peructpe Quaros TIFR (Timer/Counter Interrupt Flag Register). Ecny BosHukaer
TPepeIBARKE, TO B PErMCTPe (P1aroB MpepbiBaHM YCTaHARIHBAETCA COOTBETCTBYIOLINIH
nar,

IpepeiBanus MOryT (Jaske ecM B perucTpe Mackd NpephIBaHHI YCTaHOBNEH COOT-
BETCTBYIOLLMH OTHEABHBIH Pa3psa/l pa3pelleHHA NPEepeIBAHHA) CTaTh AKTHBHBIMU TOJLKO
TOTd, KOT/Ia B PETHCTPe COCTOAHMSA YCTAHOBIIeH paspan ofbluero paspeluedys npepbisa-
nuil 1. Eciin 310 MMeeT MecTo, M HacTymaeT npepbIRaHyeE, TO BBITIOJIHEHHME MPOrpPaMMbI
OTBETBIIAETCH N0 COOTBETCTBYHLEMY anpecy (em. Tabn. 3.6) v paspan obwero pazpe-
lIeHUs NpepbiBaHui | B peructpe coctosHus cOpacbiBaeTca B cOCTOSHHUE JOT. 0, ueM
AanbHeimve npepbiBaHua Ginokupytoteda. Ecnu Tpebyercs BO3ZMOXKHOCTE [MpepBath
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MOANporpaMMy IpPYrWM TPEpbIBAHMEM, TO T0C/E BXOAA B NOAmporpaMmy oOpaboTku
[IpepbIBaHHg NpOTpaMMa MoNb30BaTens AO/KHA YCTaHOBMTS dnar I b stor. 1.

BMmecTe ¢ Bxoqom B noanporpaMmy oSpaloTKu NpepsiBaHUA anmapaTHo cOpackisa-
€TCH TAaKKE M COOTBETCTBYMOIUMI ¢iar, BeI3RaBIIMH npepeisanue. Hexoropeie ¢narn
npepbiBaHrit MOTYT ObITh COPOLIEHBI CAMUM TIONB3OBATEIEM TMOCPEACTBOM YCTAHOBKH
COOTBETCTBYIOWETO (hnara 8 jor. 1.

Bpema oTBeTa Ha npepbiBanve

Bpems pearnpoBaHus, NpollieRiiee OT HACTYIIEHHMA OPEpblBAHHA BIIAOTh K0 Bbi-
NOTHEHHA COOTBETCTBYIOLUEH MOANPOrpaMMEl, A1 BCEX BHIOB NpepbIBAHHH COCTaBIIA-
€T MHHHAMYM YeTbIpE LMKIA TAKTa CHCTEMHOH CHHXPOHM3ALUMH. B TeueHue 3THX yeTsl-
pex TakToB ABa 0aiiTa agpeca Bo3BparTa OyMYT COXPaHEHbl B CTEKe, yKazaTenb cTeka Oy-
JeT NeKPeMEHTHPOBAH Ha 2, a Takxke OyaeT BLINOMHEH MEpPexoa Mo aapecy COOTBETCT-
ByHOLIEH moxnporpaMmel. ECTTH NMpepbiBaHHE HACTYMAET BO BPEeMS BbIMOJIHEHUS KOMaH-
AbIL, coc*rosu.ueif{ H3 HECKOJILKHX LUHMKITOB, TO B moboMm CJIYYae BBINIOJMIHEHUE 3TO# KOMaH-
Abl Oy et 3akoH4eHo a 3aTeM OyaeT obpaboTaHo NMpephIBaHHE.

Bosspat u3 noanporpaMmbl 06padoTky NpepeIBaHUA BHITIONHAETCS (KAK U [1PH BO3-
BpaTe u3 0ObIYHOH MOANMPOrpaMMsI) TAKCKE 34 YEThIPE TAKTOBBIX LMIIA. B TeueHHe 3THX
YeThIPEX TAKTOB CUCTEMHOH CHHXpOHM3auuu faBa OaliTa ajgpeca Bosspata OyayT nepe-
HECEHbI M3 CTEKa B CYETYMK KOMAHJ, B YKa3aTeNb cTeka OyneT HHKPEeMEHTHPOBAH Ha 2.
Bosspat M3 noanporpammbl o6paboTky npepblBaHHA PEAHW30BaH, KaK NpaBWIio, ¢ No-
MOLULKX KOMAHAbLI reti. Orta KOMAaHJa HE TONMBKO TIPHBOANT K BO3BpPATY K MECTY IPCPbl-
BAHWS [TPOTPAMMBb!, HO TAKOKE YCTAHABITHBACT pa3pal | B perUcTpe COCTOAHUS AN TOTO,
yTo0bl CHORA PA3PELIUTE MPEPLIBAHHUS.

Ecnu nocne BosBpaTa W3 moanporpaMmbl o6paboTkd npepblBaHMs OOHAPYIKHTCA
TpephIBAHME, HAXOAALUEECS B PEXKUME OXKHAAHMS, TO A0 ero ofpaboTky Syner BHINON-
HeHAa KaK MHHUMYM OJIH2 KOMaH/1a OCHOBHOH NpOrpaMMmel,

BaxHoe npeaynpexaenune! Coaepumrmoe pernctpa cocToRHWA SREG HU MpU npepeiBaHUAX, HU NpU
BHINOMHEHUM OBbIMHBEIX NOANPOTPAMM ABTOMaTHYeCK® He coxpaHmeTcA. CoxpaHeHue peracTpa
SREG, a Taike ero BOCCTAMOBNEHWE NPU BbIXO4E U3 NOANPOIPaMMBl — OTBETCTBEHHOCTL NONL3o-

B cnyuae npepelBaHHH, BbISBAHHBIX COOBITHAMH, KOTODBIE MOIYT MpPOAONKATECA
AANTENBHOE BpeMs (HanpHMep, coriacoBaHie cocToaHns cueTynka T/C1 co 3Ha"eRHeM
B BBIXOJHOM perucTpe cpaBHeHUs A), duar npepblBaHHA yCTaHaBIWBAETCR MPH HACTYM-
JIEHUU TaKOro coOeITHA. Ecnv dnar npepbiraHus Ob1T cOPOLIEH B PE3yIbTATE BRINOIHE-
HH# ToanporpaMMbl 06pabOTKH MpephIBaHHA WIH BPYYHYIO, TO OH He Gyner ycTaHoOB-
JIeH 710 HACTYNINEHHU HOBOTO COOBITHAL.

BrewHue npepbiBaHUA

BHelHue npepslBaHHUA BEI3BIBAIOTCA CHrHamamMy Ha BoiBogax INTO u INTI. byaer
7K NpepbiBaHHe BbI3BAHO YPOBHeM jor. () UM HapacTaloUMM/HHCNANAIOHM QPOHTOM
curdana, onpeaenserca ¢ noMouisio paspanos ISC11 u ISC10 gns INT! », coorserct-
BeHHo, ISCO1 n ISCO0 ans INTO B peructpe ynpasnenns MCUCR. Ecnu BHeuHee uin
arnapatHoe rnpepbiBatye ObII0 pazpeleHo o YPOBHIO CUIHana, To npepbiBanud OyayT
BbI3BIBATLCA O TEX MOP, MOKa Ha COOTBETCTBYHOWeM Bxofe INTx Haxoaurcs curHan
HY3KOTQ YPOBHAL.
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Ecnun BHelUHME NpepbiBaHUA paspeluleHbl paspaaomM paapeweHun INTx (x = 0 unun 1) B perucTpe
GIMSK, T0 OHW BbIZBIBAKITCA Aaxe B TOM cnyJae, korga INTC/ANT 1 ckoHhurypupOBaHbl KaK BeIXOS,.
3T0 NpeaOCTABNART NONbICBATENIO BO3MOMHOCTb UCNONBAOBATh NPOrPAMMHBIE NPEPEIBAHNUA.

3

Pernctp GIMSK

Paspeuienus Ha BHELIHME TipepblBaHms BoipabarsieatoTes uepes peructp GIMSK
(General Interrupt Mask Register), xotoprii HaxoguTcs no anpecy $3B ($5B)
B o6nacTH BBoAa/BbIBOAA. [locne nocTymieHHa cHruana cOpoca OH HHMUMATH3UpPYETCH
3nauenuem $00.

B muxpokoHTpoanepax AT90S8515, AT90S4414 u AT90S2313 ucrmons3yroTes
Tonbko pa3pansl 6 u 7 peructpa GIMSK. Onu nocTynHB! Kak Ha YTeHMe, TaK U Ha 3a-
nuck. Paspaaer 0-5 3apeszepBuposaHbl koMnaHueit Atmel nng zanbHeiilero pacuivpe-
HHSl ¥ OCTYITHBI TOJIBKO U1 UTEHHA (Bceraa cofepxar jior. 0).

B mukpokonTposmepe AT90S1200 ncnonesyerca Tonbko paspan 6, NOCKONBKY ¥
sroit mogenu otcyTeTByeT INT1. Paspan noctynel ang ureHua W 3anvcH. Pazpsaas 0-5
u 7 3apesepBHpoOBaHbl KoMnaHWeH Atmel B focTynHBI TONBKO AnA uTeHus (Bcerza co-
nepxxart aor. ).

Paspan 7 6 5 4 3 2 1 0
$3B@sB) [INTIH]| INTo | - 1 — | - | = | - | - |GIMsK

*¥) INT! B monenu AT9081200 orcyrcTeyeT

Ecnu paspan INT1 ycraHorneH B nor. 1, To BHelLIHee npepsibaHue | Byner pazpe-
IIeHo 10 TeX Nop, Noka OyJeT ycTaHoBMeH pa3pda ofluero paspellieHus NpepbiBaHui
B perucTpe coctoaHid. byaeT U npepbiBaHHe BBI3BIBATLCA N0 (POHTY CHTHANA WY Ke
no yposHio jor. O Ha Beieone INT], onpeaensror pazpanst ISC11 u ISC10 B perucrpe
MCUCR. Axpec BbIz0Ba BHEMIHErO NPEpRIBAHKAA | [T COOTBETCTBYHOLIETO MHKPOKOH-
Tposnepa ceMetictBa AVR MoxkeT ObITh B3AT U3 Ta01. 3.6.

Ecnu pazpan INTO ycranosner B nor. 1, To 6yaer paspelueHo BHellHee npepbiBa-
uue 0 1o Tex nop, Moka B PErHCTpe CocTOAHHA OyaeT ycTaHOBIIeH paspan ofulero pai-
peuieHUs npepuiBaduii, Byner M npepriBaHHe BHI3LIBATECA MO (DPOHTY CHTHANA HITH Xe
no yposHio jor. 0 Ha BeiBoge INTO, onpenensior pazpaast [SCO1 u ISC0O0 B peructpe
MCUCR. Anpec sHemHero npepbigadua 0 — $001 411 Beex MUKpoKoHTposLiepos Oa-
30B0O¥ cepuH cemeiicTea AVR.

Peructp GIFR

CocTofaHHe BHEUIHErO NpepbiBaHua onpenengerca oo perictpy GIFR (General In-
terrupt Flag Register — ofwwmit perucrp ¢naroe npepsianuii). B moaensx
AT90S8515, AT90S4414 u AT90S2313 on uaxonurca no aapecy $3A ($5A) B obnacru
BBONIa/BBIBONA. [Tociie mocTynieHHs curHana cbpoca pervetp GIFR unnuuanusmnpyercs
3anuchio 3Ha4eHus $00. B mukpokontponnepe AT90S1200 peructp GIFR otcytcTeyer.

B monenax AT90S8515, AT90S4414 u AT90S2313 ucnons3yioTcd TOMBKO pasps-
awt 6 u 7 peructpa GIFR, pnocrynHsie ans yreHus v sarmucH. Paspsaet 0-5 3apesepsupo-
BaHBI KOMMNaHHel Atmel U JOCTYNHBI TONLKO 14 YTeHHUA (Bceraa cogepskar Jor. 0).
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Pazpan 7 6 5 4 3 2 1 0
$3AS5A) [INTFL{INTRO ! — | - |~ | - | - | - ]GIFR®
*) B mukpokontponnepe AT9051200 pernerp GIFR orcyrerayer

@Oaar INTF1 (Externat Interrupt Flag 1 — diar 1 sHemHux npepbiBaHuii) ycra-
HaBJTHBAaeTCs B JIOT. |, ecny curnan Ha Beisoae INT BelzbiBaeT BHelLHee npepbisaHue 1.

B cnyuae, ecad yctaHOBNeH paspsaj o0llero paspellicHus [IPEPBIBAHUHA B pETHCTPE
coctosinms U paspag INT1 8 perucrpe GIMSK, 1o Bpinoayenne nporpaMmsl 0poacxa-
eTca ¢ COOTBETCTRYIONIEre azapeca INT1 muxpokouTponnepa ($002 ons AT90S8513,
AT0S4414 u AT90S2313; & mozesin AT90S1200 paszpan INT1 orcyrerayer).

Ilpu Bx0Ae B noanporpamMy o0padoTrd mpepeiBanug paspaa INTF]1 nepeBogurcs
B UCXO/IHOE COCTOAHHE annapatHo. AsasTepHaTHBHO, paspaa INTF1 moxer OriTh cOpo-
meH B cocrosune nor. 0 nyrem 3amucu nor. | 8 pazpsa 7 peructpa GIFR.

@nar INTFO (External Interrupt Flag 0 — dutar 0 BHewHBx npepeiBaHuii) yera-
HaBnMBaerca B Jor. |, korzma curyan Ha seisoge INTO BerbiBaeT BHeLIHEE ApepbiBa-
uue 0. i

B ToM citydae, eCliM yCTAHOBJIEH pazpai ofUIero paspellieHns NpeprBaHui B perd-
crpe cocTosiuus ¥ paspan INTO B perucrpe GIMSK, BeINONHEHHE NPOrpaMMbl Mpoo-
*aetes ¢ coorseTcTBYIoMmero aapeca INTO mukpokonTpoiepa ($001 g scex Mukpo-
koHTpoaaepos Ga3o0B0i cepun cemeiicTBa AVR).

[Ipu Bxoae B moanporpammy o6paboTkd npepbianus paspaf INTFO neperocautcs
B MCXOJAHOE cOcTOAHHE annapaTHo. B muxpokontponnepax AT90S8515, AT90S4414 u
AT9052313 paspan INTFO mosket 6biTh cOpolLeH B cocToHMe Tor. ) Takke rnocpeacT-
poM 3amnucH nor. 1 B pazpag 6 peructpa GIFR,

B wmonenn AT9051200 peructp GIFR otcytcteyer, moatoMy npsamod mocryn
none3osarend K duary npepbiBanuit 1A €AHHCTBEHHOTO JIOCTYTIHOTO BHEHIHETO Npe-
peisanya INTO neposmosken. HeemoTps Ha 9To, B Cilyyae 3amycka ¢ ynpaBieHHEM 10
dponTty curnana, quiar INTFQ moxer OuITh cOpowien cneayiomum obpasom;

* Oaoxuposxa INTO nocpeacrsom cOpoca paspsana 6 B perucrpe GIMSK;

"  YCTAHOBKA 3a1lyCKa C YIPABNEHHEM N0 YPOBHIO CHIHaMa C TIOMOLIBK) Pa3psajios
[SCO1 «1 ISCO0 B peructpe MCUCR,

* BLIGOP 321TycKa ¢ ynpaBacHueM 1o (HPOHTY CHIHANE C TOMOIILIO paspIaaos
1SCO1 u ISCO0 B peructpe MCUCR;

* nosropHoe paipemenue INTO nocpencTeom ycTaHoBKH pa3piasa 6 B perucrpe
GIMSK.

Perncrp TIMSK

PaszpewieHye pasnuuHbIX MpepblBaHHi B CBA3M ¢ TaiiMepamu/cuerurikamu T/CO u
T/C1 ocyumectrasiercs uepes peructp TIMSK (Timer/Counter Interrupt Mask
Register -— peructp Macky NpepetaHHii 0T TaliMePOB/CHETUHKOR), KOTOPhIH HAXOAMTCS
no agpecy $39 ($59) B obnactu meOAa/BRIBoa. Ilocne mocrymnenus curHaia cBpoca
pernctp TIMSK nanuuanuzupyercs 3nadenvem $00.

B Mmuxpoxonrponnepax AT90S8515 n AT9054414 vcnions3yloTea TONBKO pazpaibt
1, 3 n 5-7 peructpa TIMSK, poctymuble g urenns u 3anucu. Paspsawt 0, 2 1 4 3ape-
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3epBHpOBaHbl KOMIAHMH Atmel M AocTynHbI TONbKO 1A YTEHUA {Bcerga coaepskat
nor. 0}.

B moaenu AT90S2313 ucnonesyioTes toneko paspagsl 1, 3, 6 u 7 peructpa
TIMSK (nna urenus u 3anucw). Paszpanst 0, 2, 4 u 5 3apesepeHpoBaHbl KOMMaHWEHH
Atmel ¥ JOCTYNHBI TONLKO A1t yTeHUA (Bcerna coaepskart Jior. ).

B muxpokoHTpoanepe AT9051200 nenonsiyercs ToAbKO padpsag 1 (ana urenus w
zamucd). Bee ocTanbHble pa3paipl 34pe3epBHPOBAHBI M JAOCTYTIHB TONBKO A7 YTEHHS
(scerna conepskar mor. 0).

Pazpsaa 7 6 5 4 . 3 2 1 0
$39(%359) | TOIE1 | OCIEIA | OCIEIB | - | TICIEl | — | TOIEO | - | TIMSK
*) ) %) *)

*¥) 5 Mogenu ATG0S1200 orcyterayer
**) B monenax ATO0S1200 u AT20S2313 orcyrerayer

Korga paszpsan TOIE1L (Timer/Counter]l Overflow Interrupt Enable — pazperuexue
npepbIBaHMA 110 NEPenoHEeHHIO TalMepa/cueTynka) W paspaa ofluero paspelreHHs
npepeiBaHuil B pervctpe cocToanug SREG ycranoenensl B Jor. 1, To paspetieHo npe-
pbiBanue npu nepenonHeHuH T/Cl npu cocrosuun cuetduuka $0000. B cnyuae nepe-
nonuenus B peructpe TIFR (Timer/Counter Interrupt Flag Register — peructp dinaros
npepblBaHUi OT TaliMepa/cuetuuka) ycraHapnmsaercd ¢umar TOVI. Ecan  Tait-
mep/cuetunk T/C1 Haxogutca B pexume [IIHM, 1O npH HIMEHEHHH CUETUHKOM Ha-
npaBneHus cueTa Ha obpartHoe npy cocToaHuH cueTurka $0000 ycranasmusaetes duiar
TOVI. Aapec nepexopa K noanporpamMe o06paboTKH MPEPBIBAHUS M0 NEPENOAHEHHIO
T/Cl mna pazauuHbIX MHUKPOKOHTpomnnepos cemeiicTea AVR moxer ObiTe B3gTHI M3
Tabin. 3.6.

Ecnu pazpan OCIE1A (Timer/Counterl OQOutput CompareA Match Interrupt
Enable) H paspsan o0luero paspelueHus npepbtBauuii B peructpe coctoaHus SREG yc-
TAHOBJIEHBI B JIOT. ], TO pa3sperueHo MpepbiBaHHe NPH CORMAACHHH COIEPKUMOTO PEru-
¢Tpa cpaBHeHHA A ¢ Tekywmum coctoaHuem T/C1. B cayvae coBnajgeHus, B perucTpe
TIFR ycranasnusaerca dnar OCF1A. Appec nepexona k COOTBETCTBYIOLIEH noanpo-
rpaMMe OAHOrO M3 MHUKPOKOHTponnepos cemeHcTra AVR wmoxeT Guith B3AT M3
Tabn1. 3.6.

Ecnu paspasag OCIE1B (Timer/Counterl Output CompareB Match Interrupt
Enable) u paspsn ofluiero paspeiiedus npepbisanui B perucrpe cactoanus SREG ye-
TAHOBTIEH B JIOT. |, TO pa3spewaeTcd MpepbIBaHHE NPH COBNAJIEHUH COAEPKUMOr0 peru-
cTpa cpaBHeHud B ¢ rekywmMm coctosiuwem T/Cl. B cnyvae coBnaaeHusi, B perMcTpe
TIFR yctaHnasnueaerca durar OCF1B. Anpec nepexosa K COOTBETCTBYIOWEH NOANPO-
rpaMMe JU1a OJHOTO U3 MMKPOKOHTpOnnepoB AVR MoxkeT ObITh B3AT W3 Tali. 3.6.

Ecnu paspsa TICIE] (Timer/Counterl Input Capture Interrupt Enable) v pazpszg
ofILero pazpelueHHs npepeiBanyit B peructpe cocrosnud SREG yctanosnexst B jor. |,
TO paspeLtaeTca NPEPLIBAHKE 11PH BLITIOTHEHHH YCNOBHA 3aXBaTa ¢ MOMOILBIO CHrHANA
Ha Beixoge X mynasTHIUIekcopa Mux] (cm. puc. 4.7). Korza HacTynaer sanyck 1o 3a-
xaty {Capture-Triggering), To B peructpe TIFR ycranasnusaerca ¢uar ICF1. Anpec
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[epexoaa ¥ COOTBETCTRYIONIEH nognporpaMme 418 OAHOTO W3 MHKPOKCHTPOIIEPOB Ce-
meficTaa AVR MoskeT OwiTh B3sT M3 Taba. 3.6.

Ecnu paspsa TOIEO (Timer/Counter( Overflow Interrupt Enable) u pazpsan obue-
ro paspewicHus npepsiBanuil B peruerpe cocrosanda SREG yetanosnednt B jior. 1, o
paspelliaeTcs NMpepbiBaHie npu nepexofe Taiimepa/cuersuka T/CO ot $FF x $00. B ra-
koM cnyuae, B peructpe TIFR ycranasnupaetca paspsg TOV0. Anpec nepexona k noa-
nporpamMe oBpaborku nepenosivenus T/CO nns pasnuyHbIX MUKPOKOHTPOIEPOR Ce-
mercTra AVR MakeT ObITh B3AT W3 Tabn. 3.6.

Peructp TIFR

CocTosHHE NpepBIBAHKA, MMEOWMX oTHoweHKe K Tafimepam/cuetuurkam T/CO u
T/C1, onpenensercs ¢ noMotnsio peructpa dnaros TIFR (Timer/Counter Interrupt Flag
Register), kotopblii pacnosioxex B obnacti Beoga/seeoga no anpecy $38 ($§58). IMocne
NOCTYTAEHUS CUrHana ¢bpoca 3TOT perucTp HHULManu3upyeTcs 3HavenneM $00.

B mukpokontponnepax AT90S8515 n AT9054414 npuMenA0oTea TOABKO paspaiel
1, 3 u 5-7 perucrpa TIFR (ang yrenns u 3anucu). Paspsaaw 0, 2 u 4 3apesepsupoBansi
komnaHuei Atmel u noCTyHBL TOMLKO A YTeHMA (Bceraa coaepxat jaor. ().

B mopenn AT90S2313 ucnonsayoTes Tonasbko paspans: 1, 3, 6 u 7 perucrpa TIFR
(ons urenva v 3anucu). Paspsnst 0, 2, 4 v 5 3ape3epBHPOBaHL! M IOCTYNHLI TONBKO ANA
uTenns (Bceraa copepxkat nor. 0).

B mukporontTponnepax AT9051200 ucnoneayercs TONeKO pazpad 1, AOCTYNHEINR
A UTeHMA W 3anucn. Boee fipyrHe paspsiibl 3ape3epBHPOBaHbBI H IOCTYITHBI TONBKO AJA
yteHud (Beceraa coaepkar nor. ().

Paspan 7 6 5 4 3 2 1 0
$38 ($58) ] TOV1 | OCF1A | OCFIB - ICF1 - TOVO - TIFR
*) *) #*) *)

*) B Mozenn AT90S12G0 oteyTerByer
*¥) b MukpokonTpoepax AT90S1200 u AT90S2313 orcyreraytor

Qnar TOV1 (Timer/Counterl Overflow Flag — nepenonHenue Tajime-
pa/cueTunka) ycraHaBinBaeTca B jior. |, koraa raiimep/cuetunk T/C1 nepexoaut B co-
croauue $0000. Hocpeacrsom ycranosku durara TOV 1 BuINOIHEHUE POTPaMMBL Iepe-
XOMT K COOTBETCTBYIOLUEMY aapecy obpaboTkn nepenonuenus T/C1 MukpokoHTpon-
nepa ($006 ans moneneln AT90S8515 u AT90S4414, $005 ans monenu AT90S2313;
B MUKpOKOHTpostepe AT90S1200 ralimep/cuerunk T/C1 oTeyTcTByeT) B TOM Cciyuae,
€CIIH  yCTaHOBNEeH paspan ofimero paspewnenns npepwiganunil | W paspan TOIE]
B perucrpe TIMSK. TIpu sxone B noanporpammy obpaborkn npepoisauus dnar TOV 1
cOpacuisaeres annapatho. AneTepuarnsuo, $aar TOV moxer 6bimh cfpoweH mpo-
I'PaMMHO NOCPEACTBOM 3anucu B paspazn 7 peructpa TIFR nor. 0. Ecnau Taiimep/cueTumk
T/C1 naxopures B peskume LIHM, To yeranapnueaercs dnar TOV 1, korna cuerdmk
npH coctoankd $0000 MeusieT cBoe HampaBieHue cyeta Ha ofpaTHoe.

Dnar OCF1A (Output Compare Flag 1A) yctaHasnuBaeTcs B JI0T. | 11pu coBraie-
HHH COAEPIKUMOr0 PETHCTPa CPaBHEHUA A C TeKyLiHM cocTOAHMEM cueTuuka T/C1. [To-
cpeactrom yeraHoku diara OCFlA BRIMONHEHHE NPOrpaMMBl MIEPEXOMMT K COOTBET-
CTBYIOIEMY a/lpecy MHKpokoHuTposiepa ($004 ana monener AT90S8515, AT90S44 14
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n AT90S2313; B monenn AT9081200 raiimep/cueTunk T/C1 OTCYTCTBYET) B TOM ciy-
yae, eC/IH YCTAHOBJIEH pa3pa 0OLIETO pa3peLleHHs MIPEPbIBAHHI B PETHCTPE COCTOAHHSA
v paspsan OCIELA B peructpe TIMSK. Ilpy Bxoae B moanporpamMmy oOpaboTku npe-
phiBanus aar OCF1A cbpaceiBaetca annaparno. AnsTepHaTuBHo, ¢nar OCFIA mo-
s#eT ObiTh cOpolted MporpaMMHO B Jior. § OCPeaCcTROM 3amucH JioT. 1 B paspsan 6 peru-
crpa TIFR.

®nar OCF1B (Output Compare Flag 1B) ycranasnusaercd B nor. | npu coBnaje-
HUM COAEPIKUMOTO PerncTpa cpasHeHHA B ¢ Texymum cocrogHHeM TaiimMepa/cueruuka
T/CI1. TocpenctBom ycraHoBkM curara OCF1B BhImosHEHHE MporpaMMbl MEPEXOaHT
K COOTBETCTBYIOLIEMY ajipecy MukpoxoHTponnepa ($005 nns moaenelt AT90S8515,
AT90S4414 u AT90S2313; B mogen AT9051200 peructp cpaBHeHHa B oTcyTcTBYET)
8 TOM Cjlyuae, el YCTaHORIEH pa3pad ofLIero paspelieHus npepeiranui [ B peructpe
cocrosuua 1 paspan OCIEIB B peructpe TIMSK. Tlpu exoae B noanporpamMmy obpa-
GoTku npepuiBanua (nar OCF1B cOpacviBaetca anmmaparHo. AnbTepHaTHBHO, dar
OCF1A wmoxer O6bITh cOpowieH mporpammHo B jgor. 0 nocpencTsOM 3alkcH Jior. ']
B pa3pan S peructpa TIFR,

@nar ICF1 (Input Capture Flag — ¢nar saxsara no Bxody) YCTaHaBIHBaeTCs
BJior. | B ciyuae BBIMONHEHUS YCJIOBHA 3aXBaTa MPH MOCTYIUIEHHMH CHIHaNa HAa BLIBOA
ICP. Takum obpazom, ¢nar ICFl ykasbiaeT Ha TO, YTO B pe3yiakTaTe 3arycKa fpu 3a-
XBaTe colepxuMoe Taiimepa/cuetuuka T/C1 Obi1o nepeaano B peructp ICR1 (Input
Capture Register). [Tocpeacreom ycrarnosku dnara ICF1 BeInofiHeHHe NporpaMmsl ne-
PEXOMUT K. COOTBETCTBYIOWEMY ajpecy Mmukpokoutporsiepa (3003 ana mopeneit
ATO0S8515, AT90S4414 u AT90S2313; B muxpoxoHTtponnepe AT9051200 raii-
mep/cuerunk T/C1 oTCyTCcTBYeT) B TOM CAyHae, €CJIH YCTAHOBIEH paspan obluero pas-
peitedus npepbiBanuii I B peructpe cocroanus u paspan TICIEL s peructpe TIMSK.
Ipr Bxoae B moanporpamMmy oSpaGotku npepeisanud ¢nar ICF1 cOpaceigaerca anma-
patHo. AnwtepnartusHo, dmar ICF1 moxer ObiTh cOpoweH mporpamMmuo s nor. O no-
cpeAcTBOM 3anuce nor. 1 B paspan 3 peructpa TIFR.

®nar TOVO (Timer/Counter0 Overflow Flag) ycranaenupaercsa B Jjior. |, koraa
tatimep/cuerunk T/CO nepexon u3 cocrosnus $FF B coctosauune $00. [Tocpenctsom ye-
TaHoBkH ¢ara TOV( BeIMONHEHUE NMPOTPAMMBI MEPEXOAMT K COOTBETCTBYIOLIEMY ai-
pecy mukpokoutposnepa ($007 ana moneneit AT90S8515 u AT90S4414; $006 nna mo-
nenn AT9082313; $002 nns MmoaenuAT90S1200) B ToM cnyuae, eclid YCTAHOBIEH pas-
paa obmero pazpeureHus npeprieanuii [ B pervctpe cocTosHusg 1 pazpsg TOIEQ & peru-
crpe TIMSK. Ilpu Bxone B nognporpamMy obpabotki npepeBanua drar TOVO c6pa-
ChIBAETCH anmnaparHo. AnsTepHaTueHo, dnar TOVO0 moxer 6biTh cOpOLIEH MPOrpaMMHO
B jior. ( nocpeacTeoM 3anucH nor. 1 B paspan 1 perucrpa TIFR.

‘Cnawme” pexxumel LEHTPANbHOroO npoyeccopa

MUKPOXOHTPOJINEPEL HEPEOKO NPHUMEHAIOTCA B NpHOOpax ¢ NUTAHHEM OT aKKyMy-
nsTopos u farapeli. B Takux ciiyyasx ocofeHHO BaXKHO, YTOOBI MOTpebneHre ToKa MUK-
POKOHEpOLTepoM OBIIO KaK MOMHO MeHbLHM. MukpoxonTpolutepst cemeiticTsa AVR
n3roToBeHsl no texHonorud KMOII, u notoMy ang ux paGoThl HEOOXOAHM TOK He-
Bonbwoit cunel. bnaroaapsa Beibopy 6onee HM3KOro YpoOBHA NMHUTAXOLUErO HAlipmHKeHUs,

752384
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notpedneHne Toka cHiwkaerci eule Gonbiie. Ecan W 3TOro HEJOCTATOUHO, TO MOXKHO
BHIGPATL HACTONBKO HHU3KYIO TAKTOBYIO H4CTOTY, HACKO/IBKO MO3BONIAET NPHKNAIHAA 3a-
Java, MOCKOIbLKY M3-3a TOKOB Nepe3apaiKd NMapasHTHBIX eMKOCTed Tok rnorpebnenus
KMOIl-cxeM 0o4MTH nOponopuMoHaned TakToBoH uacTore. B nononmHeHse
K MepedHcneHHbiM MepaM, UEHTPaNibHbiH NpOoLECCOp MUKPOKOHTPOMIEPOB cemeiicTsa
AVR MOXHO TMEPEeBECTH B PEXHM [OHIDKEHHOTO 3xepronorpebneHusa wiu “craiuit
pexxum” (Sleep Mode). B Takom pexuMe notpeGneHre TOKa pe3ko CHIKAETC.

B 1a6n. 3.8 nokazaHo THmMHOE noTpedneHe TOKA USHTPATEHSIM MPOLIECCOPOM MOIENH
AT90S1200 mns paznUuHbBIX PEXUMOB paboTHI TIPH TEMNEpaType OKPYXKaIOLIEH cpeb 25°C,
OTKMHYEHHOM aHATIOTOBOM KOMITAPATOPE U 23abIOKMpOBaHHOM CTOPOXEBOM TaiiMepe.

Tabnuua 3.8. Twnuuroe noTpebneHwe TOKA Icc LIEHTPaNbHBIM NPOLECCOPOM Mogenu AT90S1200 ann pas-
NUAYHBIX PEXUMOB paGoTh

5B 12 MI'y 9 MA 2,4 MA 0,75 MxA
5B 2 MI'y 4 MA 1 MA 0,75 MKA
33B | 6MI'n 2,5 MA 0,7 MA 0,1 MKA
33B | 2MI'y 1,8 MA 0,4 MA 0,1 MKA

Jns nepeBoaa MUKpoOKoHTposIepa ceMelicTBa AVR B 0ZMH H3 peXXHMOB NOHMXKEH-
HOro notpebraeHus 3Heprud Heobxonumo paspan SE (Sleep Enable) peructpa ynpasine-
nuga MCUCR ycraHoeuTh B Nor. 1, a 3aTeM BBINONHATH KOMaHRY sleep. Bnaropapa
CBA3W KOMAHIb! sleep ¢ paspaaoM SE, uenTpaneasiil poueccop He MoxeT ObITL He-
MPeIHAMEPEHHO NEPERENEH B PEXKKM TTOHHKEHHOTO SHEPronoTpeGaeHHA.

Korna Bo BpeMs pexyuMa MOHUKEHHOIO 3IHepronoTpef/ieHHs NpoUCcXOIUT npephbl-
BAHHE, LHEHTPANbHBIA IPOLECCOP BBIXOINT U3 “CRALLETO™ PesKHMA, BLINOIHAET MOANPO-
rpaMMy obpaboTKH NpephiBaHKWS U NPOAOIKAET BLIMOTHEHHE NMPOrPaMMbl ¢ KOMAHISI,
CleIYIOLIER Nocie KOMan/bl sleep. Eciiu BO Bpemsa peskuMa MOHMKEHHOrO 3HEpromno-
TpeONEHHA IOCTynaeT curHan copoca, TO UEHTPANTbHBIA MPOLEcCop BLIXOAWT U3 “crf-
IETO” PEXMMA W NPOAOIKAET BBINIONHEHME POrpaMMbl ¢ KOMAHIBI, PACTIONOKEHHON
no agpecy $000 obnactu komauz.

Coaepxymoe pabounx perHcTPOR M PErHCTPOB BBOAA/BBIBOJA B TEYEHHE pexKuMa
NIOHYKEHHOTO SHEProNoTpedIeHys ocTaeTcs HeM3MeHHbIM. B ToM cnyuae, ecnu pesxum
MOHWKEHHOTO SHEPronoTpedIeHHs A0MKEeH ObITh OTKIOUEH B Pe3YNbTATE NMpephbiBaHUA
10 YPOBHIO CHTHANA, HH3KMI YPOBEHB JOJKEH COXPAHATLCA AOJbILE, YeM 16 MC, KOTO-
peie HEOOXOAMMEI JJI TIEpexoAa OCLHANATOpa B paGouuil pexum. B nporusHom ciy-
uae, COOTBETCTBYIOWMH ar npepblBaHHil CHOBa J0/KeH OhiTh ¢OPOILICH MpexkKae, YeM
LEHTpaNbHBI MTpoLeccop Bo3oOHOBUT paboTy.

Hna MUKpoxOHTponaepos ceMeiictBa AVR moxeT OuiTe BoIGpPaH OOHH W3 OBYX
“CnAlIUX” PeKHMOB.

* Bkaymem pemume (Idle Mode) paboTa ueHTpanbHOro npoueccopa npuocTa-
HABJIMBAETCSA, HO TaliMEP/CYETUHK, CTOPOXKEBOH TaliMep, cucTeMa npepblBaHWi 1
TAKTHPOB2HHA OCTAIOTCA aKTHBHBIMHU, Braroaaps 3ToMy, LEHTPaNbHBIH IpoLec-
COP MOXeT ObiTh BO3IBpAIlEH B OOBIYHBIH PexKUM paboThl ¢ NOMOLLBIO CTOPOXKE-
BOIQ TaiiMepa, TaiiMepa/cueTyMKa HIIH BHELIHETO MpepbiBaHua. Eciin HeT Heob-
XOOHUMOCTH B TOM, YTOOB! BBIXO/] M3 XIYIHETO PeKHMA OCYLUECTBIANCA ¢ TIOMO-
LWBEO AHAIOTOBOTO KOMITApaTopa, TO KOMIApaTOp OTKIIOYAETCS NOCPEACTBOM
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yeraHoeku B jor. | paspaga ACD perverpa ACSR. D70 elne Oonee cHuxaeT
noTpefAeHUE TOKA B SKAYLLIEM PEKUME, KaK 3TO f1oKazaHo 8 taldn. 3.9.

* B pexnme nodHXkeRHoro 3aepronorpedaeann (Power Down Mode) cuctem-
HBIH OCLHANATOP (2 3HAYUT H BECh MUKPOKOHTPOMIIEP) HAXOAUTCA B OTKIIOMEH-
HOM COCTOSHHH. B TakoM pexciMe ¢ nomolusto BHyTpeHHero RC-revepatopa
koneGaHuii MoXeT BKITIOUAThLCA JIHIIL CTOPOXKERGHT TaliMep ¢ cBOMM cobersen-
HbIM ofecrieyeHHEM TAKTOROH HacToTol. [ng sToro uenonesvetcs pazpsa WDE
perucrpa WDTCR. AkTHBHBIH CTOPOXeEROH Talimep MO MCTEYEHUH BPEMEHH 3a-
NEePKKHM ON4Th NEPEBOAUT MHKPOKOHTPOJIEP B HOPMalbHOE cOCTOgHUe. Ecnu
CTOPO:KeROMH TaliMep Takke OTKIHOYEH, TO B HOPMANEHOE COCTOSHHE €0 MOKET
nepeBecTH TONBKO CHrHan cOpoca Ha Beigosie /RESET unu BHeUHee mpephisa-
HHE, AKTUBH3HPOBAHHOE MO ACCTHKCHHIO ONPEAENCHHOIO YPOBHS CHIHANA.

B 1a6n. 3.10 nokazaHo notpebaeHHe TOKA LEHTPaNbHbIM NMPOLIECCOPOM MOIENH
AT9051200 B pexxuMe NOHUXEHHOTO IHEPTOTIOTPEONIEHUS NPH aKTHBHOM U OT-
KIFOUEHHOM CTOPOIKEROM TaHMepe.

Tabnuua 3.9. TunuuHoe notTpefnenie Toka leec npoueccopom moaenn AT90S51200 e KA YWEM DEXUME NPK
AKTMEHOM W OTKIMIOYEHHOM AHANOMOBOM KOMNaparope

5B 12 M’y O MA 2,9 MA
5B 2 MI'y 4 MA 1,5 mA
33B | 6 MI'n 2.5 MA 0,9 MA
3B | 2MIg 1,8 MA 0,5 MA

TaGmua 3.10. TvnudHoe noTpednenune ToKa lge UEHTPanLHBIM NpoyeccopoM Moaenn AT90S1200 B pexume
NOHWAKEHHOTO 3HEPronoTPeGNeHUA NPU aKTUBHOM W OTKNIOYEHHOM CTOPOMEBOM Talmepe

T

5B 30 MKA T 0,75 MKA
33B 18 mrA 0,1 MKA

Bribop opnoro u3 “chofiiux” pexcMMOR OCYILECTBIAETCH ¢ HOMOMIBIC pazpaia SM
peructpa MCUCR. Ecnu paspax SM ycTaHoBieH B 1or. 1, TO MUKPOKOHTpOAIER repe-
BOJIUTCA B PERMM NOHMKEHHOrO 3HepronorpedieHus nocneayiowei koMaHaol sleep,
ecnv xe paspsa SM cbpomen B sor. 0, To nocneayowei KoMauIoi sleep MUKPOKOH-~
TPONJEP MEPEBOAHTCT B OKIVIIMH pEXUM B TOM CIYHae, €C/id paHee B pErHcTpe
MCUCR 0Gbin ycrasobneH pazpazn SE.

"','*
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4 TAMMEPBLI/CYETYUKN MUKPOKOHTPONNEPOB
BEA30BOWVI CEPUM CEMENCTBA AVR

MukpokoHTponnepst 0azosoil cepuu cemeiicrea AVR, Bnnote 10 MOJEMH
AT90S1200, pacnonaraloT Asyms TaiiMepamu/cCueTuMKamy: 8-paspanHpiM  TaiiMe-
pom/cuerurkom T/CO u 16-paspaausim Taiimepom/cyetarkom T/Cl. B mMukpokonTpos-
nepe AT90S1200 npucyTcTeyeT Tonbko Talimep/cuetunk T/CO.

Taiimeper/cueturkn T/CO u T/C1 BeinonHeHbsl B BHIAE CYMMHPYIOLUIHX CHETUHKOB,
KOTIa KaXabiil HapacTalomuil (POHT TAKTOBOIO HMITY/IbCA YBENHUMBAET COAEPKHMOE
cueTumka Ha eaurnty. Tafimepe/cuerunks T/CO u T/C1 mukpokontpoaiepos AVR 6a-
30BOH CepHH MOTYT NPUMEHATBCA NO BLIGOPY Kax 3alaTyHKK BpeMeln (Taiimepbl) Wi
KAK cueTuuxu. B cny4ac HUCNOALIOBAHUA B KQUECTBC TaﬁMepa, HX TaxKTOoBad 4acToTa sjAB-
NAeTCH TPOH3BOAHOMN BEIWYMHOM OT TaKTa CHCTEMHONH CHHXPOHM3aLMHK ® BHYTPEHHETO
keapuesoro ocuaTopa. Ilpu atom kax T/CO, Tak v T/C1 ucrioe3yeT B kauecTse Tak-
TOBOTO CHIHANA (HANPAMYIO WIH 4Yepe3 AeNuTeNb YacTOThl) pasfeneHHbiil TaKT CHCTEM-
Ho#l cuuxponuzauun ®. Koagduuueur gencHua fenurens YacTOTB! MOXKET HAcTPau-
BATLCA MHIHBHAYANBHO JUIS KaXI0TO H3 ABYX TaliMEPOR C NOMOILBIO MyIBTHTIEKCOpA.

Eciun T/CO GyHKUMOHMPYET B KAYECTBE CHETUHKA, TO OH MONCYHTBIBACT WHCIIO HM-
nyascos TO, NOCTYNAOWMX HA KOHTAKT BBOAA/BbIBONA, & T/C1 — 4HCNO BHELHWX WM-
mynscoR T1, MmocTynaloWwnx Ha ITOT JKe KOHTAKT. B 3ToM cmyyae COOTBETCTBYIOUUMI
BbIBOJ I0/KeH ObiTh CKOHQHTIYpUpPOBaH B HHHLHANW3ALMOHHOK 9aCTH NPOrpaMMbl Kak
BXOA TOCPEACTBOM 3arnucH Jior. ¢ B COOTBETCTBYIOLIHH paspsl perucTpa HanpasieHHS
nepenavd AaHHbX. B Tabn. 4.1 nokaszano pacnpeznenenue noptok Mexay T0 u T1 ana
yerspex NMpefcraBureneil 6a3oBoil cepun cemeiictea AVR.

Tabnuua 4.1. 3aHATOCTL NOPTOB ANA UMNYNbCoe TO ¥ T1

Vg

s

TO __ [[opr D/ Paspsan 4|Tlopt D / Paspan 4

[Mopt B /Pazpan 0

[Mopt B /Pazpan 0

Hopt D /Paspan 5

Mopt B /Paspan 1

IopT B /Paspsan 1

MpeasaputensHbii AeNWTens YacToTel U CXema ynpasneHns Tanmepom

Ha puc. 4.1 nokasaHa cxema yMpasjieHHs TaiiMepoM B MHKpOKOHTpoyutepax Gaso-
BO# cepun cemelicTra AVR. B pexxume pabotot “TaliMep” TakTOBbIe 4acTOThI /A Taki-
mepos/cuerunkoB T/CO n T/C1 MoryT GbiTh HACTPOESHSBI T KOKROTO OTASNBHO ¢ TMO-
MOILBIC TIPEABAPUTEILHOTO HETHTeNld YacTOTH ¥ MyAbTHIUIekcopoB. s atoil uenu
8 MUKPOKOHTpOJIIep uuTerpHpoBad 10-cTynenuatsiif aeanutent Qp...Qs, BHIBOABI KOTO-
poro Q, (®/8), Qs (P/64), Q; (P/256) n Qy (P/1024), Hapamy C TAKTOM CHCTEMHOI
cHHXpoHH3aluu @, MoryT ObLITE MOMKTIOYEHB! HANPAMYHO 4Yepe3 COOTBETCTBYHOLLM
MyabTHitekcop Mux0 u, paBabiM ofpazoM, Muxl K TakToBOMY BXOAy Taiime-
poe/cuerunkos T/CO u, coorBercteenHo, T/C1 (B momenn AT90S1200 npucyrcTyeT
Tosbko Mux0 nsa Tabimepa/cieTunka T/CO).



MpedsapumensHuiil Denument YacmOomb! U CXeME YrpasneHust matiMepom

101

10-paspsAHbIA

= 2% P
TakT cUCTeMHON ABRUTEND YACTOTH 2 22 X
CMHXPOHKZaLMY P
1
TO
T
0 i
i TYYY VYl * 5 1 BAREBE R
cs10 0123456867 500 01234567
csS11 CS01
csi2 Muxt *) Cs02 MuxD
TakToBwl curHan T/C1 TaxTogbIl curnan T/CO

) Mux1 5 mogen ATS0S1200 oreyTeTeyeT

Puc. 4.1. Cxema ynpagnesua gnNA noaayu TAKTOBbIX CUFHAMOB Ha Taimep/cueTdnk
MUKPOKOHTPONNepoB Ga3osoi cepuw cemeincTBa AVR

Hanee, ecnu Tpebyerca peskuM paboThl “CueTunk”, B KA4eCTBE aKTHBHOrO poHTa

[ina ofecneveHus HaAEKHOMo PacnoaHABAHKA BPEMS MEXAY ABYMS WUIMEHEHWS MU BHEILHEMO CWr-

€ TIOMOLILIO MY/LTHNNEKCOpa MOXKET GbITh BLIOpaH HMCTTAZAOIMHA WiIM HapacTalowuit
¢$hpoHT BHewHero umnynbca Ha Bxoaax TO u T1. Ilpu Takom pexcume paboThl BHEITHHH
curdan TO (kax u T1) CHHXpOHM3UPYETCH C TAKTOM CHCTEMHOI CHMHXpoHH3auuH @

BHYTPEHHEFO KBapLIEBOro ocLumaaTopa. A 3TOr0 BHEINHHH CUrHal NpoRepseTca
B TEMEHHE KAXA0ro Hapacraouero dhponra ®.

Hana Ha Bxoaax TO u T1 R0MKHO GbiTh, KAk MUHUMYM, TAKUM XE KaK NEPWUOA CnejoBAKWA TaxToB

CUCTEMHOM cuHxporaauws @ (puc. 4.2).

BHewHni curHan A
waexogse T0

BHewHn# curnan B ,J I_

Ha exoge T0

BHewHuil curnan C I_l L I_

H#a exoae TO

TaxT cncTeMHo _j} A b | 1 b I_
CHHXpOHU3ALMH

T T2 T3 T4 TS5 T6

Puc. 4.2. CHHXDOHU3ALUMA BHEWHETo cUrHana Ha exofe TO ¢ TAXTOM CUCTEMHOR CUHXPOHU3aLMA D
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B cryuae BHewHero cHrHana A, NMoKasaHHOro Ha puc. 4.2, IJHTENBHOCTD Kak Bbl-
COKOTO, TAK ¥ HU3KOro ypoBHA GoJblLIE, 4eM TMEPHUOI CIIENOBAHHA TAKTOB CHCTEMHOH
cuuxponrzanuu P. B pesynbTate, NpH KaXOOM ONPOCe YETKO NPOCHSKHBAETCA HIME-
HeHHE BHEIIHEro CMrHajga. B cmydae curHana B, JUIHTENBHOCTH Kak BBICOKOTO, TaK K
HU3KOrO YPOBHSA MEHBIIE, YEM MEPHOA CNICIOBAHNA TAKTOB CHCTEMHOH CHHXPOHU3aLMH
@. B pezynbrare, OTAENbHBIE (PPOHTHI UMITYJILCOB MEXRY OMPOCAMH TEPAKOTCA M B CYe-
Te He yuacTBYHOT. Tak, B Toukax omnpoca T1, T2 v T3, cnenyrowux onna 3a npyro#, ece-
raa pacroszHaercd nor. 1, a B Toukax T4, TS u T6 — sceraa nor. 0. UsmeHenns curna-
JIOB MEXKAY TOUKAMH ONpOca NPH c4eTe He YYHTHIBAloTCH!

B cnyuae curuana C, ycnoBue CHHXPOHM3ALMHU BBITIONHACTCS A BLICOKOrO YpoB-
HA, OAHAKO NPOAOTKHTENLHOCTh HH3KOTQ YPOBHA MEHBLIE, HEM NEPHOJ CNEJOBAHHA
TAKTOB CUCTEMHOM cuHxponusaimi @. B pesynbraTte, HEKOTOPBIC UBMEHEHHMS CUTHAIIA
TAKKE OCTRAIOTCA HEPACTIO3HAHHBIMU.

Ecnu B Talimepe/cueTunke HeT HEOOXOAMMOCTH, TO MMEETCA BO3IMONKHOCTL YEPE3
MynbTHIeKCHET anpec 0b000 ycTaHOBHTL Ha ero TaKTOBOM BXoje Jior. O W Takum ob-
pazoM OCTaHOBHTbL cuet. B 1aba. 4.2 mepeuncneHsl painuuHble KOMOWHALMH YNpas-
RACLUMX CHTHAJIOB A/ MyneTunaexcopa Mux( [Mux1] nia ssibopa UCTOUHMKA TaKTH-
poeauus T/CO [T/C1].

Tabnuua 4.2, Buibop axoaHoro Takta Ana T/CO u T/C1 yepea peructp TC

CRO w TCCR1B

FiEkd

3amepkka T/CO [T/C1]
Pexum “Takimep”, Takt cyeTumka = O

Pexxnm “Talimep”, TakT cueruuka =@ /8

Pewcum “Talimep”, TakT cyetyrka = @ / 64

Pexum “TafiMep”, Takt cyeTunka = @ /256

Pesxum “Tafimep”, TakT cuetynka =® /1024

Pexxum “CueTuuk”, TakT CUETUHKA = BHEUIHHH HMITYNbC Ha
peiBOfAEe TO [T}, akTuBHBIH HHCcTATAOILIHE DpoHT

1 1 1 Pewpm “CueTuMK”, TAKT CHYCTIHNKA = BHEIUHHH UMITY/bC Ha
pepisoge TO [T}, akTuBHbI# HapacTatoIUH dponT

o ey L= fr LR P B
w—lolo]l—|—lolo
Ol |o]|—=|o]|—(O

BocbmupaspsigHeiv Talimep/cueTtumk T/CO

BocbMupaspaaHbiil Taiimep/cueruuk T/CO MPUCYTCTBYET BO BCEX MHMKPOKOHTPOJ-
nepax Gazorol cepuu cemelictea AVR. s T/CO uMeroT 3HaueHHE TOALKO HETHIPE pe-
rucTpa us obnacty BROJA/BbIBOA (pHC. 4.3).

Kpowume, cobersenno, cuetHoro peructpa TCNTO, ucnonbayioTes:
* peructp ynpasienans TCCRO ana HacTpoiiku MynsTURNEKCOpa;

®* perucrp dnaron npepeirannit TIFR ¢ duarom nepenonuenus T/CO TOVO;
* yrenomneHue o nepenonneHul TCNTO (nepexon vz coctoauns $FF B $00);

peructp TIMSK 111 paspewrenus/sanpera npepsieanuii T/CO ¢ nomousio dna-
ra TOIEOQ.
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3anpoc Ha NpepbIEaHKE NpW NepennaHerw T/C0

]
&
| L .
Brytpennan B-paspanHan
WKHA BaHHEIX
4
i
I = A
pateipd  PaCTp TSR PerucTp TIFR Perncrp TCCRD
TTTTT TTTT I3
Fa) (SIS 18]
7 1] ~ ¥y 9
w—et PericTp TONTO g Cxewa ynpagnenwa  te— &
MepenonHeHue

Y

Puc. 4.3. Bnok-cxema Taimepa/cwetanka T/CO mukpokoHTpannepoe 6a30e0i cepuu cemeiictea AVR

Kak Toneko ¢ nomouwsto pazpagos CS00, CS01 u CS02 perucrtpa yriparieHus
TCCRO-(agpec $33 obnactu BRoaa/BhiBOAA, anpec $53 B RAM) miua mynwrunnexcopa
Mux0 Gyner BriGpan aapec, ornuunslit o 0b000, Talimep/cueryux T/CO no kaxaomy
MMITYJTBCY, TIOCTYHAIOLIEMY HA TAKTOBBIM BXOA, HAUHHAET YBEJIHUMBATEL Ha eIMHHILY CO-
nepxxumoe perrctpa TCNTO (appec $32 obnactu BBOfa/BRHIBOSA, afpec $52 8 RAM).

Koraa cocrosnue cuetuuka B peructpe TCNTO usmenseres ¢ $FF ua $00, B peru-
crpe TIFR (anpecy $38 B ofnactu BBOAA/BLIBOAA) yCTaHABIKBAETCS (hIlar Epenoe-
nus TOVO raiimepa/cuetumnka T/CO. [dna 06paBoTKM 3100 NeperonHeHus y nporpam-
MHCTA eCThb [IBE BO3MOMKHOCTH,

= [ocroaxuo onpamueats dnar TOVO B npxne. Kak T0nbK0 OH yCTaHOBTEH, Tpe-

OyeMBblil NPOMEKYTOK BPEMEHH MCTEK, H BBITIONIHEHHE TIPOrPAMMBI MOKET ObITh
npoaomkeHo. Koneuno, nepent atum tuiar TOVO pomxeH SbiTh onath cOpowen
MOCPEACTBOM 3aMucH Jier. 1 B pa3pdan | peructpa TIFR.

Korna 6yner ycranornen duiar I s rnobanbHoro paspeliesus npepbiBatuii
(pa3psan 7 8 peructpe cocroauua SREG no aapecy $3F ofnactu Beona/sriBosa), a
taioke thnar TOIEQ ana paspewenns npepsisanuit ot T/CO (paspan | & peructpe
TIMSK no aapecy $39 ofnacTu BBoAa/BEIBOAA), TO [OCIE YCTAHOBKH (iara
TOV0 u3-3a nepexosa perncrpa TCNTO u3 cocrosnus $FF B coctosuue $00 By-
AeT Beersia BO3HMKATE npepriBanne T/CO. B 3tom cnyyae drar TOVO anmnaparuo
aBTOMATHHECKK COpPachIBAETCA, €C/ii YT BLITIOIHEH IEPEXO 110 agpecy Npe-
peieakus T/CO. Heobxoaumo yuuTLIBATE, HTO BPeMst OT BO3HMKHOBEHHS YC/IOBHS
npepriBaius TOVQ 10 BbINONHERYs HepsoH KOMaHIb! TOANPOrpaMMEl 06paGoT-
KH npepeisanus (KaK U MpH mi0BOM APYToM NPEpLIBAHUKN), COCTABNSET MEHHMYM
YETHIPE TAKTOBBIX LIMKNA (COXpanEHHE apeca ROIBPATA B CTEKE W OTHOCHTEIh-
HbIH TIEPEXOA K 0ANporpamme oGpaboTky npepuisatms). ECITH BO Bpems nocTy-
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TJIEHHS 3AMIpOCA Ha TIPEPbIBAHUE BBITIONHACTCA KaKas-THO0 KOMaHaa, Ad KOTo-
poii TpeByeTca Gosee OXHOTO TAKTOBOrO LHKAA, TO OHA B 060M cilydae Gyaer

3aBeplIeHa. D10 BPEMA TaKkKe NOMKHO YYUTBIBATHCA [IPH ONPEAENeHUd Hadallb-
Horo 3Ha4deHHa peructpa TCNTO.

Peaucmp ynpaenerus TCCRQG maimepa/cyemyuka T/CO

Perncrp ympasnenus TCCRO Taiimepa/cuetumxa T/CO pacnionokeH B oGracTi
BBoaa/BeiBOsA N0 aapecy $33 (azpec $53 B RAM). On HHHLIHANHIUPYETCS 3HAYCHHEM
$00 nocne nocrynnenus curHana copoca, B pe3yabTaTe YEro CYeTYHK OCTAHABIHBAETCA,

B wmukpokoHTponnepax 0Ga3oBoi cepuu cemeiicTBa AVR HCcronb3yloTes TONBKO
paspaast 0-2 perucrpa TCCRO (nocrynHsl ans yreHdd H 3anuck). C HX NOMOIBIO No-
cpencTeoM MynbTHIekcopa Mux0 ocymecTenserca 8bibop Takta ana T/C0. Pazpaasi
3-7 sape3epBHUpoBaHbl koMNaHMeH Atmel, MO3TOMY MX MOMHO TOJIBKO CUHTLIBATE (BCE-
raa cogepkar nor. 0).

Paspan [ 7 6 5 4 3 2 1 0
$33($53) | - — - - — [cso2 [ cso1 ] csoo | Tecro

Cuemunild peeucmp TCNTO maimepa/cuemyuxka T/C0O

Cuernwiti pervctp TCNTO Tafimepa/cuerunka T/CO Haxopurcs B oBnacTH BBO-
na/suiBona no aapecy $32 (aapecy $52 8 RAM). On nocryned /1 UTEHHA H 3aTHCH, U
nocie NOCTyIIeHHa curnana copoca HHHManu3upyercs 3radeHdeM $00.

Paspan 7 6 5 4 3 2 1 0
$32 ($52) [ MSB | | [ | [ [ [ 'LSB | TCNTO

Peructp TCNTO — 370, coGcTREHHO FOBOPA, ¥ ecTk cUeTuHk. J[o TeX nop, noka Ha
yopasisitoiux Bxoaax CS500...CS02 mynsTHnnekcopa Mux0 He nogsurcs aapec 0b000,
COJIEPIKUMOE CHETUMKA C KaXJibiM TAKTOBBIM HMITYIbCOM YBENHUHBACTCA HA SANHNLLY.

Obnracmu npumeHenus madmepa/cyemyuka T/CO

Taitmep/cueryiik T/CO o4eHb XOPOINO NOAXCIUT IS OLICHKH BPEMEHHLIX HHTEpBa-
nog, JIng 3roro & xoge BeIONHeHNHA nporpaMmel B perdctp TCNTO sanucwiaercd uc-
XO[HOE 3HaueHHe. 3aTeM MaxeT ObITh 3amyleH Taiimep/cueTunk T/CO ¢ FpebyembiM
TAKTOM, BBIOPAHHOTO ¢ MOMOIIB MynsTHIEIekcopa Mux(. ITporpamma unm mxuwaaer
B uUMKIe MosefieHus ¢uara nepenonnenus TOVO e perncrpe TIFR (pexum onpoca),
WM pa3peluaeTr npepsiBanHe TaiMepa/cyeTyika T/CO. @nar TOV(Q ykasbiBaeT Ha To,
uyto TpeOyeMoe BpeMsa 3afepKH HCTEKNO, M BEIMOJHEHHE NMPOrpaMMBl MOXeET ObITh
NpOAOKEHD. DTO NOKA3LIBAIOT TPHMEPBl B COOTRETCTBYIOIIMX pazjiciiax rnasbt 16,
HMEI0ILKE OTHOLIEHHE K MEKpOoKkoHTposutepy AT9051200.

WecrtHaguaTupaspagHolid Takmep/cyeTdunk T/C1

ectHaguatipaspagustit Tafimep-cuetunk T/C1 oTcyTeTByer TOABKO B MOJAENH
- AT90S1200 6azoBoii cepun MuxpokontpouiepoB AVR. K HeMy MMeroT OTHOLIeHHE B
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0BLIEH CIOXKHOCTH BOCEMb PETHCTPOB B 00sacTH BBO#a/BeiBona (puc. 4.4). B Mukpo-
xonrpoanepax AT90S4414 u AT90S8515 ncnoassyerca Talimep/cuetunk T/Cl B noa-
HoH kommiexTalud. B MukpokonTpomtepe AT90S2313 oTkazanuck OT IpHMEHEHUS pe-
rUcTpa cpaBHeHHA B M KOMIMOHEHTOB, NOMEYEHHBIX Ha pUC. 4.4 cuMBOTOM “*”,

3anpoc Ha 3anpoc Ha 3anpoc Ha 3anpoc Ha
NPepLIEaHNe NPU  NpepeiEanke Mpy  NPEPLISAHKe NpW  NPEgLIBaHMe NpH
nepenonHeruy T/CT  coenagenun c A coEnagewwn c B 3axBarte gxoga

I I |

& & & | &
{ T
g1
BHyTpenHsa B-pazpaanas
LWHHA A3HHbIX
| p
glal <| &
o flof i pa b o I
933|E|;| goolﬁélll
e Perycrp TIMSK Pernctp TIFR Paructp TCCRIA Pervcrp TCCR1B
} T T - y= T T~ -] T T+ -
1 A E R E R I
S 2= 2| E g alololo
o|o| ol o = e
Qo) ol o .
A BIT 0 Tpurrep L 1 1
‘—T Persctp ICRT  fw Jaxeara Cxema ynpasnedua
b
X
{,15 1
15 8j7 0, Chpoc T/ >
!
Peructp TCNT1 <3 Taxt TIC1__-_
[pamod / ObpatHblA cyet
Nepenonxerxe T/CT
™,
4 1B 1’15
5 i K D 15 gy7 0
16-paspagHei _ _ 16-paspagneit | »
KomRaparTop ~  komnapatop
16 ,l/‘lﬁ
5 g 1 15 817 a
Bbix0aHOM perucTp BrixoaHoit perucTy
CpaBHERMA A ") Her & ATI0S2313 cpagHEHHA B K
~I I — aa

Puc. 4.4, Brok-cxema 16-paspsgHoro Tanmepa/cuetdunka T/C1:
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HaznaueHMe oTHOeNbHBIX PETHCTPOB HA pHC. 4.4
s TCNT1 — cofcTBEHHO, CHETHBIN PETHCTP;

= TCCRI1A — peructp yTipasiIcHHS 414 ONPEAC/TIEHNA PEaKIiHH BHIBO/IOB
OC1A/OC1B B ciiyuae coBnajeHus CocToAHHA cueT4uKa B peructpe TCNT]
¢ peructpam cpasienus OCR1A/OCRI1B, a Takxe ana seibopa IHAM;

s TCCRI1B — perucTp yrpasjieHus 114 HacTpoikH myasTHnnekcopa Muxl1 {cm.
puc. 4.1), Ana pa3peLieHHa NoAa4u curuana copoca ana peruetpa TCNT1 v ang
HacTpoMKH TpHUrTEpa 3aXBara,

» TIMSK — coaepxut pazpsa TOIE1 ans pazperuenus npepbIBaHuii Mo nepe-
nonuenuto taitMepa/cueryuka T/C1; paspagst OCE1A u OCEIB ans paspelue-
uMa npepsisaHiii A ¥ B no cpasnenmto; a tawoxe pazpaa TICIEL, paspewaro-
WM npepbiBaHHE NO 3aXBaTy;

* TIFR — coaepxur dmar TOV 1 nepenonnenus Taiimepa/cuetumnka T/Cl, yka-
3LIBAIOLLMI HA NepenonHenue cueTurka B peructpe TCNT1 npu nostsiieHuu
3nauenns $0000; ¢oarn OCF1A » OCF1B, ykasbiparoliye Ha COBMAACHHE CO-
CTOSHHSA CUeTHHKA U perucTpos cpasHenua A/B; duar [CFI, koTopeifi nokassl-
BAET iepeHoC (3aXBaT) COCTOAHMA cueTurKa B peructpe I[CR1;

* ICRI1 - perucTp 3axpara Bxoja (npu nosenenuu Ha Beisoge ICP ¢ponTta
BXO/JHOrO CUTHAJA, ONPEAENEHHOro Kak aKkTHBHBIH, TEKYIIEE COCTOAHUE CHET-
uMKa 6yIeT MepeHeceHo B 3TOT PEIHCTD),

= OCRI1A, OCR1B — perucTpn! cpaBHEHHS; X COAEPAMMOE MOCTOAHHO Cpas-
HUBAETCA ¢ COCTOSHMEM cueTurKka. B ciyuae coBMafeHUd BRIMOIHAKOTCA ASHCT-
BHA, onpeneneHyble peructpom TCCRIA.

C nomomupto TaiiMepa/cueturka T/C1 Moryt 6piTh peureHs! ropasio Oolee clox-
Hble 3a/laud, 4eM B CNyyae OTIMCAHHOrO paHee Tajimepa/cyerynka T/CO. 3mecs, kpoMe
perHcTpa 3aXBaTa, B pacnopsiXKeHHe Nolb30BaTeNs Takke MpeaocTapiseTcs oauH (B MO-
neav AT9082313) unu nea (MuxpoxoHTposmtepbl AT90S4414 u AT90S8515) Beixon-
HBIX perucTpa cpasHeHHs (A ¥ B).

ConepxHMoe BBIXOAHOIO PErMCTpa CPaBHEHHA NOCTOAHHO aNmapaTHO CPaBHHBAET-
¢l C COACPKUMBIM CUETHUHKA, W NPH COBMANCHHH aKTUBH3UPYIOTCA 3apaHee OmnpeaeneH-
Hble AEHCTBHE AN COOTBETCTBYIOLLETO BLIBOAA. KpoMe Toro, CyIiecTByeT BOIMOMXHOCTD
UCTIONL30BATL PETHCTP CpaBHEHHA A AnA pooca CHETYHKA MPH JOCTIDKEHHH UM HEKO-
TOpOro TpebyeMoro cocTosHUA.

C nomouneto perictpa cpasHeHus T/C1 MOXHO BbipaOaThIBaThL B4 BBIXOAHBIX CHI-
Hana, MOIY/TUPOBAHHLIX MO LUMPHHE UMMNYNbea. TIpi 3ToM MOXeT GBITh 3alporpaMMu-
poBaHa paspeluatomias crnocoSuocts 8, 9 unu 10 paspanos.

C nomouusio yHkiMY 3axBaTa Ha BXoie T/C1 nocpecTBOM 3aMyCKAIOILIETO BHEL-
HEro cHurHana Ha Beleoje ICP Tekyllee cocTosuue cuetunka T/C1 Moxker Guith “3amo-
poxxeno” B peructpe ICR1. AnbTepHaTtuBHo, ko Bxoay ICP B KauecTBe HCTOUHMKA 3a-
NycKa /AN perucTpa 3axsarta MOKET GbITh TaKxKe TIOACOSAMHEH aHANOroBhIN KoMmapa-
Top. Bonee noapo6uo 06 3ToM ckasaHo B rnase 9, “HMHTerpupoBaHHEI aHAIOTOBBIH
KoMnapartop”.

16-pa3psanelii Taiimep/cuetunk T/C1 B HopMansHOM criydae paboTaeT KaK CyMMH-
PYIOUHH cHETUHK, EAMHCTBEHHOE UCKITIOYEHHE — €ro MPHMEHEHHE B KAYECTBE IIMPOT-
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HO-UMIYJILCHOMO MOAYIATOPa, Korfa oH paboraeT Kak obpaTHbill M CyMMUpYIOLH
CUETHHK.

Kak Tonepko ¢ nomorero pazpanos CS10, CS11 1 CS12 B perucrpe ynpasneHus
TCCRIB (aapec $2E ofnacTh BBOga/BRIBOAA) ANs MyneTHIIEKcopa Mux1 Gyaer yera-
HossieH aapec, oTnuuHbli ot 0b000, Taiimep/cuerunk T/C1 npu noctynnenun Ha ero
BXOJ TAKTOBBLIX WMITYILCOB HAYMHAET YBEJAHYWBATHL Ha CRMHULLY colepiumoe 16-pas-
panHoro peructpa TCNTTL.

Koraa cocrosHue cuetyuka B peructpe TCNT1 menserca ¢ $FFFF na $0000, 8 pe-
ructpe TIFR (anpecy $38 oGnacth Bsoaa/BbiBoaa) yeranasnupaercs gar TOV1 nepe-
nonHenus T/Cl. Jina obpaboTkM nepenonHeHHs CHETYMKA Y NpPOTPaMMHUCTA €CTh JBE
BO3MOMKHOCTH.

» [locToanHelii onpoc gnara nepenondedds TOV 1 B uukne, Kak Toneko duiar ne-
penonuenus TOV 1 ycranosneH, Tpefyemuli MPOMENYTOK BpEMEHH HCTEK, U
BBINOMHEHHUE MPOrpaMMbl MOXKET ObITh Mpoaomkero. KoHeuno, nepen s3TumM
tnar TOV 1 gomxex Goith cHoBa ¢OpolueH MOCPeaCTBOM 3anicH or. 1.

= Korpa Oyaer ycraHosaes ¢aar [ ans rnoGansHOro paspelleHns NpepbiBaHuil
{pa3psn 7 e peructpe cocroaHut SREG no aapecy $3F obnacty Beoaa/sriBoaa),
a taroxe dnar TOIE1 ana paspewienns npepuisatuit T/C1 (paspga B peruerpe
TIMSK mo aapecy $39 obnactu BBona/BbIBOAA), TO B pe3y/ibTaTe Nepexona
cueTHoro peructpa TCNT1 uz cocrosuusg $FFFF B cocroguue $0000 Bcerna
Oynet npoucxoauts ripepsisanye T/C1 u3-3a yeranoskn dnara TOV1. B arom
cayuae hnar TOV1 Oyaer annapaTHO aBTOMATHYECKH BOIBPALLEH B MCXQIHOE
COCTOSIHHUE, e/ OyIeT BbINONHEH Mepexof no aapecy npepeiBanusa T/C1. He-
00Xx0AHMO NPUHHUMATL BO BHUMaHUE, YTO epHOJL OT BOSHHKHOBCHHS YCIIOBUS
npepbiBanusa TOV1 00 BHINMOMHEHUS NEPBO KOMAHAB! MOAMPOrpaMMel 0bpa-
HoTiH npepblBaHHA (KK U 151 BCEX MpephIBaHUH) COCTABISET MHHUMYM YeEThbI-
pe TAKTOBBIX LMKIA {COXPaHEHHE aApeEca BO3BPATA B CTEKE M OTHOCHTENbHIH
nepexon K noanporpaMme o0paboTky npepsiBadns). Ecnu B MOMEHT nocTyme-
HHsE 3aNpoca Ha NpepbIBaHHE BuITIOMHASTCH KOMaHa, AA8 KOTopo# Tpebyetcs
fonee OAHOTO TAKTOBOTO LMKIIA, TO B N0G0M cllydae oHa OYAET BBINOIHEHA 10
KOHL@. ITO BpeMs TaKxkKe AO/HKHO YUMTHIBATBCA TIPH OMpPENENneHHWH HAYATILHOTO
3Ha4enun ang peructpa TCNTI.

CuemmHbiii peaucmp TCNT1

16-paspsaaueiii cuetHeii pernetp TCNTI Tadimepa/cuetunka T/C1 pazneneH Ha jgra
Oafita. Mrmagwnit SafiT pacnonemiked B ofnacTu BBoAa/BEIBOAA no aapecy $2C (appec
$4C 8 RAM), a crapuuii 6aiitr — B 0bnacTu BBoga/BeIBOAA NO aapecy $2D (aapec $4D
8 RAM). O6a faiita OCTYNHBI I YTEHUS H 3aMUCH, ¥ MOC/ae TOCTYIUIEHHS CHrHana
cOpoca HHHUManU3MpyoTes 3HaqenremM $00.

Paspsa 15 14 13 12 i 10 9 8
$2D ($4D) [ MSB TCNTIH
$2C ($4C) LSB | TCNTIL

Paspsan 7 6 5 4 3 2 1 0
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Cuernsrii peructp TCNT1 — ato, cobeTenHo, 1 €CTh cueTdHK. [lo Tex nop, noka
Ha MyabTHRNEekcope Mux1 uepes ynpapasmomme Bxoast CS10...CS12 He Gynet ruiGpan
anpec 0b000, coaepKUMOE CUETUHKA C KDKABIM TAKTOBLIM HMITYJIbCOM YBE/IHHBACTCA
Ha eNHHHLLY.

Jlas Torg 4To6bI, HECMOTPA HA BHYTPEHHIOID 8-paspsHyio W#HY AaHHBIX, 0ba
GaiiTa OTHOBPEMEHHO MOTIIH ObITh 3arpy>KeHbi B 16-paspsaAHbIA CHETUHK, 1T JOCTYNA K
peructpy TCNT1 Mcnons3yercs BHYTPeHHHIT perseTp noa HazsaHHem TEMP.

» IIponecc 3anucu B perucrp TCNT1. ITpn uumipanuzauu perucrpa TCNTI
cHauana HeoOXO0RMMO 3anucaTh craplumii baiT no agpecy $2D obnactw sBoO-
na/seieoga. OaHako ator Bair nomagaer s peructp TCNT1H He cpa3y ke —
CHauana OH BHYTPEHHE COXpaHAeTcs B npomexxyTouHoM perictpe TEMP. [lo-
C/le 3TOrO NPOIrpaMMa Mo/b30BaTEIa 3anuckizaeT Muanmii 6aiT no aapecy $2C
obnacTH BBoma/BuIBOAA. DTOT BaiiT BHYTpeHHe 00neavHAeTcA ¢ DaiiToM, coxpa-
HeHHBIM B GydiepHoM peructpe, H 06a Galita 0AHOBPEMCHHO 3aNTHCHIBAIOTCA
B 16-paspaaHbId pErucTp.

« TIponecc urenns perncrpa TCNTL. Iipu urennn TCNTI chavana nomxen
GuiTh cuMTan maanmui Saitr no aapecy $2C obnactu Bosa/BRIBOA. [1pH 06-
pallleHHH K oToMy GaliTy ¢ Lebio YTeHHs Bo BenoMoraTenkHbli peructp TEMP
ABTOMATHYECKH 3AMHCHIBACTCS TAKKE H TEKYIIH crapiuni 6aliT Ang npomexy-
TOYHOrO XPaHeHUs JaHHBIX O COCTOSHRU cueTuHKa. [IpH nocneaytouteM nocry-
ne k peructpy TCNTIH ¢ uenbio yreHus po3spamiaercs ¥ 6aiT, 3amHcaHHbli 80
Bcriomorarensysiéf persctp TEMP ana npoMeskyToUHOro XpaHeHH.

rpaMm ARR Taikmepa/cuetumka T/C1 BozHWkNa cnepyiowas npobnema. B ycnoBuAxX NpakTUHecKoro
npuMeHeHWn (Kak GbiNo ONUCAHO Bhile) B MUKPOKSHTpONNepax cemeWcTea AVR BO BpeMAa OAHO-
BPEMEHHO| 3aNUCK (MNKW YTEHUA) 3HaYeHWH B 16-paspaHLIA PErucTp ¢ NOMOLLbID BCNOMOraTens-
Horo permctpa TEMP HenocpeaCTBeHHO nochne ewinofiHenws Kemakam out QCR1AH, r16, a
Taloke nepef 3annckio mnaglero Gairta AVR-Studio owmbouno oTabpaxaeT B okHe Timer1 aTo
3HaYeHWe Nocne sanucy crtapluerg BanTa.

\'/ Ha MOMEHT wagaduA 3TOW KHUrM Guin arryar[éu eninyck AVR-Studio 2.0, [ipw TecTrposanuu npo-

Pezucmp ynpaeneHus TCCR1A

Perncrp ynpasaenns TCCRIA raiimepa/cueruuka T/Cl naxoautcs B obnacTu
BBoga/BsiBofa 1o anpecy $2F (ampec $4F B RAM). Ilocne nocrynnenus curdana copo-
ca OH MHHLManu3upyeTca 3naueHHeM $00.

B monenax AT90S8515 u AT90S4414 ucnoar3yioTes Tonbko paspagel 01 u 4-7
perucrpa TCCRI1A (nocrynunl /uis YTeHus u 3anmcH). Paspsasl 2 ¥ 3 3ape3epeupoBaHsl
koMnaHned Atmel u qocTynHbI TOABKO AN YteHuA (Beeraa comepxkar Jor, 0).

B mukpoxonrponsepe AT9052313 ucnonszytorea Toneko paspanst 0, 1, 6 u 7 pe-
ructpa TCCRIA, nockonsky B 3TOH MoJenn Her koMnapaTtopa B. DTu pazpaam xoc-
TYRHBL [0l YTeHKA B 3anucH. Paspanel 2-5 3apesepBupoBasbl KoMiiauueil Atmel u aoc-
TYNHbI TONLKO ANA YTeHHA (Bceraa cofepxar nor. 0).

Pazpan 7 6 5 4 3 2 1 0
$2F ($4F) |COMIAI|[COMIAO|COMIBI |COMIBO| - § -~ | PWMIl |PWMI10| TCCRI1A
*) )
*) OrcyverByeT B Monenn ATI0S2313
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Pazpansl COM1A1 n COM1AO ju1s koMnapatopa A u, paBHbIM 06pa3om, pasps-
a1 COMIB1 u COMI1B0 ana koMnapatopa B onpemensior neiicTBHA Ha BBIBOJE
OCI1 A, nogYMHEHHOTO KOMIapaTopy A (M, COOTBETCTBEHHO, — Ha BhiBoue OC1B, noa-
YUHEHHOrC Komnaparopy B) mpu coBnaieHuH colepUMOro perucTpa CparRHEHH!S ¢ Co-
nepakumbiM cueTunka. B cnywae BeiBoga OCI1A peus uger o paspsge 5 nopra D
(AT90S8515 n AT90S4414) u, coorsercraenno, paspsaa 3 nopra B (AT90S2313). Hns
TOro ¥TOGBI MOMKHO ObLTO NPUMEHHTH ITOT BHIBG/] B Ka4eCTBE BbHIXOAA IR (YHKUMM
CpaBHeHMs, OH JIolkeH ObITb COOTBETCTBYIOIMM 00pa3oM CKOHGHIYPUPOBAH Mocpel-
CTBOM 73armucH Jior. 1 B pervcTpe HanparneHHsA Tepefaud AaHHBIX. Bo3MOXHbIe Ha-
cTpokiku mna pexkuma cpasHenus Comparel nokasanwl B TaGn. 4.3.
TaBnuua 4.3. BosmoxHele BapnanTbl 4nA paboTl B pexuvme cpasHeHua Compare

o (S iAo By e T A

OCI1A [OC1B] ¢ ratimepom/cyeryrkom T/C1 He caasaH
OC1A [OC1B] mepexnoueH B IpYroe COCTOAHHE
OC1A [OCI1B] yerauorieH B sor. 0

OC1A [OCIB] ycranosnen B nor. 1

— | — | o KRS

0
0
1
|

B cayyae aktupmzauuu pexkuma LUHM, pazspaael 4-7 & peructpe TCCRI1A umeror
3HAYEHHH, OTAWYHBIE OT YKka3zaurbIX B Taly. 4.3. Bonee nmoapobHO 3TO OCBEUICHO
g pazgene “TluporHo-umrynscHas Moayaauua’,

Pazpagel PWMI11 u PWMI10 aktasuzupyioT pexxkim THM u veraHasnusatoT paz-
pewatonyto cnocobuocts aas LHWMM (Tabn, 4.4).

Tabrnuua 4.4. Boamowmbie sapuanTel 40 paboTsl 8 pexume LLAM

Pexum 1LIHUM re akTinsen

T/C1 paboraer kak 8-paspaasbiil HHPOTHO-HMITYILCHBLLH MOAYJIATOD
T/C1 pabotaet kak 9-pazpaagplil MHPOTHO-HMITYILCHBIH MOAYNATOD
T/C1 paforaer kak 10-paspagHbiil IIHPOTHO-UMIOYNECHBIA MONYASTOP

0
0
1
1

—|e|—~|=

Peaucmp ynpaenerus TCCR1B

Peructp ynpapnenns TCCRIB raiimepa/cuerunka T/C1 pacnonoxeH no aapecy
$2E obmacti BBOAa/BLiBOAA (anpec $4E 8 RAM). IMocne noctyiuienus curtaia cbpoca
OH MHHUHaNU3HpyeTcs 3HaueHneM $00.

B muxpokoHTponnepoe Gasoreit cepun cemedictea AVR ucnonezyores Tonsko
pazpsaast 0-3 1 6, 7 perucrpa TCCRI1B (mocTynub! Ang uTeHMa W 3anuck). Paspaab 4 u
5 3ape3epBHPOBAHbI KOMMaHWel Atmel, W ZOCTYIHBI TOABKO AJIA YTEHMA (BCErda co-
aepxar sor. ().

Pazpan 7 6 5 4 3 2 1 0
$2E(34E) [ICNC1 [JICES1 [ — | - TJcrci [ csi2 [ ¢si1 | €S10 | TCCRIB

Kax yxe Setno nogpo6Ho onmucano 8 pazaene “IlpensaputensHhblii fenurens yacro-
Tl M CXeMa ynpasneHus Taiimepom”, paspaast CS10—-CS12 ucnonbiyiores ans suibopa
TaK¥OBOW YacToThl f1y TaliMepa/cuerurka T/CI1,
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Ecnu ycranosned paspan CTC1, to Talimep/cuetuuk T/C1 BosBpaiaeres 8 co-
crosHue $0000 mo umnynecy TAKTa CUCTEMHON CUHXPOHW3AUMH, CIEAYHOIEro fnocne
COBITAJEHHUS COAESPXKUMOrO cUeTUHKa M peructpa cpasHenus A. [lpu pabore B pexnme
LUMM stoT paspsag Ha mipouecc paboTel HUKAK He BIHAET.

Korpa npoucxoawt cBpoc T/C1 yepea pervetp cpasvedns OCR1A wnn HenocpescTBenue nocne

v sanucu B peructp TCNT1 anavenun $0000, To cosnapeque $0000 ¢ OCR1B We pacnoavaeTcs!
! OnHako, koraa sHadeHue $0000 jocTuraeTca nocpeAcTBOM OBbIMHOIC NEpexoaa CHeTHNsa U3 co-
cronHus 3FFFF B cocroanne $0000, coBnageHue ByaeT pacnosHaHo kak koppekTHoe. Ana niwboro

aHaveruns, He pasHoro $0000, coBnafeHvie copepxuMoro pernctpa cpasherna OCR1B ¢ cocros-
HUEeM CHETHUKA BCEraa pacno3HaeTca KopPeKTHo.

mamm Ans Talmepa/cuetduka T/C1 B Hel BoaHMKNa chregyowan npoBnema. B cnydae cpasHenun
c coaep¥umblM peructpa OCR1A, cfpoc Taimepa/cHeTINKa NPOMCXOAMT RO TAKTOBOMY WMMIYNbCY
GUCTEMHON CHHXPOHU3ALUNK, KOTOPLIA CNeayeT Nocne yCcnewHoro cpaeHeHus (puc. 4.5). Mpu mope-
NYPOBAHKUM NPOLECCE BLINONHEHWA NPOrpaMmel ¢ nomollbie AVR-Studio copoc owmboyHo otobpa-
BT B T T K T O T e seereseeessseeesreseessses o srsmssne e s et e

s JINAAAANATY LML

W 'Ha MOMEHT W3AaHUA STOM KHMTM Gkina akTyankHa sepcks AVR-Studio 2.0. Mpw TeCTUPORAHM npe-

=i

FeansHoe CoCToAHNE
cMETHMKE THC

B

Coctoprue cueTunka  10112134/0112341011:2340112
fC1 e AVR.Studio EEEREE : i

Puc. 4.5. Cocrosnue cdeTumka T/C1 peansHoe u B AVR-Studio 2.0 (HenpaeunbHo!), koraa pernctp OCR1A
nonyyaer gHadeHne $0005 W He SbiNG BLINONHEHO NPeABAPUTENEHOE AENEHHE BXOAHSTO Takra

B peanbhbix muxpokoutponnepax AT90S88515 ang ofgHOrO Nepuoa TAKTA CHETEM-
HOi CHHXPOHHZALUKM HACTYTIAET COCTOSHUE CUETHUHKA, KOTOPOE COOTBETCTBYET Coaep-
KMMOMY perucTpa cpaBHeHus. C noMoLusio cleIyroero TAKTOROTO HMITYNIbCa NPoH3-
BoanTca ¢bpoc cuerynka B $0000. Mrak, ecnu nepuon cueTymKa HOMUKSH COCTOATh W3
“n” NepuonoB TAKTOBOM 4acTOTHl fri, TO 3HaueHWe cpaBHeHHs B peructpe OCRIA
NOMKHO ObiTk #—1, koraa ana T/Cl npuMeHseTcd TakT CHCTEMHON CHHXPOHH3aLhK Ge3
NpEeBAPHTENBHOTO Jef1ennd (cM. puc. 4.5), W “r”, xoroa ana T/C1 npumenseTes TakT ¢
NpeRBapHTENbHBIM AclicHHeM (puc. 4.6).

ITpy TecTupoBaHHH TporpamMM It MHKpoKOHTponnepoR AT90S8515 wu
AT9054414 8 AVR-Studio seiBon ICP moaemupyetca yepes PD4 (pa3pan 4 nopra D), a
sb1Bog OCIB — PD6 (paspsaa 6 nopta D). TToprsl n0/kHbL ObITH COOTBETCTBYIOMNM
o0pa3oM yCTaHOBJIEHBI B PECMCTPE HAMNpAaBIEHUA NepeJaun AaHHbIX.

C nomomsto paszpsga ICESI perucrpa TCCR1B nmocpeactsoM ABOWHOFO MYIbTH-
rexcopa Mux2 (cm. puc. 4.7) onpefesisercs, kakum obpa3oM A0MKHA OCYILECTBNATHCA
nepefaud COCTOAHMA CUETHHKA B PETHCTP 3aXBAaTa Ha BXOJE: HAPACTAIOILIMM (POHTOM H,
COOTBETCTBEHHO, CEAYIOLIHMH APYT 3a APYTOM BHICOKHMH YPOBHAMH BXOIHOTO CHIHA-
na (ICES1=1) nnu Hucnagalomum GpPoHTOM W, COOTBETCTBEHHO, YETHIPbMS MOC/IEN0BA-
TEJbHBIMH BXOAHBIMH CHTHANaMM HU3KOTO Ypoeusa (ICES1=0).
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T

CHHXDGHU3ALMK P

|
=f. LY. T _I

TaKT CHCTEMHOH _"J

;

‘PeansHos cacTospme |
cqeTuMKa THCH

COCTORHH® CYeTUYNKE
TiC1 B AVR-Studio

Puc. 4.6. Cocroanusa cHem™unka T/C1 peaneHoe u B8 AVR-Studio 2.0 (HenpasuneHo!), korga peractp OCR1A
nonyyaeT 3HadeHue $0003 a BXOAHON TAKT NpeABapUTENbHO pa3aeneH Ha 8

Paspan ICNC1 (Input Capture Noise Canceller) onpeaenger nocpeacTBoM MyJIbTHII-
nexcopa Mux3 (cm. puc. 4.7), nomuno i 6bITE aKTHBUZNPOBAHO MOJABNEHHE NoMeX. Ec-
an ICNC1 = qor. 0, To noaaBineHHe NOMeX OTKIIIOYEHO, W COAEMKHMOE CHETUHKA TIEPEHO-
cutes 8 perucrp ICR1 no creayrinemy poHTy Ha BRiXose X MyasTunaekcopa Mux]
(cM. pyc. 4.7), onpeaeneHHOro Kak akTHBHBIA ¢ moMoilbio paspana ICES].

Ecnu ICNC1 = gor. |, To nojiasfedne noMex g (pyHKIMH 3aXBATA Ha BXO/E aK-
THsHa. [[1% NonaBneHMs KpaTKOBPEMEHHBIX MMITYTTLCOB NMOMEX, KOTOPbIE MOTYT PHBECTH
K OIIHWDOYHOMY 3anycKy, BXOAHOH CHIHAN 30HAMpPYETCA Ha NPOTHKEHHH YEThIPEX NepHo-
JIOB TaKTa CHCTEMHOH CHHXpoHW3aUMH. ToAbKO nocne Toro kak OYIyT pacno3HaHbl YeTkl-
pe MOCAEN0BATENLHBIX HH3KHX WK BBICOKMX YPOBHEH BXOJHOTO CUTHANA, YTO OBpEnens-
erca paspaaoM ICES], npy akTHBHOM TogaBneHWH moMex OyIeT 3amyineHa 3aruch re-
KYIUEro COCTOAHMA CueTyrka B perucrp ICR1. Cxema monasneHus nomex u BhiGopa
thpOHTOB 4151 (PYHKIMH 3aXBaTa HA BXOAE CXEMATHYECKH TT0Ka3aHa Ha puc. 4.7,

C nomouusio paspana ACIC e perucrpe ynpasnenus U coctosnns ACSR ananoro-
BOrO KOMIapaTopa NocpeAcTBOM MynbTHINekcopa Mux]1 {cMm. puc. 4.7) onpemensercs,
noibked 1 BxoaHo# BeIBoA ICP nnu ananoroswiii komnaparop paSortaTs B KayecTse He-
TOMHHKA U1 QYHKLMH 3aXBaTa Ha BXoje. BeixoaHol curnan X myasrunnexcopa Mux|
ONpALIHBAETCA OHAM H3 PETHCTPOB CMCLUEHHS, COCTOALLErO M3 deThipex D-Tpurrepos.
Beixon Y sewmis “HE-MJIM” nepexoawT B cocrosnme sior. 1, Koraa Ha npoTsSkenun
4eThIpEX TIEPUOMOB CHCTEMHOIO TAKTA HA BXOAe pacnozBaeTcsa hor. 0. AHajlornuso,
BbiX0OA Z Bentnan “NU” nepexoaut B coctosnme nor, 1, KOraa Ha MPOTHKEHHH HETHIpEX
NepUO/IOB CUCTEMHOIO TaKTa Ha Bxone pacnosHaeTes nor. |. [IpHHuun nogasnenus He-
CKONMBKHX HUMIYJILCOB NOMEX HA OCHOBAHWHW CHUrHaNa X ua BBIXOAE MYJILTHIIICKCOpA
Mux1 noxazau Ha puc. 4.8,

Beixon Y senruns “HE-HJIM” B TakoMm chyuae NepexoauT B COCTOSHME JOT. |
TONBKO TOTAA, KOrAa Pacno3HAKTCA HEThIPE [10CIIEAOBATENBHBIX YpoBHs nor. 0 curHana
X. TeM cambiM BLITONHACTCH YCIOBHE 3aXBATA, [OCKOJIBKY BHINONHSETCA PABCHCTBO
ICNC1 = nor. 1 u ICESIT = sor. 0,

Beixon Z sentuns “H” nepexoawt B coctostume nor. 1 Tonbko Toraa, koraa GyayTr
Pacno3HaHBL UeThIPE NMOCAS0BATENLHBIX YpORHS NOT. | curuana X. Tem caMbiM BbINOA-

HACTCS yCIIOBHE 3axXBaTa, MOCKONLKY BeIMOIHAETcs paBeHcTBo ICNCI1 = nor, 1 u
ICES] = nor. 0.
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TaKkT cUCTeMHOR CHHXPOHKIaUM
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Puc. 4.7. Cxema nogasneHun noMex n seibopa diponTa curdana AnA thyHKUWK 3axsaTa no excay T/C1

TaKT CHCTEM-
HOM CHHXPOHW-
saLy &
Batxop,

Muxt (X3

|

:

Q1

Q2

]

Q3

J
at | |

ML _
AT (1) /.F
= ~ =

JaxsaTr

Puc. 4.8, MpuHumn geicTena cxeMel NojaBneHua nomex Taimepa/cuetiuka T/C1
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Pezaucmp saxeama no exody ICR1

16-pa3pﬂ,uﬂb[ﬁ perncTp 3axBata no exony ICR! pazaenen wa asa 6atita; ICRIL u
ICR1H. Mnaawmii 6aiiT pacronoxen B oGnacTy BBoJa/BbiBoja 1o aapecy 324 (uau no
anpecy $44 8 RAM). Crapuunii Gaiit pacnonodkeH B 001acTH BBOAA/BRIBO/IA 110 AApeECY
$25 (nnm no agpecy $45 B RAM). Ofa GafiTa [oCTYNHBEI TONBKO /I8 YTEHHA H MOC/e
NOCTYMAEHWs CHrHana cGpoca MHHUKMaTW3upytoTes sHauenueM $00.

Pazpan 15 14 13 12 1 10 9 8
$25(%$45) | MSB ICRIH
$24 ($44) LSB | ICRIL
Pazpsz 7 6 5 4 3 2 1 0

Kak TonbKo Ha BrIXOAe X MmyiabTHiiaekcopa Muxl {em. puc. 4.3.4) GyaeT oGHapy-
KeH HapacTalowmui WK Hucnafawiunil ¢poHT curHana (B 3aBHCHUMOCTH OT paspssa
ICES] perncrpa TCCRIB), To B pervetp ICR1 SyaeT nepeHeceHo Tekyllee 3HAYEHHE
peructpa TCNT1. OanospemenHo ¢ 5Tum, Ans MHAMKaLK nepeaaqn B peructpe TIFR
Oyaer yeraHoeneH daar 3axeara Ha Bxoje ICF1.

Ans Toro 4ToOBl, HECMOTPA HA BHYTPEHHIOW 8-pazpsaiHylO WIHHY, MOXHO OBINO
CYMTATh OAAHOBpEMeHHO 00a Gaiita 16-paspanHoro perucrpa ICR1, ang poctyna k Hemy
HCnonk3yeTes BHyTpennnit peruetp TEMP.

ITpu utenun perucrpa ICR1 cHauana HeobxomumMo cunTtaTs Maamwni dait ICRIL
no aapecy $24 obnactn esoga/Brisoga. [lpu obpalteHuy k aTomy OalTy B NMpoMexy-
TOYHYE MamMATh aRTOMATHYECKH BROAUTCA Tatoke M cTapiui Gaiit ICRTH u3 senomo-
ratensioro peructpa TEMP. Tlpu nocnemytowem obpamenun k ICR1H 6aidit, nmome-
wweHABH B OydepHyo namaTh Beromorarensroro peructpa TEMP, Bozepamaercs of-
paTHo.

Pezucmpbi cpasHeHus Ha aeixo0e QCR1A u OCR1B

Ofa 16-paspsannbix perucTpa cpasHenus Ha bbixoge OCR1A u OCRIB Taiime-
pa‘cueruynka T/C1 paznmenensl Ha ara Gaidita. Mnanwuii 6adiT peructpa OCRIA pacno-
foXkeH B OONACTH BBOAA/BLIBOAA IO aapecy $2A (unu no agpecy $4A 8 RAM), a ctap-
it Balit — B obnacTy sBoma/BrIBOAA No aapecy $2B (unu no appecy $4B B RAM).
Mnamuuii 6alit perucrpa OCR1B pacnonoxet B ofracTd BBOJa/BBIBOJA 1O agpecy
$28 (unu o anpecy $48 8 RAM), a crapuiuii 6aliT — B 001acTH BBOJA/BLIBOAA MO afl-
pecy $29 (unu no anpecy $49 B RAM). O6a Galita A0CTYIIHB! TONBKO IS YTEHUS U MO~
crie NOCTYNNeHus curaana copoca nHULMaTu3upytoTed 3HavesreM $00.

Pazpan 15 14 13 12 11 10 9 8
$2B (34B) | MSB OCRIAH
52A (34A) LSB | OCRIAL
Paspsan 7 6 5 4 3 2 1 0
Paspsan 15 14 13 12 11 10 9 3
$29 ($49) | MSB OCRI1BH
$28 (348) LSB | OCRIBL
Paspan 7 6 5 4 3 2 1 0

8 —5-2384
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Jlna Toro 4TO6RI, HECMOTpPSA Ha BHYTPEHHIOW $-paspsafHyiO IUMHY, B |6-paspaauslit
peructp OCR1 mMoxHO GbIIO 3arpy3HTh OAHOBpeMenHO o0a GaifTa, ucnons3yeTcs BHyT-
pexHuit peructp TEMP.

Buauane s persictp OCR1AH/ OCR1BH aonkex GbITh 3anHcan cTapluuii fafit, Ho
HE HANPAMYIO, 2 BO BCItoMoraTebHelil peructp TEMP ans npoMesxyTOYHOro XpaHeHus.
Benen 2a 5TMM NONb30BaTEnbcKas nporpamMma sanuceieaer B pernetp OCRIAL/
OCRIBL wmnaatuuii GaiiT, xoTopslii BHyTpeHHe obbeauHsercs ¢ OaliTom B perucrpe
TEMP, nocae yero ofa Galita napannensHo 3anHCceIRAOTCE B 16-pazpaanIi pervcTy.

Talimep/cuemyur T/C1 Kak WupomHo-uMIyisCHeIl MOOYIISMop

Korna peructp ynpasaenus TCCRI1A onpeaenser pabory TaimMepa/cuetunka T/C1
B KOH(GMIypaUlH IMHPOTHO-UMITYJIBCHOTO MOAYJIATOpa, TO B MHKPOKOHTPORIEpax
AT9084414 u AT90S8515 peructpel OCRI1A n OCRIB, a Tarxe pernctp TCNT1 06-
PasytoT ABYXKaHANBHLIA, HECHHXPOHWIUPOBAHHLIH, CBOOOAHBIH OT UMIYABCHBIX [TOMEX
W CUHXPOHHBIH MO ¢a3e LHPOTHO-UMITYNLCHBIA MOIYIATOP ¢ MporpaMMupyemol pas-
pewaroweit cnocobxoctero 8, 9 uan 10 paspanos. Cardan ¢ LIHMM noctynaer kak Ha
srisog OC1A (BiBoA 15), Taxk H Ha BeiBog OCI1B (BeiBoa 29). B mukpokonTponiepe
AT9082313 ¢ seeomom OC1A (BoiBon 15) ¢BAzaH TOABKO OIWH KaHaJl.

Tatimep/cuerunk T/C1 paGoTaeT B 3TOM peskUMe Kak CyMMHPYIOIIHHA ¥ BbIYHTAKO-
UM CHETYHK, OCYLUCCTRAAA LMKIMUeckue ttepexoipl or $0000 k makcumansHOMY 3Ha-
yenuio TOP, u 3ateM cHoBa Bo3epauwasics kK $0000. [Ipu sanporpammuposantoit paz-
pemarolet cnocobuoctr LHHM B N pazpagos 3nauenne TOP paccunthiBagTed Kak

TOP=2%—1,
Yacrota figym, © KoTopo#t noeroparoTes uukiel LM, Berunciaserces o ¢opmyne:
fown = frcr / (2N+I -12),

OpHyeM 4vacToTa TaliMepa/cuetuMka fro Beibupaercs ¢ momowpio paspasos CS10-
CS12 perucrpa TCCRIB, u pazpeuraroumag cnocoSHOCTE N — © NOMOLILKY paspsnor
PWMI0 u PWMI1! perucrtpa TCCR1A. CooTEeTCTBYIOILME B3aMMOCBA3NA MOKA3AHbI
B Tabun. 4.5.

CMMOCTM OT paspeluaiowei cnocobrocTtn LWAM

................ \ 3 -"""! | ™ ‘ﬁé,, 7 P
0 1 8 paspsnoB $00FF (255) £00/ 510
1 0 9 paspaios $O1FF (511) £, / 1022
1 1 10 paspanos SO3FF (1023) Frie / 2046

Korma coctosHue cuetyuka B perucrpe TCNT1 conamaer co 3nHauenuem 10
Mnaammx paspsaaos perracrpa OCRIA/QOCRIB, 1o, B 3aBUCHMOCTH OT COCTOAHHA paz-
pagop  COMIAI/COMIAO wnu COMIB1/ComIB0 peructpa TCCRIA, ewiBox
OC1A/OC1B nocneylHM TaKTOBEIM HMNYILCOM YCTAHABIMBAETCA WU cOpackiBa-
erca. COOTBETCTBYHOIIHE B3AHMOCBA3H MOKazaust B Tabn. 4.6.

B cmyyae HeHHBEPTHPYIOLLErO MIHPOTHO-UMITYIECHOTO MOAYNATOPA, KO3 hHIHEHT
3aTONHEHHA g NPAMOYIONEHOTO CHIHANA Ha BeixoaHoM BriBoae ¢ [HHM cooreercTByeT
3uauenunio n / (ZN ~ 1), rae n — 3nauenne B cooTReTcTBYOUleM pernctpe OCR, a N —
pazpewatoitias cnocobHocts LIMM B paspsanax (puc. 4.9).
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Taﬁnuu,a 4.6. BO3MOMHOCTH BbIGOpa ans pe»mma cpaanennn Compare1 npu paﬁore UJI/IM

Pemm*p OC l A [OC lﬂB] He CBA3AH C TaﬁMepOM/CL{IETLIHKOM T/Cl

Pernctp OC1 A [OCI1B] ne cBazad ¢ taliMmepoM/cuetuuxom T/C]
HeunHsepTupyomuil IHpOTHO-HMIYABCHBIA MoayaaTop. B cny-
yae COOTBETCTBHA, TIPU CYMMUPYIOLIEM [TOACYETE Ha BLIBOAE
QCI1A [OCI1B] ycraHasnusaetes nor. 0, a Npi NOACUETE ¢ BEIUM-
TaHHEM —- Jor. |

1 1 HHBepTHPYIOWRI IWHPOTHO-UMNYALCHBIH MoaynaTop. B ciyyae
COOTBETCTBMA, MPH CYMMHUPYIOWEM nojcueTe Ha Beigofe OCIA
[OC1B] yeTtanapnupaercs gor. 1, a MpY NOACUETE ¢ BBIMHTAHY-

em — jqor.
U
Uk 7
UL
ty b Mepuog T =th+ tL
KostdpulymenT sanorirera g =ty / T
. T Cpenree Uay = (U xty + Upxty)/ T

Puc. 4.9. Onpeapenenue nepuoga T, koachcuumeHTa 3anonqaHua g v cpesxero apudimetudeckoro Uay npa-
MOYTONbHBIX AMNYNIBCOB HanpAxeHWA U

Ecmu pernctp cpasHenus OCRIA/OCRIB conepxut 3navenne TOP unm 0, To Ha
COOTBETCTBYIOLIEM BBIBOAE, B COOTBETCTBHHM ¢ TIpAaBHIaMM, TMPEJICTABIEHHBIMH
B Tabn. 4.7, NOCTOSHHO NOAISPIKHBAIOTCA YPOBEHE Jior. () v j1or., L.

Tabnuia 4.7. Beinoa, LWMM ans ocobeix cnyvaes OCR1A[B] = TOP unu OCR1A{B] =0

1 0 0 0
1 0 TOP 1
I 1 0 i
1 1 TOP 0

Ha puc. 4.10. va npumepe uxTusHoit 3-xpaspaano# IIMM nokazano ¢gopmupo-
BAHUE HEHHBEPTUPOBAHHOIO ¥ MHBEPTHPOBaHHoOrO BeixoaHoro IITHM-curuana ans eot-
xona OCIB.

Ha amarpamme A rfokazaH npHMepHbIH BUI CTYNEHYATOrO CHIHala, COOTBETCT-
Byfoluuii coctoauuo cuyetunka TCNTI, na anarpaMMe B — HenHBepTHpORAHHLIH, 2 Ha
Anarpamme C — WHBEPTHPOBAHHLII BEIXOIHOH CHTHAT.

MpopcmxurensHocTs nepuoda Trwy B 3TOM C/lyyae BBIMUCIACTCH B COOTBETCTBHM
C PaccMOTPEHHBIM Bblllle ypasHenueM Tpww = Trcr - (2N = 2). Takum obpazoM, apu

]*
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N = 3 nmepvoxn 1IIUM-curnana coctouT u3 14 mepuonos TakToBOro curuana fre; Ha
pxone TCNTI.
CocTogHe

CHATYIKE
TONT1

T —————

A JHavenne 8 OCR1B

' tefre
IUM-BrBOg H H

CC® comisoso !
BlIcorma :
ypoBEHs

Huiarui e ——
WOEHE0 412345678910 15 20 L 25
I M-BRIBOS : I
cC1B COM1BO=1 | :

Buicoxui
YDOBEHE

Cc

Rt

VoESHE 01 2 34 5 6 7 B 910 15 20 25

tx frc

Puc. 4.10. Cnocob $opMUpOBAHHA HEMHBELTUPOBAHHDIX W WHBEPTUPOBAHHBIX BoIXOAHLIX LUWM-curHanos

B nannom npumepe peructp cpasHennss OCR1B conepkuT 3HaueHue 5. B peruct-
pe TCNTI, yunTeisas ToT (aKT, 4TO €ro HCXOAHOE 3HaYeHHe parHo (), 3HadeHue 5 no-
AIBIAETCA TMOCNE MATH TAKTOBEIX HMITYNILCOB. Ha cnenytomeM TakToBOM HMITYJbCe, 1TO-
CN¢ pacno3naus COBMAACHUS, B COOTBETCTBHY C Tabn. 4.6 Ha Beiroge OC1B ycraunas-
nveaetca yposeHs Jior. ( (em. puc. 4.10, B).

Pervctp TCNT1 unkpeMeHTHpYETCA Oanee [0 TeX [OP, NoKa He OyaeT JOCTHIHYTO
3nayeHue TOP, koTopoe npu Tpexpaspagnoii LLHIMM cocrasnsier 7. Kak TonMbKO 10CTHI-
HyTo 3Ha4eHHe TOP, HanpaBnenue cueta MeHseTcd Ha 00paTHOE, U PErucTp BLINIOJHIET
BulunTaHue. [locie AEBATOroO TaKTOBOTO HMITYNbCA, HAUHHASA OT CTAPTOROTO 3HaUYeHus (0,
coaepxumoe peruetpa TCNT1 ongre coBnanaer ¢ cogepxumMeiM peructpa OCRIB. Ha
CAENyIOLIEM TaKTOBOM HMIyibce Ha Bhixone OCIRB, B coorsercTenm ¢ rabn. 4.6, ycra-
HaBJIHBAETCA YPOBEHE JoT. 1.

Peructp TCNT1 nekpementupyercs najiee IO TeX NMop, TIOKa ONAThH He OyaeT aoc-
THIHYTO 3HadeHHe (. 3To MPOHUCXOAMT moche B oblel CI0KHOCTH YeTHIPHAALATH TaK-
TOBBIX WMIY/IbCOB, CHHTAs OT HauambHOro 3HavcHus 0. Takum ofpasoM 3aBepliaercs
nepuoa [IMM-curnana, HanpaeneHHe c4eTa BHOBb MeHAeTcs Ha OOPaTHOE H PErucTp
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TCNT1 onarb suiroaHger caoxkedne. Kak sugHe Ha puc, 4.10 (B), “sricokas” cocras-
JIAKONIA% BBIXOIHOIO CHUTHAA COCTABNAET 6 TaKTOBBIX NEPHOROB, a “HH3Kans” — 4. Ta-
kUM oBpasom, xoadipunrenT 3anonHenua g = 6/10 win g = 3/5.

Ananorsuso, auarpamMma C na puc. 4.10 noxaseiBaeT COOTHOMICHHS /I HHEEPTH-
posannoro eeixognoro IIMM-currana B cooteercTenu ¢ Tabn. 4.6, Kak yxe ynomuna-
nochk B Hadane atoro painena, LIMM-curwan, cdopMuposaHuelil ¢ noMoteie TadMme-
pa/cuetynka T/C1, CHHXpOHHBIA Mo (a3e, UTO NPEJOTBPAILAET MOSBAEHUE HEOTpENe-
NEHHBIX BLIXOAHBIX CHTHAIOB MPH H3MEHEHHU COLEPKHMMOI0 PETHCTPA CPaBHEHHA. JTO
JIOCTUraeTCs MOCPSIACTROM TOTO, YTO [JECATh MIAALIMX pa3psAnce npx obpalleHuy K
OCRI1A/OCRIB g7 3anmucH nonanaloT B PErHCTP HE cpa3y ke, a BHaYasle BPEMEHHO
coxpanstoTea & Oydepe, H 3aTUCHIBAIOTCA B PETHCTP TOMBKO MPU AOCTIDKEHHH CUETUH-
koM cocTogHud TOP, CoovsercTBYOMMA NpHMep ANS HEWHBEPTHPOBAHHOTC BBIXOAHO-
ro IITMM-currana nokazax Ha puc. 4.11.

TCNT1 3HaueHne  Masmexenue
Tewm = B OCR1B 3HAYEHUR CPABHEHWA
TOP
0+~ z
Q. f tx frcs
OCIB | ; :
Bricormi ;
¥pGERHL ]
Heyakuti h ¢
YpOBEHE |
0
tefric

Puc. 4.11. CUHXPOHU3MPOBAHHOE U3MEHEBHWVE COAEPUMOro perucTpa cpasHeHua CCR1B

B nporusononoxHocTe 3roMy, HA puc. 4.12 nokazaH runereTuueckuil cnydaii
ACHHXPOHHOrO M3MEHEHUS COAEPAUMOro PerucTpa cpaBHeHHA. Brlcokui mMnyn:nc,
creayoinyii nocne vaMenedHs BuixopHOoro [IHMM-curnana, umeer HeolpeaencHHyO
IHHY (ToKa3aH B BHAE 3aliTPHXOBaHHOH obnactH).

TCNTH 3xaveHne WameHeHue
F— Tpwnm — s OCR1B 3HAYEHWA CPABHEHNS
TOP (//\\\
0+ 3
Q tx 1
OC1B
Brcokui | | —
yposern
Huakwh l_
YpoReHy g
tx frcq

Puc, 4.12, ACUHXPOHHOE U3MEHEHWE COLEPXUMOro perucrpa cpasHenus OCR1B

B pexxume MM yctanapmusaertca quiar nepenonsenus TOV 1, ecnu cuertuk npu
AOCTHKEHMN cocTOsHUS ( MEHAET HampasieHue cueTa Ha obparnoe. 1o NMpepbiBaHHe
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no T/C1 npu neperofHEHHH, KaK M IPH HOPMAbHOH paboTe B pekUMe CUETYHKA, BbI-
3pIBAETCA B TOM Cliyyae, €CAM YCTaHoBaeH ¢utar ofulero paspelueHys npepebibaHui |
g peruetpe coctosnud SREG, a Take dnar TOIE] B peructpe TIMSK. B cootseTet-
BHM C 3TWUM, Npepbisanus rnpu cosrafenyu peructpos TCNT1 u OCRIA/OCRIB Bbi-
3pIBAlOTCA TOrRa, korda B perdctpe TIMSK ycranosneH dnar ofllero paspewexus
nipepsisanuit u duiar OCIEIA/OCIELB.

i

O6nacmu npumereHus matimepa/cuemyvuka T/C1

Taiimep/cuerunk T/C] npexpacHo MOAXOAHT A HUKCAUHH H H3MEPEHHS OTPE3KOB
BPEMEHH, a TAKXe ANA BblAAYH TOYHLIX 4yactToT CNEeA0BAHKA H NITUTENBHOCTEN UMITYTb-
cos. [pu pabore B pexxnme LLIMM ¢ nomompto T/C1 MOkHO peanu3oBaTh FeHepaTop
UMITYIBLCOB APAMOYTOIBHON (POPMEI ¢ HACTPAHBAEMBIM COOTHOLUIEHHEM ANUTENLHOCTH
MMITYSIbCa M Tay3bl. [IpH He civuikoM Gonbuinx TpeGOBaHMAX K CKOPOCTH Taiimep/
CUETHHK MOJKHO C YCIIEXOM TPUMEHSTH B KQ4ECTRE NPOCTOro UM(po-aHaJIOroBOrQ npe-
obpazogatens, [lad 3Toll uenu B npocTeillieM ¢yuae A0CTATOYHO PAasMeCTHThL Ha Bbl-
XOAE UIMPOTHO-UMIYNLCHOTO MOAYIATOPA MACCHBHBIA TIPOXOMHOH dMILTP HUXKHMX
yacrot (puc. 4.13).

R U
QC1A { - El__l Q DiA

Puc. 4.13. MpocToi hrNbTD HWKHWUX YACTOT ANS NPUMEHEHNA TalMepa/cueTHaka B Ka4ecTee
yMbpo-aHanoroscro npeobpascearens npu padore s pexume LM

3navenns Benuund R u C eoibuparor Taknm oGpazom, 4TOOB! X [TOCTOAHHAA Bpe-
menyu T = R + C Obina 3ameTHO Gonblie MPOLOAKUTENLHOCTH NepHoAa vacToTel 1IMM
AN TOro, ytoObl B 3HAYMTEIBHONH CTENneHu [OJABHTL OCHOBHYH IAPMOHHKY W Mocne-
AYIOLIHE TApMOHHUYECKHE COCTABNAIOLIME, NOJYHYEHHbIE B COCTaBe MPAMOYTOILHOMO
curHana. Onxako BeIOHpaTL GONBIIYIO NOCTOAHHYKO BpEMEHH TakkKe He cledyeT, No-
CKOMBKY 3TO MPUBOAUT K YBENTMUSHHIO IIepHOa NMEPEXOAHbIX NPOUECCOB A0 YCTAHOBKH
3aJaHHOH BRIXOAHOH BenvyuHL!. Ha npakTuke BpIOUpaoT 1 = Ty - (10...1000).

bonemodl TOUHOCTH OT LMQPO-AHATOTOBOrO NpeodpasoBaTens, MOKA3AHHOTO Ha
puc. 4.13, 0XKMIATb, KOHEUHO K€, HE MPUXOAUTCH. ITO 00YCNOBIICHO BeNMYHHON A0-
NYCTHMOTO OTKJIOHEHUS BBIXOAHOTO Hanps:keHHA Ha suiBoge OClA. B atom cnyuae
peub uaeT o uMhPoOBOM curnane, a HanpsxeHne Uocia HE IOCTHTAET HU ypoBHs pabo-
4ero HanpameHua Ve, HM 3Hadenus 0 B, B cBasu ¢ tem, uto Uge) 4 32BUCHT OT CBOWCTB
MaTepuasa, TeMIEpaTypbl H HarPY3KH, €ro 3Ha4eHHe MOXKET HAXOOHTHCH B OTHOCHTENb-
HO 60JIBIIOM JIMaNa3oHe. 3TO MON0KEHHE MOKHO HCIIPABUTH TONBKO ¢ TIOMOLLBIO CXe-
Mbl, NOka3aHHOH Ha puc. 4.14. B uelt Beixoanoe nanpaxkenve 11IMM He ncnonbiyercs
B Ka4eCTBE OMOPHOrO INia UMpO-aHanorosoro npeoGpaszoBatens, a MOCPEICTEOM
KMOTI-nepexmonarens (nanpumep, CD4053) nepewmouaeTca Mexay craGHIBHBIM
OMOPHBIM HANPAMKEHHEM U YHCTOH “3emnieii”. [lpenenbHas yactora 3 ab ¢iibTpa HiK-

HUX 4acTOT, NoKasaHHOro Ha puc. 4.14, cacraeaser f, = 1/2aR,C. Ona pomkHa Haxo-
AuThCA B quanazoHe finyy / (10...1000),
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YeuneHue cxembl QHABTPA HWKHHX YacTOT ¢cocTaBageT A = — Ry ooy, / Ry OHo o1-
pUUATENIbHOE, TIOCKONBKY OCHOBBIBACTCA HA WHBEPTHPYIOUIEH CXEME ONEPAaLHOHHOTO
yeuautens, [To Tod npuuupe, A1 JOCTHXEHMs TIOJIOKHTEABHOTO BBIXOIHOTO 3Haue-
HHA HaTpmkeHna HHdpo-aHanorosoro npeodpasosarend, KMOII-nepexmosarens noa-
knouaioT Mexay 0 B ¥ oTpHuaTenbHBIM ONOPHBIM HanpmxeHHeM. bnaroaaps ucnons-
30BAHHMIC OTIEPAIMOHHOIO YCHIMTENA, CXeMa B 3HAYMTCNBHON CTENEHH HE3aBHCUMa OT
Harpyski. BHytpentee conpoturiaenne KMOI-nepexniouarens BrIOYeHO rocienora-
TeabHO ¢ R, W ydacTBYeT B ycuneHun. OOBIMHO ero 3HaueHHe HaXOauTCsd B mpenefax
60100 Om. B cBaszu c 3TUM, CONPOTHRIEHUE R, pasgeneHo Ha Jise HacTH K COCTOHT U3
nocnenoBaTeNbHOre TpuMmepa R,, 1 nocrosnnoro conporuenenus Ry, € nomoursio
R:, B onpe/iesieHHBIX Mpefiefiax MOXHO KOMIEHCHPOBATb CONMPOTHBIIEHYE Iepeiioya-
Tess ¥ KannbpoBaTh I0TYCTHMbIC OTKIOHEHHA ONopHOro Hanpsaxernd. ConporHsieHue
Ry, K8k npasuno, eidupator B npeaenax 10-20% ot BenuuuHsl Ryge, . Conporusiietue
R; npeanasHaueHo N KOMMEHCALIMH TOKA CMELEHHS M JIOMKHO WMETh 3HaveHHe Ry u
R npu napannensHOM BKJIHOYEHUH.

‘2 R2a R2b
4 2
R1
| —
— U
. —0 ~ DA
OCIA ———e
R3
“URer

Puc. 4.14. DUNBTP HWKHWX YACTOT C ONEPALUOHHBIM YCUNUTENEM B CMY4YaE NPAMEHEHWRA TallMepa/cHeTunka
T/C1 B kauecTBe UMpo-aHanoroeoro npeobpasoearens npu pabote B pexxume LWIAM

Heckonsko npumepos MpakTHHecKOTO NMpUMeHeHHs TaiiMepa/cuetudka T/C1 pac-
CMOTpEHO B riase 16.
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5 CTOPOXEBOW TAMMEP

JAs npelOTBPAIUSHHS [EPEX0/1a MUKPOKOHTPOMIEPA B PEXKHMM DECKOHEUHOTO [UK-
na, KOTAA HA HEro HEBOIMOXKHO TOBMMSATL HM3BHE (TakHe CHUTYALMH BO3HHKAIOT [pH
ownfkax & MPOrpaMMax NOJBIOBATENd) KoMmanus Atmel OCHACTHAA BCE MUKPOKOH-

TpoJuiepht 6azoBoil cepuH ceMeiicTea AVR Tak HasbiBaeMbIM CTOPOKEBBLIM TalimMepoM
{(pwc. 5.1).

RC-0cuunnAToD MpeaBapUTeNLHEIR
YACTOTEE NDUMEDHD JlenUTeN: CTOPoKE-
1My 8OO TaAMEDS
X
MMMERRR é
wley 3 NID =] O| O
g el ol e B0 ] R S
2| 2| 8| 2| 8] B] Bl B
alo|o|ojoo|olo
T3 YYY |
WDPO
WDP1 Mux
WDP2
WDE —ﬁ

Curian cOpoca

Puc. 5.1. YCTpORCTBO CTOPOXKEBOrD Tanmepa

Ecnu no ucTeueHur HACTPAUBAEMOTO BPEMEHM 3aISPHKM [POrpaMmMa Voin3osate-
JIf HE BBIMOJHUT KOMaHAY cOpoca cHCTeMBl, 3T0 cienaeT cTopokeBoil Taiimep. [locne
cOpoca cTopokeBoro TaliMepa OTCHUET BPEMEHH 3a/IEpKKM Bo3oOHOBIAeTCA. Ecnu Tpe-
DyeTcs KOHTPOIMPOBATL X0/ BBITIOAHEHHA NPOTPaMME], TO NPOTPAMMKCT JIOIDKEH aKTH-
BH3IHPOBATE CTOPOIKEBOH TaliMep W 4epes peryndpHble OTPE3KM BPEMEHH BKITIOMATEH
B FporpaMMy komanily cOpoca, kotopas ofecrneuHBaeT cBOeBpeMeHHbIH cOpoc nepen
HayaJIoM HOBOTO OTCYETA BPEMEHH.

Ecnu B kakoil-nubo npoctoil nporpaMMe KOHTPOJIb ¢ HOMOLULKY CTOPOKEBOTO Taii-
Mepa He TpeDyeTcd, TO €ro MOXKHO OTKMOHHTS. 110 yMONUaHHIO, CTOpOKEBOI TalMep
nociie NOCTYIUIEHHR CUrHaNma c6poca Mo BKMOUECHHK) NUTaHus oTktodaercs. s Toro
uT00B APEAOTRPATUTL HENIPEAHAMEPEHHOE OTKIIOUEHHE CTOPOXKEBOTO TaiiMepa, Heob-
XOOUMO TIPHAEPIKMBATBCA OTIpEIENEHHON NpoLeypbl, ONTMCAHHOK HHXKE B pazaene, no-
CBAIIEHHOM perucTpy ynpaeneHus WDTCR.

TakrtupoBaHHe CTOPOKEBOIO TaHMEPa OCYIIECTRAAETCS C TMOMOIIBK) BCTPOSHHOTO
RC-ocivanaropa. ITpu koMHaTHOI! TeMMepaType OH reHepupyeT KojleGaH1s ¢ 4acToTol
oxono 1 MI'u npu pabovem Hanpsbxenuu +5 B (cM. puc. 2.10 & pasaene “T'enepupoa-
HHe TaKTa CHCTEMHOM CMUXPOHM3ALMK ¢ Momoubio kouTypa RC-ocuunnstopa” rna-
Bbl 2). CTOpO)eBOH HWHTEpBAT MOKET TpPHHMMATL OAHO M3 8§ 3HaveHuit ot 16 a0
2048 Mc mocpencTBOM NpeiBapuUTenbHOro Aenenus Ha 1024 taxra RC-konrypa. Korga
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OTCUYET BPEMEHH CTOPOKEBBIM TaHMEpPOM MpeKpallaeTcs, BBINOJIHEHHWE NpOTPaMMbl
nponomxaeTea ¢ agpeca $000, kak no curnany cbpoca nipu BKIOYEHHK nuTanna. Pac-
fMpejie/ieHHe WHTEPBAIOB BPEMEHH MpPH MOCTYIUIEHHH CHIHAla CHCTeMHOro cbpoca
B CAyuae [eperoNHeHHs CTOPOXKEBOTO TalMepa Moka3aHo Ha puc.3.36 B painene

ALl

“C6poc 1 obpaboTka npepbiBaHuil” rnasel 3.

Peructp ynpasnexna WDTCR

Peructp yripasneHus cropoxesoro taiimepa WDTCR pacnonoxen B 061acTH BBO-
na/spiBosia o aapecy $21 (wau no agpecy $41 8 RAM). Tlocne nocrynieHus curaana
¢Bpoca OH MHUUMaTMIMpyeTcs 3Hauednem $00.

B mukpokonTpoinepax 0azoBoH cepuH cemelicTea AVR HCMONB3YIOTCA TOMBKD
pazpagst 0—4 peructpa WDTCR (noctynuel a4 yreHHa ¢ 3annck). Paspanst 57 koM-
nadueil Atmel 3apezepBHPORAHBI M ZOCTYMHBI TONLKO AMA YTEHHS (BCErga coaepxar
Jor. (),

Paspan 7 6 5 4 3 2 1 0
s21043] — | = | - | WwDTOE | wDE | wDP2 | wDP1 | WDPO | WDTCR

Pazpaabi WDPO-WDP2 ycTaHaBauBaroT KOIGPHLHEHT MPEABAPHTENBHOTC AE/e-
HHS BXOIHOrO TakTa CTOpOKeBoro Tadmepa. B 1abn. 5.1 nokazana TMnU4YHas npoao-
JKUTENMBHOCTE OTCHETA BpeMeHu Ana pabouero HanmpsxeHus +5 B,
TaGruua 5.1. HacTpoika BpeMeHn 40 HACTYNNEHUA CTOPOKEBOH 3adeputw npw pafodvem Hanpstkenpn Voc=+58
VWDPE [ DRy : )6 HAETYRTEH A CIBPOHCEaT JU0RPICE
okoi10 16 Mc
OKO0JI0 32 MC
0koJI0 64 Mc
oxono 128 mc
OKOJI0 256 MC
okonio 512 Mc
okono 1024 mc
oxono 2048 mMc

'—-O—-O-—"‘O——‘Ol

—llo|jol~|—-lo|o

Ecnu ycrasosned paspan WDE (Watchdog Enable), 1o cropokeroii raiimep akty-
seH. Ecau paspan WDE cbpowen (nor. 0), To cropoxkeBoil tafimep oTkiroueH. Bo n3-
Oexxanye HefpeiHaMEepeHHOTo OTKIIIOUeHUS CTOPOKeRoro TaiiMepa, paspsa WDE mo-
#KeT BbITh COPOLIEH TONLKO B TOM Cly4ae, el ycTaHoBNeH pazpaa WDTOE.

Jina oTKIIOHenHs aKTHBHOTO CTOPOXKEBOTO TaliMepa HEOOXOMHMO BLITIOIHHTE Cle-
AYWOULYH 10CEA0BATENBHOCTb ASHCTBHH.

1. C nomolubro oaHOH KOMaHAK ROJDKHBI ObITh YCTaHOBNEHb! paspaabl WDE u
WDTOE. Ecnu cropokesoii TaiiMep akTHseeH, pazpaa WDE HeobxoauMo yeTaHo-
BUTEL OAXKE B TOM CiiyHae, €CJid paHee OH YiKE Onln YCTAHORJICH.

2. Ha OPOTAMCHUH NOCCAYIOIMX HCTHIDEX UMITYILCOB TAKTA CUCTEMHOH CHHXpOHH~
sauun B paspan WDE sanucsigaercs jor. (0, 4TO TPHBOANT K OTKITIOUEHHIO CTOPO-
JKeBore Talimepa,
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Eciin cropoxkeroif Taitmep fomked ObITh OTKIIOUEH, CIEAYET YCTAHOBUTE (or. 1)
pazpsin WDTOE (Watchdog Turn Off Enable). ITocne ycranosku sroro paspsaa oH
B TEUEHHUE YETHIPEX MEPHOMIOB TAKTA CHCTEMHOHW CHHXPOHH3ALIWH OCTARTCA B COCTOSHHH
qor. 1, a 3arem ammapartHo cOpaceiBaercs B Jor. () (3T0 HE YYTEHO [IPH TECTHPOBAHMHK
8 AVR-Studio snnots 10 sepenn 1.50). TporpamMma Momb30BATEN MMEET BO3MOIKHOCTD
OTKAHOUHTh CTOPGKEBOH TalMep nocpeacTeoM 3anucH jor. 0 B pazpag WDE Toneko ro
BPEMS 3TUX YEThIpeX TaKTOB CUCTEMHOH CUHXPOHH3ALIHH.

PaccMoTpuM B KauecTBE MPUMeEpa KOPOTKYIO TPOFPAMMY, AEMOHCTPHPYIOILYIO OT-
KTFOUEHHE aKTHBHOMO CTOPMKEBOTO TaliMepa.

000100 bs01 B rle, WDTCR ; PermcTp ynpaenesug B rlé

000101 6108 sbr rle, 1<<WDTOE | 1<<WDE ; YcTaHamsmmuBaem paspsmel WDE 1 WDTOE
000102 bd0l out WDTCR, rlé ; WDICR ofipaTtHO, WDE+WDTOE = nor. ]l
000103 7£07 chr rlé, 1<<WDE ; CivpaeM paspsan WDE

000104 bd0l out WDICR, rleo ; WDTCR 3amMCHBAEM NOBTOPHO

000105 0C00 nop
000106 0000 nop
000107 0CC00 nop ; WDTOE cOpacHBaeTcs annapaTHO

Osxupate ucreveHns BpeMenn 10 cbpoca paspsna WDTOE He obszatensno. Tpu
KOMAHAL! nop B (IPEACTABICHHOM BbILIE JIMCTHHIE MPeAHa3Ha4YeHb! TONBKO A1 0003Ha-
YeHHs MOMEHTa BpeMeHH cOpoca.

JUis akTHBW3AUMM CTOPOXKEBOre TaliMepa B NofgoDHOH npouedype HeT HeoOXOmH-
mocth. JoctatouHo npocto yetanosuts pazpan WDE B nor. 1.
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6 ACMHXPOHHAS MEPEOAYA OAHHbIX YEPES3
NPUEMONEPEOATUMK UART

VuueepcanbHeli acuuxponnsii npuemonepegaruuk UART oTeyTeTBYeT B MUKPO-
kourponnepe AT9051200.

tlpu cuuxpoHHOH TochienoBaTeAbHON Nepefaye A2HHBIX (HaMpUMeEp, B clydyae HH-
tepdeiica SPI unu wuHel I°C) CHHXPOHH3KPYETCA Nepefada OTASALHBIX OUTOB JaHHBIX
¢ MOMOHIBIO OJHOBPEMEHHC TMEpPelaBaeMoro MepefaTdMKoM TakToBoro cHrhana. llpu
ATOM OCOOBIX TPeOOBAHME K TAKOMY TAKTOBOMY CHFHATY B OTHOWEHHH CHHXPOHUZAIMM
He npenbarasercd. Tak, Hanpumep, MPH UCIONL30BAHKHM HECKONBKHX CHHXPOHHBIX
NPOTOKONOB TEpefayk TaKT A1 MpHCnocoGnenus K Qonee Me/UIeHHbIM YCTPOHCTRAM,
MOAKNKMEHHBIM K ITHHE, PACTACUBACTCS 10 BPEMEHH.

CHHXpOHHas focnenoBarTelibHag Tiepeaaya AaHHbIX NPUMEHSETCd, [JaBHbIM odpa-
30M, H2 YPOBHE MEYATHBIX MNAT, B TOM YHCcHe — i oOMeHa JaHHBIMH MEeTy pasziuy-
HbIMH HHTETMPUPOBAHHBIMY OIOKAMH B COCTABE CXGMBI MHKPOKOHTPOIIEpA W pas/vu-
HeIMH nepudepuitHbiMi cxemamu {Hanmpumep, ans o0paGoTKM BUACOCHTHANA MM
YNPAR/IEHMA IBYKOM uepes Mny I°C TENeRM3MOHHOIO HPUEMHHKA),

B npoTUBOTIONOMXKHOCTE ITOMY, TIPH ACHHXPOHHOH Mepefade AAaHHBLIX TaKTOBBIA
CHUCHAM He NepenaeTesa. DTO BBIABMIAET CTpOrve TpeboBaHUA K pacTipe/e/IeHHD HHTep-
BAIOB BPEMEHM B KaHaaX nepeaaqn u fpuema. [lo atoil npusune BpemMenHas pazpepr-
Ka MU CHCTEM NepellavuH JaHHBIX, paboTalouMx B aCHHXPOHHOM pekuMe, B GONBITUH-
CTBE €NIYHAEeB UMEeT KBAPUSRYK) CTAOMAMIALMIO,

['nagHoill 0bnacTblo MPHMeEHEHWA ACHHXPOHHOH nepefiaud JaHHBIX, KaK [paBuno,
apnercs He 0OMEH NAHHBIMHM B COCTABE CXEMBI, & KOMMYHHKAIHA Mexay OGnoxamm,
pa3JeeHHbIMKY NPOCTPAHCTEEHHO U 00IA0ar0IMMK IIPH3HAKAMH CODCTBEHHOIO HHTE-
nexTa. B kauecTee nNpumMepa MOHO Ha3BaTh CBS3b MEXAY NEPCOHANBHBIM KOMIIbLIOTE-
POM W NPUATEPOM, MOJZEMOM, IPOFPAMMEPYIOUIMM YCTPOHCTBOM WM PETHCTPATOPOM
AaHHbiX. [lockoneKy acUHXpOHHAd Mepefada AAHHBIX MOMKET OCYIIECTBIATHCH Ha
OoNbUIME PACCTOAHMSA BIOTH 10 HECKONMBKUX COTEH METPOB, €& [IPOTOKO/LI He npemy-
cMarpuratoT yposre# TTL, oueHs nogBepkeHHBIX TOMEXAM.

PaCHPOCTpaHeHHbIe CTaHAAPTHLl ACUHXPOHHOW Nepefavun AaHHbIX

Ouens ycTOHYMB K TIOMEXaM TOKOBLIA wHTepdeiic ¢ cunoif Toxka 20 MA, KoTOpSI#
MOXKeT TIPUMEHATLCA T4 ACHHXPOHHOH Mepefaud AAHHBIX CO CKOpocTbio 9600 Gox.
3ror unrepdelic HE HOPMHPOBaH, OAHAKO, Giarofaps MPOCTOTe MPUMEHEHWH, HAlen
LWHPOKOGE NPUMEHEHHE Ha DPOTSHKEHWH MHOTHX JIET.

Coenvuenne ABYX YCTPOHCTR 3/1€Ch OCYIUECTBISETCS YEPe3 3aMKHYTHI rmprUeMo-
nepeaarolnii kKoHTyp. Ha akTHBHOR CcTOpoHE B KOHTYpE MpOTeKder ITOCTOSHHLIH TOK
cunoi 20 mA. JIna nepegayd CHrHATIOB HU3KOTO ypOBHS MOJRO TOKA TIPEpbIBAETCH, a
NpH [epefale CHrHAA BbICOKOTO YPOBHA KOHTYP OCTaeTCsA 3aMKHYThIM.
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B cnyuae TOKOBbIX HHTepheicOB MOXKHO AErKO PEalv30BaTh pa3fde/ieHMe [MOTeH-
HHAMOB MEXKAY NEPEAAIOICH U TIPHHMMAIOIIEH CTOpOHOH Yepe3 ONTO3NEKTPOHHOE YCT-
POVCTBO, KaK 3TO NOKA3aHO HA PHC. 6.1, MO3TOMY OHH MPHIOAHbI AN MEPEIAYH JAHHBIX
na paccroande no 1000 M 1 no-npexHeMy HaXOAAT WIHMPOKOE IPUMEHEHHE B NPOMBILI-

JCHHOCTH.
J\+L_Js +Ug
Ll =20 mA

T

i
4

Puc. 6.1. Npumep nepegaduleroe KOHTYpPa ANA TOKOBOIO WHTepdenca

Ve ycrapeslllde, HO BCe elle LHPOKO paciipocTpaHenHbie unTepdeticsl RS232C
unu V.24 nepenaroT CUTHATL! HU3KOTO M BBICOKOTO YPOBHA KaK 3HAYEHMSA HATIPSIKEHHA.
[lpu 3TOM HA CTOPOHE NMPHEMHHKA BblicokoMy ypoBHio TTL curnana (+2...+3 B) sbine-
JeH NYanasoH HanpsokeHui —3..—~15V (“Ortmetka™), a Hu3KOMY ypoBHIO TTL curhana
(0...40,8 B) — nuanazon nanpsxenuit +3...+15 B (“Ifpo6en™), Ha ¢cTopoHe nepeaatvu-
Ka HIDKHAA IpaHrila A1 KOMMEHCAUUM fIOTeph HANPAXKEHHS B IMHKMU NMOAHATA 6o +5 B
1, cooteercTBeHHo, —5 B. Ha puc. 6.2 mokazan ypoBeHb curHana, JOMycKaeMmbld coO-
T1aCHO HOpMaMm.

Cropoda CropoHa
NPUENHIKE | NEPEAATINKE
+158 +15B
Huzii ypoBeHD
nor. 4, "Mpoben”

+58
+3B TATATATAY
08 mf A CB
we—_
; -58
BLICOKMA yPOBEHb,
nor 1, '"OTeeT<a”
-16B -168

Puc. 6.2. YpoBeHL HANPANEHUA B COOTBETCTEMK CO cTaHgapTom RS232C

Hnsa npeobpa3soBanus yposs oT crannapra TTL B cranmapr V.24 moxHo npuo6-
PECTH LieNbIF pAJ MHTETPANBHBIX CXeM. [loxanyi, Haubonee pacnpocTpaHeHHbIM Opajti-
BEPHLIM MOIYJIEM JUIA 3TOH Lienu sBisercd MHKpocxema MAX232 komnanuu Maxim
(M OlHa W3 ee MHOTOYMCNEHHBIX NPOKMIBOAHEIX), KOTOpas Gnaromaps BCTPOGHHBIM
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npeoGpa3oBaTe/isiM HAMPAXKESHUS MOXKET 0OXOANUTLCA eAMHCTBEHHBIM BHIOM pabouero
Hanps:xeHus +5 B.

Ins GopMHPORAHHA COENMHEHHA C KBHTHPOBAHMEM CTAHJAPT TAKKE NpelycMaT-
PUBAET HEKOTOPbiE YNPAB/IAIOLIWE CHIHAIbI, KOTOPEBIE, BIIPOYEM, HE NPHMEHAIITCA
B IPUHYAHTENLHOM Mopszake. OMHAKE OHYM TAKKE HE JIODKHBI OCTABATECH HENOAKTIO-
YEHHBIMH B CXEME, MOCKONbKY 3TO MOJKET TPUBECTH K OLIHOOYHBIM HHTEpHpEeTalmnsiM
B TIPOTOKONE.

B npocrefimmeM ciywae AN KOMMYHHKALIHU MexAy JIByMA YCTpoiicTBamu aocrta-
TOUYHO UMETh MNPOCTOE COCAHHEHHE C NOMOLUBIY TPEX MPOBOIOB: CKPEIEHHbIe nepe-
Jalowpd v npuHuMatomui nposos TxD u RxD, a takoke nposon zasemnenus. He 3a-
ACHCTROBaHHBIE YNPABMAIOUIHE BBIBOJB! MOFYT OBITh 3aHATHI COFMACHO PUC. 6.3,

XD o o TxD
RxD o—w >< o RxD
RTS o— —o RIS
CTS o—a— Lp— CTS
DSR oy ——o DOR
Gnd - o Gnd
DCD oy —»— DCD
OTR o L DTR

Puc. 6.3. NpocToe TpexnpoBoOAHOE CoBANHERWE MEXay ABYMA npuBopamu

Ha npakruke, va untepdeiice RS232C HeBO3MOKHO AOCTHYL CKOPOCTH Mepeaadu
JanHBIX Buine 19200 Gop, a W3-3a rabBaHUYECKOTO COSAMHEHUS ¥ ROAHUKAIOIUMX Ha-
pyuwiennii B paboTe, 00YCAOBIEHHBIX TOKAMHU IEPEXOAHBIX MIPOUECCOB B MPOBOJIE 3a3EM-
JIiEHUd, nepesady JaHHLIX Hd PacCTOAHHA CBeIle 15-20 METpOB OCYIECTBHThE HEBO3-
MOXKHO, XOTA CTAHAAPT W ONPEAENseT JOyCTUMBIH ripegen 8 30,5 M.

PacTymne TpeboBaHHR K JANILHOCTH H CKOPOCTH NEPeaayH JaHHbIX OPHBENH K pas-
paboTke HOBbIX CTAHAAPTOB ACHHXPOHHOR Nepenauu JaHubiX. C nomMoub nuTepdei-
coB RS423A unu V.11 crand BO3MOKHBI CKOPOCTH MEpesaud AaHHLIX BOUIOTH A0
100000 60a 1 nanbHocTH 10 1200 Metpos. B ciyyae unrepdeiica RS423 A, nepepatunk
U NPHEMHHUK COEMIMHEHB! KOAKCUANBHBIM Kabenem conpotHBieHneM 50 OM ¢ ROSHOBbIM
conpoTusieHHeM Z (pHc. 6.4).

DS9638A
, DSa63TA
KoakcHankHbIf kahens 50
Z -
dopMa BOMHEI 50 PaspelteHo

Puc. 6.4, Nepegava Yepea koakcHanbHi# kabenk B COOTRETCTBAN ¢ TpeSoRaHUAMMK cTaHBapTa RS423A
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IpaiiBepsl Ans ApeobpazoBaHus HeOOXOAWMOTO YPOBHA CHIHANA U3 CTaHaapTa
TTL B cranaapt V.11 MokHO npuobpectd y paznnunbix GupM-u3rotTorutenei. B kave-
CTBE BOIMOKHBIX NIPUMEPOB MOXHO OblI0 HazpaTh nepeaaTduxk DS9636A ¢ unTepdei-
coM RS423A u npuemuunk DS9637A ¢ untepdeiicamu RS422A / RS423A ot komnanuu
National Semiconductor. C nomoriisto conpotHelieHHs Rws BpeMd HapacTaHus H Huc-
najaHus BRIXOAHOTO Hanpsikenus Apafieepa DS9636A MoXHO HACTPOMTL B Npedenax
ot 1 no 100 mc.

Hurepdeitc RS423A, Tax ke kak u unrepdiedic RS232C, paboTaer acumMeTpuyHo,
TO €CTh, TIPOBO/JI 3a3eMJIEHHS C/IYKUT B KauecTBe obpaTHoro nporoaa. 1o atoi npuunne
B cpede ¢ BLICOKHM YPOBHEM TOMEX NPHMEHSTh STOT MHTepdeic He LenecoobpazHo,
OJIHAKO, €C/TM HeT HeoOXOLMMOCTH NepeaadH AaHHBIX HAa O4YeHb GOMblliMe paccTosHMA,
TO CXeM4, [OKa3aHHas Ha puc. 6.4, MOKET JaTh OLLYTHMBIE MPEMMYILECTRA MO CpaBHe-
HHUKO ¢ naTepdeficom RS232C.

Ewe Gonbile npedmyllecTR AaeT WHTepdeiic, COOTBETCTBYIOLIKA CcTaHAapTaM
RS422A nnn V.10. 3aece nepeaada gadHblX NPOHMCXOIUT CHMMETPHHHO, TO €CTh, Apaii-
Bep MepelaTulKa HMEET BLIXOAHOH MOCTOBOH Kackal, Yepe3 KOTOPHIH OJHOBPEMEHHO
nepeaaeTes CUrHat W MHBEPTUPOBaHHLLE curHan, Hudopmauns 3aece Taloxe NpeicTa-
JeHa He B BHAe abCOMOTHOrC 3HaYeHHA HANPAMEHHA MEX(Iy BLIXOJAOM M “3emMned”, a
KAaK pasHHLIA Mexay 0DOMMH BLIXOAHLIMH HAaNPKEHHAMH.

bnaroxaps TpUMEHEHHIO BUTOH TMaphbl, JOCTHIAETCS BBICOKAS NOMEXOYCToiuu-
BOCTh, TIOCKOJIBKY pACCESHHbIE WMIYJbLCbi NOMEX B3AHMHO YCTPAHAIOT ApYr Apyra

(puc. 6.5).
z

Puc. 6.5. Nepepgada CUrHansce ¢ HOMOLWBID BUTOW napel 4epes ukTepdeic RS422A

0S9638 DS9637A

Paapeweso FazpeieHn

Mosacuum 910 Ha npuMepe. Ecni Ha Bhixone gpafisepa Hanpsokenue +3 B, To Ha-
NPSHKEHHE HA €r0 UHBEPTHUPYIOLLEM BBIXOJE HAa BTOPOM TIPOBOAC, COOTBETCTRBEHHO, Oy-
ger —3 B. B pe3ynsrare pasHHUA ABYX BRIXOAHLIX HANpExeuuil coctasnaeT 6 B, Korna
00a HANPHKEHUS W3-3a UMTTYJILCOB NOMEX MOBBINAtOTCA Ha +1 B, To nepewii nposon
uMeeT notednuan +4 B no oTHomeRUO K “semsie”, a Bropoit — —2 B, Beneacreue uero
pa3HHLA HANPSKEHNH 10 npexHeMy coctasnsert 6 B,

bnaropaps TakoMy MeTOMy, BO3MOXKHBI CKOPOCTH MEpefaud AaHHBIX BIVIOTH [0
10 MSoa npu nansuoctu ac 1200 M.

Hpaiieepnt ana npeoOpa3osaHus ypoBHs curHana vz crangapra TTL B ctaupapr
RS422A moxHO npuobpecTH y pasmMuHBIX KOMMaH#H-u3roToBuTencil. B kauectne
ApUMepa MOKHO Ha3eaTk nepegaTiuk DS9638 ¢ uutepdeiicom RS422A ot xomnaHum

National Semiconductor. Kak u 8 ciyuae cranpapra RS423A, MoXeT 6bITh mpuMeHeH
nepeaarunk DS9637A.
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Bo3MOsKHbIE CKOPOCTH MepeadH A3HHBIX B 3aBUCUMOCTH OT Tpefyembix paccros-
HWIT Nepenaun A48 BeeX PaccMOTPEHHBIX MHTepgefcoB noxasanbl Ha puc. 6.6, CpasHe-
HHe NapaMETPOB Pa3nuyHbIX HHTEp(EHCOR nMokasano B Tab. 6.1.

CrOpOCTH nepenaqd, Bog
3

. \

M [ RS422A
V.10
e
100k RS423A

20 k \K
'—-_\-_‘_\-

10k

- R5232C 20 MA
V.24

1k >

10 15 100 1000 1200 10.000
PaccTogHue, M

Puc. §.6. JonycTumbie anaveHns CkOpocT NEPesasi BaHHEIX B 3aBACKMOCTH OT DaceTORHUA
LNA ACUHXPOHHBIX UHTEREHCOR PasNUYHLIX CTaHL2PTOoB

Tabnvua 6.1. CpaBHEeHWE OCHOBHBIX NapamMeTpos HTepdENCcoB DACCMOTPEHHLIX CTaHAaPTOB

Buna nepenauu Cummer | Acummerpud- AcuMMetpuy- | CUMMETpHUHAs
pPWIHAA Has Hag

Bun nporona Buroit Buroii KoakcnansHei BuToit

MakcHMansHag CKOPOCTD 10 K 20K 100 K 10M

nepefaun gaHuLx, fog

MaxkcumansHai QJInHa 1000 m 15m 1200 m 1200 m

nposoja

MakcumanbsHplil BBIXOR- 20 MA +25B +6 B Pazuuua + 6 B

HOJ CHTHAT, 6e3 HaTPY3KH

BrixoaHoil curuan, ¢ Har- 20 MA =5B +3,6 B Paznuua + 2 B

py3KkoH

UyBCTBHTENLHOCTL BXOAA 10 MA +31B +0,2 B Paznvna £ 0,2 B

dopmaT nepegaun No acUHXPOHHOMY UHTepdency

B cooTeeTCTBHM ¢ ofpefeNicHHeM cTaHfapra V.24, B QUMHMM NepenayM JaHHbIX
B COCTOAHHM MKHIaHUA ycTaHosTeHa nor, 1 (“Ormerka™). [epenaya mosker ObiTh Havuata
B 000N MoMenT Bpemenn. Jing Toro utolnl Nepenats NpHeMHHUKY coolllignne o Hadane
nepenayd, nocbliaeTcs cTaproewlii 6ur ¢ yposuem jor. 0 (“TIpoben™). [ocne atoro cne-
OYIOT paspsisl JaHHBIX (B OOMbILHMHCTBE ciyuace 7 Hau 8, WX uMCIO OroBapHBacTcd
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B NMPOTOKONE NEpENayH IaHHBIX), NPH 3TOM CHaqana nepenaeTch Ml 3HavatlHi
Our.

JIns noBLILIEHUS HAJISKHOCTH TIEPENIaud JaHHBIX MOXeT ObITe f0OaBneH GUT ueT-
HOCTH. BHT 4€THOCTH JONOMHAET pa3paabl AaHHBIX TAKWM 00pa3oM, YTO AOCTHraeTcs
NPAMAas YETHOCTE (CymmMa Bcex OWTOB, BKITIOuas 6T HETHOCTH, YETHAN) WM Henpamas
YeTHOCTh (CyMma BeceX OHTOB, BKIIOYAS OUT uyeTHOCTH, HeueTHas). Tpelyembiit BHA
UETHOCTH (OTCYTCTEBME, NMPAMAs WM HenpaMas) Takke JOJKeH ObITh OroBopeH B Mpo-
TOKONE NEpe/ayu JaHHBIX.

[lepenaua zakaHuMBaeTca cTON-OMTOM ¢ yposhem nor. 1 (“Ormerka”™), koTOpbii
B HEKOTOPBIX MHKPOKOHTpOUICPAX MOXET ObITh 3anporpaMMHpoOBaH € NPOOOJDKUTE b
HocTsio 1 1.5 unu 2 aanasl Oura. [locne ornpasky ¢ron-6MTa HHHUS QaHHBIX ONATh
NepexoinuT B HCXOAHOE COCTOAHKME OMHOAHNA K roToBa K CJ'IE,E[yK)ILIeﬁ repenade. Bpe~
MeHHaa auarpamMa nepeaauu Gadita $ES (11100101,) ¢ HempsAMOil YETHOCTBIC U CTOM-
Outom vepes udaTepdeiic Tuna V.24 nokasaHa ua puc. 6.7.

CrapTose By
Bur? (MSB)
b yetHoGTH
Cron-Gur

BurG {(LSB)
B i
B2
4% ¢
Brrd
byrrs
ByrE

ChimaaHme CspfaHne

Puc. 6.7, BpemerHas guarpamma nepeaaun Saiita SE5 (11100101,) ¢ HENPAMOA YeTHOCTRIC U cTon-BuToM
yepes nHTepdehc Tuna V.24

B ¢BA3W ¢ TEM, YTO TAKT JUIA CHHXPOHH3AIIMH Mepenavd He MepecsiiaeTes, Hadano
pa3pana MoxeT GbITh PAcro3HAHO TOMLKO N0 H3MEPEHHIO BPEMEHM, MPOWENIIEro ¢ Mo-
MEHTA MOABICHHA HUCHaRaollero ¢poHTa cTapToBoro oura. MmenHo nostomy Heobxo-
AMMO OTOBAPHBATH CKOPOCTH Nepenauu JaHHbIX, KOTOPbIE ARIAIOTCA 00A3aTeNbHBIMH
ANg nepefalolteil 1 NPHHUMAIOLIEH CTOPOHBI. 3TH CKOPOCTH OTpEAeNieHs] B CTaHAapTe
no uutepdeiicy RS232C, u Bo mzbekanue ommbok MpH pacno3HaBaHWHM OTAENbHBIX
paszpasoB, WX HEOOXOIHMO B TOUHOCTH NPUISPKHBATHC.

Ha puc.6.8 Ha ocHOBaHMM MPENCTABIEHHOrO BhILIE MPUMEPA NOKA3aHbl MOCHEACT-
BHS CITHLIKOM DONIBLUIOTO pasnuuys MEeXKIY TAKTAMH fepeladuy H NpHeMa, a Takke cily-
yag, Korja nepeaadya OCYLECTBJISETCS M0 HapacTawlieMy (PpOHTY TaKTa, a Ofpoc Ha
CTOPOHE NPUEMHHKA — IO HUCMAJaoWEMY (POHTY TakTa, KOTOPbIH MOXKET nonaaarb
B CEPEAMHY UMTTYNIbCA NaHHBIX.

Ha puc. 6.8 mokasan cimyuail, korna paspan 4 W pazpan 7, a Taioke OUT 4eTHOCTH
pacrio3HaHbl HerpasWibHO. [ToCKONBKY B 3TOM MpUMEpE OroBOpPeHa HEYETHOCTh (He-
MpsiMag YETHOCTh), TO OUIMOKA MOXeT ObiTh 3aMeveHa Ha OCHOBaHWM OMTa HETHOCTH,
Tak kak OaiT, pacnio3HauubIil kak $75, H YCTaHOBNECHHBIA GUT YETHOCTU AAIOT B Pezyib-
TaTe MPAMYIO YETHOCTb, HO B Cyuae BOZHWKHOBEHMS ABYX OWHOOK GMT ueTHOCTH 00
3TOM He MPOCUrHANU3UpOBRan Obl.

Paznuvue B TakTax Ha mepezafolieil 1 IPUHUMAROILEH CTOPOHE B PACCMOTPEHHOM
ripumepe cocraBaseT 20%, yro HemomycTAMO MHoro. Takoe 3Hadenye Ovino BeibpaHo
C TOM UENbIO, YTOOB! HETKO MOKa3aTh 3(deKT ero BIUgHHUA, OAHAKO BO M3bexxaHue Omu-
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fok 1 wia obecneveHys HaXEXHOM nepeayd JaHHBIX cneayeT obsa3arenbHo wiberatk oT-
KJIOHEHKH, NpeBsiuaoWMx 3%. ToOUHOCTE NMepefayH TapaHTHPOBaHa, €C/M e¢ (hakTHYe-
CKast CKOpOCTh HE OTKJIOHAETCS OT YKa3aHHbIX B CTaHIapTe 3HaueHuil Donee, vem Ha 2%.

Mepeaaoijan [ | I | I | II II I‘l |—| I_I I_| I—I I—I I—I
CTORPOHA

Curxan ($E5) |
MpuusMaoan
CTOPOHA
> A ¥ » > XN S % X Y
o — o = [} ; - - [y ; ‘tg';" =
farvnd o €r o I g av] I v @

sk ES I I o b z o) I ke
ge 2 7 £ 5 § 2 3§ 2 §£2 §é
8 & 3 g 3 2 8 8 8 e 22 E5
ga g & £ 5 5 g2 g 2] s g2
€5 & 4 8 & g 8 =& £ #§ 8%
I < o =N [ o oY a

Puc. 6.8, BAMAHUE Da3NWYHLIX TAKTOR NEpeaaqn Ha Nepesaotleil W NpUHUMatoLIeR cTopore

dusnyeckoe ycTpoicTBO npemonepenatymka UART

KoHeyHo ke, aCHHXPOHHYIO nepefiady JaHHbIX MOXKHO peasif30BaTh M € MOMOLUBIO
nporpaMmuoro obecneyenuns (nporpaMmuas peanusauna UART nns mukpoxoHtponne-
pa AT9051200 paccMmaTpyBaeTcs B COOTBETCTBYIOLLEM pasaenie riaBbl 16), ogHako 310
Oynmer 3aH¥MAaTe AOBONALHO MHOIO PECYPCOB LEHTPANLHOID MPOLIECCopa, W TMOTOMY
KOMMaHHs Atmel ocHacTHna Bcex npejcTaBdTenei 6azorol cepun cemeiicTea AVR (3a
HekmwdeHdeM Moaead AT9051200) annapatHbiM npuemonepeaataukom UART. Ou
MokeT padoTaTe B OYIJIEKCHOM pekuMe M, Gnaronaps 3TOMY, B COCTOSHHUM OIHOBpE-
MEHHO NEpeaaBaTe M MPUHMMATh JaHHBIE, TEM CaMbIM YyBCTBHTENBHO Pa3rpyas LEeH-
TPaNbHbIA OpoUeccop.

Hnsa paborer UART BeiencHbl B oflueii CNOXKHOCTH YeThipe peructpa B obnactu
spoja/Beisofa. Hapany ¢ peructpom ympaenenus UCR (UART Control Register),
NPeaHa3HA4EHHOr0 AT YNpaBaeHHa GYHKLUKAMH TIPHEMOTICPEIaTUHKA M UM paspelle-
Hus/3anpera npepoianuii UART, ucrnosnbsyeTcA Taroke perderp cocroauus USR
(UART Status Register); peructp naHHsix UDR (UART Data Register), duzuuecksu co-
CTOAWMA U3 ABYX perdcTpo (obpalleHHe kK 3TUM perucTpam OCYIIECTB/IAETCS No Of-
HOMY M TOMY K€ apecy, [pHYeM OIHH W3 HMX WCIONb3YETCA [N4 [epeaadd, a apy-
roi — ana npuema naHueix), a Takxe peructp UBRR (UART Baud Rate Register) ans
HacTpoMky TpeDyeMOoH CKOPOCTH mepefadH AAHHBIX C NOMOILLIO BCTPOEHHOTO KOH-
TpONepa, NO3BOMSAIOIIETO YCTAHABINBATE Haubo/ee paclpoCTpAaHEHHBIE CKOPOCTH Te-
pedauy no cTanJapty RS232C.

VhuBepcanbHelil acHHXpoRHBIE npuemonepenatdik UART MHKPOKOHTpOMIEpoB
OazoBolt cepuu cemeiicTea AVR Moker aBTOMATMYECKH PACTIOZHABATL JBA BUA OLIU-
Gok nepenaun AaHHLIX W BbI3LIBATH TPH PA3IHYHBIX [IPEPBIBAHKA.

9— 5-2384
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Mepedatowud anemenm UART (mpancmummep)

Cxema nepeparouero neMenTa npuemonepenarynka UART nokazana Ha puc. 6.9.
[Nepenaua JaHHBIX HAYHHAETCA C 3AMUCH MOANEKAEro nepenaye Gaiira B perucTp Beo-
na/seieoga UDR, Korga niocne niepefadu cron-0UTa MIPOHCXOANT 3allMch CAEIYIOWETO

Haiita B peructp UDR, HOBRIF 6aiT HeMeANeHHO 3arpy:aeTcs B CABHUIOBOH PErHCTp,
[10c/e yero HAYHHaeTca repeJaya.

>

T i KoHTpORnER
CM?S ;:;;ae MmHuoq> —W| CKOpDCTH
3 u nepenadi Perverp UDR
+ 16

Zarpvara UDR §'7
Paspewenne
CABWI & 1
h

Cxema ‘ > 10 (11) - paspagHbi

YIPABIEHAR CABWIGBOR perueTh “qe
gl JL%
L I
ol lx Cunatne S £
> O »
A
led [11]] LLQLd]) TN ™0
PerucTp SR PervcTp UCR » ™ PD1
N CXENE YIDEBREHIUA
Q| | UDRIE BuIBOA0M
X[ 1E)
.
T™CE BHyTPEHHSR WMHE JaHHIX
& &
l UDRE TXC
IRQ IR

Puc. 8.9. Brok-cxema nepejaklLero aneMedTa (TpaHCMUATTEpa) npueMonepeaatiuka UART

Ecnu B peructp UDR B npouecce nepenaud 3anuceiBaeTes HOBbIH 6aiiT, TO OH MO-
XKET OBITh 3arpy>KEH B CIABHIOBOM PETHCTp, a NepeJadya ero MOXEeT HAYATHCH C [10MO-
L0 CTOT-0HTA TONBKO NOCTE OKOHYAHMA TeKYILEH Nepenavn AaHHbIX.
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Kak tonsko 6aliT uz peructpa UDR nepeHocHTCS B cABUIOBOH PETHCT] NIepesauM,
B peructpe cocroduus USR ycranasnusaerca dmar UDRE (UART Data Register
Empty — perucTp AaHHbIX NPHEMOIICPEJATUHKA NYCT), YTO YKA3bIBAET HA IOTOBHOCTD
npuemonepeaaTyHKa K npueMy Hosoro aiita nanueix B pervctp UDR.

Ob1uee YHCIO epeAaHHbIX OUTOB MoxkeT cocTasiaTe 10 win 11, B 3aBUcHMOCTH OT
TOro, KaKkasd AJIHHA CIOoBa AaHHBIX OLINa ycraHoBaeHa ¢ nomoulbio pazpada CHRY peru-
crpa UCR: 8 pazpanos (CHR9 = jor. ) uan 9 paspsios (CHRS = sior. 1). JleBatsiif
paspsa MoXeT ObITh IPUMEHEH A/ 3anKCH JOTIONIHHTEAbHBIX HHAOOPMALMOHHLBIX AaH-
HbiX, KAK GUT YETHOCTH MM KaK ellie OWH CTon-OHT.

[1pu npueme nojnexaluero nepejade Oaira B paspaasl 1-8 casurosoro perucrpa
6ur ¢ (cTapT-OMT) BTOrO PErHCTPa ABTOMATHWECKOE CTHPACTCH, H B TOM Ciyuae, eciii
CHR9 = nior. 1 n yeranosnen cron-6ut (paspan 9 npy CHRY = nor. 0 nnu pazpsa 10
npu CHR9 = nor. 1), paspan TXB8 uz perncrpa ynparnenns UJCR konupyercs B pas-
paa 9 CABMTOBOTO perucTpa.

BumecTe co clieyloumM TaKTOBEIM UMTTYTBCOM NOARexkauil nepenave Haift n3 pe-
ructpa UDR nepeHocuTcs B CABUTOBOH peructp, 6ur 0 capuroBoro perucrpa B kauect-
Be cTapToBOro 6uTa nepeHocures Ha BeIBo TxD, nocne yero cneayror 8/9 paspsios
JaHHblx (eHavane mnammini paspsa) v cron-6ur. Eciiv Bo BpeMs Tekyllledl nepeadn
naunetx 8 peructp UDR 3arpyxaercs Hoswid aliT, To 310T OaiiT cpasy e nocne repe-
1a4d cTon-GuTa nepenaeTcs B CABHIOBOM PerucTp, W HauuHaercs Horas nepeaqa. Oa-
HOBpeMeHHO ¢ Nepepaueil sroro OalTa B CABATOBOH pPErHCTp B PETHCTPE COCTOAHHS
USR ycraHasnueaerca tnar UDRE, yxaspBaow(uil Ha To, 4TO Nepefatolnil aneMeHT
npuemonepenatiika UART onaTe roTos K npyieMy HOBOro cuMsoia B peructp UDR.

Ecnu nocne nepenaun cron-dOuta B perictpe UDR He OKaweTcs HOBOrO Cjiosa
HNaHHBIX, GkAAaromero mepesadd, To ¢gnar UDRE, yeraHosneHnbli npu niepenaqe npe-
ageytyniero 6adita uz perncrtpa UDR B caeuroBoii peruerp, Oyner cofepxkare ntor. ! ao
Tex nop, noka B peructp UDR He 6yaer onats 3anucad 6ait. [locne 3toro dnar UDRE
cOpackieaercd. Hocne nepeckiiku cTon-6ura B peructpe coctosuna USR yeranarnmnea-
ercs thnar TXC (UART Transmit Complete — nepenaua gepez UART 3asepiueHa),
YKa3LIBAWOLIKMA HA TO, YTO CNOBC JAHHBIX OLIIO MEpelaHo, B JAHHBIC, OMHIAOIIUE Te-
peaaqM, OTCYTCTBYIOT.

C nomousto paspsana TXEN peructpa ynpaenenus UCR paGora TpaHcmutTepa
MoxeT ObITh 3abnokupoana (IXEN = nor. 0) wiu pazGnokuposana (TXEN = nor. 1).
Ecnu TpaHcMuTTEp 32000KHPOBaH, TO BIBOA PD1 MOXeT OBITH HCTIONB30RAH B KAYSCT-
Be obuero sxona/seixona. Eciu on pazbnokHpoBaH, TO BBIXOH CABHIOBOTCO perdcTpa
Oyner coennuen ¢ BbiBoaoM PD1, nersupas Ha Hactpoiiky DDDI1 B perucrpe naripas-
JeHusd nepenayd nauuseix DDRD.

MNpurumarowull anemenm npuemonepedamyuka UART (pecusep)

Briok-cxema nNpuHUMAOIIEro IEMEHTa ACHHXPOHHOro npuemornepenararka UART
nokaszaHa Ha puc. 6.10.

Cxema yTipaBleHHs MPHEMOM ONpaliBaeT BXO/HOH CHrHaN 16 pa3 BO BpeMs Kax-
J0To nepuoa mepefauy aanHbeX. Ecnu B xaylueM pesxkume Ha NHHHM Mpuema pachio-
3HacTCA ypoBeHs JioT. 0, 3TO paclUeHHBACTCH KAK HUCTIAAAIOWKMH QPOHT CTapTOBOTO HM-

9.
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mynaeca, 4 HAa4YHHACTCA NOCHCOOBATEILHOCTE OeHCTRUN A pacrioO3HaBaHHuA JEeHCTBU-
TEABHOTO CTAPTOBOIO 6uTa.

-4

TaKT CUCTEMHOM ROHTRONNED
CHHXPOHIA3aLYn 3 » ﬁ:ggggm
Peructo UDR
CxXeMa ynpasnerus
BbIEOACM k 4
FDO P < 16
Q MepeHercTn B LUBR
x
Yy Yy
Cxema ynpas- —»>  10(11) - paspAgHBIi
NEHWAMIDHENDM {4 CABUMCEOR PErHCTD
X F T
ElS lRXBB rec| &[S
HEREEEY EETINN
Paretp UCR Perctp USK
I RXC l
< B
HYTREHHAA WWHA AAHHBIX
RXCIE l
&
i RXC
IRQ

Puc, 6.10. Bnok-cxeMa npuHUMaKLWero anemexTa npuemonepeaaryuka UART

K 8-my (a Tarke k 9-My 1 k 10-My) MOMeHTY BpeMeHu onpoca (CuMTas 0T MOMEH-
Ta, KOra ObUT pacmo3HaH HHCHIAAAOLIMH (POHT) JMHHA TpHeMa JOJKHA COICPHATE
HH3KMH ypoBeHb curiana. Ecu npH 3THX Tpex CkaHHpOBaHMAX ABa HTH TpH pasa Gyzer
pacno3Had BHICOKHH YPOBEHb, TG CTapTOBbIH OUT GYNET OTKJIOHEH KAK. HMITYJIbC TTOMe-
XM, M CXeMa YMOpaBJeHHs MpPHUEMOM ONAThL HauyWHAeT MOMCK HHcnazawotlero ¢ppodra
CTApPTOBOTO OUTA,
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Ecnu Oyner oOHapyseH AeHCTBUTENLHBIH CTRPTOBBIH OHT, TO NOCTYNUBLIWE MO-
CEMOBATETHHO OMTMH 38 APYTMM paspsijibl JaHHBIX OYAyT 3amMcaHsl B CHBHMrosoH pe-
ructp. Kak u B cnyuae craproBoro 6ura, 34ech ASHCTBYIOIUM ABNAESTCS YPOBEHD CHT-
HaTa Ha NHHUK NpHEMa BIVIOTh 10 8-1o, a Takke 9-ro ¥ 10-ro MmoMeHTa onpoca, cauTas
OT Hayalla NOCTYMAIOWEro pa3pana. JIornyeckuit ypoeeHb, KOTOPELH pacrio3zHaeTes, Kak
MHHHMYM, TIPDH ABYX Ofpocax W3 TpeX, OyneT BOCMIPHHAT Kak 3Hauenwe Gurta. Ha
puc. 6.11 nokasad npolecc onpoca 4714 MpHEMa CHUMBOA, cocToduero U3 § Gur (Hes
OUTa YeTHOCTH).

Owmpa- Crapt DO DY D2 D3 D4 D5 D6 D7 Cron
HUe \ A X X S A XX )
MR OO0 00O GO0 UMD 0000 GO 000 RD RO AR

Puc. 6.11. Npcyece onpoca Ans npyueMa CUMBONA, COCTOALLEro U3 8 6ut

Hns cron-0MTa Kak MHHMMYM [(BA H3 TpeX OMNPOCOB IO/DKHBLL AaTh B PE3ynbTaTe
jor. 1. Ecau 3TOro He npoHcXonuT, To B peructpe cocrosuus USR ycraHaBmHBaeTcH
dnar omnbru xagpvposanus FE (Framing Error), yxassiBaiowuii Ha 10, 410 cTon-04T
NOCTYNHBLIErd CHMBO.IA BBl pacno3HaH Kak HeKOppeKTHbIH. [TporpamMa nmons3osaTens
neped urenueM peructpa UDR nomxna noctosxno nposepats ¢aar FE ana Toro, uto-
Hbl pacrmo3HaTh MOTEHLMANLHO HENeHCTBHTENbHbIH CHMBOII B PECMCTPE IpHEMA.

Mo okoxH4YaHMW UMIKJIA NpUeMa JaHHBIX B peructpe coctosHus USR Bcerga yera-
HapiuBaerca ¢nar RXC, v BeImonHseTcs 3arpyska NPOYHTAHHOTO CHMBOJIA B PErHCTP
npuema UDR, HezaBHCHMO OT Toro, Gbl pacno3HaH KOPPEKTHBIH MK HEeReHCTENTEN -
HBIH CTOR-OUT.

Ecru ¢ nomoweto paspsaa CHRY B peructpe yripasnenns UCR 6bio ykazaHo, 4to
JUTHHA ¢10Ba JaHHbIX cocTarnseT 9 6ut (CHRY = nor. 1), To 3TOT AeBATHIH GUT NepeHo-
curcs B paspaa RXB8 peruerpa UCR.

Ecny B ¢ABMrOBOI PErucTp NMOCTynaeT HOBOES CIIOBO AAHHEIX elle 0 TOro, Kak 6y-
€T CUMTAH Y)Ke NPUHATHIH W Haxoasmwuiicy B peructpe UDR Gafit, To HOBBIH CHMBON
He MoskeT ObiTh nepenecen B pervcTp UDR 1 Tepserca. B atoM ciyyae B peructpe USKR
U1 MHAWKaUMH fepenofiHeHun ycranasausaeTea duiar OR. Jtor dnar Sydepusupo-
BAHHLIA. ' ITO O3HAYAET, UTO NOCIE CHYUTBIRAHHA AEHCTBUTENBHC BEPHOr0 CHMBOA OH
oBHOBNAETCA B COOTBETCTBHM ¢ conepxumbiM pervctpa UDR. Hmenno nostomy npo-
rpaMMa nonb3oBaress nociie ureHHs pervctpa UDR nomkHa MOCTOAHHO HPOBEPATH
¢dnar OR, yTo0BI pacno3HaTh IOTEPKO ONHOIO MOCTYHBLIErD CHMBONA.

C nomoiuero paspana RXEN perucrpa ynpasnedss UCR npuHumaromuit anemMent
mpuemonepefaTiika UART moxer ObiTs 3a6noxuposada (RXEN = ror. 0) unu pas-
6noxrposada (RXEN = nor. 1). Ecnn npuHuMarolMii s1eMeHT mpueMonepesaTyuka
3abnoxupoBan, To Beieoa PDO MoxeT nMpUMeHATBCA Kak obuini Bxoa/Berxon. Ecnu sxe
OH pa3BIoOKHPOBAH, TO BXOA NPUHHMAIOIIEro ITEMeHTa NpHeMorepeIaTiuka Syner co-
eauHeH ¢ BbiBoaoM PDO, Hessupas Ha vactpoiiky DDDO B peructpe Hanpasnenus ne-
pedauu nanxerx DDRD.
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Peructpet UART

Peaucmp seoda/esieoda OaxHbix UDR

Jtot perictp npueMonepenaTunka UART dusnuecky cOCTOUT U3 ABYX perucTpos,
abpalueHue K KOTOpPbIM TIPOUCXOAHT MO OIHOMY M TOMY K€ aapecy, TPHYEM OfUH M3
HHX HCTOAb2YETCH ANA NEpelaud, a Apyrod — A4 nprema pavHwixX. Tlpy 4teHwn uz
UDR npoucxoant odpallleHHe KO BXOTHOMY PETUCTPY, a AIPH 3aMicH — K Nepefaroile-
My perucTpY.

Peructp UDR pacnionaraercs B obnactv BBoga/BeiBoaa no agpecy $0C (munm o aa-
pecy $2C B RAM). Ox JocTyned s wreHUs ¥ 3anUCH W NIOCNE MOCTYIINEHH CUMHANA
cbpoca nHuManu3upyertcs 3HaqeHnem $00.

Paspan 7 6 5 4 3 2 1 0
$0C ($2C) | MSB | | | | | | | LsB | UDR

Pezuemp cocmosHusa USR

Pernctp coctoauusa USR npuemonepenatunka UART Haxoputcs B obnactu BBO-
na/eeiBona no aapecy $0B (uau no agpecy $2B B RAM). [ocne nocrynnenus curiana
cBpoca sce pazpaasl ButoTe Ao paspana 5 (UDRE) uHuLManu3upyloTes ¢ noMoubio
nor. 0. Paspsa UDRE ycranaenusaertcs B nor. 1 ans toro, 4To6bl ykaszaTh, YTO MpHe-
MoriepenaTuMK FOTOB K Mepenade HOBOro faifTa AaHHEIX.

Paspan 7 6 5 4 3 2 1 0
$0B($2By [ RXC | TXC JuDRE] FE | oR | - | - | - Jusr

Peructp cocroauna USR undopMupyeT nporpammy monb3oBaTels 0 COCTOSAHUM
npuemonepenatuuka UART.

B mukpoxontpornnepax 6azorofl cepuy ceMeiicTea AVR HCMONb3YIOTCA TOMBKO
paspanel 3—7 peructpa USR. 3a uckmouenneM dnara TXC, OHH AOCTYNMHBI TONBKO IS
urenys. Paspaner 0—2 3apeseperpoBanbl komnanuedl Atmel v fOCTYNHEI TONBKO AN
4TeHus (Beerga copepxar jor, ).

®nar RXC (UART Receive Complete — npuem 3aBepiueH) ycTaHaB/IWBaeTCA
B fior. 1 Ge3 yueTa BO3MOXHBIX OLHGOK KaApHPOBaHHA, KOTOPBIE MOIIH BOSHHKHYTE BO
BpeMs nepejavn JAHHBIX, €C/IH [IPUHSTOE CIOBO JAHHBIX ObUIO MEePeHEceHo U3 CABHIO-
Boro pervctpa B peructp UDR.

B TOM cliyuae, ecnm B perMCTpe COCTOSHHA ycTaHOBNEH pa3psa | ofmero paspetue-
HUA TIpepbIBaHUM, a B perucTpe ynpasneHus UCR yeranoenen paspan RXCIE, to Bbi-
IOJIHeHUE MporpaMMb! pasBeTRIseTea ¢ noMoinbto dnara RXC mukpokoHtponnepa, ye-
TaHoesieHHoro no aapecy UART Receive Complete (5009 8 AT90S8515 u AT90S4414,
$007 B AT90S2313; B momenu AT90S1200 npuemonepenatink UART OTCYTCTBYET).
®nar RXC ycraHaBNHBAaETCS B UCXOJHOE COCTOAHHE TOCPEACTBOM UTEHMS perucrpa
UDR.

Ecmv nonbsosarenbekas nporpamma GyieT CUMTLIBATE CBOH JIAHHbIE Yepes mpepsi-
raHne UART Receive Complete, To B TeueHHe BHITOTHEHHA TOANPOrpaMMbl 0GCTYIHKH-
BAHHA MpepblBaHus 00A3aTENBHO mOMKEH ObiTe cuuran pernerp UDR. B POTHBHOM
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cnyuae ¢nar RXC octaeresa ycTaHOBNEHHBIM, & NoArnporpaMma ob6paboTKH NpepsiBaHus
OyaeT BbI3BaHA IOBTOPHO Cpaly e NMoc/e BhIXoaa.

dnar TXC (UART Transmit Complete — nepegaua npueMonepeaaTidkom 3a-
sepuieHa) OyneT yCTaHOBNEH B JIOT. 1, eciiu CHMBON B CABWTOBOM perucTpe Obl1 nepe-
JaH NOIHOCTRIO (TO €CTh, BKIKOUAA cTON-0HUT), U u3 peructpa UDR He oxupaercs Ho-
BBii GaiiT gaHHBiX. DNar oUEHs MONIS3EH B NOMYAYTIIEKCHOM pexKHMe paboTsl, koraa
HeTOCPEACTBEHHO TI0C/Ie TIepefau HeoOX0AHMO MepekIIOUHTLCA B PEXKHM NpHeMa.

B ToM cnyuae, €ClTH B PErMcTpe COCTOSHHMSA YCTaHOBMEH paspan | obiero paspelue-
HUs pepuiBaHuil, a B perucTpe ynpasnenus UCR ycrawosnen paspaa TXCIE, To BeI-
MOJHEHWE NpOorpaMMebl pazeeTBaseTca ¢ rmomowksio dinara TXC, ycraHosneHHoro no ag-
pecy UART Transmit Complete (300B 8 AT90S8515 u AT90S4414, $009
B AT9082313; r Mmogenn AT90S1200 npuemonepenarunk UART orcyTcTByeT).

[Tpu Bxozxe B noamnporpaMMy o6paboTku NpepeiBanka Grar 3apeplleHHs Nepeaayuu
TXC c6pacuiBaetca annapaTHo. AnbTepHaTsHo, duar TXC takke MoxkeT ObiTh cOpo-
eH 3anKcLio Jor. 1 B pazpan 6 perncrpa USR.

®nar UDRE (UART Data Register Empty — peructp AaHHbIX MPHEMOTIEPEAATHH-
Ka NyCT) ycTaHaenausaercs B nor. 1, ecan codepxxkumoe pervcrpa UDR Gbino nepenece-
HO B cABurosoit perucrp. C ero NoMoLIBIY NONL3OBATENb NOAYYAET YBEAOMIIEHHE O
TOM, 4TO NPUEMOTIepeJaTHUK FOTOB K Nepeaaye HoBOro CHMBOJIA.

B ToM cayyae, eCiid B perHMCTpe COCTOAHMSA yeTaHoBNeH paspsaa | ofmero pazpele-
HHA NpepbiBaHuid, a B peructpe ynpaeieHus UCR ycranoenex paspan UDRIE, swinon-
HEeHHe NporpaMmel pazeetensercs ¢ nomotbto diiara UDRE, ycraHosneHdHoro no af-
pecy UART Data Register Empty (300A B AT90S8515 u AT90S4414, 5008
B AT9082313; & moaenu AT90S51200 npuemonepenatumk UART orcyrcTByer). JTa
noanporpamMma o0paloTkn nmpepsiBais OyaeT BEIMOMHATLCH 4O TeX nop, moka Oyger
ycraHosneu ¢nar UDRE. ®nar UDRE c6pacbipaetes npu 3anucit Galta JaHHBIX B pe-
riuctp UDR.

Ecnu none3oBartensckas riporpamMma OyzaeT nepeiaBath CBOM JaHHbIe Yepes fpepbl-
sanse UART Data Register Empty, ToO BO BpeMs BbINOMHEHUS MOATIPOrpaMmMbl 00CTy-
*MBaHHA mpepbiBaHud B peruceTp UDR obazatensHo nosxeH ObITh 3amMcaH CHMBOIL
B npotuenomM cny4ae ¢nar UDRE ocraercs ycraHOBNEHHBIM, H nmoanporpaMma obpa-
OOTKHU MpepbiBakKs MOCIE CBOETC 3aBeplueHHA OyAeT 3anyIieHa OnsTh.

Bo Bpems cOpoca npu BrmoueHud nutanns gnar UDRE veranagnusaercs 8 nor. 1,
uTo6bl NOKA3aTk, YTO PHEMONEPEIATHHK FOTOR K Nepeaaye HoBoro GafiTa AaHHbBIX.

®nar FE (Framing Error) ycraHaenueaetca B Jor. | npH oGHapyeHUH OWIHEKH
KaZpHPOBAHUA. 3TO MPOUCXOONT, ECIIH NPU TPeX CKAHMpOBaHUAX cron-Oura Geln Gonee
ofHOro pasza oOHapyxeH nor. J, 1 TeM caMbiM cTON-OUT OnIN pacrio3HaH Kak CUrHaj
umikoro ypoehs. ®nar FE cbpackiBaercs, kora cTron-0HTy COOTBETCTBYET CUMHAN Bbl-
COKOT'O YPOBHSA,

[Nonw3oBaTennckas nporpaMMa DOJDKHA MOCTOAHHO npoeepats ¢naar FE nepen ure-
udem peructpa UDR, utofel MOXHO GblIO pacnozHATh NOTEHUMANLHO HEKOPPEKTHbIH
CHMBOJT B PErycTpe MpHeMa.

@nar OR (Over Run — neperpy3ka) ycTasaBnuMBAaeTCa B JIOT. 1, eCliM OOMH W3
CHMBOJI0B, nepedaHHbIX B peructp UDR u3 capuromoro perucrpa, He Obl1 npoduTaH
nepen cleayruM MOCTYIMBUIMM CHMBONOM. JTOT tnar OydhepuaupoBaH (TO ecTh, OH
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oOHOBNAETCA [OCNe CYHTHIBAHHA AEHCTBHTENBHONO cuMBoia u3 perwctpa UDR), no-
3TOMY NOJIB30BATENLCKAA TPOrpaMMa JOMKHa Beerda nposepath ¢mar OR nocne yre-
uus pervcrpa UDR, 4Tobrl pacniosHaTs NoTEpo 0AHOrO NocTynuBLIero cumeona. Gaar
neperpy3kH cOpaceiBacTes NPH TEPEHOCE CUMTAHHOTO CHMBOJa B perucTp UDR.

Pezucmp ynpaenesus UCR

Peructp ynpasncuns UCR Haxoaures B o6nacTv eBosia/eeiBoaa no anpecy $0A (no
anpecy $2A B RAM). Pazpsapt 2-7 nocTynant s yTeHWs M 3aiUcH, paspsaa 1 — Tob-
KO Jifis uUTeHns, a pa3psan 0 — Tonwko ans 3anucu. Tlocne mocTynienus curdana chpoca
perucTp ynpas/ieHus WHUUMAAU3UpyeTces 3HaueHuem $00.

Pazpsn 7 6 5 4 3 2 1 0
SOA ($2A) | RXCIE | TXCIE | UDRIE | RXEN | TXEN | CHRS | RXB8 | TXBS8 | UCR

Ecnu pazpan RXCIE (RX Complete Interrupt Enable — paspeutenue npepsisasus
N0 3aBEPLICHHIO NIpHEMa) U paspsan ofliero pazpetieHHs npepeiBanyii I B perucrpe co-
cronuusa SREG ycranoBneHsl B a0r. 1, To paspewraeTcsi NpepbiBaHHE MO 3aBEPLUEHHKO
npuema UART Receive Complete. 3ror npouecc HauyHaeTcs nocsle yCTaHOBKH duiara
sasepweHus npuema RXC B peructpe USR.

Ecmu pazpan TXCIE (TX Complete Interrupt Enable — pazpenenne npepreipaHuii
N0 3aBepLICHHIO nepejay) U paspsy ofiuero paspelueHHs ripepsiBadmwil [ B perncrpe
coctonHua SREG ycranoesieHsl B nor. 1, To paspewaercs NpepbiBaHUE 110 3aBEPLICHHIO
nepegaud UART Transmit Complete. DToT mpouecc HauHHAeTCS IMOCTE YCTAHOBKH
8 pericTpe USR ¢nara zapepirenus nepenaun TXC.

Ecnn pazpan UDRIE (UART Data Register Empty Interrupt Enable — paspewse-
HHE MpepLIBAHUS MO ONYCTOIIEHHIO PErHCTPA AaHHBIX MPHEMOMNEPEAATUHKA) H pa3psl
obmero paspeiieHus 1pepbiBanuit | B permcrpe cocrosHus SREG ycraHoBnewbt
B JI0T. 1, TO paspelIaeTca NMPepeiBaHme 10 ONMYCTOLUEHHIO PECHCTPA JAHHBIX TIPHEMOTIC-
penaruuka UART. 3T0T npoliece Hauunaeres nocte ycTaHOBKH B perucrpe USR dinara
UDRE.

Ecmi paspan RXEN (Receiver Enable —— paspemenve npuema) ycTaHoBneH
B JIOT. 1, TO MpoucxoauT pasbnokUpoBaHUE PHEMHHKA, H BBIBOA PDO cTaHOBHTCH BXO-
nom UART. Ecnu pazpag RXEN copepxHT Huskuil yposets, TO NpuHUMAOUAH 3ne-
menT npueMonepeaatunka UART Gnoxupyetes, v Beisog PDO MokeT HCTONb30BaTHCS
B KayecTBe OOBIMHOIO BXOAA/BBIXO/IA.

Ecnu paspsn RXEN copepyur sior. 0, To dnaru OR u FE He MoryT GbiTb yeTaHOB-
nenbl. Eciin 3TH ¢iary Bee e YCTAHOBAEHE!, TO OHK ¢ noMoukio RXEN He cbpachiBa-
toTeA.

Ecnn paspaa TXEN (Transmitter Enable - pazpeurerue nepeaadH) ycTaHOBREH
BJIOF. 1, TO TIPOMCXOAMT pa3bnoxupoBaHue mepenaTdMka, a Beigog PD1 cTaHoBWTCS
BrIxonoM npuemonepenaTanka UART. Ecnu paspan TXEN comepXuT Hu3kuit ypoBess,
TO nepeparoiui snement UART Gnokupyerca, » sbiBox PD] MoxeT HCHOMB30BATLCH
B Ka4eCTBe OOBIMHOIO BXOAA/BBIXOMA.

Ecnu paspsa TXEN Bo Bpems npotiecca nepeaaun ycTaHasnueaercd B aor. 0. o
TepenaTirK He G10KUpyeTes A0 TeX Nop, NoKa TEeKYLIUHA CUMBOI B CIBHFOBOM peruct-
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pe, a TaKkke CHMBOJ, BO3MOXHO, O3KHAAOWMA Ha repeaady B peructpe UDR ne 6yayr
MONHOCTREO fTepeaHbt.

Ecau pazpag CHRY (9-Bit Characters — cumsost AfIMHOH 9 6uT) ycTaHOBIGH
8 Jor. 1, TO CJIOBA AAHHBIX, MO/UIEKAILHE MepeaUue/CUHTLIBAHHIO UMEIOT ATiHHY 11 Gur
(9 pa3psanoB A2HHLIX TOC CTApTOBBIN ¥ cTon-OuT). JenaTeiii Gur us paspana TXBS
1pH nepenave nonazaer B UCR, a npu npueme — B paspaz RXB8 perncrpa UCR. [e-
BATBIH OHT MOXeT GBITh MCMONB30BAH A8 pasMEIUEHHA OOTNCAHHUTENBHBIX HHq)OpMaL[H—
OHHBIX JaHHBIX, HATIPHMED, B KaUECTRE fHTa YUETHOCTH HJIH BTOPOIo cTon-OuTa.

Ecnu paspaa CHRS ycranosnen s jior. 0, To clioBa AanHbIX, NOLTeXAllHe Nepeia-
ye/ CUHTHIBAHUIO HMeroT AnuHy 10 6ut (8 pa3panoB AaHHBIX MAKOC CTAPTOBBLIH KM cTON-
ouT).

Pazpsy RXB8 — 570 aeBATHIl OUT NaHHBIX CUMTAHHOrO CHMBO/A, €CH paspal
CHR9 B peructpe ynpasnenus UCR copepaxxur nor. 1.

Paspsag TXB8 — 3T0 meRaTsifl OMT cMMBOTA, NMOMIEKALLIETO CYMTHLIBAHHIO, KOTAa
pazpsn CHR9 B pernctpe yrpaenenus UCR yctanoBied s nor. 1.

Peaucmp cxkopocmu nepedadu daxHbix UBRR

Peructp ckopoctH nepegasn danHsix UBRR npuemonepenatuvxka UART Haxo-
JUTCH B 0OmacTH BBOAA/BBIBOAA 0 anpecy $09 (mo anpecy $29 B RAM). On aoctynen
A1 YTEHWA H 3alHCH U MOC/Ie NOCTYIIEHHs CUrHala cOpoca HHHLMATM3MPYETCS 3HAYe-
Huem $00.

Paspan 7 6 5 4 3 2 ] 0
$09 ($29) | MSB | ] ( | | | | LSB | UBRR

BcTpoeHHbIH KOHTpOIEp CKOPOCTH Mepefayuy AaHHbLIX NPEeAcTaBnseT coboil aenu-
TeJIb YACTOTHI, OMpPENeNAOWHIA CKOPOCTE Nepefadd AaHHbIX HEMOCPEACTBEHHO Ha OC-
HOBAHWM TAKTa CUCTEMHOM CHHXPOHN3auuH @,

CKOpOCTs Nepeaaun MOKET ObITh BHIYHC/IEHA 10 CEAYIOILEMY YPABHEHHIO!

faag = ®/(16 (UBRR+1))

rae fgyg — CKOpocTh mepesaun B Oomax, @ — TAKT CHCTEMHON CHMHXPOHHU3ALMM,
UBRR — coaepxunmoe 8-paspagHoro pervctpa UBRR (0...255)

3xauenus peructpa UBRR mns nanbonee pacripocTpaHeHHBIX CKOpoCTelt nepenaud
JAHHBIX NpeAcTaBneHsbl B Tabn. 6.2, Bee snavenus, st KOTOPRIX TIOMPEUIHOCThL NojyH4a-
etca MeHblue 2%, B Tabn. 6.2 BeIAENEHB! MOKYKMUPHEIM LWPHGTOM.

Tabnuua 6.2. 3HaveHus pernctpa UBRR s HanGonee pacnpoCTpaHeHHbiX CKOPOCTER Nepeaaqy gaHHbIx U
yacToTel paboTel kBapyesora reHepartapa konebarui

S it}

UBRR =95 UBRR =191 UBRR = 207
UBRR = 47 0.0 UBRR =95 0,0 UBRR =103
UBRR =23 0,0 UBRR = 47 0,0 UBRR = 51
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TaBnwuua 6.2. OkoHJYaHue

& ,@ e -
9600 UBRR =11 0,0 UBRR =23 0,0 UBRR =125 0,2
14400 UBRR =7 0,0 UBRR = 15 0,0 UBRR = 16 2,1
19200 UBRR = 5§ 3,0 UBRR =11 0,0 UBRR =12 0,2
2400 UBRR = 207 0,2 UBRR = 287 — UBRR = 372 —

4800 UBRR =103 0,2 UBRR = 143 0,0 UBRR = 155 0,2
9600 UBRR = 51 0,2 UBRR =71 0,0 UBRR =77 0,2
14400 UBRR = 34 0,8 UBRR = 47 0,0 UBRR =51 0,2
19200 UBRR =28 0,2 UBRR =35 0,0 UBRR = 38 0,2

3HAUCHUS, BhUICSIEHHBIC KYPCHBOM, MPEBLILAIOT 255, U 0OTOMY HE MOTYT ObITH Ye-
tanosnens! B peructpe UBRR, uMmerowem anuny scero 8 paspanos. Ecnu notpebyercs
COOTBETCTBYIOLIAA CKOPOCTh Mepesaun JaHHbIX, TO HeoOXOAMMO TIepexXoiuTs Ha Gonee
HM3KHE YacTaTel koneGaHuii KBapLEeBOro reHepaTopa.
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7 CUHXPOHHASA NEPEJAYA JAHHbBIX YEPES
NOCNEAOBATENbHLIN MHTEP®ENC (SPI)

TocnenosartensHslil naTepdetic nepudepniintix yerpoicts SP1 (Serial Peripheral
Interface) HcnoaL3yeTCA TONBKO B MEKpOKOHTponepax AT90S4414 u AT90S8515 Oa-
30BOM cepHu cemeiicTea AVR.

B cemeitcTBe MUKPOKOHTpOILIepoB AVR CyLIECTBYET JB€ MPHHLMITHANBHBIE BO3-
MOMHOCTH NMOCNHSA0BaTENbHOTO oﬁmeHa HAHHBIMH:

* 0oOMEH JaHHBIMM ¢ nomoulsio npuemonepegariuka UART (onyucan B nmpeasiay-

meﬁ l"J'[aBE), KOTOpb[ﬁ NOAACPHKHBAET PEKUM aCHprOHHOﬁ nepenavu,

* MPUMEHEHUE CUHXPOHHOIO NMOCTEA0BATEALHOr0 HHTEpdeiica nepudpepuiiHbix
yerpoiicts SPL

Kak MoxHO npeanonoxmuTs M3 ero HaspaHud, untepdetic SPI cnyxut, B nepsyio
ouepenb, A% KOMMYHHKAMH MHKpOKOHTpasnepa ¢ nepudbepuiinbiMu Gnoxamu. B xa-
4ECTBE TaKuX 6/I0KOB MOTYT BLICTYNAaTh MPOCThIE CABHTOBBIE PETUCTPbI MM OyKBEHHO-
UHPPOBbIE MOLYTH MHAHKALMY, & TAKKE CAOKHBIE MUKPONPOLIECCOPHBIE CUCTEMbI HITH
CHCTEMB! PETHCTPALIMK AaHHBIX. MHOrHe GUpMBI-M3IOTOBUTENN NpeanararoT 6onbuoi
Be16op 6nokoB ¢ nHTepdeiicom SPL

Hurepdelic Takoro THNA Taike NPUMEHAETCA TIPH MPOrPAMMHUPOBAHUM B MOCE10-
BATE/IBHOM PEKHME LEHTPANLHBIX MPOLECCOPOB MHUKPOKOHTPONIEpPOB 0a30BOH cepuu
cemeiictBa AVR. TloapoGHo sToT BOnpoc paccmarpuBaetca B pasaene “Ilocnenosa-
TENBRBIA pekUM OporpaMMHpPOBaHNA™ Tnasel 11.

Yepes unrepdeiic Tuna SPI Moxuo ouers 6LicTpo U mpocTo 0OMEHMBATLCS AaH-
HBIMH MEXAY BelYLIMM MHKpPOKOHTpostepoM (Master) U OMHHM HIH HECKOMbKHMHU Be-
nombiMu 6nokamu (Slave). CtpoeHue uHTepdeiica SPI cxemaTHHeCKW MOKa3aHO Ha
puc, 7.1.

- - Master Slave
AKTOBLIA s SeK |
reHepaTop .
SPI
: —> SCK
[ SCK :
aH EMOSI MOSI SER N QH
SER_In | ——Pazpeiledus
SHyTpeHHaA B-pazpagHan ’fjfj}j} : 5
WHZ 4 aHHBlX 8 pazpAgoe , g paspAgoe
BBDAA/ERIBCAE IMISO MISO BEOnA/BEIBOAS
Mopr B 7 bur 4 IES 55

Puc. 7.1. Cxemaruqeckoe npeACTABNEHWE NOCNeZ0BaTENbHOro MHTepdeica SPI
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Tlpu nepenade AaHHBIX yepes uHTepdeiic SPI oGMen naHHBIMU BCerJa MPOUCXOMHT
Mexay AByMA ycTpoiicteamu: Master u Slave. Kaxcasit MHKpokoHTpOIIEp ceMeiicTBa
AVR, ocHawennpiéi unTepdiericom SPI, mosker ObITh CKOHGUrypHpPOBaH Ha pEXHMBI
pabotel kak Master, Tak 1 Slave nocpeacTBoM ycraHoBkH/cOpoca paspsana MSTR & pe-
rucTpe ynpaeieHns uHTepdeiica SPL. [pu atom Master Geper Ha cefs aKTUBHYIO YacTh
ofMeHa JaHHBIMH, BLI3BIBAS Mepejauyy W ynpaenss npoueccoM. Beaomoe ycrpoiicTeo
(Slave) He MOXKeT camO ObITe akTHMBHEIM. (OHO MPUHHMMAET N MEPEAAET AAHHBIE TORBKD
TOTAa, KOTJa NPOHUCXOIHT ero aKTHBH3ALMA CO CTOPOHBI BEAYUIEro ycTpoHcTsa Mo Nu-
nid /S8 (Slave Select — BbiGoOp BegomMoro). 310 MOMHO CPaBHMTE ¢ cHrHanom /CS
(Chip Select — BeIOop KpHCTanna) nNpy McAoONB30BAHMM OnokoB naMATH RAM unm
EPROM. Beayiiee yeTpoHCTBO TAKOKE TMEHEPHUPYET TAKT i1 NEpEdavd MO BbIXOAHOH
nunnn SCK. Jina enomoro Gnoka sbiBog SCK seisercs BxoaoM, 4epes KOTOPBIH OH
nomydaet oT Master-ycTpoHcTBa TakT.

Ecan Slave axTuBU3UpYyETCA BEAYLUMM YCTPONACTRO MO JNIMHKK /38, TO HaumHaeTcs
oOMeH AaHHBIMH: Master 3amuceiBaeT nogaekallui nepeaue 6aiT B cBoH perucTp aaH-
neix SPDR nocnenopatensHoro vutepdeiica SPI. C nomotbto kakaoro seipaboransoro
TaKTOBOTO WMIyAbca Master nepeMetiaeT oJWH OMT OaHHBIX Ha Bhixog MOSI (Master
Out Slave In — Beixon Regyllero, BXOA BEAOMOTO), a Slave oqHOBpeMeHHO B 0OpaTHOM
HanpaBneHuy nepeaaeTt ofinu Gut Ha axoa MISO (Master In Slave Out — Bxoa sesytue-
ro, BbIX0A Be#OMOro) eeayliero Oioxa. 1o sroit npuunue uarepdeitc SPI moxuo cpas-
HHBaTh C |6-CTYNeHuaThIM PEFHCTPOM UMKIIM4ECKOrO CABHIra, pa3jeleHHbM Ha aRa 8-
pa3psaHBIX CABHIOBLIX PErHCTpA, MEepBbld H3 KOTOPBIX HAXOAWTCHA B BEAYLUEM YCTPOMHCT-
BE, a BTOPOi — B BeNoMoM. B pezynerare, B TeueHHe UMKA SPI, cOCTOALLETO U3 BOCHMH
TaKTOBbIX HMNY/1bCOB, Master 1 Slave oOMenHBatores GaliraMi AaHHbBIX.

IMo OKOH4YaHHM repenavd AAHHBIX B PETMCTPE COCTOAHMA WHTepdeiica SPI (kak
B koHtHrypaunu Master, Tak 1 B koHburypaiuu Slave) ycranarnHeaercs ¢uniar npepsi-
BaHMs oT unTepdeiica SPIF (SPI Interrupt Flag). O1oT daar ykasbiBaeT Ha OKOHHaHHE
nepeaayi U BbI3bIBAET 3aNPOC Ha NpephIBaHKHE NOC/IE TOTO KaK B periucTpe yNnpaBieHHA
SPCR (SPI Control Register) Syaet ycranonaen paspsa SPIE (SPI Interrupt Enable —
paspelleHHde Ha npepbiBaHue OT HHTepdeiica SPI), a B peructpe cocroanus SREG —
paspsaa [ obuwero paspeuieHus npepoiBaHuil. B pexknme “Master” Texymas nepenada
JAHHBIX MOKET GbITh MPEKAEBPEMEHHO 3aBepllieHa Bhiaadeit B tuHuio /SS curnana nor.
1. CueTyuK pa3psaAOB M BHYTpeHHsAs noruka Slave B pesynsTare cOpacEIBAKOTCSH, PeXKHM
“Slave” cTAHOBUTCA HEAKTHBHBIM H MEPEXOOHUT B BHICOKOOMHOE COCTOAHME {C TpeMs co-
CTOSHHAMU}.

Kak noxazado Ha puc. 7.2, k uHTepdieiicy SPI B kauecTBe BeJOMBIX MOTYT OBITH
OJHOBPEMEHHO NOAKIIOMEHE HECKOBKO NEpHEPHIHEIX YCTPOHCTR, OMHAKO AKTHBHBIM
Syner TONBKO TO M3 HMX, Ha Bxon /SS koToporo uepes mopt B Beayiero ycrpoiicTea
6ynmer nonan ypoeeHs nor. 0. Beixogpt MISO He3zaneHcTBOBAHHBIX BEIOMBIX ONOKOB
HaxXOAATCA B BLICOKOOMHOM COCTOSHHH M He BJHRIOT Ha NPOLECC Mepeaii JaHHbIX.

Broxam G1 v Gn Ha puc. 7.2 COOTRETCTBYIOT MOKHOLEHHBIE BEIOMbIE HHTEP(hEHCH!
SPI, y xoTopsix aaHHble nepeaaroTes B 060uX HanpasaeHngx. biaok G2, ¢ TOUKH 3peHHs
BEAYLLETO O/I0Ka, IBISETCSA TONBKO OMOKOM BbIAAYH (B KAYECTBE NpUMepa Takore BJioka
MOKHO TPUBECTH LH(poaHanoroeelii npeobpazosarens ¢ udTepdeiicom SPI). Brox G3
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110 HCNOJHEHHUIO aHanoruyed 6noky G2, HO TONbKO Kak 6ok npHvema (HanpumMep, udd-
POAHANOTOBHIN NpeobpasoBaTesns).

SCK 5CK
MOS| MOSI G1
MISO WISO
PB4 IS5
ATA0S8515 SCK
MOSI =~
PB3 /55
SPl-Master "
mso G3
PE2 /S8
S%K
MOS!
Mse Gn
PBO /85

Puc. 7.2. MofknKYeHUE HECKONBKNX YCTPOWCTBA K uHTepdercy SPI

Bxoabl 1 Boixogbl uHTepdeica SPI

Hurepdeiic SPI cocTouT U3 YeThipex JIHHMWIL: TakTa casura SCK, muHuil nepeaaqn
AaHuelx MOSI n MISQ, a Takke Bxoaa pasGnokupoBaHusa /SS, aKTHBHIUPYEMOTQ CHT-

HAnoM Hu3koro ypoens. OHW BbIMONHEHH B BMAE aNbTEPHATHBHLIX (hyHKuMH nopta B
(tabn. 7.1).

Tabnuua 7.1. Oynkuuu paapaaos nopta B gns nunuii nHrepdhedica SPI
;: il it
/S8 PortB / Paspsn 4 | Paspewenue (Slave Select)
MOSI | PortB / Paspan 5 | JIunusa nannerx (Master Out Slave In)
MISO | PortB / Paspan 6 | Jlunus nanueix (Master In Slave Out)
SCK PortB / Paspan 7 | Takr caeura (Shift ClocK)

Koraa untepdetic SPI orxnioven (paspan SPE B peructpe nutepdeitica SPCR co-
Aepxut nor.0), TO 3TH YeThipe TURUM QYHKLUMOHMDPYIOT KAK caMble O0bluHbIE STHHUH
BBOI[afB!:lBO,[Ia, COCTOAHHC KOTOPBIX CNPEOCIACTCA IO COCTOAHHIC PErucTpa Haripasne-
Hus nepenayn gaHusix DDRB nopra B. Oanako, ecnu dHTepdeiic SPI aktueen (paspan

SPE B peructpe ynpasnenus SPCR conepskut nor. 1), To B 0bmem ciyuyae gefcTsyer
cleqyoLuee MpaBuo.
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V BxOAkI miTepdeica SPI NOGNE YCTAHOBKH PaspRAA SPE 8 perucTpe ynpaenenus SPCR aBTOMa-

TUHECKM KOHUIYPVPYIOTCA Kak BXOALI, @ COCTBETCTBYIOLWMIE PAIpAs B PErcTpe HanpaeneHun ne-
peaaqn gaHHelx ByaeT nepenucar.
Brixogst uHtepdietica SP1 4onmxHel ObiTh ONpPEAENEeHbl NONb3OBATENLEKOR NParpaMMoin nocpea-

CTBOM YCTAHOBKK COQTBETCTEYIOLLEro papaja B PErMCTPE HaNpaBneHnA nepegayu fanHbix,

HanpapneHue nepenavn JaHHEIX YEPE3 BHIBOALL aKTHEHOIO uHTepdeiica SPI noka-
3aHo B Taba. 7.2,

Tabnuua 7.2. HanpasneHve nepefaun 4akHbiX Hepes BhlBoAbl aKTUBHOTO MHTepdeica SPI

; i FOWKOHD YD Y

MOSI OnpefengeTcd NoAbL30BATENEM Bxoa

MISO Bxon Ornpenensierca Noab30OBATENEM
SCK OnpefenaeTcs nois30BaTenem Bxoa

/8§ Onpefensercs MONb30OBATENEM Bxox

Jnana SCK spnsercs BeixogoM, korga wuuTepdeiic SP1 paboraer B pexcame
“Master”, ¥ Bxonom, koraa untepdenc SPl ckoHburyprupoead s paboTbl B pexume
“Slave” (pa3psan MSTR & peructpe ynpasneuuss SPCR). ITpu paGote B pexxume “Slave”
untepdeiic uraopupyer ceoil Bxon SCK go Tex nop, rnoka Ha ero ouHHA /SS He nos-
BHTCH CHIHAN HU3KOTO YPOBHH,

JInnus SCK genurest BHYTPEHHMM TaKTOM CHCTEMHONM cuHxponuzauun @ uek-
TpansHOro npoueccopa, KosdhdUiMenT aenenns MokeT ObITh BLIOPan ¢ NOMOLUBIC Pas-
pagoe SPR1 u SPRO perucrpa ynpasneuus SPCR. Korna Master HauvHaeT nepenady
AQHHBIX, TO TEHEPHPYHOTCS BOCEMB TAKTOBBIX HMIYNBLCOB, KOTOPbIE CHHXPOHU3HUPYIOT
nepeaayvy. Urobbl rapayTHPOBATh HAZEHKHYHY [TOCTAHOBKY OHTA JaHHBIX, OH CABHFAETCH
Enepel C NOMOUIbIY OIHOTG $poHTa TakTosoro curHana SCK, a ¢ nomousio apyroro
(pouTta npunuMaetcs (puc. 7.3). Buibop poHTa cHrHana 3aBHCHT OT NPOTOKONA fepe-
Jlauu JIaHHBIX,

_—  HILO g

]

SCK

MOS ><
5 — WALD g
MISO ><

Puc. 7.3. BpemeHHan guarpamma nepeaavdmn no ubirepceiicy SPI

Ha puc. 7.3 OUTBl JaHHBIX MPUHAMAKOTCH M0 HAPACTAIOLWICMY (IPOHTY TAKTOBOLO
curbana SCK, a panbHeAWdi cABHT OCYLUECTBAAETCS MOCPEACTBOM HHCMATAIINErO
jponTa. Master nepeaaer OUT AaHHEIX Ha cBOi BbIxod MOSI, B TONLKO 110 MPOILECTBHH
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BpeMeHH tgerup CNELYET HapacTatouui ¢bpoHT TakToBOro curuana SCK, utofer rapan-
THPOBATD, YTO OMT NoCIe pHeMa cTabHABHO YCTaHOBJICH,

[Tocne Toro kak nogBWiIca Hucnajaroluii GpoHT TakToBoro curnana SCK, Master
O3H1aeT MEPUOI BPEMEHH tyarip, YT00BI yOeIUTLCA B HanHuHK OHTa JaHHBIX OT Slave,
KOTOPhIH MOXHO ObITIO Gbl IPHHATL C MOMOLUBIO CAEAYIOWEro POHTA TAKTOBOIC CHI-
nana SCK. I1pofo/KUTENEHOCTE BPEMEHH Ty o HMITYJIBCA BLICOKOTO YPOBHA TAKTOBOTO
curnana SCK, a Tarcke 11epHoaoB BpeMeHH tsetup B tyarip 22BUCHT OT TpebosaHMH, Bbi-
JOBMraeMblX W3rOTOBHMTENEM K NapaMeTpaM nepudepdifHbIX YCTPOHCTB, NOAKTIOHAEMbIX
yepes uuTepdeitc SPL. Jng Toro utoSel MOxKHO ObIIO MORKMIOYATE Takcke W Gonee Mea-
fieHHble NepUdepuiitbie yeTpolicTa, Yactora Taktoporo curHana SCK moxer Obith
noaenexa eraots go ®©/128.

Beioasl MISO 1 MOSI cnyskat ans nepenady ¥ npuemMa noc/ieAoBaTelbHbIX Ou-
ToB AaHHbIX. Ha cropone Master MOSI — 310 Bbixog ganHbix, a MISO — sxon. Ha
cropoHe Slave 3Ti aBa BbIBOAAa MeHAIOTCS poiaMi. Kak nokaszaHo Ha pyc. 7.2, K HHTEp-
deficy Tuna SPI moxeT GbITE NOAKIKOYEHO HECKONBKC BeaoMbIX Gokos. B atom cityvae
sce ik SCK coenuuedsl Mexny coGofi, Tak e kak H Bce nuauu MOSI u MISO.
HecmoTpa Ha To, uto no uutepdeiicy SPI, B npHHUUNE, MOrYT GbITh COEJIUHEHBI He-
CKOJIBKO BEAYLIHX YCTPOHCTB, aKTHRHBIM MOKET ObITb TONMBKO OAHO W3 HMX. DTOT ak-
THUBHLIA Master BeiOupaer no nuHuH /5SS tpebGyemblit 6nok Slave w nepeceinaer yepes
ero Beixodp! SCK u MOSI takTtoBple UMnNynbekl H OHTHI NaHHBIX Ha BXoabl SCK u
MOSI seaomsix 6noxos. B teuenue Toro ke uniia Slave MoxeT nepechutars GUTHI
AaHHBIX Hepes ¢BoH Boixoa MISO Ha Bxon MISO Beaywero 6noka. bnaroaaps asToma-
THYECKOMY MNEPEKTIOHEHHIO HAIMpPABACHHA TEPEAayd JaHHBIX Ha 3TUX BHIBOIAX (CM.
Tabn. 7.2), NpeooTBpallaeTcs BO3HUKHOBEHHe KOH(IMKTA TP CMEHe Beayllero ycr-
poiicTBa B CHCTEMAX ¢ HECKOJIBKHMH TaKMMH YCTpOHCTBAMH.

HazHaueHue mUHHH /SS MOXKET MEHSTBCH, B 3aBUCHMOCTH OT TOTO, OfIpeleNeH JH
unteppeic SPl kax Master uny kak Slave. BenoMslil 610k aebnokupyercs BeayLuM
A8 nepedadd AaHHBIX ¢ MoMoweto nor. 0 Ha Beieoae /88, a ero Beisog MISQO npespa-
THUTCH B BLIXOJ, KAK TONLKO MOIL30BATENLCKAA MPpOTpaMMa YCTAHORUT B for. 1 paspsan
DDB6 B perucTpe HanmpasneHHd Mepepaqn aadHbeX nopra B. Koraa #a ewisoge /SS Ha-
XOAUTCA BbICOKMH yposeHb, Slave urHopupyer cerou Bxoasl SCK 1 MOSI, a 3atem ne-
peBoauT Beixoa MISQO B BHICOKOOMHOE COCTOSIHHE,

[Tpu pabote B pexxume “Master” BolBog /85 MoxeT ObIT CKOHPUIYPHPOBAH Kak
OOBbIYHBIR BRIXOJI MIM KaK BXO AMA PaciiO3HABAHUSA KOHQIMKTOB B HHTepdeiice SPIL.
Oror Buidop onpenenderca pazpanom DDB4 B pervcrpe HanpaeneHHs nepeaadH aH-
Helx nopTa B. Ecnu 3ToT paspan comgepxkut jor. 1, To muHKA GYHKUMOHMpYET Kak ob-
LKA BBIXO], KOTOPBIH HE OKasbiBaeT BAuAHMA Ha MHTepteiic SPL. Ecnu paspang DDB4
B PerCTpe HanpaBNeHUS Nepelaud NaHHbIX YCTaHORNeH B aor. 0 (Bxox), To nuuHs /SS
JION3KHA YIEPAKHUBATLCA B COCTOAHUM Jior. 1, ecnu cucTema SPI qomkHa koppexTHO pa-
foraTh kak Master.

[TocpencTEOM CHrHaMA HU3KOrO YPOBHA Ha 3TOM BbiBose Master nonyuaer cHrHa
0 TOM, 4TO Apyroli Beaymui 6ok BLIOpPaN ero B kKaYecTse BeOIoMoro u Oyaer nepena-
BAaTh €My AaHHBle. DTO 3acTaBiseT BeIOpaHHBIH BemylMii 6710k HeMenneHHO OcBODO-
JATHL WWHY NepefavyH JaHHBIX N0 uHTepdeiicy SPI U nocpeacTBoM aBTOMAaTH4ECKOra
nepeKTodeHs nepeiTH B koHbUrypauuio seaomoro bmnoka (cm. Tabn. 7.2).
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Bo u30exaHHe cepbe3HblX MOBPEXISHHH BBIXOAHOrO ApaiBepa, annapaTHO Bhi-
MOAHAIOTCA CIERYIOHE NEHCTRAA.
1. Pazpsng MSTR B peructpe ynpaenenus SPCR ycranasnuaercs B jior. 0, ¥ Tem ca-

MbiM cucteMa uHTepdeiica SP1 kondurypupyetcs Ha paboTy B pexxuMe BEAOMOTO
6noka. Kak cnegersue, Beieoasl MOSI u SCK npeppaiatotes Bo BXO/bI.

2. @nar SPIF e pervcTpe coctoanns SPSR ycranaernuraercs B 1or. (), 4 BeI3bIBASTCA
TIpEpPBIBAHYE, KAK TONBKO B perucTpe ynpasieHuna SPCR Oyger ycTaHoseH paspan
SPIE, a B peructpe coctoadus SREG — paspsn oBiuero paspelnenus npeprisaqui 1.

Io aToit npuyrHe noanporpamma od6paboTkK npepriBaHMA oT UHTepdeiica SPI npr
ero nepexone B pexxuM Master Bceraa SyaeT nepenpoBepaTh, YCTAHOBJEH M €11e pa3-
psx MSTR, ecnu cyumecTByeT BO3MOMXHOCTL BHELUIHETO NepeBoa JTMHKMK /S8 B cocToA-
Hue for. 0,

Koraa pazpsg MSTR B pezynprate TpeboBanus nepeiiTv B pexum Slave pHeluHe
yCTaHOBAEH B 710r. 0, nonb3osaTenkekad nporpaMma JOMKHA caMa N03ab0TUTECA O TOM,
yToOk! OH ONATE OBIN YCTAHOBIIGH.

(poTokon nepedayn

na nepemaud aaHHbIX vepes unTepdeiic SPI uenonw3yroTes ARA NPUHLUHMITHANBHO
paznudHbix dopmata nepenadr. CooTeeTcTBYOWHH dopmar BeibHpaeTca ¢ NOMOIIbIO
paszpana CPHA (Clock Phase — dasa cunxponusaunu) periactpa ynpasiaeHusa SPCR.

Jina kaxxgoro ua aByx dopmaros nepenaunt (CPHA = mor. 0 w CPHA = jor. 1) ak-
THBHas (haza CHHXPOHH3ALHH MOXET ObITh BRIGpaHA HHAUBHAYAILHO MOCPEACTBOM YC-
TaHoeku/cOpoca pazpana CPOL B peructpe gaHHbx SPDR.

Ha npeicTaefieHHbIX HH)Ke PUCYHKaX TIOKAZaHbI YETHIPE BO3MOMKHBIE KOH(pUrypa-
uun CPHA u CPOL. Bo Bcex ueThIpex cily4asx Npeanonaraetcs, Yro nuxus /S8 sefy-
ulero 60Ka MK CKOHQUIYpUpOBaHa KaK BRIXOJ, WNH HAXOAMTCS B COCTOSHMM 10T. 1, a
perucTtp ynpasneuuss SPCR uHuuuanusupyercs cneaytomum obpasom: SPE = nor. 1
(nHTepheitc SPI pazbnoxuporan); DORD = nor. 0 (cHauana BeIBOAMTCA CTaplidil pa3-
psan GadTa paHHex — MSB). Tepenaua yepes unrepdeiic SPI scerna nHuumanusupy-
eTcd ¢ yrpasidercsd Benynm Grokom (Master).

Yto6bl HayaTs Nepegauy ZaHHBIX Tak, Kak 3TO MOKa3aHo Ha puc. 7.4, Master nepe-
BOJAMT TUHUIO /S8, NoJcoeTHHEHHY0 K ONHOMY H3 €T0 OPTOB, B cocToAHMe nor. 0. Iind
COOTRETCTBYIOLIErO BeAOMOro GioKa mepesaya HAYHHAETCS MO HUCMAAAIOLIEMY DPOHTY
sToro curuana. Ero rrixon MISO nepexonur 13 BHICOKOOMHOIO B aKTHUBHOE COCTOSHUE,
W cTapiuii paspan Gaiita, Haxonsuerocs B ero peructpe aaHHelx SPDR, nossnserca na
suixone MISO. CobeTreHHO nepenayy aanueix Master HaUMHAET 3aNHCHIO NIOANEKALLE-
ro nepenave Oajita gaHHbIX B cBOH peructp naHHbiX SPDR. Benen 3a 5THM Ha BbIXoae
MOSI genyutero Onoka noasaserca paspsaz MSB. Ha npoTaikenuH rnepeoi MOJOBHHEI
NMepsoro TAKTOBOIO MMMAYJ/ILCA TAKTOBAS JIMHMA €U1e OCTAETCH B COCTOSHHM [OKOA Ans
Tora, uToBGel ofecneddTs CTAOUITBHYH) YCTAHOBKY HA COOTBETCTBYIOIEEM Bxode Oura
JaHlelx oT Master 1 Slave.
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Master zanuceisaeT nepanassemei Bl 8 peructp
AauHbin SPDR, HavMHan Tem CaMsik NBpeLasy

TaEKTORBIA LMK 121345 6] 7] 8]
scK JEpEpEps

=
mos T e OO XTI ey
X

(Bxixoa Masten)
SO ———(ige | W0 X X0 X XX e ——

(Berxon Slave)

/S5 |

(pxng Slave)

) He onpegeneno — obbiyro crapivi paspAa (MSB) GaiTa Aanreix, NONYYSHHOTO BEAYLMM BNCKOM

Puc. 7.4. ®opmaT nepegayun yepes nirepdeitc SPl, ecnn CPHA = nar. 0, CPOL = nor. 0

[To napactaromieMy (GpOHTY NEPBOTO H KKAOr0O MOCAEAYIOLUErO TAKTOBOTO MM-
nyabca NMPHHUMAKOTCA OMTEI, pacnonoxeHHble Ha Bxogax Master u Slave, a no Hucna-
AaloweMy QpoHTY cnedytolinid GHT casuraerca aasbme. [lochae BOCBMOre TaKTOBOCO
MMIyJbCa Mepefaya JaHHBIX 3apeptueHa, pnary SPIF B peructpax coCTOAHHS BEIYUIE-
ro A BeOMOrc ONOKOB YCTAHOBJIEHBE, & COAEPIKUMOE CRBUIOBBIX PErHCTpPOB OyayT ne-
peHeceHO B COOTBETCTEYHOIMe MpHemusie Oydepsl. Beixon MOSI seaymero 6rnoka
BOZBPALIAETCA B COCTOAHHWE NokoA (nor. 1), a Ha eerxope MISO Bepomoro 6noka, xax
NpaBHIO, HAXOAMTCH cTapiuuii pazpas (MSB) Gafita, TOIBKO HTO MPHHATOTO BeAYLUHM
6okom. OaHOBpeMEHHO €O cOHpocoM THHUH /SS B HeXoaHOE cocTosHMe (for. 1) Master
3aBepllaeT nepegady, Slave cTaHOBUTCA HeakTHBHBIM, a ero Beixod MISO nepexoaut
B BRICOKOOMHOE COCTOSHHUE.

Jns sroporo cnyuas, korna CPHA = nor. 0 u CPOL = nor. 1 (puc. 7.5), ycnoeus
aHANIOTUYHLL IEPBOMY CIYUAKQ ¢ TOH pasHUUEH, YTO COCTOAHUE NOKOA TAKTOROH JHHMU
3fech YCTaHaBRuBaeTcsa ripd aor. 1, GUTel JaHHBIX NEPEeHUMAIOTCS MEPBLIM U KAk /IbIM
NOCIEAYIOWNM TAKTOBBIM HMITYJbCOM, a CIABWI OCYLIECTBISETCA IO HApPACTAIOLEMY
¢pOHTY cHrHana.

Master aannceisaeT nepenasaembil GadT & perncTp
Aanrpx SPOR, HawiHaa TeM CambiM Nepeaavy

TaxrostIi ywkn vl 2137 «7s5T 6] 7] 8]
seK SREREREN | ]

{8bixpA Master)
(861x08 g‘llasg}) —_MsB x x X x (] o) >—

85
(sx03 Slave)

*} He cnpegeneHo — 0Bbi4HO CTapwwil paspss (MSB) GaiWTa 4aHHbBIX. NONYYBHHOTO BEAYWMUM GROKOM

Puc. 7.5. dopmat nepegadn Yepes uHtepceitc SPY, ecnu ans CPHA = nor. 0, CPOL = nor. 1
Hnsa tpeteero cnyyada CPHA = nor. 1 u CPOL = nor. 0 (puc. 7.6).

10— 5-2384
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Master $a3nuCHIEeT NEpenanaemMbid 3T B pEFUCTD
LanHeix SPOR, HauvHaa TEM caMoiv nepepavy

L1l 2js]=2[5]sfj7[8]

Takrosbii yWKn

se« 1L LT
MOS| \CED 61D 6D 41D 410 41D 61 0=

{BeIxon Master}

50 — :
(sb\xnp.hsnllave) ) NEBX___X._ x x x ___X X L.5B

158

{Bx0A Slave)

*) He onpepeneno — oBbiuHo MNagwui paspas (LSB) Balra faHHex,
nepeaaHHoro seaywemy Bnoky 8o Bpems npegeiayLLeR NEPenayn

Puc. 7.6. ®opmaT nepegayu untepdeitca SPI, ecnu CPHA = nor. 1, CPOL = ner. 0

Hns Toro 4To0bl NpK 3TOM pexxMMe HauaTh Nepeaady AaHHbIX, Master, kak u B nep-
BOM Cllydae, NepeBOJUT JHHHIO /SS, MOACOeAHHEHHYIO K OIHOMY H3 €r0 NOPTOB, B CO-
crosnue nor. 0. biok Slave pasGnokuposan, u ero Beixoa MISO nepexonur w3 Beico-
KOOMHOTO B aKTHBHOE COCTOAHHe. Jloryeckuii yposeHb Ha MISO ana storo ciyvas He
onpenesied, HO, Kak npasuno, Ha MISO Haxoaurcs mnapwmii paspsaa GakiTa, nepeaaH-
HOro BO BpeMs npeAblayeii nepenaqu ot Slave k Master.

CobcTrenHo nepeaady naHHeIX Master B 3ToM pe)xiMe TOYHO TaK Ke HauHHaeT Mno-
cpeacTBOM 3amicH OaiiTa JaHHBIX, MogIeXailero nepenaue, 8 peructp SPDR. Jlna se-
Jomoro Gi10Ka nepejaya HaYMHAETCK M0 HAPACTAKOILEMY (PPOHTY TAKTOBOTO CHIHana.
Crapuine paspsaael noanexalinx nepegade GalToB B BeOYLIEM ¥ BegoMoM Bsokax ¢
NOMOLLBI0 HapacTarollero GpoHTa MEPEOrc TAKTOBOTO WMITYJIbCA YCTAHABIMBANOTCA Ha
Beixoge MOSI renyero 6noka esixoge MISO senomoro 6aoka. Tlo nucmanaromemy
(hPOHTY NEPBOTO M KAXKAOTO MOCHEOYIOLLEr0 TAKTOBOTO HMITYJIECA OHH MEPEHOCATCA
B Ha BXonpl Master u Slave, a o HapacTaloiemy GpoHTY CAEAYIOWMIl pa3pan caABHUra-
eTcd.

[locne BOCBMOrO TaKTOROIQ HMITY/IbCA Mepedada JaHHBIX 3aBepIIaeTcs, yCTAHAaB-
nusatored daaru SPIF B perucrpax cocrosuus uHTepdeticop Master u Slave, a comep-
XUMOE HX CIABHTOBBIX PETHCTPOB MEPEHOCUTCA B COOTBETCTBYHOWIME Oydepbl npueMa.
Brixon MOSI seaytuero 6noka Bo3BpaiiaeTcss B COCTOAHME Mokos (or. 1), Ha BeIXOde
MISO Bemomoro 6noka ocraerca Mnaaui paspan Gakita, TOJBKO YTO EPEAAHHOTC Be-
aywemy 6soky. OmHOBpPEMEHHO ¢ BO3BPAaTOM B HMCXOAHOE COCTOSHHE JIHHHMH /SS
{(nor. 1) Master 3apepluaer nepegavy B LenoM, Slave CTAHOBHTCH HEAKTHBHBIM, a €ro
Bbixog MISO nepexoauT B BEICOKOOMHOE COCTOAHHE.

Jns werseproro cny4as, korna CPHA = nor. 1, a CPOL = nor. 1 (puc. 7.7), ycio-
BUA aHANOTHYHEI TPETheMY Cydaio ¢ TOH paznHleil, UTO COCTOAHHEM NOKOA TaKTOROM
NIHWK 3AE€CH ABAAETCA Nor. 1, a GUTH! NAHHBIX CABHIAKOTCA [0 HUCMIAAAOLIEMY PPOHTY
TICPBOrO H KANJOrO NMOCHEAYIOUIETO TAKTOBOrO MMIYJbCA, 4 MPHHUMAIOTCH N0 HApac-
Tatowemy bpoHTy.
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Master 3anwceiBaeT nepegagaemsii BalT B pervcTp
Riarnbic SPDR, HA4HHA TEM CEMbIW NEpaaasy

TaRTBBEII LN 72727 4T7Ts5Te6f 7158l

s LT UL L L
emenmos s OO
oo oimg,. —X L XSO OGO (55

55
{ex0a Slave)

*) He onpepeneno — oSbivHO MNaAWWA pa3paa (LSB) 6aiTa fRaHKbIX,
NepenaHHore BeLyILeMy 6noKy BO BPEMR NpeablayLLed nepegaqn

Puc. 7.7. dopmat nepepaun witepdeica SPI, ecnun CPHA = nor. 1, CPOL = nor. 1

CucremHote KoHGNUKTL! SPI

B mukpokoHTpornepax ceMeiictea AVR cucrema SPI Sydepusnporana onxopaso-
BO B HATMPABNEHUH MIepPeayd, ¥ JBYKPATHO — B HANpPaBIEHHM TIpHEMa. JTO O3HAYAET,
YTe noanexaliuit nepegave H6afiT Moxer OBITH 3amucaH B perucTp AaHHbIX SPI Tonbko
Torma, koraa Oyder 3amepliieHa Tekylwad Nepemava. B NMpoOTHROMONOKHOCTE 3TOMY,
TOJILKO YTO NPHHATELT 0aiiT HeMeATeHHO TIepeHOCHTCA B napaniensHeli Oydep nprema,
BCNIEICTBHE YETO CABHIOBEIM PErMCTP cpa3y JKe Nocie Nepefasd MOXeT OCYLUeCTBIATh
NIPHEM BTOPOTO TocienoearenpHoro aira. [loka nepsrlil 6alT OyaeT cUNTLIBATECA H3
npuemuoro Sydepa, BTopoit SalfT He 3aMMCHIBAETCA TOKA He OyAeT APUHAT MONHOCTEO,
WHAYE IPUHATHIH NepBbiM GaiiT GyaeT 3aTepT CAEAYIOMUM U NOTEPAETCS.

Ecny BO BpeMs mepeaud OaHHBIX depez HHTepdelic SPI npeanpuHHMaercs no-
NBITKA 3alTHCH B PETHCTP JaHHBIX, TO JUIS MHAMKaLHY cbos B peructpe coctoanna SPSR
yeranasnuBaetca dnar WCOL (Write Collision — kondsnkt 3anuch). Ilockonsky
cucrema SPI B HampaBneHHH nepenayl He HCMOIBIYET ABOHHOR Oydepusauuu, To 3a-
MCb B PErMCTP AAHHBIX ClEAyeT NMOCTABHTH HA OIWH YPOBEHb ¢ TPAMOR 3aMHChIO
B cABUroBblil peructp SPL. 3To npuBeno Obl K pa3spyLUIEHHIO TONBKO UTO TMEPEIAHHOTO
Gafita naHHbIX. Ilo 3TOH NpuuMHe TeKkyl(ad Nepefava AaHHbIX Oyaer AoBEACHA O KOH-
1la, ¥ HOBLIH GaiiT He GyneT 3anucaH B CABUTOBBIA peructp uutepeiica SPL. Heynau-
Haf MOMBITKA 3aITHCH MHAWUMPYETCs ¢ IoMolbio gnara WCOL.,

Cxema unTepheiica SPI pacnosHaeT xOHGMIMKTH 2amMMcH Kak Ha cropoHe Master,
Tak 4 Ha cTopoHe Slave. B obbuHOM ciyuae, KOHEYHO Ke, OT 3ToH omMOKK nocTpaaa-
10T TOJILKO BeAOMbIe OIOKHM, MOCKOMBKY BeAYIUHI 010K 3HaeT, Korga Havan nepegady, a
BeOMBIFA GIIOK He MOoXeT OKa3aTh HUKAKOI'C BITMAHUA HA nepenavy, HauaTyH BelyIUHM
6aokoM. Ecnu Tpebyetes, urobsl Slave uabesxan 3toit ommubxu, peKOMeHIYETCs NpoBe-
pHTbL YPOBEHE CHMHAA HAa BXOJIHOM BEIBOJE /SS Nepea 3amuceio B PerHCTp NaHHBIX WH-
tepiheiica SPL, u ocywecTBnars obpalieHHe Ha 3alTUCH TOJIBKO TIPH BBICOKOM YpPOBHE
CUTHATA. :

10*
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Peructp ynpasnenus SPCR

Peructp ynpaenenus SPCR uHtepdeiica SPI Haxoantca 8 o6nacTi BBOAa/BLIBOAA
no aapecy $0D (no aapecy $2D 8 RAM). [Tocne noctynnenus curnana cbpoca od UHU-
uuanusdpyerca sHauenvem $00 v mocTyneH AN YTEHWA W 3aMKCH.

Pazpsan 7 6 5 4 3 2 1 0
$0D ($2D) | SPIE | SPE [ DORD | MSTR | CPOL | CPHA | SPRI | SPRO | SPCR

[lo okoHuaHru Tiepenavn AaHHbIX uyepes vHTepdelic SPI annapaTHad yacTh ycTa-
HasmuBaer B peructpe cocrosuus SPCR paspan SPIF (¢nar npepoiBanuii oT untepdeii-
ca SPI). JtoT daar yxassleaeT HA 3aBEpLIGHHE TEpPelayd, H NPUBOIMT K 3alpocy Ha
rpepeIBaHie KaKk TOMBKO B pernctpe yrpasinedds SPCR Oyaer ycraHosfied paspan
SPIE (SPI Interrupt Enable — pazpewenue npepeiBadue ot SPI), a B perucrpe cocros-
uus SREG Oyner ycraHoBneH pazpsn oflero pazpelieHus npepbiBaHuii [

Paspsaa SPE (SPI Enable — unrepdeiic SPI noctynen) srinoyaeT cucTeMY UHTEp-
tetica (SPE = nor. 1) unu seixumiovaet ee (SPE = nor. 0). Ilocne moctynieHna curnana
cGpoca 3ToT pa3pad BO3BpaljaeTca B HCXOAHOE COCTOSHHE, U TeM caMbIM chcTema SPI
OTKJIIOMAETCH.

Ecnn paspsan DORD (Data Order) cogepxxur sor. ), To cHavana Dyner nepefax
crapiuuii paspsan Oadita manHeix. [Tpu DORD = nor. 1 nepesiM nepeazeTca Miaalunii
paspaj,

Korma paspsa MSTR (Master/Slave Select — Bribop pexuma Master/Slave) co-
aepxut nor. 0, To cucrema SPI onpenensercs kak Beaomas (Slave), a npn MSTR =
nor. 1 oHa Oyzaer omnpenencHa kak seayman (Master). Korna ausang /SS B pewume
Master cKOHOUTYPHPORAHA KaK BXof, TO pazpaad MSTR npi HU3KOM YPOBHE CHTHANMA HA
BbIBOZE /SS cOpaceiBaeTCA B MCXOAHOE COCTOAHHE, M TeM caMbIiM uHTepdeiic SPI onpe-
fensercd Kak Slave. B 3tom ciyuae B perucTpe COCTOSHHA yCTaHaBNHMBaeTca dnar
SPIF. [Ing Toro 4to0El onaTe ckoHpUrypUpoBaThk HHTepdeiic SPI kak Master. nosne3zo-
BaTeNlb JOJKEH YCTaHOBHTE paspanr MSTR.

Koraa paspan CPOL (Clock Polarity — noagpHOCTE TAKTOBOTG HMITYNBCA) CO-
IJewxut nor. 0, To BbIXod SCK B HEAKTHBHOM COCTOAHMM COJESPXMT CHIHAN HU3KOTO
ypoeus. Eciu CPOL = nor. 1, To SCK B HEaKTHBHOM COCTOSHHH COJEPXKUT CHTHAN BbI-
cokoro yporHd. HoapoGHocTH ¢m, BeIlle B pazaene “Tlporokon nepenaun”.

C nomomwsto pazpana CPHA (Clock Phase Select —— BuiGop dasnl cuHxpouusa-
UHKW) YCTAHABIMBASTCH OjMH M3 IBYX OCHOBHBIX PEXHMOB Nepenaiu gaHHerx. Bonee
noapo6HO 3TY BOMPOCH! OCBELLEHBI BEIle B pasaene “TIpoTokonsl mepeaayu”.

Paspaget SPR1 1 SPRO (SP1 Clock Rate Select — ehiG0p 4acTOTHI TAKTOBLIX UM-
nmynescor) pu pabote vHTepdieiica SPI B pexxiime Master cnysxat a5 BeiGopa TakTOROH
yacToThl A auHEM SCK. Ecnn cucrema SPI ckondurypuposaHa kax Siave, To atu
pPaspankl He UMErT HUKAKOro 3HadeHHA. Bzaumocease Mexny paspagamu SPR1, SPRO
H yacToToH ummyabscos B niuuKd SCK noxaszana g Tabn. 7.3,
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Tatnuua 7.3. Yactota nmnynecos B nukun SCK B 3asucumoctn oT paspsigoe SPR1, SPRO u TaxTa cuctem-
HOW CUHXpOHK3aLMY &

0 0
0 1
1 0
1 1

Peructp cocrosiHua SPSR

Peructp cocrosnuua SPSR unrtepdeitca SPI pacnonoken 8 o61acTd 8BoAa/BLIBOAA
o aapecy $OE (mo anpecy $2E g RAM). [Mocne nocTyrenusa curiana cbpoca oH WHY-
uHanuzupyeTes 3nadenrem $00 u noctyned Tonbko Jna ureHWs. B muxpokodTponne-
pax OazoBoil cepun cemeiictea AVR, comepsawmx uHtepdeiic SPI, ucnonsayioTes
TONEKO pazpAdel 6 U 7. OcTaneHsle pa3pAnasl koMnaHHeH Atmel 3apezepRUpoBaHbl Y
Beerjia cogepsxar sior, 0.

Paspan 7 6 5 4 3 2 1 0
soE2E) [ spiF Jweor] - T — T - T - T - T — ]spsr

[Mocne okoHuaHMS NpoUecca MEepeflady JaHHbIX deped uHTepdelic SPl annapaTthas
uacTs yeraHaBaueaet paspaa SPIF (SPI Interrupt Flag — dumar npepeipanuii or HHTep-
dieiica SPI). Dror dmar ykaizsiBaeT Ha 3aBepIICHHE TEPESadi U BbI3LIBAET 3AMPOC HA
TIpepLIBAHKE, KakK TOALKO 8 peructpe ynpaenenus SPCR Oyper yeravorned paspsg
SPIE, a B peructpe coctoasHus SREG — paspaa obuiero paszpetrenns npepeiganuit .

Korna nunug /SS B pexime Master ckondurypiposana kak BXOJ, TO IPU HH3KOM
YPOBHE CUrHANIA Ha BRIROAE NUHHUHK /SS Tatoke Oyner ycraHoened daar SPIF. ®nar SPIF
cOpacpiBaeTcs aBTOMATHYECKH ANNAPATHON HACTHIO NMPU BBIMOIHEHHUH NMOANPOrpaMMal
0OpaboTky npepriBaua oT uHTepgeiica SPL. Anbreprarneno, cOpoc moxeT ObiTh BbI-
NONHeH BPYYHYIO MOCPEACTBOM CHUHMTBHIBaHWA peructpa coctoshus SPSR u nocneayio-
wero o0palleHns K perucTpy JaHubix uHTepderca SPIL.

Onar WCOL (Write Collision — koHbAHKT 3anucH) B peructpe coctogHna SPSR
yCTaHaBJINBAETCA B TOM CJIy4ae, KOTAa BO BpeMs Mepe/add JaHHBIX uepes uHTepheic
SPI npeanpwHHMAaETCA MOMBITKA 3aNMCH B perucTp AaHibix SPI, uto npuBoauT x pas-
PYIIEHHI) TOMBKO UTO nepedaHHoro badtta nandeix. [lo sToi npuyKHe Tekyiuas nepe-
Java JaHHLIX JOBOJIMTCS 1O 3aBeplIeHMs, 4 HOBBII GalT He 3amHCBIBACTCA B CIBMIOBbIH
peructp untepgetica SPI. ®nar WCOL nonsken GuiTe cOpoleH nosip3oBaTesieM BpyH-
HYI0 NOCPECTBOM CHHTBLIBAHUA PECHCTPa COCTOSHUA H MOCAELyoHiero ofpaenns K
perucrpy AavHbIX uHTepgeiica SPL

PerucTp aaHHblx SPDR

Peructp aanubx SPDR uutepdeiica SPI pacnonoxen B 00nacTv BBOJA/BLIBOA 10
anpecy $0F (o ampecy $2F 8 RAM). [Nocne nocrynnenns curnana cbpoca on wHuupma-
ausupyercs 3HaueHdeM $00 u JocTyneH N UTEHHS W 3&MHCK.
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Pazpsaa 7 6 5 4 3 2 1 0
$SOF ($2F) [ MSB | I I I | | | LSB | sPDR

3anuce Gafita B peructp JaHHBIX HayWHaeT nepexauy vepes uaTepdeiic SPL. [lpu
CUMTBHIBAHWH PErUCTPa MaHHBIX BO3BpaIaeTcs ToT HaiiT, koTopelii HaxoauTes 8 Bydepe

nprema uHTepheiica SPL
TIpakTHYeCKHe BOZMOMHOCTH PUMEHEHHA NepHepUIHOFO MOCIEN0BATENBHOTO HH-

Tepthefica SPI HarnsAHO IOKa3aHBl B HEKOTOPBIX NPHMEPAX, PaCCMOTPEHHRIX B ryase 16.
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8 MOCNENOBATENBHAS MEPEAAYA JAHHbIX
MO WUHE I2C

HurerpasbHble MUKPOCXEMBI CTAHOBATCS BCE CI0KHEE, A 3TO HeM30EXHO NPHBOANT
K 3HAYMTETLHOMY YBEIUYEHMIO YHMCIA COSAMHHTENbHbIX KOHTAKTOB, ONPEAENAIONEro
rabaputsl 6nokoB. Mz-3a Gonbiioro xonHuecTRa COEAHHHTENBHBIX JHHUE Tpebyercs
CTOMBKO K€ NMPOBONOB W MECT NaiikH, a 1IpM MepeHoce Ha APYIYEO NevaTHyIo ILaTy —
fonbIIOE YUCNO PAZBEMOB. JTO YBENHYHRAEGT CTOMMOCTL CHCTEMBI, TIOBBILAET BEPOST-
HOCThL BOBHMKHOBEHHS cO0eB B ee pabote M OrpaHHYHBAET KOMHYECTBO OIIOKOB, KOTO-
pble MOTYT OBITh PacroNoKeHsl HA NMevaTHoi niarte. Eile 0tHUM NMOCNEACTEHEM TaKKe
SAIBIACTCH OTHOCHTENBLHO BBHICOKAS LEHA KOPIYCOR HHTErpabHBIX CXEM.,

Onnaxko B ToH BBICOKOH CKOpPOCTH, ¢ KOTOPOH MOMXET OCYUIeCTBIATBCA Mepejaya
AaHHBIX Yepe3 COBPEMEHHYI NapaitenbHyio WHHy (32 pa3psanpa agpeca, 32 paspana
JAaHHBIX), 3a4acCTYI0 HET HeoOX0oOUMOCTH. IlepeulcaMM HEKOTOpbIe fNpUMepsl HeGOMb-
IOH CKOPOCTH Nepelayu AaHHbIX.

= PaboTa Ha knasuarype. Jaske mpH GbICTPOM BROIE MaKCHMaNbHas CKOPOCTL CO-

cTaBageT 5—10 3HAKOB B CEKYHAY.

* YnpasneHue aucnaeem. BeaeacTBHe HHEPLIMOHHOCTH YEI0BEYECKOTO 1a3a, HeT
CMBEC/IA M3MEHATE NOKA3aHKA Yalle 2-3 pas B CeKyHaY.

*  O6cryXHBaHHE MEXaHHHECKOTO YCTpOHCTBA, MeXaHHYeCKHe CUCTEMBI OUEHb
MHEPLHOHHBI (HCNIONIHNTE IbHBIE MEXAHHW3MBI MITH, HATIPUMED, CHCTEMbI Pery v-
poBaHHA YKcna o6opoToB).

Bo Bcex 3THX ¢y4asx, paboTta ¢ yCTpoHCTBAMH CBA3aHA ¢ HEGOIBIIHMH CKOPOCTSA-
MM Nepenauu faHHbIX. Kpome Toro, naHHEle NOMKHE] Mepe]aBaThCA TOCNEI0BATENLHO,
nobutHo. HezuauuTennHas ckopocTb Tepejauu JAHHEIX B AaHHOM Clydae He Wrpaer
poau (ansa nocjenosarensHoro untepdieiica SPI, omucaHHOro B npeawiRylield riase,
CKOpPOCTh TIepPeayvd COCTARIAET OoNee OQHOTO MHILTHOHA OHT B CEKYHAY, a AN LIHHbI
I'C — mo 100000 6ut B cexynny). [To 3Toii npuunse xommanus Philips paspaSorana
umHy [°C, koTopas Takke HaspiBaeres Inter-IC — To €cTb, IIHHA AUTA TIepeadH JaHHbIX
MEXKOY HHTErPAlBHBIMH cxeMaMu (pHc. 8.1).

Puc. 8.1. YnpagneHne KOMNOHEHTaMW Hepea wuHy I°C
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{peumymecrsa nmus FC:

®  HHTErpPaIbHBIE CXEMBI MOTYT ObITh NOACOEAHHEHE! K LUHHE WIIH OTCOEAUHEHSI OT
Hee 0e3 OKazaHus Kakoro-JIubo BIMAHHA HA JAPYIUe NOAKIKOYEHHBIE K ITWHE WH-
TCrpalbHbIC CXEMBI;

HET HeoOXOIMMOCTH B TakHX OOBIMHBIX cXeMax THNa “niwHa—kHTepdeiic” Kak
npaiiBep U NPUEMHUK JIRHUH, IOCKONLKY uiTepdeiic munp °C yke HuTerpH-
poBaH B KpycTasll;

2
OJHA M T4 e cXeMa IiHbl TMna I°C 3a4acTy o MoKeT ObITh PUMEHEHA B ca-
MBIX pa3zHooOpasHbIX cdepax; ,
BpeMs pa3palbOTKH HOBBIX CXEM 3HAYMTENLHO COKPALIAeTCs, IOCKONBKY IPOCK-
THPOBIITMK GHICTPO OCBAMRAETEA C byHKIMeH KB I°C, a CXeMBI ¢ LWMHOHN 3To-
T'O THITA MPOCTH! B IIPHMEHEHNN.

2

TexHuueckye XapakTePHCTHKH WHHBI 1°C:
& nocneforaTenbHas padoTa TONbKO ¢ ABYMA nNposozaMu (cM. puc. 8.1 u puc. 8.2),
Gnarogaps yeMy TpebyeTcd MeHbLIIE MECT COSIMHEHHS M MUHHMM3UPYIOTCA 3a-
TpATHl Ha MPOBOAKY;

= 30Ha AeicTRrd — N0 3 M;

®  BO3MOMHOCTH paboTaTh B PEXKHME C COHHM BeAYHIUM GnokoM (Single-Master)
HITH © HECKOTILKHMH BeyidMu Omokamu (Multi-Master).

S0A (NUHKA NCCASADBATRNRHORA NEPERaUH AaKHbIX)

SCL (nuHuA

nocR3goEaTenEHOH

repeasyn

TRKTORRIX WM TYNBCOR)
- o 31 < fd
2 2 : : :
LY E ] =] Q
! 'E_ 'é. 'é ....... 'é

) D)

> 3 £ = b4

Puc. 8.2, MoacoeguHeHne OTASNBHEIX MCAYNER K LLWHE I*C

MpuHUMN OeHCTBMA WHBI 1°C

Iuna I’C cocront Beero ua ABYX IMPOBOJOB:

= SCL (Serial Clock Line) — nuHus nocieJoBaTeNnsHOR Nepeavd CHHXPOHM-
NVILCOB;

SDA (Serial Data Line) — nudusa nocnenosaTensHON nepenays JaHHBIX.

JTurua SCL

Ho Tex nop, noka yYepes WHHY HE NCPSAArOTCAd HUKAKHE naHHble (“uimHa cBoboj-
Ha™), nuaud SCL comep:AuT BEICOKMI YPOBEHDb CHIHaNa.
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TakroBaa wwnHa SCL BRIMOJIHEHA KAk CTPYKTYpPa © OTKPBITBIM CTOKOM/KOMMEK-
TopoM (puc. 8.3), Gnaronaps 4emy CYLUIECTBYET BO3MOMKHOCTB €€ MOAKTIOMEHHS KaK
mouTaxHoe “H” (To ecTh, TaxTOBaA LIHHA COJAESPHHT HUIKWH YPOBEHb CHTMHANA, KOTa
xota Obl OJUH ONIOK MEHEPHPYET CHTHAT HH3KOTQ YPOBHA, H BBICOKHMH YPOBEHb, KOraa
Bce OMOKM TeHEPHPYIOT CHrHal BHICOKOTO YPOBHA)., TaxkToBad WIMHA COEAHHEHA
C NIMTAIOLINM HAMPIKEHHEM Yepes MOATATUBAIOIHA pe3ucTop.

+Vee

-

Rp [H Rp 1 | MoaTariasioums peasncTons)
S0A

.............................................. s hbLmA-isnd pmmmmememsmeeesmmecaafasmamd b o mte e ——— i ————————

s P
ioscu SOA 1 P = = :
| Eaxon Brixon o SCL2 SOA 2 :
: Breoa Burog H
| :
PoscLt 1 soat | 4 i sk |4 oAz _ | 4 :
| Bxoa Byon Bxon Bxan, i
s |
i YeTporerso 1 YeTpoiicTBo 2 |

Puc. 8.3. CTpykTypa MHTErpansHoi cxembl 1¥C u 3anATOCTb Wk IFC

[pu nvTatotem nanpsxenru 5 B onpenenensl cnenytolmne ypoBHH:
" CHIHaj HH3KOrO YpoBHS — camoe Sonbine 1,5 B;

" (UrHaj] BbICOKOTQ YPOBHA — caMmoe MeHblee 3 B.

bnoku THna Izc B CJly4a€ CHrHala HU3KOro YpOBHA HMEKYT MEBKCHUMA/ILHOE BbIXOA-
Hoe HanpsakeHde 0,4 B M NpM 5TOM B COCTOSHHH NPUHAMATE TOK CHNOH N0 3 MA.

Jlurus SDA

Jo Tex nop, MoKa yepes UMHy HE NepelaroTes AaHHbIe, THHHUS 10CNEN0BaTeNLHOH
nepenaun Jasdeix SDA nMeer Bhicokuii noteHudan. JaHHele no nuAaud SDA nepena-
KOTCA ROCIEAOBATENBHO, OHM HeHCTBHTENBHEL B (Da3€¢ BLICOKOIO YPOBHA TAKTa W MOTYT
MEHATbL CBOE COCTOAHME TOJBKO B thase HU3KOro ypoeHia. Kaxnwi# 610k, noacoeanHes-
HbIH K IIHHE, BO BPEMS Mepefayy JaHHbIX MOXKET ObITb WIM NMPUEMHUKOM {PECHBEpOM),
WITH TIEPEAATYHKOM (TPAHCMHTTEPOM).

Jlnnug SDA, Tak ke kak 1 TaktoRad wimba SCL, BeimonHeHa B BUXE CTPYKTYPEI
€ OTKPBITBIM CTOKOM/KONIekTOpoM (CM. puc. 8.3}, Graronaps yemy ee MOKHO TIOAKIIO-
HyaTh Kak MOHT@KHoe “H” (TQ €cTh, TMHHA Nepeaud JaHHBIX COAEPKHT CUTHA HHIKO-
ro ypoBHS, KOTIa M0 X0TA Obi 0THH ON0K FeHEPUPYET CUTHAT HU3KOTO YPOBHA, H CHIHAI
BBICOKOTO YPOBHA, KOoraa Bce OMOKH 'eHepUpYiOT CHIHAMB! BLICOKOrO YpPOBHs). JluHUA
coefMHeHa ¢ MUTAIOLIHM HANPDKEHHEM Yepe3 MOATATHBAFOLIMA pe3ucTop. YPOoBeHb Ha-
NPANKEHUA ONPEAENAETCA TAK KE, KaK A TAKTOBOM MHel SCL.
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Brok, noacoequHeHHbld K MHHE IZC, MOxeT JeHCTBOBaTh KaK TIPHEMHHK HIH e-
penarduk. B pexxume npueMHMKa 010K MPUHHMAET CUTHAJIEBI, TIEPEAAHHLIE HA JIMHHIO
SDA u naHHele Mo NUHAM SCL., CHHXPOHH3UPOBAHHBIE C MOMOLUILIY TAKTOBOI'O CHTHANA.
B pexxume nepegatunka 6nok yepes nuHuo SDA nepenaeT va nmuauo SCL ceoM nan-
Hbl€, CHHXPOHH30BAHHBIE C TOMOILBIO TAKTOBOrO CHrHaAa. SIBngeTcs M G0k nepenat-
YMKOM MTH NPUEMHHUKOM, 3aBUCHT TONBKC OT ero ocobeix ceoficTe. Hanpumep, 3anomu-
Hatouee yerpocTso ROM MoxeT BbiTh TOJBKO NEPEIATUHKOM, B TO BPeMA Kak CBETO-
IMOAHLIH paiiBep, HA0OOPOT, BeerAa ABNAeTCS NMpHemHUKOM. B To e Bpems, 3amoMu-
Hawolee yeTpoiicTeo RAM mitu MHKponpolieccop MOryT ObITh KaK MEPEAaTYUKAMM, TAK
H NPHEMHHKAMH.

Pexcum paboThl 610ka MOXKET ObITh M3MEHEH NPAMO BO BPEMSA NEPeIadd AAHHBIX.
Hanpumep, BO3MOXEH chlydai, KOrja MHKPONPOLECCOp CHayana MepeaaeT [aHHble
{nepenatunx) 3anomuHamoleMy yerpolictey RAM (npuemunx). Ilpu ofpatiueHnn Ha
BLIGOPKY NAHHLIX 3TOT JKE MPOLECCop BHICTYMAET B KAaYeCcTBE MPHEMHHKA, CUMTHIBAS
nJaHHble U3 RAM (nepenatiuk).

Kaxnapiii 010k, NOoACOEAHHEHHBIH K UIMHe, BO BpeMs Mepejadyd NaHHLIX MOXeT
ObiTh BeaylwuM (Master) unu BegombiM (Slave). Bepyluee ycTpoHCTBO MHMLMHpYET
nepenauy AaHHbIX. B acTHocTH, Master 3aHMMaeT [IMHY TE€M, UTO TEHEPUPYeT CTapTo-
BeIA cHrHa Ha uHuM SCL u HauMHaer obMeH ¢ BeomeiM yeTpoicTsoM. o Tex mnop,
MOKa Ha WHHE paboTaeT BEOyLUee YCTPOUCTBO, HE MOMET OBITh aKTHBHLIM HHKAKOH
apyroi Master-6nok.

W Takros

Benomeim aBngeTca yCTpoicTBO, NO alpecy KOTOporo ofpalllaeTcd Bedyilee ycT-
poiicTBo ¢ TpeboBanueM nepefauH AAaHHEIX. TeopeTHueckn Master MoxkeT omHOBpe-
MEHHO CHADKATH OJHHMH U TEMH K€ JAHHBIMH HECKONBKO BEAOMBIX YCTPOHCTE.

B poau Beaymero ycrpoiicTBa B GONLIIMHCTBE CAYYaeR BLICTYNAET MUKpPONpPOLEC-
cop, 000pyNOBAHHBIA MW CMELHATBEHOH ANMAPATHOH YACTBIO C ITHHOH THMa I’C, nan
KOHTPOJIEPOM IUHHBI, paboTalolIiM oA YNPaB/IEHHEM CIELHAIBHOIO APOrPaMMHOTO
obecnevenms.

B 3aBMCHMOCTH OT TOTrQ, KakuM ofpa3oM A0MKHA NPOHCXOAMTH Tepefava JaHHBIX
uepes wHHy I°C, pasnuyaioT cheayrolme ciyyau:

* Master-nepeaaT4uk — BeAyllee YCTPOiiCTBO, KOTOpOE NEPEIaeT JaHHBIE Be-

JOMOMY YCTPOUCTBY {MPUEMHHKY );
» Master-npueMHHK — BeIylllee YCTPOHCTBO, KOTOPOE MPHHHMAET AAHHBIE OT
BEJOMOrO YCTpoficTBa (nepeaaTuHKa);

» Slave-mepeRaTYHK — BEAOMOE YCTPOHCTBO, KOTOPOE [1epedaeT AaHHbIe BEIy-

eMy YCTpoHcTBY (IPHEMHHKY );

= Slave-npHeMHHK — BEAOMOE YCTPOHCTBO, KOTOPOE NIPHHUMAET NaHHbIE OT Be-
IOyliero YCTpodcTBa (nepeaarTurKka).
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JneKTpuyeckne CBOMCTBa

Ckopoctb Tepefayd [aHHBIX OMpelendercs [NOCpPEeACTBOM TAKTOBOTO CHrHANa
B nuuuu SCL. B kauecTse BepxHeil rpaHnlbl 14 TAKTA ycTaHorIeHa yacrora 100 Ko,
a HuxHed rpaHHuUbl He cyuiecTByeT. Kamapiii Omok, moaxntoueHHBIH K IIHHE, AOMKEH
GBITL B COCTOSAHMY NPUACIKUBATECS TAKTOBOH HacToThi. HecMoTps Ha TO, 4TO COOTHO-
lIeHHe TAKTOB YCTaHOBNEHO Kak 1:1, 310 — nHeobszarensHoe Tpebosanue, bonee sax-
HbIM OTIpeaenaouM GaxkTopom 11 6e30Knb0OUHON nepenaul AaHHLIX ABIAETCH KPY-
TH3Ha GPOHTA CHIHANIA: BPeMs CHAJaHMA Kax 414 AZHHBIX, TaK H JUIA TaKTa HE JOJKHO
npesbiinath 300 He. MMeHHO 31ech 3aKITIOYaeTes OTpaHHYEHHe [T LHHBI €MKOCTHAs
Harpyska auHdi He Ao/mkHa npesbitaTe 400 nd! B cea3u ¢ TeM, YTO EMKOCTHAA Ha-
rpy3Ka 3aBMCHT Kak OT 4Mcia 6J10KOB. MOJCOEIHHEHHBIX K LWIMHE, TAK M OT JUIMHBI IpO-
BOZIOB, 3TO 3HaYEHHE NOTKHO YHHTHIBATLCA NPH NPOEKTHPOBAHHH anmnapaTHoro obec-
neuenys, COracHo CreUHbHKALMAM, CYUIECTRYIOT TAKKE PEXHMbI paboThl WKLl I°C
¢ HU3KOH U BBICOKOH CKOPOCTBIO, HO 37ech OYIYT paccMOTpeH TONbKO CTaHAAPTHbIH
pexxHM paboTsl.

[MpoToKoN WKHEI

Jng Toro 4tobbl HECKOMBKO GJ0KOB MOTIM OOMEHHBATBCA NAHHBIMH, HEOGXOIMM
HEXOTOPBIH MPOTOKON, KOTOPHIH OMMCHIBAET MPOLECC NMEPe]adi OaHHBIX N0 LIHHE H
B JIF0DO MOMEHT BPEMEHH HE AOTYCKAaeT OMMOOYHOW MHTEPTIPETALWH COCTOSHHA LLIH-
Hul. B cnyuae mUHHBI ¢ HECKONBKUMMU BEOYLIUMH YCTPOHCTBAMH (MTO OTHOCHTCHA M K 1’C)
HeoGXOIUMO TaKKe YCTAHOBHTb, KOI'IA M KaKOe Beaylllee YCTPORCTRO HUMEET MPaBo 3a-
HUMATh WHHY. DTH YCIOBHS PErYTHPYIOTCA MPOTOKOIOM INHHEI (pHc. 8.4).

LLiMHa 2aHaTa -i

3 €3 €3 €3 13 3 €3 A0S

MSB - T . LSB

S: Ycnoeue Havana D: BuT gamss (He MoxeT Bbime MaMereH, <orfa SCL = epic. yp.)
P: Yonoeuwe 3apepwerus  A: MoaTeepxaeHue (0T NIMEMHHIA 0 NONyHekkn GaiTa)
' MSEB: Crapwiid 3Havawmid 6uT

LSB: Mnagwui aHagawm ouT

Puc. 8.4. [poTokon nepegaumn 6ainTa faHHbIX Yepes LUMHY o]

BaHamoeme WUHB!

PafoTa mMHbl H, CIENOBATENLHO, €€ 3aHATOCTh, ONPESNAETCH YC/IOBHEM HaYana
nepeayH.
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Yenosue Hayana nepedayu

Jununn SCL n SDA HaxoAaTCd B COCTOSHMH BLICOKOTO YPOBHA (TO €CTh, B COCTOM-
HWH 1oKod). Beayuiee ycTpoHCTRO, KOTOPOE XOUET HaYaTh MEpelady AaHHbIX, N3MEHSET |
cocrogHie MHHUKM SDA K HH3KOMY YpoBHIO (puc. 8.5).

SCL

SDA

Puc. 8.5, Yonosue Havana nepepaqn gaHnbix

[Tocne HACTYMNeHUs YCIOBWS HavYana fepefayy LHHa OyaeT 3aHATa BEAYILHM YCT-
POBCTBOM, CO3AaBIIMM 3TO YCIIOBME, BCIEACTBUE HEro BCE APYIHE BENYIIME YCTPOHCTRA
6yayT 3a61OKHPOBaHBI.

Ycnoeue Havuana ABASETCA ORHO3HAYHLIM COCTOSHHEM Ha IUMHE, TIOTOMY 4TO CMEHA
ypoBHS curHanga Ha guHUW SDA, kak ripaBHIo, JOMYCKaeTcs TOALKO TOCA4, KoTjda Tak-
ToBas MuHKA SCL HaxoauTca B COCTOAHHM HU3KOTO YPOBHIL.

Bce ycTpolicTBa, NOAKTIONEHHbIE K HINHE, JOMKHBI PAcrio3HaTh YCJIOBHe Hadala
nepeaaiu ¥ NeperIioualoTes Ha NpHEM (BeIOMOoe YCTPOHCTBO/TIIPHEMHMK). YCloBKe Ha-
yana fiepedadd TAKKe YHHTLIBAETCA U JAPYTUM BelyHIHM YCTPOHCTBOM, KOTOPOE CO CBO-
eli CTOPOHBI UMENO HamMepeHHE 3aHATh WHHY. B pe3ynbTate OHO HeMELNEHHO OT3LIBAET
croe TpeboBaHue. YCTpoHCTBO, cO3MaBllee YCIOBHE HAYAIa NepenayH, B JaHHbI Mo-
MEHT BPEMEHH ABRAETCA JIF LIMHK BeAYINUM (Master), a BCe OCTallbHBIE YCTPOHCTBA —
TIOTEHIHANBEHBIMH BeAOMBIMU (Slave). Beayige ycTpoHcTBO Teneps OTBEYAET 34 TAKTO-
BbIA CUTHAN B CTAHOBHUTCA TTEPEaTUHKOM.

Mpouecc nepedavyu daHHbIX

[ocne cosraHMs yCrOBHA Hadana Belyllee YCTPOMCTBO HAYMHACT Nepepavy JaH-
HbIX. OHO NEepPeBOAWT TAKTOBYIO LIIMHY B COCTOSHHME HH3KOI'O YPOBHS H TETEPb MOMKET
3AHATH JTHHUKO NEPEAAYH JAaHHBIX 3aTpefOBaHHBIM HHOOPMALMOHHBIM PaspaaoM (BeICO-
kdil WAM HU3KUI ypoeeub B MHHMY SDA). 3aTeM TakToBas tIMHA OMATH TIEPEBOHTCA
B COCTOAHUE BRICOKOTO YPOBHA (CM. puc. 8.4).

Wamerenue 8 nuavM SDA MOXET NPOUCXORWTE TaNBKO B (Da38 HW3KOrO YPOBHR CUrHamna B MMHWU
SCL. Bo Bpema ¢a3bl BbICOKOTO YPOBHA B NHMKM SCL nuHwa SDA aomkHa GbiTe crabunbHoM.

[Tepenaua nauHbIX, KK MPaBHIIO, BEIMOIHAETCA NOOAHTHO, MPKW 3TOM MEPBLIM Me-
pemaeTca crapmii suadaumii 6ur (MSB). INocne nepenaun nonuoro 6ailta AaHHbIX,
COCTOHH.[CF[ H3 BOCBMH TAKTOBBIX LIHKJIOB, CIICAYET 6UT NOATBEPHKACHHA OT [IPHEMHHKA.

BUT noATRepPKAEHUA

Bur nogreepxacuns (acknowledge) — o710 peakuua ApUeMHHKA Ha MPHHATHIHA
GaiT nandbix. OH gBgeTCH /U1K NePelaTiHKa IIPU3HAKOM TOTO, 41O NPHEMHHK dH3KYe-
CKM MPHCYTCTBYET W “IpociaylinpaeT” NHHUK. ONHOBPEMEHHO ¢ 5THM OMT noiareep-
IKASHAS MOKHO pacCcMaTPHBATh Kak CHUIHANT CHHXPOHH3ALHH.
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BuT noxreepAcHMA, KaK MpaBuiao, reHepupyerca rpueMHukoM. Ecnm senyiee
YCTPOHCTBO NPHHUMAET OT BEJOMOr0 YCTPOWCTBAa HECKONBKO GAWTOB JaHHBIX, TO OHO
KBUTHpYeT KauJbii oTAeIbHBIH GaiiT GuToM MOATEEpKOEHUS, 32 UCKIOUEHHEM IIO-
caenHero. Takoe oTpuuAaTeIbHOE KBUTHPOBAHHE COODMIaeT BEIOMOMY YCTPOHCTBY, 4TO
nepedaya NaHHBIX 3aBepIIEHa, W AAJEE MOCNEAYET YCIOBHE 3aRepPLISHHS HIIM HOBOE yC-
JIOBHE HAUANA NEPEAatiu.

Hna nepenauu 6uTa NOATBEPHIEHHS BEAYLUEE YCTPOHCTBO T€HEPHPYET Ha NUHHH
SCL nonofHWTENBHbI TakTOBRIHK MMAyAbe (puc. 8.6). IlpMeMHHK BBIOAeT curHan ro-
JOXHTENBHOr0 KBUTHPOBaHHMsA, Tniepesoss nMHHIO SDA B cocTOsHHE HM3KOrO ypOBHH,
WM OTPUUATENILHOTO KBHTHPOBAHUWA, NepeBols AuHUIO SDA B COCTOAHME BLICOKOrO
YPOBH1.

} LUnHa 3anaTa

SCL
(BT BEAYLIEIO
YCTRORCTRA)

o ]

SDA - Bhixop, . i i ;
saAywero [P Ao XoXe)Xe XpXoX
yETPOWCTBRA i " - " " :
M5B - . - - o . LSB :
SDA - sbixoa ' e . . : .
SELOMOrD ] A
JETRORCTEA _ : . . ~ g . \ /
SDA — sy oy ) ;
[MOHTaXHO0E "“I1") o X D X E x GX E’ X B X D X D \ -
MSB - N B LSB A
D BuT azHHbIX (He MOXeT BbiTe HaMeHEH, Koraa SCL = Beic. yo.)
8 Ycnosue Havana A NoaTseswAeHKE (6T NDUBMHMKA & NOMyYEHUM BalTa)
P: Ycnosue zaeeplieHus ' MSB: Crapumii aHaqawmi Gur

L.8B: Mnagwwil 3Ha4awWma Gur

Puc. 8.6. BuipaBioTka SuTa KBUTUPOBAHNR NPUEMHUKOM, PaGoTallLMM B pexuMe BeAOMOro YCTPOHCTRA

Takum obpazom, nng nepepauyn onxoro GalTa. iaHHBIX, KaKk NpaBuio, TpebyeTcs
AEBATHL TAKTOBBIX LIMKIOB, BCAENCTBHE Yero NpH TakToRoi yactoTe 100 KI'u Bo3MoOkHa
CKOpOCTh nepejadH AaHsbix MakcuMyM 11111 Gaitr/c.

ITocne nepenauu onHoro Gajita naHHbLIX ¥ pHeMa GUTa NOATBEPXKAEHUS epeaava
JaHHBEIX MOKET OBITH cpasy e mpononxkeHa. Ecu npueMHHK pearupyer Ha nepepady
GaiiTa 1aHHEIX OTPUNATENEHEIM KBMTHPOBAHHEM, TO BENyllee YCTPOWUCTBO JOKHO 3a-
BEPLUHTH Nepenady JAHHBIX, OMATE OCBOGOAMB IIHHY.

Ocsoboxderue wiuHb! nepedayy OaHHbIX

[1lnua nocne okCHWAaHHUA Mepeiayud NaHHBEIX, KOTOpas MOKET COCToSTE u3 moboro
konv4ecTsa OalToB, onaTh oceoboxkmaercs BedyIMM ycrpoicTBoM. OceobokaeHue
IIHHBI OCYINECTRISETCA C NOMOLUBIO YCIOBHA 3aBEPLIECHHS.
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Ycnosue zagepieHnA nepepayn

HsmeHeHHe B TMHUM SDA ypOBHA CHrHaa ¢ HU3KOTO HA BBICOKHUH B TO Bpemsi, KO-
raa no takroeod wiMHe SCL nepefaercs cHrHal BbICOKOTO YPOBHSA, OLIEHHBAETCH KaK
yCI0BKE 3aBeplIenys Nepeaayn {puc. 8.7).

sCL

SDA

Puc. 8.7. Ycnosuwe aasepleHns nepegaqu

[ocne co3manus ycnoBHs 3aBeplieHWs NEPeJayd LHHA OCBOOOMAAETCH, TO €CTh,
OTIATE CTAHOBUTCA AOCTYNIHOH And BceX OJOKOB H yCTPCHCTB. YCIOBUE 3aBEPLUCHUSA [le-
pedadd TakkKe npeactapnser coboil ofHO3HAYTHOE COCTOAHHE Ha wwiHHe., Bee 610k H
YCTPOHCTBA PACIIO3HAIOT €ro M MOATOTABIHBAICTCA K (IOABIEHHIO HOBOFO YCIOBHA Ha-
yana nepefaud. B roM cnyuae, ecny Beayllee YCTPOHCTBO H3-3a IPOMEXYTOHHOH 3aHs-
TOCTH HIMHBE OT3LIBAET CBOE TpeGoBaHME 32HATL IWHHY, TO OHO MOXET NPEATIPHHATL HO-
BYIO MOMNLITKY CO3JaTh YC/AOBHE HAauyala mepefadyd M TeM ¢ambIM MONYYMTh LIMHY A/
CBOMX HYA.

. MonHas nepegaya BaHHLIX Yepes WUHY 1°C. B NPUHUWIE, COCTOMT W3 YCIIOBMA HaYana nepesadi,
l OAHOro UNKU HecKoNbKUX BalTeR BaHHbIX (38 KGTOPBIMM, COOTBETCTREHHO, crnedyeT SuT KBuTupoBa-
HMH), W YCNOBUR 3aBEPLUEHNA nepedaqn.

Azpecauusi BegoMbIX YCTPONCTB

BuiGop BenoMOTO yCTpoHcTBa, ¢ KOTOPBIM XOTeN0 6bl OOMEHHBATBCSH HAHHBIMH Be-
Aylee YCTPOWCTBO, OCYLUECTBIIAETCA MOCPEACTBOM mepBoro Oajita, KOTOpbld Beerna
OTIpENIENAETCA Kak aApec BEAOMOFO YCTPOHCTBA.

Adpec sedomozo yempolcmea

Tepsrlii GaliT NOCIEIORATETLHOCTH AaHHLIX NpeacTapndeT cobolt aapec BeROMOro
yerpoiicTea. OH 0JHO3HAYWHO COMOCTARACH ONPEALISHHOMY YCTPOHCTBY, MOIKIHOYEH-
HOMY K 1UWHe, W UMeeT ANTHHY 7 GuT (Gutel ot | A0 7). TeopeTHuecky, TakuMm obpazoM
MOXKHO aapecoBaTh A0 128 BeJOMBIX yCTPOMCTB, OJHAKO FIO OMNPEASIIEHHIO HEKOTODbIE
ajpeca BEAOMbLIX YCTPO#cTB WMeloT ocoboe 3HaueHHe. B neficTRHTENbHOCTH cHeTEMa
cOCTOUT He Goniee, 4eM Uz 20 BemomMelx GNOKoB. Agpec BEAOMOrO YCTPOHCTBA COCTOMT
W3 JBYX YacTeil: NOCTOSHHOH M mepeMenHoi (pyc. 8.8).

MoCTOAHHAR YacTe (epemMeRHan YacTe Paapaa
ANNECH BEAOMOrD AApeca BEAOMOMD HanpapneHua
YETPORCTER YCTAOWETES nepegaqn

DaHHblX

BUT? | BUTE | Buts | Butd | Butd | But? | Buti | Butd
R/W

Puc. 8.8, dopmaT agpeca wWukkl I°C
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MocroAaxHHana yacTh agpeca BeflOMOro yc*rpoﬁcrsa

[MocTosHHag YacTh aapeca oiMchiRacT TPeOOBAHUA K ONpeASICHHbIM MPYINAM YCT-
pOHCTB M onpejensercs UrotToputeneM Kpuctania. Ero qmuHa onpeneneHa B pesy.ib-
Tare MpPAKTHUECKOTO OMbiTA W B OONBIIMHCTBE ciydaeB cocraBaseT 4 Gura (cm.
puc. 8.8). Ou 6yner Tem kopode, yem dosblie OQHOTHITHBIX yeTpoiiers B cxeme. [Nocro-
SHHa YACTh ajpeca XeCcTKO “NpoLluTa” B MHTErpalbHOH CXeMe M He MOXKET ObITk H3-
MeHCHA NOJIL30RATEIIEM.

MepemeHHas “acThb afipeca BEAOMOro yCTpoWcTsa

[epemenHan vacTk anpeca BeAOMOTO YCTpoicTBa (cM. puc. 8.8) cmykuT aAns BrIDG-
pa ONpefeNeHHOro YCTPOHCTBa U3 IPYIIbl OAHOTHIHBIX KPHCTAIUIOB, CPEIHd KOTOPBIX
BCE MMEIOT TIOCTOAHHYIO HacTh a/ipeca ke loMoro yeTpodcTea. baaropaps atomy, K iu-
He MOryT ObITh [OACOE/MHEHBI HECKOILKO OJHOTHIHBIX HHTerpaisubiXx cxem. [lepe-
MEHHAas 4acTb B OONBLIMHCTBE CNYYAEB OPEAERSETCA NOJAB3OBATEEM C MOMOLLBIO
BHELIHWX CXEM (Uepe3 QOTIONHUTEbHbIE BBIBOIbT).

Paipsaa HanpaBneHusa nepenayn GaHHbIX

C nmoMmoiikio NepBeIX ceMH pazpangor (7—1) nepeoro 6adTa AaHHLIX MOCAe CO3/aHHUS
YCIOBHA Havalla nepesaud (To ecTh, apeca BeAOMOIe YCTPOMCTBA) OQHO3HAYHO WIEH-
THHLMpYyeTcs TpeOyemblil Bemombld Omok. BoceMoill mepenaowmiica paspsa (paspsa
0 — cm puc. 8.8) zajaeT HanpasneHHe Mepenadyy AaHHbIX. O OnpenenseT, AONAKHbLI K
OBITh MPUHATBL WK NepelaHb! TaHHbIE.

Ecnu pazpaja HanpasreHds nepefadu TaHHuX COAepRAT “17 {uTeHue), TO Belyuee
YCTPOHCTBO HAXOOWTCA B PEXKHUME TIPHEMHMKA, 4 BEAOMOE — B PEXMME NEpPeRaTHHKA.
Eenu pazpag HanpaBReHHs Nepenavu JaHHbIX cofepkut “07 (3anuch), To BeRyige ycT-
poiicTeo Oynet paboTarh Kak NMepelaTHUK, a BEIOMOe — KaK IPUEMHHUK.

PaGouuii pesknM, BROpaHHBIA C TIOMOUTBLIO aApeca BeJoMOro YCTPoUcTRa, aeicTry-
TeNeH A7 OCIeIOBaTeNbHOCTH 0aidToB nanHbix moboi AnuHbl, B cBazu ¢ Tem, 4To
TOMLKO OJHO Belyllee YCTPOMCTBO onpeaenseT, ckonkko OaiiTos JaHHLIX Dyier mepe-
JaHO, BEAOMBIEC YCTPOIcTBA B OONBLIIMHCTBE CIYYaeR HUCMONL3YIOT ABTOHHKPEMEHT MpH
BHYTpeHHelt aapecauun. Takum obpazoM, HarmpHMep, MOMXKHO nepenarth Jeboi oOweM
JauHbplX B pamsTh RAM, agpecoBanHyio kak Bepomoe ycrpoiictso-npuemHHik. [Tpu
3TOM JaHHbIE COXPAHAIOTCSH B aapecax, cleyIOUINX OJHH 3a IPYTUM.

C TarMM ke YCTIEXOM MOXKHO TIOCASAOBATEIBHO CUMTHIBATL JAHHLIE W3 NaMATH
RAM, koraa oHa agpecoBaHa BeJyllMM YCTPOIHCTBOM KaK BEAOMBIH NepefaTyHK, a Tak-
THPOBaHHE OCYILECTBIAETCS B COOTBETCTBHH C KOJIMHECTBOM CUHTbLIBACMBIX DHaiiToR
JAHHBIX.

Ajpec BeIOMOID YCTPOHCTBA TAKKE TMNOATBEPKAAETCH ITHUM  YCTPOHCTBOM
¢ MoMoweke OuTa kBUTHpoBaHUA. Ecnu Benyluee ycTpolicTBo mocne ampecauuu Nosy-
Y4ET OTPHLIATENbHOE KBUTHMPOBAHWE, TO OHO MOXET 3aKMIOUHTE, MTO BEIOMOe YCTpoit-
CTBO MitM BOOOIIE OTCYTCTBYET, MM B HACTOALMH MOMEHT ¢ HUM HEBO3MOXKHO YCTaHO-
BHTL CBA3b (HANPHMED, OHO 3aHATO 00paGoTKON 3a/12HUHA, KPUTHUECKHMH € TOYKH 3pe-
HHA RPCMEHH ).

[IpymMepsl obMeHa gaHHBIMU Mexxay Master u Slave npeactasnens! Ha puc. 8.9.
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Ocobebie cnyyan

TMpu mepefaye NaHHBIX MOFYT BOSHUKHYTH HEKOTOPBIE OCOOLIE CHTYALMH, KOTOPhIE
JOSHKHBL GbITH KOPPEKTHO 06PaBOTAHEL anMapaTHEIM ofecnedenuem muHb I°C.

MosmopeHue ycrosusa Hadana repedadu

B 3aBMCUMOCTH OT YCJI0BHH, BOHHKAIOUINX OCHE repeady nosHoro Saiita aaH-
HeIx (BKIKOUAs OUT MOATREK/IEHUR), BeAYIIEe YCTPOHCTBO MOXKET NOBTOPUTH YCIOBUE
Havana nepenadu. Jns noacoeiMHEHHOro BEAOMOro YCTpoHCTRA 3T0 4PEBATO TEM, HTO
OHO OTKA3bLIBAaETCA OT NEpPEefayuM AaHHBIX M Goibllte He aapecyercs, XOTA LUIMHA OCTacT A
3aHATOH, a Bedyllee YCTPOHCTRO B COCTOSHWM TMepesiaTh HOBBIH afgpec BeROMOro yer-
pORCTBRA.

W TI0Cne BOIHMKHOBEHNA YCHOBUA HAUANA NEPeAaql BCETAA AGIKEH CNEACSATE AAPEC BEAOMOTD
YOOI, oo s e e e e e

ITO MOXKET OTHOCHTHCA KAK K TOMY JKe BEAOMOMY YCTPOHCTBY, Tak W K JApPYTHM.
Taxknm o0pazoM, MOKHO 0OCAYIKUBATE WM HECKO/ILKO BEJOMbBIX YCTPOHCTB OAHO 3a
APYTUM, W IS OJIHOTO BEJOMOrD YCTPOMCTRA TOTbKO H3MEHHThL HATIPABNEHWE Mepe-
Nauu navHeix Ha ofparHoe, B aToM cnyyae ecTh OHO HPEUMYILECTBO: B TEYEHHE pac-
CMaTpHBAEMOrC OTPE3Ka BPeMeHH B paboTy [IMHBI HE MOJKET BMELIATLCA HHKAKOE IpYy-
roe penyliee yCTpoHCTEO.

YUmenrue—modughukayus—3anucs

PaccMoTpum crieaylolyo curyauii. baiit naHsbiX cunThiBaeTcs H3BHEe Oea nmepe-
PhIBa, MEHACT CBOE 3HAYCHUE, a 3aTeM OIATH 2anuchbiBaeTca. Ewe oaHo yeTpolicTro, KO-
Topoe x0Teno Obl OOpaTHTLes K HTOMY ke GaiTY JaHHBIX, “BHAMT HE OTACNLHBIC IUArK,
4 TOJIBKO pe3ylILTAaT.

Heeneayem 31OT npouecc Ha KOHKpeTHOM IpuMepe. IlycTh Bemyluee ycTpoHcTBO
obpartiaeTcd Ha 4TeHHe K Oaoky naMatd RAM c noctosHHbIM anpecom 10y = A) =
1010, u nepemennsM anpecoM 74 = 111, BepoMoro yerpolcrea, xenas cuutate GalT
JaHHbIX, XpaHdinuitcs no agpecy 204, M3MEHUTL €0 H ONATE 3AITHCATS.

Ana 3Toro HeoOXOAMMO BBINOTHUTL CETYHIOLINE AeHCTBUA.

1. Vkazarens aapeca B namsaty RAM ycranasnusaertcs na 20; = 14, = 0001 0100,
Hna aroro seayiee yCTpoHCTBO CO3AAET YCIIOBHE Hauasia nepeaadd, aipecyeT e-
A0MOe€ YCTPOMCTBO Kak MPHEMHUK H MMEPeaasT eMy 3HAUEHHE YKazaTens aapeca:
®  VYCNOBHE HAYANa Mepenauy;

= nepebiii GaiiT: aapec BenoMoro yerpoiictea + 6uT “3anmck” = 1010 1110,
" [OATREPAACHHE OT BEAOMOro yCTpoiicTBa,
= pTOpOH HaliT: ykasatens anpeca = 0001 0100,;
" [OOATBEPHASHHE OT BEAOMOrO YCTPOHCTRA.
2. Beaen 3a 3TuM BRINOTHAETCS CUAThIBAHKME DalTa naHHeIX Mo aapecy 204
" MOBTOPEHUE YCJIOBHMA HAYANA NepeRayu;
* nepsbiid GaliT: ajgpec BegoMoro yerpolcrsa + 6ut “Urenue” = 1010 1111,

11— 5-2384
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& TOATBEPHACHHE OT BEAOMOTC ychoﬁCTBa;

* pTOpOH GalT: cuMTbIBAETCA, Hanpumep, GalT Jadubix FO, (1111 0000,) no anpe-
cy 204

" HeT NOATBEPXKAEHHS OT BEAYLUETO YCTPOHCTBa {OKOHYAHUE ONEepaLiy UTEHHA ).

3. Benyiuee ycrpoHCTRO TeNEpb M3MEHAET CUHTAHHBIH GaiT NaHHBIX U XoTeno Okt no-
CJie 9TOTO ONATH 3AfIUCcaTh Pe3yabTaT B iamaTh RAM no agpecy 204. Tocae ssinon-
HeHHs ONepaury YTeHHA B AeHcTBuM 2, Gnaronaps GyHKUMH aBTOMAaTHYECKOrO HH-
kpemeHTa naMaTH RAM, BHyTpeHuHii agpec ysenuued 10 214. Io 310il npuumabe
BeAyIlee yCTpOHCTBO Nepe NOBTOPHOM 3anuckio GaiTa JaHHBIX AONAKHO BbIMOJ-
HUTE cOpoc yxasaTens agpeca RAM B 204:

s yaMmenenue Oaifta aauueix ¢ FO, Ha OF;

* [OBTOpPAETCA YCTIOBHE Hauana nepenavu;

* nepBblit 6aiT: anpec BeaoMoro yeTpolcTsa + 6ut “3anucs” = 1010 1110,;
" [OATBEPIKIASHHE OT BEIOMOTO YCTPOHCTRA;

* pTOpOIf DaliT: ykazatens agpeca 0001 0100,;

" MOATEEPXKACHHE OT BEAOMOrO YCTPOHCTBA,

= Tperuil GalT: M3MeneHHbli Balt nanHex 0000 1111 b no agpecy 204;

* MOATBEPNASHHE OT BEIOMOTO YCTPOHCTBRA.

4. Benyinee ycTpoiicTBO Temepb MOXET MM pa3bIoKMPOBATH LIHHY, CO3AaB YCJIOBHE
3aBepLISHUSA TIEPEAAYuN, HIH MMPOAOJIKUTE IPOLECe Jalbllie, ONATE MOBTOPHE YCJI0-
BUE Hauana nepejaud ¢ nocieyrollell agpecalyen.

3adepxxa makma

HenocpencTseHHO nocne fepenayy paspaa MoATBEKIEHUS cheayeT da3a HU3KO-
ro YPOBHA TAKTHPYIOLIEro curHana, [IpHeMHHUK HE3aBHCHMO OT TOTo, SIBIAETCH /M OH
BEAYLIMM HIH BEAOMBIM YCTPOHCTBOM, BCMNEACTRBUE OTKPLITOTO KOMIEKTOpPa MOXKET Te-
PEBECTH TAKTOBYHO WIHHY B COCTOSHME HU3KOTO YPOBHS W YIEPXATh €€ B 3TOM COCTOS-
HHKW. B pesynbrare nepejatuk Oyner nepeBeneH B cOCTOAHME OxkHaaHus, OH npepbi-
BaeT nepejaqdy A0 TeX NOP, Noka taktoead uMHa SCL onsTh He OKaKeTcs B COCTOAHHUH
BEICOKOTO YpOBHA. Tak obpazyeTtca ocobwiit BMA B3auMoobMena, Hazwieaembli “Hand-
shaking” — “pyxonoxarue” (06MeH ¢ NOATEEPKICHHEM CBA3H), KOTOPBIH MO3BOASET

oOpabaThiBaTe TIPHHATBIE J@HHBIE JaXe MEAACHHOASHCTBYIOUEMY TIPHEMHMKY
(puc. 8.10).

CuHXpoHU3aLYUA makma

Hapsny ¢ sazep:kkof Taxkrta nocne nepemayd nomHoro Gabita AaHHBIX A0TIONHM-
TENBLHO MOXKET BHINONHATHLCS CHHXPOHM3ALHSA TAKHMM 0OpazoM, 4T0 NPHEMHHK “pPacTaTy-
BAET” MEPUOI HU3KOTO YPOBHS TAKTMPYIOLLEro CHTHANA. DTa 0COGEHHOCTS, HanpuMep,
Noje3Ha B TOM CjTydae, XOr/Ia PHEMHBHUKOM SBIASTCS MHKPOTIPOLECCOp, 06CTyKUBaK-
vt wrny °C ¢ noMomsio mporpaMMHOro ofecnedexnus, KOTOpEIl Nocne npHema
nomxeH 0dpabaThiBaTe KX OHT B OTAeIbHOCTH, B TakoM cnyvae TakT 6yJeT CUH-
XPOHU3MPOBAH ¢ TAKTOM BEAYIIECTC YCTPOHCTRA, B pe3ybTaTe 4ero SyaeT nofyueH pe-
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3YJAbTHPYIOWIHI TakKT, (haza HU3IKOTO YPOBHS KOTOPOTO HMEET MIHHY, COOTBETCTBYHO-
LIYIO caMOMY Me/UTeHHOAEHCTBYOLIEMY, a (a3a BLICOKOIO YPOBHA — CaMOMYy ObICTpO-
neHcTByONIEMy yeTpoiicTBy (puc. 8.11).

CocToanue  HOPMEN:-

QKM EHUA HoE
: COCTORHME

SCL1
(0T BRAYLETD
YCTPUHCTBA)

3CL2
(T BEACMOrD
YETPOACTRA)

pesyneT SCL
{MOHTERHDE W)

SDA - soixog

ST €3 6 3 6 6 © CY AR Yo X
YOTODACTEE SE - -
SDA - Buxog :

BEROMONC

YETPORCTEBA
AR \ [ o X )( Xo X X X )( \

MSB ) LSB A
S Yorosue Hauvana D: BuT paHHLx (HE MOXET Dbith KIMBHEH, KOIAE SCL = BRIC. y3.)

A: Mooteepxaerue (0T NPMEMHUKE 0 nony<eHin Badfra)
MSB: Crapid sHaYauMi GuT
LSB: Mnagumii znauswpi Sur

Puc. 8.10. BeTaeka COCTOAHUA OXUAAHUA NPH NEpeaue AaHHbIX OT BSAYWEro YCTPOWCTRA K BE4OMOMY

Coct-g HOPMANEHAR ARUTENBHOCTD MMNYMCA BhICOKOMD YIDBHA
TRAA-A I
SCLA ——m— --------.-'._.:-_ -- - e ——— -
(AT BEAYWEMD . - 2\ ‘ 3\ ’ \ ,
yoTpoficTea) : S
SCLZ
{oT sepomMOrc

YCTROWCTER)

pesyneT. SCL
(MOHTaRROR 14

AR

[0 = Y= xm X

WS Lws L ws Lws ws

SDA
(MOHTERHOE "A")

8: Ycaoeue Hadana WS: COCTOAHME OXWAZHHA, BbiPabOTEMMOE BEAOMbIM YCTROWCTEOM

Puc. 8.11. YMeHLWEHUE CKOPOCTH MEpPefaqi AaHHBIX NOCPEACTEOM J3ASMKKM TakTa

1*
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ApBUTpax Kb NPWU PABOTE ¢ HECKONBbKMMU BEAYLLUMMK YCTPORCTBAMU

Kak sinno m3 puc. 8.3, MarucTpaneHbl€ LIKHBL, HAPATY C BLIXOAHLIMH Apaiisepamy,
HMEOT TAKKE ¥ BXOJHOH KacKad, B KOTOPOM YCTPOICTBO CPABHUBAET CrEHEPUPOBAHHOS
BHyTpeHHEEe COCTOSHHE ¢ (PAaKTHHECKH NPHCYTCTBYIOWMM HA iMHe. 374 0cOOEHHOCTR
HCTIOJTL3YeTCeA UL apOuTpana WKHHLL (Npeaoctasielte AocTyna K obuiel muHe s pe-
JHMe paboThi HECKONBKMX BeAYLIUX YCTPOACTR).

B cBa3u ¢ Tem, 4To urkHa ['C 3aHMMaeTes ACHHXPOHHO (TO €CTh, HE B TOUHO yCTa-
HOB/IEHHbBI MOMEHT BPEMEHH)}, MOMET BOIHHKHYTh CITyUail, KOTAA ABA HIM HECKOMBKO
BEAYLUMX YCTPOHCTE B DJIUH M TOT K€ MOMEHT BDEMEHM CO3TA0T YCIOBUE HAYANa 1Tgpe-
aaun. Kaxnoe memyillee YCTPOHCTBO Ha OCHOBAHUM cUTHana oOpaTHOH CBAZM uepes
BXOXHOH KacKal CO3JaET BIIEYATIEHHE, YTO MMEHHO OHO ABNAETCA €QHHCTBCHHBIM ME-
PeAaTUMKOM B JJAHHBIA MOMEHT BpeMeHH, B cBA3M ¢ TeM, 9To Jind TAKTOBOTO CHrHana
BLINOJKASTCA CHHXPOHU3ALMA, TO TC “BRevaTAeHHe” OCTAeTCA [0 TeX 10p, MOKa BCe
nepenaTyiky MeEPeaaloT B TOHNHOCTH OHY M TY e OUTOBYI0 KOMOKMHauMID. PazHornacue
BOSHHKAET TOILKO TOMNA, KOLAA BEAYIIGE YCTPOHCTBO, OXHAAIOWES NOABICHHS HA LIH-
HE CHrHala BBICOKOFO YPOBHA, BMECTO HEro ODHADPYKHBAET CHTHAN HMIKOTO YPOBHA.
C 2TOoro MOMEHTa RaHHOE BERYLUEE YCTPOMCTBO OT3LIBACT CBOKW TMepefavy NaHHbIX, a
ApYroe MM BCe OCTANbHbIE BEIYUIHE YCTPOHCTBA MO MpexkAeMy paboTaloT ¢ UIHHOH,
MOCKONBKY HE 3aMevaloT BO3HMKINEH npobnemsi. Taknm obpasom Beayuide yerpoicTsa
OJTHO 324 APYTHM OCBODOMIAIOT IIHHY JIO TEX NIOpP, NOKA HAKOHE!L OCTAHETCH eIHHCTBEH-
HOE Beyllee YCTPOHCTRO, KOTOpOe “BbIMIpano” rpouece apGUTpaka.

Jlerko 3aMeTHTB, YTO H3-3a OTKPLITOTO KOMTekTopa apduTpak Beeria BLIWTPbIBAET
TO BEAYUIEE YCTPOHCTBO, KOTOPOE NOCASACBATEAEHO nepejaeT DolbLIe CHIHAIOB HU3-
KOTO YPOBHS (TO €CThb, HyJegkie ODuTH). B cBa3M ¢ TeM, uTo Nepeslil Noanexawmin nepe-
Aave GaHT JaHHBIX — 3TO A/Ipec BeJIOMOTO YCTPOHCTRA, pelieHne B npoliecce apbuTpa-
Ka MPHHUMASTCH €LUE TIPH ANPECALIMY, ECTH K BEJOMOMY YCTPOHCTRY XOTST 00paTuThea
HECKOJILKO BEAYLUHX YCTpoHCTB. [lna aToro cnydas obpawenune s 3anucu (OUT Ha-
nNpaBneHys mniepefadd AaHHbIX = () ondATh UMeeT NpuHopUTeT nepel obdpalleHUeM Ans
uTeHus. TakuM o6pa3oM, HAHBBICIIHM NPHOPUTETOM obnagaer agpec ( BEIOMOro ycT-
poiicTea npu obpaenun ana sanucu (0000 0000,); obosHavaemslit noHaTHeM “obLinH
BBIZOB”.

Takoke MOWKET BO3HHKHYTE 0COOBIH ciiyual, Koraa asa BeRylUMX YCTpoiicTBa 0OHO-
BPEMEHHO AAPECYIOT ORHO H TO e BelAoMOe YCTPOHCTBO, MepeJatoT eMy Te e caMble
JaHHBIC M COBMECTHO TEHEPHPYIOT YCIIOBUE 3aBeplieHus nepefaun. [pu sTom uu oano
BEAYLIEE YCTPOHCTRBO “He 3amevder” kakux-nnbo neficTeui npyroro eeaylueroe ycrpoi-
CTBA,

Ecnu sepymee ycrpoiictso npourpeiraet apbuTpax €lle npd Bhiaave aapeca Be-
JOMOTO YCTPOHCTBA, TO OHO HEMEIUIEHHO MepersliouaeTcs B peskuM paloTsl BEAOMOTo
NpHEMHYKA M CYUMTHIBACT JAATBUIC AaHHBe ¢ WHHLL. Biarogaps aTomy, ycrpoHcreo
B COCTONHUH OTPERrHpPOBATL B TOM JKE LIMEKJIE, KOTAa OCTABLUEECA HA LUMHE Belyllee
ycTpoiicTBO obpaluaercs o ero agpecy.

3afava nonb3oeaTens — BolOpaThk AcHcTBHY, HEOOXOAMMEIE TTOCIE MPOHIPHLILIA ap-
Gurpaxa. OObuHO Nocse paidIOKHPOBAaHMA LHHBI NOBTOPAETCA BECh MpOLece mepena-
YH JAaHHBIX, HAMHHAA ¢ MEPBOro YCNOBHS HaYana [repefaydy.
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CUHXPOHUZALNS LUKHBI 1°C

B casau ¢ Tem, 4To B ciyyae I'C peub MAET O CHHXPOHHON LiKKE, K ee CHHXPOHN-~
3AUMKH HE NPe/IbaBIIseTes KaKuX-1M60 ocoOrIx TpeboearMi, KpOME OQHOrO: He ACMKHBI
ObITh NpeBLILIeHE] MUHHMATbHBIE 3HAUEHHA BPeMEHH Ty = 4 MKC AN CHMHANA BBICO-
Koro yposusg u Tig, = 4,7 MKC 218 CUrHaIa HA3KOrO YPOBHA A TAKTHPYIOWIMX CUrHA-
Aok B aMHuK SCL.

Hcuepnnipaioiee onyucatne XapakTepHCTHK H napaMerpos Isues 1°C MOXHO Haii-
TH Ha Web-caiite komnanuy Philips o anpecy, yka3aHHOMY B KOHLI® KHHTH.

OBpaileHne MUKPOKOHTPONNEPoB cemelicTea AVR K wimnHe 12C

B ornnane o1 nocneaosarenshoro nurepdedica SP1, MukpokoHTpostieps: ceMedicr-
pa AVR He ocHaueHbl annapaTHbiM uHTepdelicom At obpawenns k wmune 1°C. Oaua-
k0, Onaronaps BLiCOKOMY AONYCTHMOMY IHAYEHHIO TAKTOBOH YACTOTHI, MUKDOKOHTPON-
fephi cemeitcrra AVR MOryT B3aumoneicTeoraTh ¢ wrHoi C ¢ nomMoutsto nporpaMm-
Horo obecrieyeH|s, YTO MOKa3aHO B rnage 16.
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9 MHTErPMPOBAHHbLI AHANOIMOBbIU
KOMMNAPATOP

HMHTerpupoBaHHBIA aHANOTOBBI KOMTAPATOP WCMONB3YETCs BO BCEX MMKPOKOH-
Tponnepax GaszoBoi cepun ceMeitctBa AVR. On cpaBHMBaeT BXo/AHOe HalpsiKeHHe Ha
CBOEM HeHHBEHTHPYIOLIeM Bxogde AINO ¢ BXOIHBIM HAOPAKEHHEM Ha UHBEHTUPYIOILUEM
pxone AINI., Kak To/bKO HalpsskeHHE Ha HeWMHBEHTHpymollem Bxoae AINO craner
Gonslie, Hem Ha WHEBeHTHpYIOWIEeM AIN1, Ha Bhixoge ACO ycranasnmusaetcd jor, 1,

Bxoaneie nopret BxoyioB AINO 1 AINT ans wersipex npeacrasurteneii 6azosoi ce-
puu cemeiictea AVR nepeuncnens B Tati. 9.1,

Tabnuua 9.1. BxocaHble nopTel 8x0goe AIND u AINT gns yeTsipex npeacrasuTensn Gazosoi cepun AVR

AINO  |TlopT B/ Paspsn 0 |Tlopt B / Paspszn 0 | Mopr B / Pagpsa 2 |Topt B / Paspan 2
AIN| Hopr B/ Paspan 1 [Hopt B/ Paspag 1 |Tlopt B / Paspan 3 |[opr B / Pazpsan 3

BrIxoaHOH curHan koMnaparopa MoxkeT OuiTE NpUMeHeH Ans cpaGaTeiBanys qryHk-
uuu 3axeata Ha Bxoae T/Cl. Buixon ACO xoMmnapatopa 4Yepes BXOAHOH MyNLTHIEK-
cop Mux] Hanpsamylo CBA3aH CO CXeMOH [OAaBNeHUA CUIHANOB noMex GyHKUMH 3axBa-
ta T/C1, xoraa ynpaenstomnit pazpaa ACIC perucrpa ynpaenenus u cocrosnus ACSR
B aHANIOTOBOM KoMMapaTope cogeput aor. 1 (eM. puc. 4.7 }. Kpome Toro, depes anano-
POBbLA KOMIIAPATOp BO3MOKEH BHIZOB MTPEPHIBAHMA.

C nomotkio paspsagos ACIS1 u ACISO perncrpa ACSR ananorororo koMnaparo-
pa MOkHG BbIOpaTe cnocod BeI30Ba MpephiBabMs Ha Bhixoge ACO xommapartopa: no
HUCOANAKOUEMY/HapacTalollieMy pOHTY CHI'Hana WM TIPH CMeHe YPOBHS CHIHaja.
brok-cxema aHa/IoroBoro KoMrapatopa MHKpPOKOHTpoepos cemebictea AVR nokasa-
Ha Ha puc. 9.1.

vDD
l ACIST ACISO ACIE
AINC J. J.
IR aHanoriEoro
Beibop & [, g
npepbBaHIKA HeMnapaTopa
AlIN1 . AC
ACIC - K Mx 1
TRWITena 2aXeaTa
» TIC1

Puc. 9.1, Bnok-cxeMa aHanoroBoro X0MNaparopa MUKPOKOHTPORNEPoR ceMedcTra AVR
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Peructp ynpasneHus n coctoaHna ACSR

Peructp ynpaenenua u cocrosuua ACSR (Control and Status Register) ananoroeo-
ro KoMnapatopa pacionoxeH B o6nacTu BBoAa/BeiroAa 1o aapecy $08 (o ampecy $28
8 RAM). [locne mocTymneHus curHana cbpoca oH MHULMANM3UpyeTca 3HaueHuem $00.
B monenax AT90S8515, AT9084414 u AT90S2313 ucrnons3yrores TORABLKO paspsaas! 0-5
u paspan 7 peructpa ACSR. Paspsaast 0—4 noctynHbl ans urenus H 3anuch. Paspan 5
(Bpixos ACO komnapaTopa) MOKHO TOABKO CUMTHIBATE. Paizpaa 6 3apesepeupopan
KoMNaHWed Atmel 1 Taxske ZOCTyTeH TONbKO AN YTCHUA (Beeraa coaepkut nor. 0).

B muxpokontponnepe AT901200 ucnonesyroTes Tomsko paspagel O, 1, 3-5 n pas-
paz 7 pervcrpa ACSR. Pazpaaet 0, 1, 3 # 4 pocTynHdsl 4% 4TeHud W 3amdcu. Pazpany 5
cooTBeTcTBYET BhixoA ACO kommapartopa. Paspgnel 6 u 2 3apesepBHpoBaHbl KOMOAHH-
el Atmel ¥ TIOCTYNIHBI TONBKO ANA YTednd (Beeraa conepikat aor. 0).

Pazpsan 7 6 5 4 3 2 1 0
308 ($28) | ACD - ACO ACI | ACIE | ACIC | ACIST | ACISO | ACSR
*)

*y OreyTeTByeT B MUKpOKOHTpoutepe AT90S1200

Korpa paspss ACD (Analog Comparator Disable — aHanorosrlii koMnaparop oT-
KJIIOUEH) YCTAHOBJEH B Jior, |, MHTaHHe aHATOTOBOTO KOMIIAPATOPA OTKIKYEHO. ITO
0OBIYHO TIPUMEHSIIOT 1A Toro, yToOh! eme Gonplle CHU3UTE NoTpebiieHue ToOka B “cris-
wemM” pexkHMe, KOTa HeT HeoOXOAMMOCTH B BO3BPATE Hepe3 NpephIBaHME aHATIOMOBOTO
xompaparopa {(cM. Takke pa3gen “Criginye” pexHMbl LEHTPanbHOro npoueccopa’ rna-
BbI 3).

Kornma nomxeH OviTh Mamenen paspsn ACD, To BHavane veoOxoaumo 3aGrokupo-
BaTh TPEPRIBAHKE OT AHANIOTOBOF0 KOMNapaTopa nocpeicTsoMm cOpoca paspsia paspe-
wenng ACIE B peructpe ACSR, mockobKy B TPOTHBHOM CITYYA€ B PE3YIbTATE H3MeE-
Henus paspana ACD HenpenHaMepeHHO MOXKET OBITh BLI3BAHO TPEpPBIBAHME.

Paspan ACO (Analog Comparator Output ~- BBIXOA aHAIOrOBOIO KOMIIAPATOPA)
HaNpPAMYIO CBA3aH ¢ BBIXOOM aHAOrOBOrO KOMIapaTopa.

®nar ACI (Analog Comparator Interrupt Flag — dnar npepbisanuii aHanorosoro
KOMMapaTtopa) ycTaHaBiMBaeTcs B Jiol. |, Korma HacTynmaeT cobbiTHe, ONpeeneHHOe
pazpanamu ACIST u ACISO & peructpe ACSR U, BCICACTBHE 3TOTO, BI3LIBAET NPEPhI-
BaHHe OT aHTOTOBOIO KOMIIApaTopa.

B Tom cnyuae, xorna B perucTpe COCTOAHHSA YCTaHOBMCH (aar obiero pazpeuieHus
npepbiBanuii, a B peructpe ACSR - paspax ACIE, B pesynsrate ycTaHoBkM ¢nara
ACI BeImonHEHHe IPOrpaMMBbl Pa3BETBIAETCA N0 COOTRETCTRYIOIMIMM afpecaM obpabot-
KH MpepsiBaHUil OT aHanoroeoro xomnaparopa (anpec $00C ans MHKpOKOHTpOTEpPOB
AT90S8515 u AT90S4414, agpec $00A ans muxpokoHTponnepa AT90S2313, anpec
$003 nns muxpokonTpomnepa AT90S1200), Kak TOAbKO HauMHAET BBIMOAHATLCA MO/
nporpamma 06paboTky NpeprIBAHKI, MOXKeT OBITh BBLITIOIHEH aNnapaTHelit cbpoc hnara
ACL AnbTepHatusHo 3tomy, dnar ACI moxker 6bITh ¢HpollleH NOCPEACTROM 3afMcH
Jor. 1 B paspsan 4 peructpa ACSR,

Koraa paspan ACIE (Analog Comparator Interrupt Enable — pasperuenne npepsi-
BaHMA OT aHANOrOBOTO KOMIIapaTopa) M paspan obLIero pa3pelueHHs MpephiBaHMi B pe-
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ructpe cocrosHus SREG yctanosness! B or. 1, To ananoroesifi komnaparop pasGio-
KUpOBaH. B MPOTHBHOM cilydae oH OyaeT 3abn0kHpOBaH,

Korna paspsn ACIC (Analog Comparator Input Capture Enable — paspeuwienne
3axBara Ha BXOJE aHaIOTOBOrQ KOMIIApaTopa) YCTaHOR/EH B JIOT. |, TO RBIXOA aHAIOro-
BOro kommnapaTopa Oyaer coeadHeH vepes MyAbTHIIEkcop Muxl co BXomoMm cxemsl
MOJARIEHHA OMEX YIpH 3aXBaTe HAa BXoJe TaliMepa-cueruuka T/C1 (cM. puc. 4.7). Ecnu
paspan ACIC cbpomen, To MyabTHIIekcop Mux]1 coenuser Bripon nopra ICP co xo-
JIOM CXEMbT TIOJABTEHUA IOMEX.

Jna roro yrofbl MOXHO GBUIO BHI3BATH MPEPLIBAHHUE 3aXBaTd, OHO JOMKHO ObITh
paspelwieno paspanom TICIE]1 B peructpe TIMSK (cm. paspen “COpoc u obpaborka
npepuIBaHUi™ rnaesl 3).

Paspsaasi ACIS1 u ACISO ycTaHarIMBalOT BMA cOOBITUS HA BRIXOIE aHANOTOBOrO
KOMITapaTopa, KOTOpoe AOMKHO BLI3BaThL NpepbiBaHue paGoTsl aHANOTOBOTO KOMIMapa-
Topa. BoamoxhHbie 3Hauenus paspiaos ACIS1 u ACISO nokazanel s Tabn. 9.2.

Ta6nuua 9.2. Bug coboiTuin ANA BLI3OBA NPEPLIBAHWA aHANOTOBOMO KOMNapaTopa

4

0 0 [IpepbiRaHyie MPH HIMEHEHHH COCTOAHMS BbIXOAA

0 1 3ape3epBUPOBAHO

1 0 Hpeprisanye o HACHanAOMEMY DPOHTY Ha BRIXOAE AHANOrOBOTO
KomIaparopa

1 1 [IpepsiBaHue NO HApPacTaOIEMY (PPOHTY Ha BBHIXCIAE aHANIOIOBOI0
KoMnapaTtopa
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10 MoPTLI BBOOA/BLIBOJA

Henonb3oBanue MOpToB BBOAA/BEIBOAA B PARTHITHBIX MHKPOKOHTpOIIIEpax 6a30B0ii
cepuu cemeiictBa AVR nokazauo B Tabn. 10.1

TaGnuua 10.1. McnonbaosaHne nopToR BROAS/BEIBOAA B PA3NUYHLIX MogenAx Gazoson cepun AVR

Hopm | ATOUSI; 79052313 Z

Iopt - — EcTe Ectb
[opt B EcTh Ecte EcTh EcTth
flopt C - — EcTh Ecth
ITopT D | Ectb (7 paspsnor) | Ecre (7 paspaios) EcTh Ecte

Bce noprtel BBONA/BRIBOIA MUKPOKOHTpONINepoB OazoBoH cepuy cemelicrea AVR
ApaAroTCA 8-pa3panaHbIMM W AByHanpasneHHbiMM. MckmoueHWe cocTaB/ifeT TOSIbKO
T-pazpaaHbid nopt [ moneneid ATS0S1200 n ATO0S2313. 3zeck npuwitock nipeHet-
peds pazpaaoM PD7. mockofibky B paciopfxkeHHH ecTh ToNbKo 20 Todek NoAcoenMHe-
Hua k kopnycy. Kaxastit BhiBoa nopra MoskeT ObITh HHAMBHAYANLHO CKOHQMIYpUPOBAH
KAK BXOI WNY BLIXOHA, NPKUEM B chyvae PYHKUMOHHPOBAHHY B KaUSCTBE BXOAA K HEMYy
MOKET OBITE 0 BBIOOPY MOAKMIOUEHO OOATAMHBAKILIEE CONPOTHRICHUE (pHc. 10.1).

Ve RD
3
Flograrueaiciyee L
MOT-conpoTHBReHHe

x
] [ 1070 | ooxn fee———| ﬁ
i : (o]
RD - uTaTh HanpagneHue i oy
RL - witath chikcaumio : z
- | 3
RP - yurate BbiBOA o2 ©yp nor. 0 Portxn | 3
r I x
| =
1 I
' a

I
duanuecKii ! ST o '?c_"
KOHTaKT 83 T ,T/ o

TP
FinXn
¥
Rl RP

Puc. 10.1. MpuHuKnuanbHan cxeMa BeIBCAA NopTa

Ha puc. 10.1 nokasaHa cxema, N0 KOTOPOH MOCTPOEHbI MOPTH MUKPOKOHTPOJIIEPOR
cemelctea AVR. byksa “X” B 0D03HaueHHUN BRIBOAA PETMCTPA MIOPTA W PETHCTPA Ha-
MpaBneHus nepeaud JaHHbIX HCTIONB3YETCA BMECTO ODOZHAUEHUA 110PTa, TO €CTh. BMe-
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CTO HEE MOXHO [0CTaBUTh OykBbl “A”, “B”, “C” unu “D”. Homepa paspanos 0—7 BHyT-
pU perHCTpa MpeacTaBeHb! OyKBOi “n”.

[Tonoxenus knroueii S1-83, nokazandbie Ha puc. 10.1, COOTBETCTBYIOT CHTHANaM
HHM3KOTO YPOBHS Ha Bbixoax peructpos DDXn u PortXn.

Obpainenue K KaKAOMY U3 [OPTOB OCYUICCTBISSTCS Hepes 10 TpeM Pasiu4HBIM

aapecam B 061acCTR BBOJA/BHIBOAA!

1. Peructp HanpaBneHus nepenaul gauueix (DDX na puc. 10.1) onpenenser HasHa-

YeHUE BLIBOAA MOPTA: BXO/ HIIH BbIXOJ.

* Ecnmu paspan “n” B persctpe DDXn coaepHT CHrHal HU3KOTO YPOBHS, TO CO-
OTBETCTBYIOWIHH BBIBOL CKOHMUIYpUpoBaH Kak Bxod. Kmou 83 (samuikaromui
KOHTAKT) B PTOM CJiy4ae pasoMKHyT u oraenser peructp PortXn ot BeiBona
PinXn. Kinou S1 (pasmbIkarOlLKit KOHTAKT) MPH 3TOM 3aKPLIT H MOJIKHGHAET
FOATATHBAOLIEE CONMPOTUBNIEHHE K BbIBOAY PinXn, ecm wmod S2 3amMkHyT no-
cpeacTBoM J0or. 1 Ha Beixoze peructpa PortXn.

» Ecnu pazpsa “n” B peructpe DDXn copepkuT CHIHAT BBICOKOTO YPOBHS, TO CO-
OTBETCTBYIOLMIT BBIEO cKOHDUrypupoBaH Kak BeIxo. Kimou S3 (3aMbikaroiui
KOHTAKT) B 3TOM C/y4ae 3aMKHYT 1 oTaenseT perucTp PortXn ot Buisoaa PmXn.
Kntou $1 (pasmbiKalOUuii KOHTAKT) NP 3TOM PA3OMKHYT U OTHENAET NOATAH-
BAIOUIEE CONPOTHBIEHHE OT BbIROAA PinXn, HE3aBUCHMO OT ONTIKEHUS KITIO4a
S2 w 3pavenus Ha BeIXoae nopta PortXn.

2. B peructp nopra PortX (cm. puc. 10.1) B ToM ¢ciiyyae, eclid BhIBOJ, BBINONHAST PoJib
BBIX0/14, 3aNUChLIBAETCH 3HAUEHHe, Nojexallee Boisoay. B ToM ciayuae, Koraa Bei-
BOJ BLITIONHAET PONb BXOAR, KTI0Y S2 3aMKHYT, ¥ IOATAHBAIOLIEE CONPOTHRIIEHHE
MOKET GbITh TOAKTIOYEHO K BXOJHOMY KOHTAKTY.,

3. Jlormuecknii ypoBeHb Ha BbIBOAE PinXn MOXKeET ObITh CUMTAN 110 TPETbEMY a1peCY.
Cxema ynpaBieHHd B 3TOM ¢ilydae BeipabarbisaeT cHrHa cuuThieanyus RP (Read
Pin — uurath BRIBOA), KOTOpHIN uepes apafisep TP noaxmoqaet BbIBOA Henocpen-
CTBEHHO K BHYTPEHHEH LIHHE [JaHHbIX.

Bee BoaMoXkHbIE KOH(DUIYpaLili AN HanpaBleHHA Nepenavy JAHHLIX WU NOATArH-
BAKOLIETO COMPOTUBNECHHUA nopra nepe4ncaens! B Tabm. 10.2,

0 0 Beox BrICOKOOMHBIH BX0A

0 1 Broa TToATSAr. CONPOTHBAEHHE HATPYIKACT BXOA
1 0 BriBon JIByxTakTHLIH BeIx0: nor, 0

J 1 BuiBog JByXTakTHbt BRIXOA: AOT. |

PerucTp Hanpasnenus nepeaadu NaHHBIX U PETUCTP NMOPTA AOCTYNHbI A1 YTEHUA U
3anmucH, a MHGbOPMAalMA Ha BLIBOAAX ANMapaTHOro ofecriedeHHus MOXeT ObiTb TOALKO
cunTaHa. JIns Toro uToQhl BLINOIHUTE OTICPALIMIO YTEHUA, CXEMA YIPABIEHUS BhbiAcT
curHanel RD (Read Direction — uurath HanpabacHue), RL (Read Latch — uurats
duxrcaunro) 1, cooTseTcTBEHHO, RP, KoTopuie uepes apatisepst TD, TL u TP nepenatot
COOTBETCTRYIOLIEE 3HAUEHHE HA BHYTPEHHIOW IIHHY AAHHBIX.
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BRIXOAHOH YCHIMTENB-DOPMUPOBATEND NI0PTA MHKPOKOHTPONIepa cemeiicTea AVR
NpPH HH3KOM YPOBHE CHIHA/A Ha BLIXOAE B COCTOAHHM (PHMHHMATE BXOJHBIE TOKH CHIIOH
a0 20 MA u Onarogapsa 3TOMY, HANPHMED, HATIPIMYHO YMPABJUITE CBETOAHOMAMH, TTOI-
IIIOUEHHBIMH K OUTAKHUEMY HATIPKEHHIO.

BOABUIHHCTBO NOPTOR ANBTEPHATHBHO IIPUMEHSKITCH 18 BRITIOJIHEHHA KaKHX-THOO
0coBbIX pYHKUMHA, HADpUMEpP, IS MYILTHIULMPOBAHHON INWHBI aipecoB M JaHHBIX
BHeLlIHel naMatd RAM, n1s BX0A0B TAWMEPOR, MIPEPLIBAHKWA, AHANOTOBBIX KOMIIApaTOo-
poB, nocneaoBaTensHbix WHTepdeiicop SPIL, unrepdericos UART, BrixomoB TafiMepos
¥ T.J0. OTH PyHKIMY N0APOoOHO oNycaHk! B pYKOBOJCTBE TOTO WIH MHOIO MOy,

61X PYHKLWMAX. B Takux cry4anx noNb3cBaTeNk A0NMEH CAMOCTOATENbHO CKOHMWUrYpUpoBaTs pe-
TUCTR HANPABNEHWA NEPEsaqn JaHHbIX.

V K'B';'GMQTW-IBCKGE nepeknioYyeHne HanpaeneHyA nepeagadyn JaHHbixX NPOUCXOAKRT He Np# BCEX OCO-
Ha puc. 10.2 Ha npumepe Bhizoga RXEN varepdeiica UART nokazano apTomartu-
yeckoe nepekmouenne GyHkuuu nopra jug PD0 kak npeacTaruTens Beex 0coOhIx

dyHKUHH.

Vee RD
F
. NT { ™ T
HarpyaouHiiii Py {>——-
MCI-pesuncTtop
Q D=
.
! DDDO >
PuaiecKnin N2 & g
KOHT&KT . & Cpoc o
¥
3
PDO - Q Diw o
o <] WP =
TA PortDO 3
a
>
TL [4]
RD - uurath DDRD
RL - yntate dukcaumo nopta D
RE - wiTate BLBoA fopTa D
WP - 3amick 8 nopT D FH\ TP
WD - samek 8 DDRD = i
FAD - Aprem AaHHex oT UART ¥
RAEM - paspewerns npuena ot UART RXEN RXD BL RP

Puc. 10.2. ¥YnpoweHHan Enos-cxema coealHenni suieoaa PDO

Buixon sentuns “HE-U” N1, peinonastomero dyrxnuio kmoueit S1 v S2, noka-
3aHHeIX  Ha  puc, 101, tonmeko Toraa nmepexomuT B cocTogHWe qor. 0, koraa
& cooTBeTCTBUM ¢ Tabn. 10.2 tpurrep PortD(} conepsuT BLICOKHEH YPOBEHB, & TPUrTEp
DDD(O — nu3xuii ypoBeHs. Huskuii yposeHs Ha seixone N1 BxirovaeT noaTArHBaioiLee
MOT]-conpotupnerne — MOII-TpaH3HCTOP ¢ BHICOKMM KaHAJIBLHBIM CONMPOTHRIEHHEM
(IpHONHAUTENBHE 35—15) ¥OMm) BO BRTIHOYEHHOM COCTOSHHM.

Jlor. 1 na seixoge DDDO uepes Boixon et N2 ocBoBomIaeT BHIXOAHOR Apaii-
rep TA W nocpeacTsom 3Toro nojaxmodaet Beixoa PortDO k erisoay PDO, kak Toabko
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Bbixod N2 Gyner pa3brokupoBaH © NOMOLBIO JIOT. ( Ha BHYTpeHHEH Touke Nnojcoenu-
nenus RXEN. RXEN — ato paspsn B ynpaenssomem peructpe UCR wnTepdeiica
UART, xoTopsifi pazbaokupyer/Onoxupyer npuemMiuk uutepdeiica UART. Ecnu paz-
psan RXEN HaxoauTes B COCTOAHHH BBICOKOFO YPOBHS, TO HU3KUH YPOBEHL HA BHIXOIE
N2 nepexniodatr BeIXOOHOH ycunuTenb-hopMuposarent TA B BRICOKOOMHOE COCTOAHHE
u TakuM odpazom otnenset Tpurrep PortD0 ot Beisona PDO.

Brisoa PDO Takcke ceasan Hanpsamyio co BxogoM RxD cxemsl pacnozuaeaHus gaH-
unix unreppeiica UART.

Mopt A

[Topr A npucyrcrsyeT Tonbko B Mogensx AT90S4414 u AT90S8515. Hapaay
¢ o0wuMH PyHKUMAMH BBOAA/BLIBOAA, B KadecTBe ocofoil PyHkuUnM uepes 3TOT nopr
OCyIIeCTBAAETCA yNpaBieHHe paboToH MynbTHINEKCHPOBAHHOH 1UHMHEI APECOB U AaH-
HBIX, €C/IH K MUKPOKQHTpoInepy cemeiicta AVR NOAKIOYEHO BHELTHES 3allOMHHALO-
uee yerpoiicteo RAM. Ha stor cnyyvali nopT A ocHalileH BHYTPEHHUMH HOATATHBAIO-
LWKMA COMPOTUBAeHUAMH, PaboTa ¢ nopToM A NpH BBIMONHEHWH 3TOH aabTepHaTHBHON
hyHKurK nogpoebHo onkcano B pazgene “Buewssas namsate SRAM” rnaee: 3.

Koraa nopT A ¢ nomoweio paspsiga SRE pervctpa MCUCR nepewirouen Ha Bbi-
fIOTTHEHHE ANBTEPHATHRHOM (hYHKEHWHM, €ro PerncTp HAMPABIGHHS NEepeladyH AaHHbIX
DDRA cooTBeTCTRYHMUMM 00pa3zoM fepennckiracTes.

Pezucmp 8aHubix nopma A

Peructp nannnix PORTA pacnonoxen B o0nacTd BBOAa/BEIBOMA 0 aapecy $1B
{no aapecy $3B B namaty RAM) u noctyneH mis utenus u 3amucu. [locae noctynae-
HUY cHrHana cbpoca oH RHUUMATUIUpYeTed 3HadeHuem $00.

Paspan 7 6 3 4 3 2 1 0 i
$1B ($3B) | PorTA7 | PORTAG | PORTAS [ PORTA4 [ PORTAS [ PORTA2 [ PORTAL [ PORTAG | PORTA

Pezaucmp Hanpaanerus nepedadu 0anHbix DDRA

Perucrp Hanpaenenws nepegadu aanasix DDRA pacrnionoxen B ofnacti BBO-
Aa/ewiBona no aapecy $1A (rmo agpecy $3A B mamaTh RAM) 1 gocTyneH ans uTeHUs u
samicH. [locne nocrymienns curHana cOpoca oH MHHLHATW3KUpYETCes 3Havenunem $00.

Paspan 7 6 5 4 3 2 1 0
$1A ($3A){ DDA7 | DDAG | DDAS | DDA4 | DDA3 | DDA2 | DDA | DDAO | DDRA

Adpeca nopma A — ebigodsi PINA

3neck peub MOET He O perucTpe, a O NPAMOM IOCTYIIe MO HeKOTOPOMY alpecy Ye-
pez ebiBoAbl OpTa A. TIpH CUMTHLIRAHHY NOPTa A MOAYYAKOT COAEPKUMOE BHYTPEHHETO
pernctpa PortA, a npu cuuThiBaHHK HHpOpMaUuK ¢ BeiBoA0B PINA monyuaroT nornye-
CKMH YPOBEHB, KOTOPLIH B HACTOSILMI MOMEHT NPHCYTCTBYET HA BLIBOJAX NMOPTA A (CM.
puc. 10.1).
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O6pamenue k sbisofam PINA nopra A ocyluecTenaeTca uepes 061acThb BBO-
na/seiBoga no aapecy $19 (no anpecy $39 B namatu RAM). OHu focTynHb! TOTRKO A1
utenns, Tlocae nocTvnieHus curHaia copoca BbiBoAbl PINA HAXONATCS B BHICOKOOM-
HOM COCTOSHHH.

Pazpsan 7 6 5 4 3 2 1 0
$19 ($39) [ PINA7 [ PINA6 | PINAS | PINA4 | PINA3 [ PINAZ | PINAL [ PINAO | PINA

MopT B

[TopT B mpucyTCTBYeT BO BeeX mpeacTaBuTensx 0a3zosoit cepuu cemelictea AVR.
Hapsay ¢ seinondenyem o6imnx QyHKUui BBONA/BLIBOLR, OH TAKKE BBIONHAST TAKKe
H HeKOTOpbIe ocobule hyHKLMH. 3aHATOCTb nopTa B B OTHOLWIEHHH 5TUX anbkTepHATUB-
HBIX QYHKLHI a8 pa3HbIX NpeIcTaBuTeNed MHKPOKOHTpO/IEpoB 0a30BOH cepun ce-
velictea AVR paznudHa v 3afaercs ABHbIM 00pa3oM Mpv ONMCAHUK PErUCTPa AaHHBIX
nopra /18 KaxJI0ro MUKpPOKOHTpOIAEpA.

Peaucmp daHHbIx nopma B

PerucTp aanueix nopta B pacnonoxed B ofinactu BBopa/BeiBoga no anapecy 518
{no aapecy $38 B namaty RAM) u noctynen ans urenus u 3anucu. [locne moctynie-
HUA CHIHana cOpoca OH MHULMANTH3HpYeTes 3HayeHkem $00.

Paspan 7 6 5 4 3 2 1 0
$18 ($38)] PORTB7 | PORTBS | PORTBS | PORTB4 | PORTB3 | PORTB2 | PORTBI | PORTB(G | PORTB
AT9081200§ SCK [ MISO | MOSI - - — AINT | AING JOcob. dyux.
AT9082313) SCK | MISO | MOSI — 0OC1 — AINT 1 AINO |Ocob. gynx.
AT9084414| SCK | MISO | MOSI | /S8 AIN1 | AINO T1 TO  |Ocob. dysx.
\T90S8515) SCK | MISO | MOSI | /8S AINI | AINO Tl TO  Ocob. dyuxk.

SCK — TakToBbIH BHIXO/ B CNyYae, eC/TH BeLyLHMM YCTPOHCTBOM SABJISETCH Noce-
‘loBaTenbHBIA nuTepdetic SPL, v TakToBLIN BXON B CyYae, eC/H 3TOT UHTepdeic SBias-
etca BenoMeM. bEenu vaTepdedic SPI cxoudurypuporan kak Befomoe yetpolicTso, T0
seieod SCK gpasgeTcs BXOAOM HE3aBMCHMO OT HanpaBjieHUs Nepeauyd AaHHeIX, yCTa-
iopnenHoro & perucrpe DDB7. [Noararueaioiiee cONpoTHBAEHHE B 3TOM Cy4ae Mmo-
npexkHeMy MoXeT OplTh MOJKIIOUEHO H OTKIIIOMEHO ¢ HOMOMIBK) PerucTpa Iropra
PORTB7. Ecnu untepdeiic SPI ckondurypupoBan kak Beayiiee ycTpoicTEO, TO Ha-
NpaBNeHde nepenavn JaHneix ans seiBoga SCK 3apazerca peructpom DDB7. bonee
rioapobro 3Ta PyHKUMA OIHCaHA B rNage 7.

ANA NoAb30RATENA HeAoCTyNeH. 3aech Boidof SCK chnyxMT TONBKO B KAYECTBE TAKTOBOIG BXOAA
NPY NCCNEAOBATENLHOM NPOrPaMMUPOBaHAN,

W B mukpokoHTponnepax mogenein ATS0S1200 u AT90S2313 nocneaosatenuisii nitepdeic SPI
MISO — uHdopMaUHOHHBIH BXOJ B ¢/1Y4a¢ HCNOIL30BAHUA TIOCEN0BATEALHOTO
uaTepdeica SP1 B kauecTse Bejlyuero ycrpolicTea, 1 MHOOPMALIHOHHLIH BLIXOA B ¢AY-

uae, ecny 3IToT MHTepdelic NpUMensieTcs B KauecTee Bejomoro. Ecau wntepdeiic SPI
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ckoH(pUTYpHpOBaH Ang paljThl B KadecTBe BEAYINETo yCTpoicTea, To BhiBox MISO 8-
ASeTcA BXOAOM HEIABHCHMO OT HarlpaBleHWS Nepeiayd JAHHBIX, YCTAHOBIEHHONO
g peructpe DDB6. Hoararusatowee COMPOTHBIEHHE B 3TOM Clydae NO-NMPEHKHEMY MO-
KT ObITH NOMKIIIOMEHO H OTKITHOMEHO ¢ oMol perdcTpa nopta PORTB6. Ecny un-
tepdeitc SPI ckoHdUrypHporaH uis paboTsl B KAYECTBS BEJIOMOTO YCTPOJiCTBa, TO Ha-
npaBAeHHe Tepesadu JaHHbIX ana eelroaa MISO Gyner 3agaHo peructpom DDB6. bo-
see NoApoGHO 314 hyHKLMS ONUCcaHa B IIase 7.

ANsi NONs30BaTENA HeAoCTyneH. 3aeck BoiBog MISO cnyuUT TONRKO B KaYeCTEEe UHCGOPMAUNOHHO-
ro BbIXOAA NPW NCCHEAOBATENBHOM NPOrPaAMMUPOBAHMM.

W B MukpoxouTponnepax Modenea ATS0S1200 u ATA0S2313 nocneaosatensHuii wnTepdenc SOl

MOSE — urdopMaLHOHHBIA BBIXO/ B CIIYYae HCIIO/IB30BAHUA NOC/IEN0BATENBHOIO
untepdeiica SPI B kauecTBe Beayllero yerpoilcTBa, M HHGOPMALMOHHBIH BXOH
B CJIYHaE, eciiu 3ToT uuTepdeiic nmpuMeHseTes 8 kauectee sefoMoro. Ecnu wHrepdeiic
SPI cxonrdmrypupoBaH 118 padoThl B KA4eCTBE BeI0MOr0 yCTPOHCTEA, TO BhIBon MOSH
ABJAETCA BXOQ/IOM HE3aBUCHUMO OT HANparicHUs Mepefavyd JaHHBIX, YCTAHOBIEHHOTO B
peructpe DDBS. TlonTarusaoluee COMpOTHBASHHE B 3TOM CIIYYae MO-FIPEKHEMY MOXKET
6bITh MOIKIJIIOUEHO W OTKIJIIOYEHO ¢ Nomouielo perucrpa nopra PORTBS. Ecnu nurep-
deiic SPI ckondurypuporad ans paboTsl B KauecTBe BEAYLIETO YCTPOWHCTBA, TO Ha-
MpaBJieHHe nepenaud nanssix ans Bbisoaa MOSI Gyner 3agano perucrpom DDBS. bo-
nee noapoOHO 5Ta PyHKLHUA onycaHa B Iaee 7.

ANA NONb3CBATENA HEAOCTYNeH. 3Aech Beirod MOS! CnyxuT TOMLKO B Ka4ecTBe MHDOPMALWOHHO-
ro BXOAS NPW NOCNEeA0BaTENLHOM NPOrPAaMMUPOBAHNA,

V B waKpOKOHTponnepax mMosenein ATS0S1200 w ATS0SZ313 nocneacsarensHein ukTepdenc SPI

/88 ~— sxo/1 8ei00pa 8 TOM ciiyuae, ecit nocaeoBaTebHbIH uaTepdieiic SPI asna-
eTca BeaoMbiM, Ecnu unTepdeiic SP1 cxondurypuposas ana paboThl B KaHeCTBE BEJO-
MOTO YCTPOHCTBA, TO BLIBOA /5SS sRIAETCS BXOAOM HE3ABUCHMO OT HATIPABICHHS Nepe-
Jauy AAHHBIX, YCTAHORACHHOTO B perveTpe DDB4. [1pu Hanuuuu Ha 3TOM BBIBOJE CHT-
Hana HH3KOTO YPOBHA BeIOMOe YCTPOHCTEO ABMAeTCs akTHBHEIM. [ToaTsrusaroinee co-
MPOTUBASHUE B OTOM CJAYYdE MO-TPEKHEMY MOXET ObITE MOAKITIOUEHO W OTKIIOUYEHO
¢ oMo peructpa nopra PORTB4. Ecnu unrtepdeitc SP1 cxondgurypuporan pns
paboThl B Ka4eCTBE BEMYLUETO YCTPOWCTRA, TO HAMpPABJICHUE NEpe/ladd [JaHHbIX Mepes
BeiBON /SS 3amaerca peructpom DDB4. bonee moppofHo sTa dyHKUMA onMcaHa
B Cfase 7.

AIN1 — uHBepTHPYIOLTHH BXOA aHANOIOBOrO KoMnaparopa. B unTepecax BBICOKO-
ro BXO/IHOTO COMIPOTHBAEHHS B 3TOM CIyuae PeKOMEHAYeTCd OTKIOUHTS MOATATHBAIO-
lee conpoTUrIeHne. bonee nogpobuo ara GyHKUMA ofiMcaHa B riase 9.

AINO — HedHBEpTUPYIOIUYMH BXOJt AHAJIOTOBOIO KOoMniapatopa. B ubTepecax Bhico-
KOTO BXOLHOTO COTIPOTHMBIEHHS B 3TOM CITy4Yae PEKOMEHOYETCS OTKIKYMUThL [IOATATH-
Bawee conpoTHeacHue. bonee noapobHo »1a QyHKUMs onvcana B raage 9,

OC1 — Buixo2 GyHKUMY cpaBHeHHd TaliMepa/cueTunka T/Cl B MUKpPOKOHTPOIINE-
pe AT9052313. B sTtom cny4ae BeiBog PB3 pomken ObITh CKOHGUIypHpoBaH aias paGo-
Tbl B KauecTee BeIXoja (pervctp DDB3 coaepxut nor. 1), Bonee noapobuo sra GyHk-
B{s paccMmarpusaercd B “16-pa3paaHsti TaiiMep/cuetunk T/C1” rnaebi 4.
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T1 — rakroestit xoa wia T/C1. bosee noapobHo sta QyHKUMS paccMaTpHBAeTCS
8 paszene “16-paspaanpih Taiimep/cuerunk T/C1” rnasw 4.

TO0 — rtaxrorulii Bxon ang T/CO. bonee moapoGHO 31a (yHKUMS paccMaTpuBaeTcs
B pazaene “8-pazpsanueiii Takmep/cueruuk T/CO™ rnasst 4.

Pezucmp HanpaeneHus nepedavu OanHbix DDRB

PerucTp Hanpasnedus nepefauu gandeix DDRB pacnonoxken B obmactd Beo-
aa/suisoma no aapecy $17 (no aapecy $37 B namatu RAM) u nocTynew ans uTeHUs u
2anuen, [Tocne noctynuieHHs curdana cOpoca 3ToT perncTp HHHLHATHIUpYeTCs 3Have-
Huem $00.

Paapsan 7 6 5 4 3 2 i 0
$17($37) | DDB7 | DDB6 | DDB5 | DDB4 | DDB3 | DDB2 | DDBI | DDBO | DDRB

Adpeca nopma B — esigodsi PINB

3nech peub UAST HE O PErHCTPE, & O NMPAMOM JOCTYIE MO HEKOTOPOMY Apecy ue-
pe3 eelR0AkLL ropta B. [Ipy cuursieaniu nopra B NomydaloT COAEpHUMOe BHY TPEHHETO
peructpa PortB, a npu cuuteiBaHuy uHpopMauun ¢ euiroaos PINB momyuawoT noruue-
CKWH ypOBEHb, KOTOPBIFA B HACTOSAIIMI MOMEHT NPUCYTCTBYET Ha BLIBOAAX nopta B (cm.
oue. 10.1).

Qopauenne x BoisogaM PINB nopra B ocymecrengercs uepes obnacte BBRO-
aa/Beieosa no agpecy §16 (o anpecy $36 B namMatn RAM). OHr £0CTYNHBI TOJILKO 718
utenud. [locne nocTynnenna curnana cbpoca eikoAel PINB HaxojaTea B BRICOKOOM-
HOM COCTOSHUWH,

Pazpsan 7 6 5 4 3 2 1 0
$16($36) | PINB7 | PINB6 | PINBs | PINB4 | PINB3 | PINB2 | PINBI | PINBO | PINB

fopt C

[opr C ucnonwp3yercs TONBKO B MHKPOKOHTpoNnepax Mogeneit AT90S4414 u
AT90S8515. Hapany ¢ obmuMu GyHKIMIMH BBOZA/BEIROAA, B KAYeCcTRE 0CoB0M (yHK-
MM BBINOJIHASTCA BhIBOA uepes nopt € aapecHoro Gaiita Gosee BBICOKOro 3HaueHUs
AIpecHOH IMHBL, KOTZA K MMKpPOKOHTpomiepy cemeiictea AVR noacoesunena BHew-
uast namate RAM. Ha ator cnyuaii nopr C ocHamleH BHYTpEHHHMH MOATACHBAIOIIMMY
conpoTHBAcHUAMU. Pabota ¢ moproM C npy BLIMONHEHHY 3TOH anbTepHATUBHON QYHK-
(MM NoApoSHO onvcaHo B pazfene “Buewnsas namars SRAM” rnaew 3.

Koraa nopt C ¢ nomoueto pazpiaa SRE peructpa MCUCR neperstioueH Ha Bbi-
0/ITHEHWE ANBTEPHATHBHOM (PYHKLMW, €ro perucTp HampasleHus Mepenady AadHbix
DDRC cooTreTeTBYIOLIMM 0Opa30M NEPENHChIBASTCH.

Peaucmp Barubix nopma C

Pernctp pannbix PORTC pacnonoxken B oGnacty Boaa/sbiBosia mo anpecy $15 (no
pecy $35 B namatu RAM) u jocTynen Jng yrenns ¥ 3anuc. [locne noctynnenus
.\rHana copoca oH MHMUNATIMIUPYETCS 3HaueHuem $00.
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Paspsin 7 6 5 4 3 2 1 0
$15 ($35) [ porTC7 ] PORTCS [ PORTCS | PORTCA4 | PORTCS | PORTC2 | PORTC | PORTCO | PORTC

Pezucmp HanpasneHus nepedauu dauHsix DDRC

Peructp Hampaejiesms nepefauv JanHbix DDRC pacnonoxkesn B obnactu mro-
na/mwisona no aapecy $14 (anpec $34 8 RAM) W qocTynieH /IS 9TeHms W 3aIUCH,
Ilocne noctynnenus curHana cdpoca OH HHHHHANKHZHpYeTes 3HadeHneM $00.

Paspsan 7 6 5 4 3 2 | 0
$14 ($34)| DDC7 | DDC6 | DDCS | DDC4 | DDC3 | bDC2 | DDC1 | DDCO | DDRC

Adpeca nopma C — ebigodsl PINC

3neck pedb WAET HE O PETHCTpPE, 4 O NMpAMOM JOCTYMe M0 HEKOTOpPOMY alpecy de-
pe3 suigoe! nopra C. [lpy cuvreiBanuu nopra C nomyvaioT coAepikUMOoe BHYTPEHHEro perd-
crpa PortC, a npu cuuTbiBaHuy KHopMaiivk ¢ BeiBogoe PINC noayyaroT norvdeckuil ypo-
BEHD, KOTOPLIH B HACTOSAIYA MOMEHT [IPUCYTCTBYET Ha BuiBosax nopra C (cum. puc. 10.1).

Obpaienve k eeiBogam PINC nopra C ocywecreiasercs uepe3 ofnacTb BBRO-
na/seiBoaa no agpecy 513 (o aapecy $33 B namarn RAM). OuM JOCTYIHEI TONLKO 1A
yrenns. llocne nocrynnenus curnana cGpoca seiBogsl PINC Haxopdrcs B BBICOKOOM-
HOM COCTOSHHH,

Paspsan 7 6 5 4 3 2 1 0
$13 ($33) | PINC7 | PINC6 | PINCS | PINC4 | PINC3 | PINC2 | PINCI | PINCO | PINC

MNopT D

Hopr D npepocTasiserca BoeMH MpeAcTaBUTENIMHM MUKPOXOHTpOIUiepoB 0a3080ii
cepuy cemeiictea AVR, oanako B moaenax AT90S1200 n AT9082313 ero wupuna co-
CTaBNRET TOABKO 7 pa3pAios, MOCKONBKY M3-3a HATHUMS Ha Kopiyce Tonbko 20 Touek
nojcoeauHeHns or paspana PD7 npuwnock oTkazateed.

Hapsny ¢ seimonsenyeM obimux QyHKLKI BBOAA/BBIBROAA, OOPT D Takske BBINOIHA-
eT HexoTopble 0coduie (yHKUMK. 3aHSTOCTE NopTa D B OTHOIIEHUN 3THX AIbTEPHATYS-
HeiX GYHKUMH ANg pasHBIX MIPEACTABMTENEH MHUKPOKOHTPOILUIEpOB Ga3oBoil cepum ce-
MeilcTea AVR pasnuuHa v 3ajaercs ABHBIM 00pa30M NPy ONMHCAHUE PETHCTPa JAaHHBIX
NopTa A KaKE0r0 MHKPOKOHTPOITEpa.

Peeaucmp danHbix nopma D

Peructp aausbix nopta D pactonoxen B ofnacTu BBOAA/BRIBOAA MO ampecy $12
(no anpecy $32 8 RAM) u noctynen ang 4teHus W 3anucH. 1locne MOCTYMNEHHUS CHrHa-
nta cbpoca ITOT PerueTp MHULMANU3NpyeTes snadennem $00. B momenax AT90S1200 u
AT9082313 peructp PORTD7 goctyneH Toibko uTeHus (Bcerna coaepsxur Jor. 0).
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Paapsaa 7 6 5 4 3 2 1 0
$12 ($32)| PORTD7 | PORTDS6 | PORTDS { PORTD4 | PORTD3 | PORTD2 | PORTDI | FORTDO | PORTD
)
AT9051200 — - - TO - INTO - - Ocob. dyHk.
AT9082313 - iCP T1 TO INT1 INTO TxD BxD | Ocob. diyuxk.
AT90S4414] RD | /WR | OCIA | - INTL [ INTO | TxD | RxD |Oco6. dysx.
AT90S8515| /RD /WR OCIA — INT1 INTO TxD BxD | Ocob. ¢yux.

*) orcyTeTRYET B Mogenax AT90S1200 u AT9082313

/RD —— ynpasnsioWwMid cirHan 104 oOpallleHMs Ha YTeHHe K BHEIUHEH NamsaTH
RAM. [Toacoeannenne BHewrHed namati RAM Kk MHKpokoHTposiepaM ceMelictea
AVR noapoGHO onucano B pazaene “Buewmnss naMats SRAM” rnagsl 3.

fWR - ynpaBasiomui curHan juis obpaleHHs Ha 3anuch K BHelIHel namsaTu
RAM. Tloncoenunenue snewHedl namstdm RAM r muxpoxoHTponnepam cemelicTsa
AVR noapo0Ho onucaHo B B paspene “BHewHas naMsts SRAM”™ rnassl 3.

ICP — Bxoa ansa ¢pyHKUMH 3axBaTa Talimepa/cueturka T/C1 B MHKpPOKOHTpO/LIEpE
AT9082313. Bonee noapo6HO 3Ta GyHKUMA paccMaTpHBaeTcs B “16-pa3paaHbviil Tai-
mep/cuerunk T/C1” rnaser 4.

OC1A — Bbixoa Ans PyHKuMH cpaBHeHHS HAH dyHkuun 1M Talimepa/cuerunka
T/C1 B muxpokoutponnepax AT90S4414 u AT90S9515. B atom cayuae eeisoa PDS
Jomxken ObITh CKOHQUIypUHpoBaH Kak Bbixon (peructp DDD35 coaepxur nor. 1). Bonee
noapobHo 3Ta (PyHKUMA paccMmarpusaeTci B “‘16-paspamHblit Tafimep/cuetunx T/C17
rNaBbl 4.

T1 — Takroselit Bxon ans T/C1. bonee noapofHO 3Ta GYHKLIMA paccMaTPHBaeTCA
B “16-paspaansiii Tafimep/cueruux T/C1” rnaest 4.

TO — Taxrossiii Bxon ana T/CO. bonee moapoSHO 3Ta hyHKUMS paccMaTpHBaeTcs
B “8-pazpanHstii rafimep/cuerunk T/CO” rnaesi 4.

INT1 — sxon ans BaewHero npepuiBanka 1. bonee noapo6Ho 3Ta QyHKUHA onu-
caHa B pasgaene “CHpoc v 06paboTka npepoiBaHUii” rnaes 3.

INTO — Bxon nns eHewHero npepeisanus 0. bonee noapo6ko 31a GYHKUKA onu-
caHa B pasaene “C6Opoc u o6paboTka npepriBaHHii” rnaeet 3,

TxD — undopmauroHHbl BhIXOA NpHemonepenatyuka UART. Bonee noapobHo
312 yHKUMSA ONUCAHA B TTase 6.

RxD — wHdopMaumonHei#t Bxon npuemonepegaryuka UART. Bonee noapo6uo
3Ta byHKUMA ONMcaHa B rnase 6.

Peaucmp HanpasneHus nepedavu daxHbix DDRD

PerucTp Hanparnenus nepejauu JaHHbIX nopra DDRD pacnonosxed B ofnactu
BBOAA/BBIBOMA MO azipecy $11 (o agpecy $31 B RAM) u noctynen s ureHds M 3amu-
cu. Tlocne noctyrieHds curHana cbpoca OH MHHUMATHM3WpyeTed 3aHaueHuem $00.
B MukpokoHTponnepax AT90S1200 u AT90S2313 peructp DDD7 mocTyneH Toabko
Anst 4TeHUs (Bceraa colepxur nor. ().

Pazpsan 7 6 5 4 3 2 1 0
$11(831) | DDD7 ; DDDé6 | DDDS5 | DDD4 | DDD3 | DDD2 | DDD1 | DDDO | DDRD
)

*) OTCYTCTBYET B MUKpokoHTpomnepax AT90S1200 u AT90S2313
252384
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Adpeca nopma D — ebieods! PIND

3peck peub WIET HE O PETUCTPE, a O MPAMOM AOCTYNE MO HEKOTOPOMY ajpecy de-
pe3 BeieoAb nopra D. 1Tpu cunteiBanky nopra D nomyyaioT cogepsKUMoe BHYTPSHHETO
peructpa PortD, a npu cuursiBadMy HHbopmaii ¢ Bhisogos PIND nonyuaroT noruuve-
CKMI YPOBEHB, KOTOPBIH B HACTOALLMHA MOMEHT NPHCYTCTBYET HA BBIROJAX nopTa D (cM.
puc. 10.1).

(Obpamenne k eoisonaM PIND nopra B ocywectensercs yepe3 061acTh BRO-
na/Beisoza no aapecy $10 (o appecy $30 B mamatu RAM). O pocrynHs Tonske and
yreHusd. B MuxpoxonTponnepax AT9081200 u AT9082313 snison PIND7 orcyrcreyer
u Becerna npuHuMaeTcs Kak nor. 0. Hocne noctynnenus curnana cbpoca Beigosist PIND
HAXOAATCA B BHICOKOOMHOM COCTOSAHHH.

Pazpan 7 6 5 4 3 2 1 0
$10 ($30) | PIND? | PIND6 | PINDS | PIND4 | PIND3 { PIND2 [ PIND! | PINDO | PIND
*) OTCYTCTBYET B MUKpOKoHTponnepax AT90S1200 u AT90S2313

Bbixof € OTKPBITbIM KONNEKTOPOM

HecmoTps HA T, YTO BBRIXOQHOU yCHIHTENb-DOPMUPOBATEND MUKPOKOHTPONEPOR
cemeiticTea AVR BbINONHEH B BHAE [BYXTAKTHOTO KACKA/(a, ¢ TTOMOLIBIY HOPTA MOMKHO
obpazoRaTh TaloKe H BBIXOA € OTKPBITbIM koyutekTopom. /lns 31o#l uenu 8 duxcatop
nopta PortXn nocrosHHo 3anncuisaercs sior. 0, & BRIXOA NOAKIOYAETCH ¢ MOMOIUBID
pa3pana HANpaRJeHus nepegaydd Aasuex DDXn (cm. puc. 10.1).

Knrou 82, 6naronaps nor. 0 B peructpe PortXn, Bceraa pa3soMKHYT, W NOATATH-
BAIOIUEE CONPOTHBACHHE NMGCTOAHHO OTKIHOYEHO HE3aBHCHMCO OT 3HAUEHHS B perHcTpe
HampaBNeHHs nepefaun gandeix DDXn. Ecnou perucrp DDXn copepskuT nor. 0, TO Bbi-
XOAHOH YCHIHTENb-HOPMHPOBATENDb, KOTOPBIA Ha pHC. 10.1 cUMBONMYECKH NOKA3aH B
BYjE KIOYa S3, OyAeT HaXoJUThCd B BRICOKOOMHOM COCTOSAHHM, 4 BbIXON DYINET BecTH
cefd KaK KacKajl C OTKPBITHIM KOUTEKTOPOM ¢ OTKAKUESHHBIM TPAH3HCTONOM.

Ecnu pazpaa DDXn B perucTpe HanpasicHus DEpesayyd JaHublX COASKHT jaor. 1,
1O BLIXOIHOH yCHIIMTENB~OPMHPOBATENE AKTUBEH (KIHOU S3 3aMKHYT), U mepekmovaeT
sor. 0 nopra PortXn na Beixon. B pesynbrate BhiXon BeseT cefa Tak Kak Kackajg ¢ oT-
KPBITLIM KO/IAEKTOPOM C TIOKAIOUEHHBIM TPaH3HCTOPOM,

CoOoTBETCTBYIOUIUE YCIIOBHA NOKa3aHbl Ha puc. 10.3.

Yee
Mograrseauge
MOM-
conpoTHaNeHHe _Jpr———=--==—=+
{MoAKTHONEHO,

DDXn nor. 1: Tr nepsrnioyastea

7k Port<n=0j CD¥n nor. 3 Trzatnoruposat

DDXn
Naor. 1: TA axtieed

Nor 0. TA B Bricoko- N\ KanTart
OMHOM COCTOAHMY — —— PXn r
Koutakr ooXn
PXn PortXn
- {nocToRHHo o, )

TA

Puc. 10.3. CumBonuueckoe NpeaCTaENeHUE NOPTa KaK BbIXOAHOTO KAcKaga C OTKPLITLIM KONNEKTOpOM
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11 NMPOrPAMMWPOBAHWUE MAMATU

Hapany ¢ maMaTei0 nporpaMM U BHyTpeHHel namaTeio EEPROM, RO Beex Mukpo-
koHTpoiepax AVR peamusoBaHbl TaloKe PasyiMuHble MEXAHH3Mbl OTPaHMYEHHS BO3-
MOKHOCTH MTPOrPaMMHPOBAHNA H COXPAHEHHS 3aIpOrpaMMHPOBAHHBIX JAHHBIX.

Pazpsiobl 6NOKUPOBKW NamaTh nporpamm LB1 v LB2

[locpencTrom nmporpammupoBadus 8 mgor. O paspanos LB1 u LB2 ana mukpocxem
MHKPOKOHTpOJIepoB cemeiicTBa AVR MoryT ObiTh aKTHBU3MPOBAHE] 3alIMTHBIE MEXa-
HH3MBI, YKa3anHsie B Tabn. 11.1.

Tabnuya 11.1. MexanuaMel 3aLlUMTEH MUKPOCXEM MUKDOKOHTPONNEpoR cemeiicTea AVR

R S TS T

1 | 1 Hukaxux orpaHyuenHil co CTOPOHL! 3a10UTHOH hyHKUMA
2 0 1 JanoMuHarowMe yeTpoiicTra ¢ namatsto Flash u EEPROM
3a0/I0KMPOBaHb] 2718 JanbHelLero IporpaMMHpOBaHHA.

B napannensHoM pexkuMe Takxke GONBIIE HE MOTYT TIpO-
rpaMMHpOBaTECS W paspane! Npejoxpanenus! 1o aToit npu-
HYHE paspAlbl NPeloXpaHeHHA BCETAa AOMKHLI ObITE 3anpo-
TPaMMUPOBAHBI PaHblle paspsnos OJIOKHPOBKH

3 0 0 Kax v B pexkuMe 2, Ho BOMONHHTENLHO HEBOZMOXKHO BBINOJ-
HATL ONEPaLHH CHHTBIBAHHA M3 NAMATH

Ecnu Oyaer 3anporpaMMHpoOBaH TOMbKO OAHH pazpsan Onokuposku LB2, To Huka-
Kas 3alMTHAsA (hYHKHHUS YCTAHORIEHA He OYNET, MOCKONBKY ¢ MOMOLLIO paspaaa Gno-
kupoBxH LB1 npexae nosken ObITH 3allHILEH OT 3aiTMCH KPUCTAILL, TIOCHE YEro MOMKHO
VCTAHOBHTE 3aLlHTY OT CHHTHIBAHHA. B HezanporpaMMHpOBAHHOM COCTOSHHH {COCTOA-
H{e nmoctarku) ofa pazpaaa copepixar nor. 1.

Crupanue 3a0porpaMMHpPOBAaHHBIX PA3PAICE OJOKMPOBKH BO3ZMOMHO TOALKO € MO-
\OWBEO QYHKLUKH CTHPAHHSA YMIIa, KOTOpas, BOPOUYeM, CTHPAET Bech GIIOK B LIENIOM.

Paspagbl npegoxpaneHus RCEN, FSTRT n SPIEN

Paspsin RCEN (Tonkko B MukpokorTposepe AT90S1200):
* jor. 0 — BbIpaboTka TaKTOBBIX HMIYILCOB ¢ 4acTOTOH okoa0 1 MI'U Anst mpo-
Heccopa OCYIIECTRIAETCS ¢ MOMOILbIO BHyTpeHHero RC-ocuunnstopa,

* jor. | — BbIpaboTKA TAKTOREIX UMITYJTECOB A IPOLIECCOPA OCYIIECTBIASTCA
uepes BoIBOAB XTAL1 # XTAL2 (coctoanue noctaBku).

[TonpobrocTH M3anoxkeHs! B pasgene “T'eHepupoBaHHe TaKTa CUCTEMHON CHHXPOHH-
"AUUM € IOMOLLIEIO KOHTYpa RC-ocuunaaTopa’ rnaes 2.

Pazpan FSTRT (otcyteTyer B Mukpokontponnepe AT90S81200):

* gor. 0 — BHOUpaeTCA PEKUM ¢ COKPALIIEHHBIM BPEMEHEM 3arycKa,
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= qor. | — BeIOMpAETCA HOPMAIBLHOE BPeMS 3aiTyCKa {COCTOSHHE MNOCTaBXH ).
r1asst 3.

3%

[Moapo6uocTH K3noxeHsl B pasgene “Copoc 4 o6paboTka npepsiBaHHN

Pazpan SPIEN:

» jor. (} — paspellleH NOC/IEQ0BATENBHEIH PEXKHM NMPOrpaMMUPOBaHUA (COCTOSHHE
MOCTABKH);

= jor. | — rniocnenoBaTensHbI pexHM NporpaMMHpPORAaHNA 3a0110KUpPOBAaH.
IToapofHOCTH W3NOXKEHB] HIKE B COOTBETCTBYIOMIEM pa3fiene.

v K pazpspam npejoxpaHeHiA Henban oGpaTUTLCA HY B NOCNEACBATENEHOM DEXUME NpOrpaMMupo-
*

BaHUA, HY Yepes3 KOMaNAY CTUpaHuA Kpuc‘ranna! 3TV paspAfbl MOXHO WIMEHWTL WCKNIOYUTENLHO

BaiTbl curHaTypsbl

JInd onHO3HAaYHOW HAECHTH(HKAUMY MHKPOCXEeMBl KOMIanus Atmel npepocraenser
BO3MOXKHOCTE CYMTBIBaHMS Tpex GaliTOB CHrHaTypel. OTO BO3MOKHO KAaK NpPH napaj-
NefLHOM, TaK M MpU NocieNoBaTensHoM peskiiMe. Tpu GafiTa CUPHATYPEI pacTioNOMXKEHb
B OTZENLHOM anpecHoM npocTpanctee. MX 3HaueHus npeactasneHs! B Tadn. 11.2.

Tabnuua 11.2. 3Hadenus baiiTos curHaTypsl

$000 $1E HioesTupuumpyeT koMnanuio Atmel kak H3rOTOBUTENA
$o01 $90 512x16-paspansag Flash-namare (Monens AT9051200)
$91 1024x16-paspannas Flash-namsts (Mogens AT9082313)
$92 2048x16-pazpagnan Flash-namsats (mogens AT90S4414)
$93 4096x16-pazpaaran Flash-namarts (momens AT90S8515)
$002 $01 Beeraa cozepxut $01, ecnu 3Hauenue Galita no agpecy $001 na-
xoautca mexay $90 u $93

CrepeTb GaliThl CUHTHATYpPb! HEBO3MOXKHO. B TpeTbeM pexume O10KMPOBKH HENb3S
CUHTaTh HaHTHI CHTHATYPH B ROCAEAOBATENBHOM peXHME iporpammitposadud. Tomwir-
Ka cenath 310 AacT pesyabrat B uae $00, $01 u $02.

Mpouecc nporpaMMUpoBaHns

B cocTosHMH NOCTABKM KaK 3anoMMHalollee yerpoiicrso Tura Flash, tak u BHyT-
petHsas namate EEPROM mukpokonTpomnepoe cemefictsa AVR CTEPThI, TO €CTh, Bce
aueiikn namaTu copepxat $FF 1 roToBb! k npoueccy nporpaMMHpPOBaHHS.

Jnd MporpaMMKpPOBAHHMA NaMATH KOMEAHKA Atmel npepocraenseT Ha BbibOp na-
paEeNnBHBIA HAU TNOCNENOBATENBHEIH PeXXHM TNpPOrpaMMHUpOBaHHsA. B ciyyae napan-
JIENEHOTO PEKUMA APOTPAMMMPOBAHHA B PACTIOPAKEHUH HMEIOTCH BCE BO3IMONKHOCTH
NPOrpaMMHPCRAHNS, & TIPH OTPAHHYECHHOM MOCAENOBATEILHOM PEXXKUME HET HeoOX0oau-
MOCTH B KaKOM-TO 0COGOM HANpPSXKEHHH MPOrPaMMUpPOBAHHS, U MHUKPOCXEMA MOXKET
Gb1Th 3anporpaMMipoBana 0OBIYHBIM O6PA3OM 1aXkeE B COCTABE CXEMBI.
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[NapannensHbiil PexXuM NPo2pamMMuposaHus

s sroro npotecca TpeSyeTca BCIOMOraTenbHoe HanpsikeHne HomuHanom +12 B
(+11,5-12,5 B). BnpoueM, OHO HarpyXaeTcA OuYeHb HE3HAUWTENBHLIM TOKOM
(<250 MKA) ¥ MOTOMY MOXET ObITh JIEMKO MOTYYEHO ¢ TIOMOMIBI) MPOCTOM CXeMbt Ha~
KayKuy 3apAja, €C/TH €ETO HENMB3A MOMYHHTE Kak pabouee HANMPHKEHHE ¢ HOMOLIBIO BCTPO-
CHHBIX annapaTHbIX CPEACTB.

Ha puc. 11.1 nokasano nogcoeIMHEHHe MUKPOKOHTpOJIEpa cemeiricTea AVR nns
BBIMOJIHEHHS TIAPANIEIBHOrO NPOrpaMMHPOBaHHA (CTpPENKHM YKasblBalOT HaltpaBlieHHe
nepeaaqyu JaHHBIX),

t+5 B }+12B
40200 3|(D
Vee  Reset

Busy = 1G {ppyg PBO je—12) o
oF 12611 ppy PB1 fe—213) o
ynpas- | WR —2(dppy pB2 fe—304)

nsoupe < Boel —+8lal ppy pE3 le—4015) o | Agpeca,

curvansl | xao —280] pps PB4 le—B.016) o ¢ AakHble
xa1 1800 L ppg pps 2 07)

| Load —125k xTAL1  PBS ~—;(1—g)——
pB7 (=209 o

Gnd

2ﬂ£10)

Puc. 11.1. Noacoeaurenne mukpokorTponnepa cemeictea AVR Ans napannensHore nporpamMiupoBaHua

Vd

YKa3aHHas Ha pUCYHKe HyMepaLHs BLIBOIOB OTHOCHTCS K 40-NIONKOCHOMY KopOycy
tana PDIP (Plastic Dual-Inline Package — miacTMacCORBIH KOPIYC © ABYXPAHHBIM
pacnoso:KeHUeM BbIBOAOB), a 00O3HaueHHsA BBIBOAOB, B3AThIe B CKOOk#, — k 20-
nomouoMy kopnycy tumna PDIP. Vnpasnsiomme curaaner Ha puc. 11.1 suMeloT che-
Jywllee HasHAYCHUE!

= /Busy:

+ Jor. 0 — BbITIONHAETCA MPOrPAMMHPORAHUE,
. JIOF. ] — MHKpOCX€Ma roToBa K Moy4YeHHIO HOBOTO KOMaHIHOTO CJI0Ba;

= /OE (Output Enable — pa3peitieHne BBIBOAA) — aKTHBH3HPYET KACKa[ BLIXOA-
HOro YCHIRTENA-(PopMUpOBATENS NPH CUMTLIBAHHY (IPOBEPKE) AAHHBIX;

* /WR — cHruan 3anucy, 3amycKaeT NpoLece IporpaMMHPOBAHKS;

= BSel (Byte Select — nntbop HaiiTa):
. qor. 0 — yka3piBaeT Ha MIaJIIHIA GafiT ampeca WM CIOBA IAHHBIX;
. 7or. 1 — yka3elBaeT Ha cTapiuuil 6aiiT agpeca WIH CIIOBa JAHHBIX;

= XA0, XAl — ofa paspsaia onpeReioT qeHcTBHE, BbINOMHASMOE OPH NOCTYI-
neHnu Ha Bxon XTAL1 nonoxkuTensHOro MMITyiibca 3arpy3ku (Load). ®yuxumn

curHanos XAO u XAl B npouecce NporpaMMHpOBaHHS H IPOBEPKH, NPEACTAB-
JieHsl B Tabn. 11.3.
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Tabnuua 11.3. Oyrkumnn pazpasoe XAD, XA1

0 0 3arpyzute ctapurmit (BSel = 1) win muanmmii (BSel = 0) baiiT anpeca mams
1u Flash und EEPROM

0 1 3arpysuts ctapruuit (BSel = 1) nru mnagmmii (BSel = () 6aiiT nannnix

1 0 3arpy3anTh KOMaHHOE CIOBO

1 1 Huxaxux aefcrauit

Ilepen nocTyruieHueM UMMynbca Hu3koro ypoeus /WR wnu /OE nomxHO ObITh 32-
I'PyKEHO OIHC W3 KOMaHAHBIX ¢10B (Tabn. 1.4), onpeaensromux onepauumeo.

Tabnuua 11.4. KoMaHAHsie CNOBA ANA BbINOTHEHUA AEACTEWA NPOTPAMMUPOBEHMA U NROBEPKK

RENOROE CIf

1000 0000, CrepeTh BCIO MHPOPMaLMIO Ha KPHCTAILTE

0100 0000, HporpaMMHpoBaHue paspsaaos NpelioXpaHenus

0010 0000, TTporpaMMHpORaHHE Pazpanos OJOKHPOBKH

0001 0000, ITporpaMMHpOBaHHE QIIIM-NAMATH

0001 0001, [IporpaMmuposasie namati EEPROM

00060 1000, CuuiTblBaHHE 0aHTOB CHIHATY Dbl

0000 0100, CunTRIBaHHE Pa3psA0OR OIOKMPOBKH B TIPENOXpaHEHNA
0000 0010, Ureane Gralu-naMaTH

0000 0011, Yrenue nanatd EEPROM

Hasnayenue pazpgaos B COCTARE KOMAHAHOIO cJoBa yKaszaHo B tabn. 11.5.

Tabnuua 11.5. HasvaueHue 0TAENBHBIX PAINAAOE KOMAHAHOTO CNOBA

0 Jor. 0:  OfpawieHue K Gram-namaru

Jor. 1:  O6pawenue k namati EEPROM

1 Jor. I:  CuwnthiBanue Oaitra nanawix Uz Gmur-naMata (ecav pazpan 0 = 0) unu u3
namaTH EEPROM (ecin paspsan 0 = 1)

2 Jlor. 1:  Paspsasl GNOKUPOBKY U NpeaoXpaHeHusa B cHUTaHHOM Oaltte, Paspaas
3710TO Halita JAHABIX UMEKT CNeAyIolee 3HaveHue: 7 — pazpsaa Gnoku-
POBKH 1; 6 — pa3pan GnoKAPOBKM 2; 5 — paspal NpeIoXpaHeHns
SPIEN; 0 — pa3ipsaa npenoxpanenus RCEN/FSTRT

3 Jlor. 11 CuwnTeiraHne 6afiTOR cUrHATYpEI

4 Jlor. 11 3anporpammuposatt 6aiT o ¢w-naMate (ecnu paspan O = §) unu na-
marh EEPROM (ecinn pazpan 0=1)

5 Jior. 11 TlperpaMmupoBanme pa3panos GnoKkHpOBKH. BUTH B epenanHomM Galite

JaHHbIX: | — pa3pan 6nokupoBkH 1; 2 — paspsaxg dnokuposku 2 (ans
pOTPaMMUPOBAHHA pa3psfa GNOKUPORKH COOTBETCTRBYIOILMI paspas
JIOJIKEH CoJlepxaTs aor. 0)

6 Jlor. 1:  TIporpaMMupoBanHe pazpaRoB NpeIoXpaHEHUA. BUTHI B nepesatHoM
Haiire: 5 — paspan SPIEN; 0 — pazpan RCEN/FSTRT. na nmporpaMmu-
pORAHUA pa3paa NpeloXpaHeHHA COOTBETCTRYIOWMI Pa3pal SJO/DKEH
OBITE B COCTOSTHUH JIOT. 0, d JJEH CTUPAHWSA — B COCTOAHHW JIOT. |

7 Jlor. 1:  Crupanue pHGOPMALHN ¢ KpHCTana (MOMHOS CTUPAHHE AABHBIX W3 fa-
mari Ftash u EEPROM, a Takke paspagoe G10KHPOBKY; paspansi npeno-
XpaHeHHA ocTaroTcs 63 MIMEHEH i)
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TonHoeThI0 NpOLECe NapalIeNsHOTO MPOTPAMMHPOBAHKMS MOKa3aH Ha puc. 11.2.

-~
( ﬂapannenhnoe MperpaMmMIupoBaHK S )

I

MepeBol MIKPOTYEMb! B
COCTORHHE NPOrpaMMHpoOBaHra

|

CTHpaHHE KpkeTanna

l

[porpaMHpOBaHHE aHHLIX

JaBepWekie NporpEMMHDOEAHAA

Puc. 11.2. Npoyecc napartnensHoro nporpaMmMuposaHns

Hns Toro urobbl MoKHO OBIIO HAYATh COOCTBEHHO WPOLECC NIPOrPaMMHPOBaHHA,
MHKpOCXeMa N0NkHa ObIThL NMepepefieHa B COOTBETCTRYHOWMA pexnm. [locrenoparens-
HOCTh TpedyeMelX As 3TOro AeficTenil nokasaHa Ha puc. 11.3.

[epeBod MMKDOCXEMBE! B
COLTOAHHA NPOTPEMMUROBAKKA

Moaava Taiciluera Hanpskeia 4 5-5 5 B

MEKY BXogomM Voo 1 "asmnedt

YCTaHoBKTR Ha BxoAe /RESET naor. 0,
cHrHan BSel - Takwe 8 nor 0

Cskipanue MRk 100 He

I

Mofaya +12 B Ha Bxog RESET

Oeuaanre MuHKvym 100 He

Puc. 11.3. MNocneaoBaTenbHOCTL AeACTBUA ANA NEPEBOAA MUKDOCXEMBI B DEXUM NPOrpaMMAPoBaAHUA
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INepen NporpaMMHpPCBAHHEM HOBBIX J2HHLIX HCODXOIMMO CTEpeTh Te JaHHbIE, KO-
TOpBIE IPUCYTCTRYIOT B MHKpocxeMe. Komanaa “Crupande KpHcTaaia” cHadana CTHpa-
eT BCe AanHble, XpaHsaiueca B namsaTi Flash n EEPROM, a 3atem — Taroke w1 pazpaan
GnokupoBkn. Ha paspsaapl npeoxpaHeHMs 3Ta KOMaHAA He BAMACT. XOon (poUefyphl
CTHpaHHs JIaHHBIX ¢ KPUCTaJa MoKa3aH Ha pHc. 11.4.

MofHoe CTUPaHKe NaMATH
{cTvipan1e Kpictanna,)

YeTadoBpke XAT, XADe "0 ~|: B cooteaTCTBMM ¢ Tadn 1.3

Yeranopka 8Sel g nor O

Janvck Balita AakHbx $80 (0b1000 0000}
Jyepe3 BXoAbl PB

Mogavs Ka exos XTAL1T nonokuTens«oro
HMIMYNSCA ANKTENSHOCTEI0 > B7 He

Monave Ha BxcA MR OTPHLETENRHOMD Caparie BHaqane NaMATH Flash 1 EEPROM,
MMy Ca ANUTEARHOCTLIO 10 HE {5-15 He) & 3aTeM - PE3IVALDE BNOKMpoBKI

KoMMeHTapUuK:

B cooTseTcTBAn ¢ TAbn 114

SarpywaeT Komasay "CTrpasie kpucTanng”

l MpOACIKHTENLHOCTE NROUBCCA CTHRAHHA
¢ NOMolsIn CUrHana fBusy He oTodpaxasTcal

L

Puc. 11.4. NocregosatensHOCTb AEACTBURA ANA NOAHOMG CTURAHNA AAHHBIX HA KpUCTanNe

[Tocsie TOTO Kak MMKPOCXEMa IepeBeleHa B COCTOSHHE TIPOrPAMMHUPOBAHMA U [aH-
Hble B MAMATH ObUIM CTEPTEI, MOXHO HAUMHATH COOCTBEHHO MPOLECC MPOrPAMMHpOBa-
Hus. JIna aToro ee GaiThl JAHHBIX, MOANEKAINME 3ATIHCU B ITAMATH, MOC/E0BATELHO,
Gaiit 3a Gafitom, “npoxxMrarorcs” Bo ¢usu-mamaTiH. Komannnoe ciaoso mns nporpam-
MUpoBaHua duoi-naMatd (10 K, cooTBeTcTBEHHO, 0001 0000, Mo Tabn. 11.5) aomkHo
OBITe 3arpyxeHO TONLKO OAMH pa3: Meped NMPOrPAMMHPOBAHMEM TIEpPBOro GaifTa nan-
HbIX. DTO KOMAHIHOE C/IOBO OCTAETCA AeHCTBUTE/LHEIM IO TeX NOP, NMOKa He 6yner 3a-
TPYAKEHO Apyroe KOMaHAHOE CJIOBO,

Crapumii 6aliT agpeca, o KOTOPOMY HOJKHO BBITH 3aPOrPAMMMPOBAHO CIIOBO
AZHHBIX, TAKKe OCTAETCA ASHCTBHTENEHBIM 0 TeX MOp, Oka OHO He OYIET H3IMEHEHO.
bnaronaps 3ToMy, TONMbKO HM3MeHAs Miaglyi GaiiT agpeca, MOKHO IOCHENORATENBHO
NporpaMMupoBatTh Uenslil 640K, coCTOAWMI MakCHMYM K3 256 CII0B JaHHLIX, €CIM OHY
HAaxONATCA BCE HAXOAATCA B Pedenax OAHOH “CTpaHMLBI” (Gasin-mamstu (TO €CTh, Bee
HMEIOT OJIMHAKOBLIA cTapmuii Gaiit anpeca). Baditol, cogepxawue sHauenne FFy npu
MPOrpaMMHPOBAHHH MOXHO “NEPENpLIrHYTL”, MOCKONBKY TAKOE 3HAYEHME COOEpKaT
BCE CTEPThIC AUCHKK TTAMATH.

Xoj npouecca NapajuIeNFHOTO POrPAMMHPOBAHHS TToKa3aH Ha puc. 11.5.
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( MporpaMmHpoBaHie GnNIWw-NamATH )

3arpyaka KomMaras!
"MporpammnpoBaHie nsw-namarn” ($10)

Tapwki Hai Ha
aApeca Kak

paHsle?

Het

2arpyska cTapwero SaiTa al\peca

Jarpy3ra Mnagwero SaiTa agpeca

|

Jarpy3ka Maaawero 6aiTa JaHHBX

I

MporpavMmuposarle
Mnagwero GaiTa fanHeX

T

Jarpyska ctapero 6aiTa AaHHbIX

Meorpamviposarie
LTaplero HaiTa AaHHbLX

Ha

[MporpammupoRa™
lanswe?

Puc. 11.5. NocnegoeatensHocTs AeiicTEWA oNnA
NporpaMMpoBanua Hnaw-NamaTH

Ha puc. 11.6 — puc. 11.9 nokasana nocnenopatensHocTs NeACTBHIA, KOTOPHIE He-
00XOIMMO BBITIOJIHHUTL 718 3arpy3kH KOMaHA, AfpEcOB M JAHHBIX, a4 TAIOKE 41 CAMOro
npouecca NporpaMMHPOBaLiKg.
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3arpy3Ka KOMaHk
"MporpaMMupoaaHite hnsi-NamaT’

YoTanoaxa AA1 KAD B 10"

Yetanosrka BESelgnor. O

*

Zanuck HafiTe ganHekx $10 (0h0C0 10000
{("MporpaMMupoBande dina-namaTi’) Jepes PE

Mogasa Ha Bxof *TALT Nong#ATenbHaro
HMMYNbCA ANMTENBHOCTERY = 67 HE

Puc. 11.6. NocneoBaTensHOCTe ASACTBUA 4N1A 3ArpY3KA KOMaHALI NpOrpaMMUpoBaHna

Jarpyara cTapwero SaiTa anpecs

< Zarpyska Mnagero Ganta agpeca ) (

|

YeTaHoEka XA1, #AQ B 00"

YTaHoBKA KA1, ~AQ 00"

Yetanoerka BSel g nor. G
(BLISop MNanwers Gafita agpeca)

YcTarnoska BSeie nor. 1
(BbISOD cTaplwaro Bafta agpeca)

[

Mogava yepss axofsl PE
mnanwero Balita agpeca ($00 - 3FF)

Monasa yepes sxeasl PB
craplwero AarTa agpecs

I

Monava Ha 8xoa XTAL1 noNc#MTensHoro
HMYNCE ANKTENEHOCTRID > 67 HE

Mogaya Ha Bxoa XTAL1 nonokMTensHoro
HIMNYNECE ANUTENHOCTIID » G7 HC

Puc. 11.7. MNocneA0BaTENEHOCTL ABACTBUA ANA 3arpy3sy CTapluero W Mnagwero SaiToe aapeca
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Ean
MporparmupoBanie
- Mnagiere Gaita AaHHEx

1{ e
\

ZArpyaKa MNagere BafTa 4aHHkx > I

J Yeranosra BSele nor, O
(yKaIbIBAAT HA MNaguidl HaRT 4aKHbIK)

YeTanoeka XAT, XAD B 01"
{"Zaroyaka 4aHHL " [

I [oaava Ha Bxoa MR oTDHUSTENBHOM
HMMYNBCA ANMTENEHOCTHID = §7 HE

Mogava vepes sxoabl PEB
mnaniners Saita nanHee ($00 - $FF)

|

Mogava Ha Brog <TALT nonokuransHore
UM TIBCA AMMTENbHOCTERS = 57 H

Puc. 11.8. NocneaosaTenbHOCTh ASKCTBWE ANA 3arPy3kU W NPOrPaMMUPOBAKUA MNaallerc 6aiTa AaHHbIX

Al

el
MporpamuuposaHe
crapllers BaiTa JasHbY
( Zarpydka cTapwaro 0aliTs AanHnIx ) |

~ I YeTanoska BSel B nor, 1
{¥yKa3bIBAST Ha CTARWHA SaPT AaHHLIX)
YeTaHoeka <A1, XAD s "D1" I
i"3arpyaKa DakHse')
Mofava Ha Bxod SWR OTPUUATENLHOMC
F HMMYNBCE ANATeNLHGCTEIO > 57 HE

Noaava Yeped Bxoakl PE
craplero BaiTa nanHex ($00 - 3FF)

|

[Nopava Ha Bxop, ATALT nonowurensHars
WMTYNEC & SNMTRALHOCTERY = 67 HE

Puc. 11.9, MocnegosaTenbHOCTs ASHCTBWIA ANA 3arPy3KU U NPOrPaMMUPOBaHKS cTapluero GaiTa gaHHbixX

Busy = nor 1

B uenom xo. npouecca nporpaMMUpOBaHu BO (I3LI-NAMATE B MApanieIbHOM pe-
AHME OJIHOMO CJI0Ba MOKa3aH Ha puc. 11.10.

CunTbiBaH#e 3aNPOrpaMMUPOBAHHBIX AAHHbIX U3 (hN3LH-NaMATH

Ecnu Tpebyercd mnpoeepuTh 3arporpaMMHpPOBAHHBIE RAHHBLIE TIOCHE OKOHYAHMS
npouecca NporpaMMHpOBaHUS (BEPUGDMKATIMA) HITH CUHTATH HEHU3BECTHOE COACPIKHMOE
MHKPOCKXEMBI MHKPOKOHTpomIepa ceMetficTea AVR, To 370 MOMHO CREIATE € MOMOILIO
komaHaHoro cioea $02 (cm. Tabn. 11.4), ecnit TONBLKO He 3aTPOrpaMMUPOBAHLT PAIPA b
o1okupoeki LB1 n LB2.
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$10 Fr Gau GaﬁrXMn ﬁamx H T BarT i
- 7 anpeca A aapeca i\ BanHbix 4! AAHHBIX PP

; i
i H

/Busy

Puc. 11.10. Xog npouecca napanfiensHoro nporpammuposanus {(/RESET = +12 D, /OE = ner. 1):
TTocneIoRaTENBHOCTE JICHCTBHI 718 CUHTBIBAHHA COOSPMHMOTO QUdlu-naMaATH no-
kaszaHa Ha puc. 11.11. Jindg sToro Mukpocxema yKe NOMKHA HAXOAUTLCA B NAPANIEIb-
HOM pexKHME IporpaMMHupoBanua (cM. puc. 11.3).
MporpammuposaHue namsaTu EEPROM
Jina Toro, utoGrl 3anmporpaMMupoBats naMatTk EEPROM, HeofxomumMo nipuMeHHUTH
clleaylownii anropuT™ (OTaelbHble ACHCTBUA aHAIOTHYHB! [IOKA3ZaHHBIM B [IpUMEpE
NpOrpaMMHPOBaLHA QI3LL-IaMITH).
1. 3arpy3xa xomarast 0001 0001, (114} 8 cooTreTeTEHY ¢ Tabi. 11.4. Xoa aeicTeui
aHAJIOCHYEH 3arpy3Ke KOMaHapl NporpaMMHpoBaHus (cM. puc. 11.6).
2. 3arpy3uTh cTapiumii 6aiiT agpeca B COOTBETCTRHH ¢ pUc. 11.7 (TONMBKO B MUKPOKOH-
Tpoanepe AT90S8515).
3. 3arpysure mnaxuui 6alit anpeca B cOOTBETCTBHH ¢ puc. 1 1.7,
3arpysuth Maaawni GadT nannbix ($00-3$FF) B cooTreTcTBHM ¢ puc. 11.8.
3anporpaMMHpOBaTL MNamuit Gadit JaHHLIX B COOTBETCTBUM ¢ puc. | [.8.

YreHune namatu EEPROM
[ocnenosatenpHoCTh Aeficrsuit Ana yrenus namata EEPROM ananoruusa mocne-

JOBaTENIbHOCTY JUTA UYTeHUA (QIDI-NAMSATH.

1. 3arpyska xomauags! 0001 0001, (11,) B cooTrercTamA ¢ Taba. 11.4. Xoa nelcTeuii
aHANIOTHYEH 3arpPy3Ke KOMaH/IbI IPOrpaMMHpoBaHus (cM. puc, 11.6).

2. 3arpy3uts cTaplvii GaliT anpeca B cooTBeTCTBHH ¢ puc. 11.7 (TONBKO B MMKPOKOH-
Tposiaepe AT90S8515),

. 3arpysuts mnammmi 6aliT anpeca B COOTBETCTBHH ¢ puc. 11.7.

4. Cwrnane! ynpaenetus /OF u BSel yctanoruTts 8 0. BaiiT paHHbIX W3 naMaTy

EEPROM nosensercs Ha ByiBoAax nopra B.
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5. TlocpeacTBOM YCTAHOBKH ynpasnsiollero cBriana /OE B 1 kacka/T BLIXOIHOIO YCH-
AUTENA-hOpMHpPOBaTENA TOpTa B BO3BpallaeTca B BEICOKOOMHOE COCTOAHHE.

oy
C UTeHve (Dnaw-namaTy )

I

Farpyaxa KomMaHgb [opAnok percTeni
"Urenne dnsw-namaTi’ ($02) B COOTHETCTEHY ¢ pHE. 118

Crapwui
GalwT appeca
KaK paHbla?

Fo MNopAL oK ASACTEMH
3arpyaka cTapilero Baldta aapeca
=8Py P g B COOTBETCTBUM ¢ pHc. 11 7
. i MNopALOK SEACTBHA
Zarpyaka mnagulero Balita agpeca = PAAOK A

B COOTRETCTBMH C puc. 11.7

] L

YeTaropks (OF B rior O -1

AKTUBMUDYST Kackan

BEIXOAHOMO YCUMUTENR-
I L hopmvposatenn PB
Ha Bkl (P T
YeraHoaka BSelanor 0 = BLXoAL! PB BbinaeTcA

MNAagWKi BalT paHHLIX

l -

YcraHoska BSela nar. 4 | Ha Bb'xgﬂbifl B Buinaetca
crapwyid HafT QaHHbIX
- OTHNKoYaeT Kackag
Ycranoeka /OE & nor. 1 -  BbXOAHOM yCUnuTens-

opmupoBaTenn PB

[MpoaorsMTE
CHHTLIBAHWE
J&HHBIX?

Puc. 11.11. CuuToiBanne cogepmoro chnal-namMaTi
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MporpamMupoBaHue pazpsaaoe NpeaoxpaHeHns

Jlas Toro 4tobsl 3anporpaMMHpPOBaTh Paspaabl IPeAOXPaHEH S, NPUMEHSETCS Clle-
JYIOLMA anropur™ (OTAeNbHble JeHCTBHA aHANOTHYHBI MOKA3aHHBIM B RpUMepe TMpo-
rPAMMMPOBAHUS (BADM-NAMATH).

1. 3arpyska komanpasl 0100 0000, (40,,) B coorsereTBuy ¢ Tabn. 11.4. Xoxa neitcTenit
aHANOFMYEH 3arpy3Ke KOMaH/bl NporpaMMHpoRanis (cM. puc. 11.6).
2. 3arpy3uTk (MNamIIAA) GalT AaHHEIX B COOTBETCTRHHM ¢ puc. 11.8.
= gor. 0 B paspsae 5 NporpaMMUpyeT, a tor. | cTupaer pa3pga npefoxpaHeHus
SPIEN;
» g Mukpokontpoiuiepe AT9051200 nor. 0 B pazpsge 0 oporpaMMupyeT, a nor. 1
cTupaer pasps/ npeaoxpanenns RCEN;
* B MUKpPOKOHTpoepax AT90S2313, AT90S4414 u AT90S8515 nor. 0 B pasps-
Je O nporpamMupyert, a nor. | crupaeT pazpsa npeaoxpanenus FSTRT.
Bce ocranbHble paspaan OaiTa JaHHBIX J0SKHBI HAXOAUTECS B COCTOAHKY JToT. 1,
HOCKOJIBKY OHM 32PE3epPBHPOBAHLI koMOaHuelt Atmel.

3. [llporpamMupoBaHHe paszpaaoB MpefOXPAHEHUS OCYIECTBAACTCS IIOCPEACTBOM N0-
aady Ha BXol fWR uMnysibca HU3KOTO yPOBHS JUIMTEABHOCTRIO 1,5 MC (TonycTH-
MbIMH CHMHaJTb! AnuTenbHocThio 0T 1,0 mo 1,8 mMc.

¢ NOMOLbK curHana /Busy!

W MPCAOMKUTENBHOCTE NpOLECca NPOrPaMMKUPOBAHMA Pa3pAA0B NPEAcXpaHeHn He oTobpaxaeTcs

fMporpamMmupoBaHue pa3panos GNOKMPOBKKA

st Toro, yrober 3anporpaMMUpOBaTh Pa3panbl B10KHPOBKY, C IIOMOILBIO KOTOPBIX
peanu3oBaHa 3alldTa HHTEINEeKTYANbHOH COGCTBEHHOCTH OT MAArvaTopoOR WIH MPOCTO
3AMMTA MUKPOCXEMBI OT CIYYaiHOro NOBTOPHOTO NporpaMMupoBanus (cM. Tadn. 11.1),
AomAKeH ObITh MPUMEHEH TNPEe/ICTARTIEHHBIH HIDKE anroput™ (OTHebHbIe NEACTEHS ana-
JIOFUYHBL [IOKA3AHHBIM B [IPHMEPE IPOrpaMMHPOBAaHHNA (DI3LI-TIAMITH).

1. 3arpyzuts komauay 0010 0000, (20,) B coorercTeuM ¢ Tabn. 11.4. Xoa neiicTRuit
aHaNmoTHYEH 3arpy3Ke KOMaHIbl NporpaMMHpOBaHuA (cM. pyc, 11.6).

2. 3arpysuTb (M uH) OalT JaHHBIX B cOOTBETCTBHH ¢ pHc. 11.8. Jlor. 0 B paspane
2 nporpaMMupyeT paspan bnokuposks LB2, a nor. 0 B paspage | nporpammupyer
paspan Grokvposku LB 1. Bee octansubie paspsanst Gaiita naHHBIX AOMKHBT coaep-
&arTh J0r, 1, JOCKONBKY OHH 3ape3epBHPORAHBI KOMriakuel Atimel,

3. 3anporpamMmupoBaTh MIaALIKi GaliT NaHHBIX B COOTBETCTBHM ¢ puc. 11.8.

Kak yxke ynoMuHanoch, pasce, paspsaibl OJOKHPOBKM MOTYT OHITH ONSThH CTEPTHI

TO/IBKO [0 KOMAHJE CTHPAHUS KPHCTaNa, OJHAKO HOCE ITOF0 SYAVT TAKKE CTEPThl W
JavHele B namMaTH Flash u EEPROM,

CunThIBaHKe Pa3pAaoe NPenoXPaAHEHUA U BNOKUPOBKU

Ans CUMTHIBAHKA Pa3pPSNOB NPCAOXPAHEHWA H ONOKMPOBKM TPUMEHSIOT CAENyIO-
HIMHE aJITOPHTM.
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Jarpysuts komanay 0000 0100, (04,) B cootBeTcTBuM ¢ Tabn. 11.4. Xon meficranit
adanoruyeH NeHCTBUAM IPH 3arpy3Ke KOMakkl [EpOrPaMMMpOBaHus (cM. puc. 11.6).

Vcranosute curnan ynpagiaenus /OE B 0, a BSel — B 1. Cocrosnue paspsaos npe-
JoXpaHeHUs ¥ ONOKHUPOBKH MOABHTCA B MopTy B:
= paszpan 7 = ( — 3anporpaMMmuposan paspsan Oaoxuposku LB1;

" pa3paa 6 = 0 — zamporpaMMHpoBaH paspsan 6mokupokn LB2;
= pa3spaa 5 = 0 — sanporpamMuposan paspsf npenoxpanenus SPIEN;
« pazpsa 0 = 0 — sanporpaMMUpoBaHel paspaael npegoxpanenus FSTRT/RCEN.

IMocpeacTeoM yetaHosku curnana /OE B 1 Kackal BBIXOLHOTO younuTea GopMu-
poBatelia nopra B BO3BpaiaeTea B BBICOKOOMHOE COCTOAHHE,

CunTbiBaHWe BAWTOR CHrHaATYPHbI

OTaenbHBle NEHCTBUA aHANOTHYHB! TOKA3AHHbLIM B NnpuMEpe NporpaMMHpOBaHNA

dIU-1IaMATH.

f.

Zarpysuts komauny 0000 1000y, (08y) B coorBercTRHu ¢ Tadxn. 11.4. Xoa aeHcTryi
aHANOrMYEH [OCAEI0BATE/ILHOCTH ITPH 3arPY3Ke KOMAaH/ Bl IPOrpaMMHUpogaHust (CM.
pHc. 11.6).

3arpyauth Mnanwuit 6aiT aapecos $00 - $02 B cooTBeTcTBHY ¢ puc. 11.7.

Curnanel ynpaenesus /OE v BSel ycranosuts B (0. AnpecoeaHnslit 6alT CHTHATY-
pbI nossuTCs HA nopty B.

IocpencTeom yeradoBku curnana /OF B 1 Kackal BbIXOZHOrO YCHITHTENSA-
dopmuposaTens nopTa B Bo3spaiiaercs B BRICOKOOMHOE COCTOSHUE,

KoMannneli 6aliT HeoOXOAMMO 3arpyath TONLKO Nepe/l CYUTHIBAHHEM MNEPBOTo

DaiiTa CUrHaTYpBI,

napameprl napannenbHoro pexumMa nporpaMmmHupoBaHunA

Paznuunble mapameTpel NapannesisHOrNO pekHMa MpOrpaMMUpPOBRAHWS NPOHTIOCT-

pupoBaHe! Ha puc. 11.12 ¥ onucanwl B Tabn. 11.6.

Loiwn

XTAL1 VRN ' ..
1 1t t
TlAHHLIE L GUIHS 6! AL KLU o BV . -
JIPSBREHNRA ><
(A0 BS) o ‘ - .
—— j ke g
WH . tavipx T
WHRAL, > &
ROY/ABSY P 4
- L _
—— ‘
QE ®
beion A - onn 7
Moy oy . 2
HaHHsie S

Puc. 11.12. BpemerHs/e napameTpbl B NapannensHom pexuMe NPorpaMMUpoBaHna
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Tabnauya 11.6. JaHHbie, XapakTepU3yIOLWe NapannebHbId PEXUM NPOrpaMMKUpOBaHKA NPy
Ta=25C £10%, Vec=5B + 10%

Vip HanpaxeHue paspelienys nporpaMMHpOBAHIS 11,5 12,5 B
Ipp Tok pazpeuleHns NporpaMMHpOBARHA 250 MA
tovxH Bpems yCTaHOBKH NAHHBIX M CHTHaNOB ynpas- | 67 HC
neuus go noasnesna curiana XTAL! ericoxoro
_YPOBHA
txHxL Bonpuias wypuna umnynsca XTALL 67 HC
tyLox Bpems yiepxaHus IaHHbIX H CUrHANOB ynpas- [ 67 HC

Jnenun nochne moseneHua curdana XTAL] Hus-
KOrQ YpOBHS

tyLwL Bpems w™exay curdanom XTALI wuw3koro | 67 BC
yposus 1 /WR HUZKOIO YPOBHA

tavwi Bpems mexnzy curHaitom nposepkn BS u /WR | 67 HC
HH3KOTO YPOBHS

tRuBX Bpemsa ynepxkanms curdana BS nocne nosene- | 67 HC
HHA BrRICOKOTO ypoBHs curnata RDY/BSY

twiwn | Manas wupyHa umnyasea /WR ) 67 HC

EwHRL Bpems Mexay curnaioM /WR Belcokoro ypoBHA 20 HC
u RDY/BSY HH3KOTO YPOBHA '

twLRH Bpemsa mexny curHanoM /WR Huskoro yposua | 0,5 0.7 0,9 McC
U RDY/BSY BBICOKOTO YPOBHS )

txLoL Bpema mexny curdanom XTALD auskoro | 67 HC
ypoBHs H /OE HM3IKOro YPOBHA

toLpv Bpemsa mexay curuanoM /OF HU3KOTO YpOBHA U 20 HC
npoBepkoil NaHABIX

todpz Bpems Mexay curdanoM /OF BeICOKOro ypoBHA 20 HC

H [EPEXOA0M HHPOPMALIMOHHBIX BHIXOAOB B Bhi-
COOKOMHOE COCTOAHHE

twiwr ce | Manaa umpuna ummynsca /WR i cTHpanus 5 10 15 MC
XpHCTanna
twiwn_prs | Manas mmpusa wmryssca /WR s nporpam- 1 1,5 1,8 MC

MHDOBAHUS Pa3PAJIOR MPeJOXpaHeHUA

(1)} Ha ctupanne RaHHBIX MHKPOCXEMBI ZOMKHO 3ATPAUHBATECA BPEMS bwiwn cp. 8 AMA NPOTPAMMU-
pOBaHHS PA3pALOB NIPCAOXPAHEHHA — twiwi prB-

(2) Ecnm tyww Bonblie, 4eM ty gy, TO He GYACT FEHEPHPOBATLCA CHIHAN 3aHATOCTH /Busy.

MocniedosamensHbill PEXUM NPO2paMMUposaHus

Hapsaay ¢ mporpaMMUpOBaHHEM B MapaUIENBHOM PEXHME TONB30BATENb TaKKe
UMeeT BO3MOXHOCTb BBOJA CBOMX JAHHKIX B IIOCIEAOBATENBEHOM PEXHUME MPOrpaMmH-
poBanua uepes unrepdeiic SPI meronom “npoxura”. TIporpammupyrowmm npubopoM
npH 3ToM siBaserca uuTepdekic SPI, paboratonmuil B pexxuMe Benylero yerpoiicrsa, a
NoANEXKALHA NPOrpaAMMHPOBAHMIO MHKDOKOHTpOMIep cemelicTBa AVR soicTynaerer
B KauecTBe BefoMOro ycrpoiicrpa. [locnenorarenbHeiilt HHTepheic COCTOMT M3 MHHUI
SCK, MOSI (exon) u MISO (suixon). ITo HapacTaromemy GppoHTY HMIYILCOB B JTMHHH
SCK OHTH IaHHBIX 3aMHCBIBAIOTCS B MOLEKAIMMI POrPAMMUPOBAHMIO MHKPOKOH-
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Tpoanep cemeiicTBa AVR, a mo Hucnagaromemy GpoHTy — cunrhisatotes (puc. 11.13).
[Monpobuee uHtepdeiic SPI onmcan B raase 7.

Takrossiiimen [ 1 [ 2 1 3456 ] 7] 8]

=S I I I

MOS!| AMsH LSB

MISC AMSH LSE

Puc. 11.13. BpeMeHHan guarpamma nepesaqn JaHHbiX B PEXKUME NOCNeA0BaTENEHOMo fporpaMmMuposaHng

[TocnenoBaTebHOE NPOTrPaMMHPOBARHE IOCTYIIHO Takxke W B JBYX MHKPOKOH-
Tposiepax cemeiicTBa AVR, B KOTOPBIX He Hcnone3yeTcs uuTepdeiic SP1: 8 Mogensx
vogenn AT90S1200 1 AT90S2313 (puc. 11.14),

T+2,?.‘,+6‘OB
A0{(Z0)
Vee

TakToBLIA 8X0A0 _8(19) ] PB7 (SCK)
BoIxCR AaHHB(X L8 PBS (MISO)
Bxon naHHbIX BT PBES (MOSI)

XTAL2

XTAL1

Gnd Reset

Qﬂi’l o) Q_L(n

Puc. 11.14, MoHTax MUKpOKCHTpONRNepa cemMeicrea AVR Ana nocneaoBaTensHoro NPorpammMupoBaHs

B kauecrse anwTepHarviBel nogade curHanos XTAL1 u XTAL2, nokazanHoil Ha
puc. 11.14, B kauecTBe cHucTeMHOro TakTa Ha BXxoja XTAL1 mMoxer 6biTh MoaaH BHel-
Huii TakToBEI#A cHrian. Bxog XTALZ2 B 3ToM cny4ae OCTaeTcs OTKPBITEIM,

@a3pl BEICOKOr0o M HU3KOrO YpoBHEH Mocne10BaTeNLHBIX TAKTOBBIX ¢cHTHaNloB SCK
No JaHHLIM U3rOTOBHTENS, YKAZAHHEIM B CrelbUKALNH, J0/DKHBI COCTABIATS KaK MH-
HUMYM IBA IEPHONA TaKTA CHCTEMHOH CHHXPOHMW3AUMH 1N MHKPOKOHTPOJUIEPOB
AT9058515, AT90S4414 u AT9082313. B mukpoxouTponnepe AT90S51200 daza Bri-
COKOTO YPOBHA ACJDKHA NPOJAO/DKATRCA KaK MHHHMYM OJMH Oepuold, a dasa HH3Koro
VPOBHSA -— YCTBIPE NEPHOIA TAKTA CHCTEMHOH CHHXPOHH3ALINK.

[MTamate Tunoe Flash 1 EEPROM B MukpoxoHTposiepax cemeiictea AVR umeer
pa3sAH4HbIE AHANA30Hs! agpecos {Tabn. 11.7).

Tatnuua 11.7. AvanasoHer agpecoe namaTi TunoB Flash w EEPROM

AL B
Daanr-namaTe 0000h ... O1FFh | 0000Ch ... 03FFh | 0000h ... 07FFh | 0000h ... OFFFh
flamsts EEPROM | 0000h ... 003Fh | 0000h ... 007Fh | 0000h ... 00FFh | 0000h ... 01FFh

i —5-2184
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Anroputm nocneanoBaTenbHOro NPoOrpaMMUpoBaHns

Bce xoManApl B TNOCTENOBATENLHOM PEKHME MPOrPpaMMUpOBAaHUS UMEHT cober-
BeHHBI opMaT, cocToswmi U3 HeTsipex Gaitros (Tabn. 11.8).

Ta6nuua 11.8. Komanabl anropuTMma NocneaoBaTensHOro NPorpaMmMupoaaHiun

PR

i i el aiiin REDERIA.
Empemenue 1010 1100 | 0101 0011 | XxXXX XXXX | XXXX XXXX | YCTaHaBAHBaeT TO-
porpamMmMH- crefoBaTebHbIA  pe-
poBaHNA KHM  NPOrpamMMHpo-
' BaHHA
Crupanue 1010 1100 | 100x xxxx | XxxX Xxxx { xxxx xxxx | Crupanue MaMATH
KpHCTaIIa Flash, EEPROM u

paspaIoB OJIOKMPOBKH
CuunTeiBanKe 0010 H0O00 | xxxx aaaa | bbbb bbbb | 0000 0000 | CuMTeIBaeT cTapilni

QU3 IL- TAMATH (H = 1) unn mnaa-

(namats  mpo- untit (H =0) Gaiir no

rpaMm) agpecy a:b  dasw-
namAaTH

3anuce Bo | 0100 HOO0 | xxxx aaaa | bbbb bbbb il iiid [Mporpammupyer

¢r131- NaMATL crapwuit (H = 1) un

Mnagumit  (H =0}
OaifT i no aapecy a:b
BO hr3m-namaTu

CuWThIBAHHE 1010 0000 | xxxx xxxa | bbbb bbbb | o000 000s | CunTeiBaeT faiiT
NaMATH JaHHBIX O TIO agpecy
EEPROM a:b B naMmsaTH
EEPROM
Januce B ma- | 1100 0000 | xxxx xxxa | bbbb bbbb | iiliiiii [Tporpammupyet GaiT
MATh JaHpLIX i Mo appecy
EEPROM a:b B TIAMATH
EEPROM
3anuck pasps- | 10101100 | [HIxx21x | oo xxxx | xxxxxxxx | “0” » paspaaax 2, 1
goB  ~ GNOKH- nporpaMMupyeT pas-
| POBKH pALbE BIOKUPOBKH
CunTbiBaHUE 001T 0000 | xxxx xxxX | Xxxx xxbb | ggoo 0000 | Cuntwizaer Sair cur-
Gaiita cHrHa- RaTypel © 1O ampecy
TYpHBI b
Tpu sTom:
a — crapiuui 6adiT agpeca H =0 — mnaqwwuii 6afit, H = 1 — crapunii 6afir
b — mnaamuii HadiT anpeca 1 — Paspan 6nokupoexn LB1
0— CUHTAHHBIR GANT AaHHEBIX 2 — Paspaa Gnoxuposxky LBI1
1 -— 3anucaHHpli bafiT JaHHBIX X — moGoe 3HayeHue

Mpu paboTe B pexvime SnokupoRkk 3 (2anporpammupoBaHbl 06a paapasa Bnokuporkn) GanTsl cur-
HaTYpbl HE MOTYT ObiTh CHUTaHbI,

i @
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IMepebiii 6afiT comepuuT COGCTBEHHO KOJA KOMAaHIBL, XapakTepU3YHOUIMA BBIIOJ-
HAEMYIQ OTIepalHio, a TAKKe LENSeBOE 3ANOMMHAIMHIEE YCTPOHCTBO, MO OTHOLIEHUIQ
K KOTOpPOMY A0JDKHA ObITh BLINONHEHa 3Ta onepauus. Bropo# u Tpetwit GaliTel AaHHEBIX
cogepkar TpedyeMbli aapec B UETEBOM 3allOMWHAIOIIEM YCTPOHCTBE, a YeTBepThid 00-
pasyeT 0aliT AaHHBIX, KOTOPLIH MOXET ObITb ABYHAMPABIEHHBIM (TO €CTh, €TI0 MOKHO
KaK MEPeAaRaTh, TAK W CUUTHIBATH).

LleneBol MuxkpokoHTponnep cemeiictea AVR, Kak tipaBuno, nepeceinaer obpaTHo
MpUHATHIH padee OaliT BO BpeMa CREAYIOLETrO TAKTOROIO M. Tako# BO3BpPAT TONLKQ
YTO NPUHATOTO GaliTa HarMgAHO NEMOHCTPUPYET MpelCTaBICHHBIH HWKE NpUMeEp ABYX
KOMaHJ, CleAyroImux oaHa 3a aApyroi: “Pazpewenue” n “CuntbiBanie curHaTypsr’”.

[ o Kovignoe Brod MOST AV 600 MISOAVR
- PazpellleHHe  MOCTCHNOBATENLHOTO  PEXKUMA $AC 553 $xx Syy $zz SAC 853 $xx
" OporpaMMMpOBAHKA .

: Murars BalT curHaTypsl o agpecy $00 $30 $nn $00 $mm $vy 830 $nn $1E

Baitt $yy, npHHATHIA MOCNEIHMM O KOMaHIe paspeliedus, Oyaer nepesad ofpar-
HO KaK TepBblit 6aiiT cnenyromel koMaH b “YTeHue cUTHaTYpbI™,

HeKoTopble KOMaHIIbI CUHTHIBAIOT 0aliT W3 UeTeBOro 3aMOMHHAROILETO YCTPONCTBRA.
JtoT GalT Bcerda nmepefaeTcs KAk HETBEPTHIH B MOCMEAOBATENBHOCTH KOMAHI, KaK 3TO
MOKA3aHO B [IPUMepe CUHTRIBAHUA OaiTa CHrHATYpbL.

IMpexxne, 4emM Ha4aTb Npouecc cOOCTREHHO MPOrpaMMHPOBAHUS, HEOOXOAMMO ne-
PEBECTH MHKPOCXEMY B COCTOSHHE FOCAENOBATCIBLHOTC TIPOTpPaMMWpoBaHHA. Ecrim
\HKpOKOHTpoep ceMmeilcrsa AVR nepelien B cocTofiHie MOCAEN0BATENEHOTO NPO-
rpaMMHPOBAHHA, TO MOXHO 00pPAIlaTLCA K NAMATH, €CITH TONRKO TOMY HE MPOTHRO-
1e¢HCTBYIOT 3aIUTHLIE MEXAaHH3MEI, YCTAHOBJICHHbBIE B peXHME GIOKUPOBKH,

Bo uzbexxaHue BOZHHUKHOBEHHUS OWMOOK MPH MPOrpaMMUPOBAHHU M BepHdHKALMY,
B [TOCJICAOBATE/ILHOM peKHME MPOTpaMMHPOBaHHA HeoOXOOUMO MpUASPKHUBATBCH Cle-
1YIOLIEH Npoueaypbi.

1. Bxnrodenue nuTaHus. Pabouee HanpmxeHWe NOJAETCA MEXTY BXOAOM Vo U “3eM-
nell”, B TO BpeMs Kak ciruanbl copoca (/RESET) u SCK 10mkHbBI HAXOUTECA B €O-
crosHuu nor. (. B ToMm cnyuae, korga Mexay xogamu XTAL1 u XTAL2 He nofa-
KITIOUYEH HHKaxoH keapu, Ha Bxoa X TAL1 HeoOxoqumo nogaTh BHERIHHIH TAKTORbIH
curHan. Ecny HET BO3MOXKHOCTH rapaHTHPOBATh, YTO B TEUEHHE BCeH fpoleAypb!
BrITIOYeHus mutanns annaug SCK 6yner HaxoauTsesd B cocTOAHKMH Jior. 0, TO BXOI
/RESET neotxomumMo ycTaHOBUTS B nor. | Kak MMHHMYM Ha JIBA IEPHOIA TAKTa
cucTeMHON cHuxpoumnsauud (XTALL), nocne gero B anauu SCK 6yaeTt yeraHosneH
CHIHAA HH3KOTO YPOBHS.

Ilepexoa B nocaeqoBaTe/ILHLIA pe:xAM nporpaMvupoBannd. [locne BrOYEHHS
NUTaHHUA HEOOXOIMMO BEIKIATE KAK MUHHMYM 20 MC nipeskae, Yyem Ha Bxoa MOSI
MHKpPOKOHTpOsnepa cemeficTea AVR Oyner nepenada xoMaHaa paspelleHus nocne-
AOBaTEABHOTO peKHMa NporpaMMHpoBanHng (cM. Tadn. 11.8).

[ ]

et

IIporepka nocaeaoBaTe/ILHOrO coeuenns. Ecnu nocneaosarensuoe coelHe-
HHE OBIIO YCTAHOBNEHO MPaBHIIBHO, TO MHKPOKOHTpO/UTEp ceMeiicTea AVR oT-
npaBnseT 0OpaTHO TOJMBKO YTO MPUHATHIN BTOPOH GalT KOMaH/BI pa3pelleHUs
($53), B To e Bpems npuHUMasd TpeTHil HaiiT. B moboM ciyuae Bee ueTnipe Oalita
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10.

KOMaHpl paspelieHus A0HKHBI ObITh TIEPERAHBI — JAXKE eCM TpeTHii DalT He Obin
nepeAan o6paTHO Haanexamum obpazom. B ¢iyyae NOTepU CHHXPOHH3ALMH MEXK-
My NepeaaTdHKOM W NpHeMHHKOM (HanpumMep, e/ He ObLil paciio3HaH TaKTOBbIH
umnyasc) Ha o SCK BbIIaeTCs MOTOKHUTENBHBIA HMITYTIbC, YTOOB! CMECTHTD
rpaHylibl NEpPe1aly Ha O4UH pa3pajl, a 3aTEM MOBTOPAETCA KOMaHA Pa3peLIeHHA.
Ecnn nocne 32 NMonuiToK CHHXPOHW3ALIMA He Oblla AOCTUIHYTA, TO MOXKHO CACNaTh
BBIBOA O MOACOEAHHEHHM AS(PEeKTHOrO MHKPOKOKHTPOTAEPA.

[Tocne BRINOAHEHHA KOMAH/IBE CTHPAHMS KpHeTania HeoOXoanMO BeDKAATE BPEMS
twp erase (CM. Tabn. 11.9), a 3aTem Ha Bxoa cOpoca /RESET nogaTs uMnynLe BhICO-
KOO YPOBHA [UTHTENBHOCTBIO KAK MHHUMYM 2 MePHOIa TAKTa CHCTEMHOH CHHXPO-
HU3ALHH U TPOAOIKUTS TIPoUENypY ¢ AeficTeua 2.

Toanexkalye nporpaMMUPOBAHHIO JaHHLIE NOCHeN0BaTeNbLHO, BaltT 3a HaliTom,
BMECTE C COOTBETCTBYIOLLUM aPecOM YNAKOBLIBAKITCA B KOMAHAY 3aMTUCH B MaMITh
Flash unn EEPROM wu nepenarorcs MukpokonTposuiepy AVR.

Ecnu undopMands 8 MRKpoKOHTpoepe AVR Gbina cTepTa ¢ NOMOUBIO KOMaHbl
CTHpaHMA KpucTanna, To OalTsl, cogepxalue zHaverne FF,, npu nporpammuposa-
HHH NPOMYCKAIOTCA, HOCKO/IBKY BO BCEX CTEPTHIX AHEHKH NAMATH COAEPXKUTCA
HMMEHHO TaKoe 3HauCHHE.

[Tpu nocnesoBaTensHoM nporpaMMiposanuy mamatn EEPROM weT neebxoaumo-
CTH YAATATh BCH UHGOPMALMIO H3 MUKPOCXEMbI C [TOMOMIBIO KOMaHIbl CTUPAHHUS
KpHCTaNa, NockonbKY B ABTOMATHYECKHI [TOCTeIOBATENBHBIH NpoLece 2aMUCcH HH-
TErPUPOBAH LMK cTHpaHHA. OH NpeABapHTENbHO CTUPAET anpecOBaHHbIH GalT, KO-
TOpPBIH NO/KeH ObITE 3anporpaMMupoBatd B EEPROM.

[MTocae zanucy Galita aadueix B namMaTe Flash wan EEPROM ueobxoaumo BuIKIATE
BpeMA twp prog (cM. Tabm. 11.9) npexne, 4em MOKHO OyJeT HA4aTh NEPEChUIKY
creayomeit KoMaHAbl 3aMKCH. ANBTEPHATHRHO, I8 OTIPEAE/IEHUR OKOHYAHHS Te-
KYLIETo NPOLEcca NPOrpaMMKEPOBAHHS TAKIKE MOXKET HCTIONEI0BATHCH METO ONpo-
ca (cM. cneayroluil noapasaen}.

[Nocne Tore kak 651K 3anporpaMvupoBanst Bee 6aiiTel, nuHns cOpoca /RESET

MOXKET OBITE TIEpeBEICHa B COCTOAHHE BHICOKOTO YPOBHS, B PE3YNLTATE YETO TPOUC-
XOIHT MEpexon B 0ObIMHBIH peskuM paboThl.

AnbTepHATHBHO JeiicTBUIO 9, MOCACA0OBATENEHBL peXkUM IPOrpaMMHPOBAHUA Tak-
e MOJKHO PeaTi30BaTh W Yepes focheoBaTenbHoCTh “OTKIIoYeH e uTaHus .
Jns atoro Ha Bxome XTALI ycrauasausatot sor. 0, ecu mexay XTAL1 u XTAL2
He NOAKUIIOMEN KakoH-HMOYab KBapll, a Bxon cOpoca /RESET ycTaHaemusaior B
nor. 1. [Tocne atoro paGouee HanpsxeHHue V, MOXKET OBITL OTKIKYEHO.

Tadnuua 11.9. Bpems oxnaaHua twp_erase NOCNE TOCTYNNEHWA KOMaHALI CTMPAHWA KPUCTANNa, a Takxe

two_rrog NGCNe NPOrpaMMupeeaHng BalTa AaHHBX

twp ERASE 18 mc 14 mc

twp PROG 9 mc 7 M¢
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Onpoc ana ycTaHOBNEHMA OKOHYaHWUA Npouecca NporpaMMUupoBaHusa

Curnan s3ansroctd (/Busy), yKasbIBalOWKMIA B MapanienbHOM pexHMe Ha nponodi-
KEHHME TEKYLHEro npouecca MporpaMMHpOBaHUS, B NOCIC/OBATE/BHOM PEXHME Opo-
rpaMMHpoBaHug He ucronb3yercd. [lo aToH ApuuMHe MosbloBaTeNhL ApPEKAe, YEM Ha-
HATH APOTPAMMUPOBAHME CIICAYIOIEro Oakra, MOXET TONBKO MM BBDKIATL BPEMs
twp_proc (CM. Tabh. 11.9), 4T0, KOHEYHO Ke, 3HAYMTETBLHO HOBLILIAET HAJEKHOCTD, WITH
NMPUMEHHTB METO/], ONpoca.

Tpyu MeToae onpoca TONBKO UTO 3aNperpaMMHPOBAHHBIN apec OMATh CUUTHIBASTCS
10 TeX mop, noka He OyaeT nonyyeH obpaTHO KOPPEKTHO 3aNporpaMMHpOBaHHLIIN HaiiT.
Kak TonbKO 3T0 NPOH3OHAET, MOMKHO HAUYHHATL [IPOrPAMMHPOBAHHE Clelyrolero Gati-
ra.

Ecnu sanyuien nponece nporpammuporakds namsrd EEPROM, To Bo spems aBTo-
MaTHYECKOr0 LKA crupanus Oyner cuuthipatbes agpec $80 (mcwmouenue — agpec
$00 B Mukpoxontpornepe AT9051200) u apgpec $7F (ucwmouenre — $FF 8 Mukpo-
xoHTponnepe AT9051200). Ipu nporpaMMupoBanny (HI31I-NAMATH IIPOrpaMM aBTOMa-
THYECKHE LUMKJL CTUPAHHWA OTCYTCTBYET, U BO BPEMS BCEI'O LUKIA NPOrpaMMHPOBAHUN
copatHo noayiaoT azpec $7F (uckmoyenve — aapec 3FF B MuxpoxoHTpoanepe moae-
1 AT90S1200).

Meroa onpoca npumensercs co poeMu spavenuamu, kpome $7F (BFF B moaenn
AT90S1200) B cryuae $pasw-naMaTu, a Tawke $80 u $7F ($00 1 $FF B MukpokonTpos-
Jdepe AT90S1200) B cnyuae namstyn EEPROM. Ecnu 3TH 3Hauenus oosskHbE ObITE 3a-
MpOrpamMMHpOBaHbl, TO HEOGXOANMO BLDKAATL BPeMs twn proc, NMPEXKIE, YEM MOXHO OYy-
1€T NPACTYNUTD K NMepeiade cliefyrolneil KoMauabl 3aucH.

Hepeuens BO3BpalueHHBIX 3HAYEHUH NPH ONpoce BO BPEMA TeKYLIEro npolecca
1IpOrpamMMUpoBaHns okasad B Tadi. 11.10.

Tabnuua 11.10. Bo3BpallerHble aHaYEHWS NPKH ONPOCE BC BPEMA TEKYLEro NPoLecca NporpaMMipeBaHy

Crepets namnts EEPROM $80 $80 $80 $00
3anporpaMMHpOBATh NaMATh $7F $7F $7F $FF
EEPROM

3anporpaMMupoBaTh GI3m-NaMaTh $7F $7F $7F SFF

MapameTpbl NOCNEAOBATENBLHOFO PeXUMA NPOrPaMMUPOBAHHSA

Bpemennpie napaMeTpel NOCIEN0BATENBHOTO PEXUMA MPOrPaMMHUPOBAHHSA TIPOMII-
nocTpupoBalbt puc. 11.15 1 onucans B Tabn. 11.11.

MOSI X

tovsH tahox Lot g1

SCK

ighsL

MISO X X

tsiwy

Puc. 11.15. BpemeHHan gnarpamma NocnefosaTensLHoro pexumMa nporpaMmuposanig
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Ta6nuua 11.11. XapakTepucTukK NOCNEACBATENbHETO PEXUMA NPOrPaMMUPOBAHKA Npu Ta = —40..+85°C

27.80B(

HanpAXEHAW Ve =

eCcnu He yKa3aHbl HUKaKUe ApPyrue CBEJleHKR)

K i HEHBHL Leld 2 dest SRkl

1/tcicn | Hactota ocuunnaropa (V. =27 -4 B)

terer Tlepuon ocuunngropa (V. = 2,7 -4 B) 250 HC

Hteer | Yactota ocipuaropa (V. =4 -6 B) 0 8 MI'n

teLel IMepuon ocipnstopa (V. =4 -6 B) 125 He

tausL JaMTenbHOCTh MMMYIbCA BBICOKOTO YPOBHA | 2 fopcr HC
Ha nuHuK SCK

tsLsH JINHTEABHOCTH UMITYALCA HU3KOTO YPOBHA Ha | 2 toicp HC
nunnn SCK

tovsk Bpewms ycTanosky Bxoxa MOSI, noka wa nu- | tepcy HC
HHH SCK BEICOKHIT YPOBEHL CHTHAaA

tsHox Bpems ynepxauus sxoga MOSI nocne tore | 2 toc HC
kak Ha NTUHMH SCK ycTaHOBUACS BLICOKWI
YpOBEHb CHTHaNa

tsLiv Bpewmsa nu3koro ypoeua Ha nuauK SCK, noka 10 16 32 HC
JellcTBUTENLHO 3HaYeHHe Ha sxoae MISO
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12 CUCTEMA KOMAH[

KonudecTBo KoMan B pa3THUHLIX MoJiensx 6a3osoli cepuH cemeicTa AVR:
= AT9051200 — 89,

* AT9082313 — 118;
" AT90S4414 —118;
= AT90S8515 —118.

B RICS-apxutekTypax, o cpaBHeHHIO ¢ TpaguiHoHHbIMH CISC-apxurexTypamy,
MCROABIVIOTCA COKpaLleHHbie HaboPel KOMaH, YTO MPHBOAHT K YMEHBUICHHIO 00bema
nporpaMmHoOro komga 1 6osice ObICTpOMY PELISHHIO TIOCTaBlIeHHBIX 3a0a4. [o 1o npu-
YMHE, KOIZIa BRXHA CKOPOCTH, HEPEAKO MPEANOYHTAIOT HMEHHO MOJYIMH MHKPOKOH-
toosnepos RISC,

B cpaeHenun ¢ o6buHbIME RISC-MUKpOKOUTPOSUIEpaMH, kKOMMTanHsa Atmel peanu-
joBana B cBoeM cemelictee AVR pacmupennyto cucteMy KoMmans, Onarogapsa demy xo-
1a CTAHOEMTCH elile MeHblie, a OblcTpomelcTBHE — clie Rbllie. GhUTH peasH3oBaHbl
CISC-nogobHble KOoMaHABl, ojaHake Oe3z noteps B RISC-MpoH3BOAMTENLHOCTH H 110-
TpebrgeMoi MOITHOCTH.

CuereMa koMaua MUKpokoHTpossiepa AT9088515 cocraraser uensix 118 xomaa,
& To Bpemst kak apyrue RISC-muxpoxoHTponnepel TOTO K€ YPOBHA NPEROCTaBAAIOT
B cpeaHeM nuub 5060 mauHHRIX KOMan, Bnaroaapa Manomy BpeMeHU BLINOTHEHUS
KOMAH/ W3 CBOEIO pacuinpeHHoro madopa, MHEKpOKOHTposleps! AVR pemator 3apauu
8 4—16 pa3 GbicTpee MHOTHX CBOMX KOHKYPEHTOR.

Brnaroaaps ToMy, 410 B GONBIIHHCTBE MUKPOKOHTpoJUlepoe AVR peanusosauel 32
pabounx perdcTpa, kaxaelil U3 KOTOpBIX HanpsaMyto cBazad ¢ AJIY, mHOrue onepauyu
RLIMIOIHAKOTCA 38 OJIHH [IEPHOA TAKTA CUCTEMHOH CHHXPOHH3ALINH.

IlpencTarnenHbiii Hyke OpuMep AeMOHCTPHPYeT, HAcKOJIBKO sfpdexTrbHee, no
CPaBHEHHIO C TpaaMuuoHHbIMU CISC-koHTpOINepaMu, pellaercs 3aadya B MHKPOKOH-
rponnepax AVR ¢ noMouUIblo OfHOrO JIHLIB HAKATTHBAKOMIETO CYMMATOpA.

3agaua: V1 = ((VI1 .and. 84,) + (V2 .eor. V3)) .or. 80y,

MOV A, V2
andi vi,$84 ECOR A,V3
add v1l,v2 MOV TMP, A
ori vl,$80 MOV A, V1

AND A, #84h

BDD A, TMP

OR A, #80h

MOV VI,A
+ mawruuHbx cnora (8 Galr) 10--18 Gaitr
4 TakTa ocumAngTopa ' 48-96 TakToB ocuMnngTOpa




200 cucmema xomand

Onuuem HEKOTOpBIE 0003HaAYEHHUA U COKpauleHHA, KOTOPRIC 6}’)1)/"]" HCIOJIE30BaHb]
B naaneffimeM NpH OTTNCAHHUKW CHCTEMBI KOMaH!

SREG — peructp cocTosHus B 06macTi BBoAa/BbIBOAA (anpec $3F);
C — ¢nar nepenoca (paspan 0 peructpa SREG);

Z. — uyneroii duar (paspan | peructpa SREG);

N — ¢nar orpHuaTensHoro pesynsrara (paspan 2 peructpa SREG);

V -— dnar nepeno/iHeH{A NPH BBIYHCIEHWAX B JONOIHHTENBHBIX KoAax (pa3psn
3 perucrpa SREG),

S — dunar 3nHaka (paspsan 4 pervctpa SREG), S=N @ V;

H — ¢aar nonosuHHOrO niepeHoca (paspan 5 peructpa SREG);

T — dunar konupoeanus (paspaa 6 peructpa SREG),

I — dnar ofinero paszpeleHus npepuiBanuii (paspan 7 peructpa SREG);
Rd — peructp Ha3sHa4YeHHI B perHcTpoBOoM daline;

Rr — nepenarouuii perucrp;

R — pe3ynbTaT BRINIOIHEHUS HEKOTOPOH KOMaHkl,

Kn — n-6utHas koHcTaHTa (Hanpumep, K8 = 1 Gaiir);

k — anpecHan koHcTaHTa [/18 paGoThl CO cUeTUMKOM KoMana (PC);

b — ugeHTH(PHUKATOP HEKOTOPOTO pa3paaa B pabo4eM PETHCTPE MM B PETHCTPE
BBOMA/BEIBOAA (3 OHTA);

§ — YKa3bIBaEeT Ha HEKOTOPBIH pazpan B perHeTpe cocToauua SREG;

X, Y, Z — ykazarens Npu kocBeHHOH afpecaunu (X = R27:R26, Y = R29:R28,
Z=R31:R30);

Rdl — mnamunii 6aiit perucrposoi napet Rdh:Rdl;
Rdh — crapwuii 6alit peructpopoii napbt Rdh:Rdl;
P — anpec HekoTOpOTO NMOPTAa BEOAA/BHIBO/A,

q — CMelleHHe Npy KocBeHHoH aapecatun (6 6ut);

Ctek — obnacTs NaMaTH 18 XpaHEeHKA ajpeca BO3BPATA HITH PETHCTP TIPOMe-
MYTOUHOTO XpaHeHHs AaHHbIX;

SP - ykazaTenbs cTeKa Npu aApecaLliy CTEKa,

X — o6o3HauaeT 3ape3epBUPOBAHHBIE PA3PAALI B KOJE ONepaliiu, yCTaHaAR M-
BaeMble accembiiepom B “07;

< — NoMeTKa BO3/Ie KOMaH/Ibl, OTCYTCTBYIOLIEH B CHCTEME KOMAH/ MHUKPOKOH-
Tponmnepa AT90S1200.

Paspsabl ycnoeuit (pnaru) mukpokoHTponnepos AVR

Be3 noRMManua HazHaueHUs cbnaroa COCTABJIATL IMNpOerpaMMal IMpoOCTO HEBOIMOXKHO,

NOITOMY MBI TIEPBBIM AENIOM BBIOTHMM 0630p pa3’psaaoB YCIOBMH B perucTpe COCTOS-
uig SREG.
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B mukpoxoHTpoiepax cemeiicTBa AVR 11 ofo3HaueHus pe3yabTaTa BeHIONHe-
HUA TOM MM MHOI ONepalli UCTIONBIYIOTCA (IIark, BXOASIIHE B COCTAR perucTpa co-
crosnng SREG. Mx Bcero Bocemb, H KOKABIA M3 HHX MOMKET PAClO3IHABATLCA OCOOLIMH
KOMAHAaMH, OTNpPEeReIAIOAMH NOCNELYIOWHIA XOA BLIUTIOJIHEHHS NPOrpaMmbl (Hanmpu-
Mep, bres, brhe, brte, brie HT.AQ.).

[Tpu Bxoae B moanporpamMmy oGpaGoOTKH NPepHIBaHMS COOEPKUMOE PErHCTpa CO-
CTOAHHSA PEKOMEHIYETCH COXPAHATE, a [10Ce BRIXOAA U3 3TOM MOMTIPOTrpaMMbt — ONATh
BOCCTAHARIMBATE, YTOOL! MpepBaHHas NporpaMMa MpoaoJLKHiEa paboTy ¢ rapaHTUpo-
BAHHO KOPPEKTHLIMH Pa3pslaMH YCIIOBUH,

Paapsd 0 — C (¢pnaz nepeHoca)

3TOT ¢nar ykasblBaeT Ha MEPENOIHEHHE B pe3yibTaTe BBINOMHEHHS KaKoH-mHOO
apuhmMeTHyeckoH HIM NOTHYeCKOH onepatmy. Drar nepeHoca ycTaHABIMBAETCS pas-
JMMHHBIMM KOMAHJAMUM W MOXET OlpalluuBaTecH Hanpamyro. K onepaumam, uzMeHsio-
MM DTOT (p1ar, OTHOCATCH CAMKEHHE, BHIYHTAHHE, UHKITMYECKHE CIBUTH W HEKOTOPbIE
Jlornyeckue onepalmu. HanpuMep, nepenonyeHue B crapiuem paspaige MOXKET BO3HH-
KaTh [IPH CJIOXKEHHH JBYX 0JHOOAMTOBBIX HHCE:

3E, = 0011 1110, = 624
+D7, = + 1101 0111, + 2154
PesynbTaT: 1115, 110001 0101, 2774

% Ilepenonxenue — Pnar nepeHoca = |

I

I
]

B pesynbTare CIOKEHHA BO3HMKAET NMepeTioNHeHHe B CTApIUeM pa3psiie, U YCTAHAR-
qguBaetcs nar nepedoca. B ciyvae cnoxenus, ¢urar C ycTaHaBIHBaeTCd, eCid BO3HH-
KAET [ePEeHOC B CAMOM CTaplleM pazpsjic, B CJIyYae e BLMMTAHHA OH YCTAHABJIHBAETCH
B TOM Clly4ae, €C/IM B 3TOM pa3piAfe BOIHHKAET “3aeM”. DTOT NpPUHUMIL BOXKEH 171
apHPMETHYECKUX ONEpalHi, KOTOphe BLIMOMHAKOTCH Haj AAHHLIMH, COCTOAIUMMM H3
HECKOJIbKHX DalTOB.

Paccmotpum nipuMep BbiuutaHus umcna $FEDC (65244,) uz uucna $89AB
(35243y).

1. 1Har 1. BuunTtanuve Gaiira $DC 13 Oalita $AB:

sub AB, = 1010 1011,
-DC, =  —11011100,
11CF, = 1111001111,

[Tepenonnenne ykazsiraeT Ha 3aeM M3 CTaplIEro paspsaja.

2. lilar 2. Betuuranuc Gaiita $FE u3 Gaiita $89, npuHuMag BO BHUMAaHUE 3aEM, BO3-
HUKLUIHHA NPH BBIMONHEHWH NPE/IBILYILEH OrepaLyu;

sbc 89, = 1000 1001,
—~FE, = — 1111 1110,
[Mepenoc -1, = -~ 0000 0001,
1] 8A, = 1] 1000 1010y
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TTeperonHeHHe ONAThH YKA3bIBAET HA 3a6M U3 CTapilero (OTCYTCTBYHOLUErO) paspsia
¥ TAKAM 00pa3oM 4aeT OTPHIATENbHbIH Pe3yIbTaT:

$89AB ~ $FEDC = 1] $8ACF =-300014

. MuxpokonTponnepel cemeictea AVR BHNOMHSIOT BbIUUTAHWE ¢ NOMOWBIC KOMaHL sub, subi,
l shiw, she, sbel, cp, epc u cpi. ToT we pe3ynsTaT MOXHO NONYYUTE, €CNU BMECTC MCoNb30-
BAHWA 3TUX KOMAHA CKNAZBIBATE UMCNa B AONONHWTENEHBIX KOAAX, OAHAKD B TAXOM criy4ae ByfeT
OTNUYETLCA YCTAHOBKA QONATA NERSHOCA, | . oeeeosssissssmssmsssesssss s

PaccMoTpuM ewie oIMH NpuMmep. Pe3ynbTaT -3 MOMKHO NOMYYHTE WIH C TIOMOLLLK
CloskeHua (KoMaHaa add) uncent +12 ¥ -18, unH ke ¢ NOMOLIBIO BHIYUTAHMS (KOMan1a
sub) uncha +15 w3 ynena +12. s 5THX onepaumii OTPHLATENBHBIA Pe3ynpTaT onpele-
nsoT no guiaraM S u N.

add 0C, = 0000 1100, = 124

+ (-0F), = + 11110001, =  +(-15)

Pesynbrar: 0] FD, = 0]1111 1101, = =34
[Tepenoanenus Her — nar C cOpolnen.

sub 0c, = 0000 1100, = 124

-0F, = ~0000 1111, = — 154

PesyinbTat: IFD, = 171111 101, = -34

“3aem” — ¢unar C ycranosnen!

BO3MOKHOCTE NOJYYHTL OAMHAKOBbIE PE3yJibTaThl KAK B cyvae mpubapieHus oT-
pUIATENLHOrO, TAK W B CAYYae BBIUHTAHHS TONOKHUTENBHOTO YHCHA, BO3MELNAET OTCYT-
cTBHe B Habope koMana cemelicTea AVR komanabl addi (cnoxenne BOChMHPAIPSAHbIX
KOHCTAaHT). BhltHTaHHe OTPHUATENBHBIX 3HAUSHUA [aeT TAKOW XE Pe3ynbTaT, HTO W [pU
CNOKEHUH MOJ0KUTENbHBIX.

B cnenytoieM npuMepe K COASPKHMOMY perncTpa 116 npHbapngeTcs KOHCTaHTa +5:

KOMadaa subi rlé, -5 3aMelacT OTCYTCTBYIOINYHY KOMaHAY addi rl6, b.

NONHEeHUA Komakakl oH DyaeT cogepxaTk +5. Opkako npu aTom ByaeTt ycTaHosneH dnar nepeHo-
ca, XoTA npyu oBulMHOM NpUBABNEHNM 3HAYEHWA +5 OH yCTAaHOSNEK He Bbin Bbl. AHANOTUYHAA Cl-
TyalLus BO3HMKAET, ECNY UCNONb30BANOCE UCXOAHOE 3HaqeHue SFF (= -14), B aTom cny-ae nocne
BLINONHEKUS onepauunn +5 perucTp r16 ByAeT COAepXaTk +4, 0aHaKo dnar nepeHoca Byaer cHpo-
weH, xoTA npu 0beidHOM cnoxeHun +5 u $FF oH Boin Bwl yeranosned. Moatomy, Boneacrave no-
AoGHO| noTepwn chnara neperoca, MoXeT GuiTh He PACNG3HaHo nepenonHedue!

W Ecnu B 3TOM npumepe nepef, BLINONHEHNEM onepauny pervetp r16 copepxan $00, 70 nocne Bol-

CylllecTByeT elle OAWH BAPMAHT: KOHCTAHTA BHAUAJNC 3ATPYKAETCA B kKaKo-nubo
PErKCTp, 4 3aTeM COAEPKHMOE 0BOHX PErMCTPOB CKIANBIBAETCA ¢ MOMOIIBIO KOMAaH/IEE
add. Ecnyu peus nper o Takoit koHcTaHTe Kak 1, TO Nyvilie MPOCTO BOCNOAB3OBATHLCH
KOMaHAOH inc.

Tame_, BO3MOXKHO CJIOMKEHUE TMOJIOKHUTENLHBIX l6-pa3psumb[x KOHCTAHT € NOMO-
MbIO BEIYMTAHHUA OTPHUATC/IBHBIX 3HaueHuii. B NpeaACTaBICHHOM HIKE MPHUMEPE 3HAYEC-
nie S8YARB cxnafpiBacTed ¢ COAEPKUMBIM PETUCTPOR 115 K r16:
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subi rl5, low{-0x89%ab) ; BHYUMTASM MIammmi DalT KOHCTaHTH
sbeci rlé, high(-0x8%ab) ; DBEUMTaeM crapuuit ©alT KOHCTAHTH

Paapsad 1 — Z (Hyneegoil ¢pnaz)

DTOT paspsa YCAOBMH BCerja YCTAHABIHBAETCA, €C/IM PE3YNbTAT KakoH-nubo
apu(MeTHUECKON HIIH JTOTHHMECKOH OllepalMK paBeH HyJio. B mpoTusHOM ciyvae, pnar
Z cbpaceipaeTca. PaccMOTPHM 3TO Ha IIPHMEPE CI0KEHUS BYX YHCET.

2E, = 00101110, = 464
+D2, = + 1101 0010, = + 2104

Tlepenomuenye — ¢nar C = 1¢ & Peayirar =0 — tnar Z = |

Paspsad 2 — N (¢hnae ompuyamensHoz0 pesynsmama)

®nar N yKkasbIBaeT Ha OTPHULATENBHBIH Pe3yNbTaT BLIONHEHUA apumeTHUecKoH
WM TOTHUECKOH onepanuu. [id npejcTapnenys OTPHLATENbHEIX YHCEN B MUKPOKOH-
tposiepax AVR Henons3yercs NonoIHeHne 40 ABYX WM TOUHOE fonosiHenue. Jlonos-
HeHHe 0 JBYX o0pa3yeTcd HHBEPTHPOBAHHEM BCeX paspsjoB N-paspsJHOro IBOHUYHOTO
yHena ¢ nocaeayouM npubaenedvem 1. B monoxrenselx uncnax (sxmouas 0),
crapumii paspsaa (6ut 7) cogepiur 0, a B OTpHLATENbLHBIX, COOTBETCTBEHHO, — 1. Ta-
kMM 0Bpazom, Hanbonbmee 3HAUCHHE N-paspaHOro OTPHIATENILHOTO YHCIA —- 2% a
NONOXHTENLHOTO yHena — 2 — 1. Crefoearensuo paspsauoctu N = 8 (1 Gaiir) coor-
BETCTRYET AHANA3OH 3HaueHHiH -128.. . +127,

Paapad 3 — V (nepenonHeHue npu aeivuciieHusax 8 Q0NonHUMensHbix
xodax)

Dnar V noaaepkueaeT apuhMeTHKY JOMNOTHHTENRHEIX KOA0B. OH YCTAHARIMBACT-
¢sl, €CMlK B PE3Y/ILTATS BHITOMHEHHS COOTBETCTBYIOLIEH ONSpalnH Hal YHCHAMH B A0-
MOJHUTENRHOM KOJE BO3HMKACT neperionHeHde. B nporusnoM caydae, 3toT dmar
cOpouien.

[Tpu crokeHHy JBYX TOSOXKHTENBHBIX YHCEN B JOTIONHUTETBHOM KOJE Pe3ysibTaT
0093aTeNLHO JOMKEH MONYHHTHCA nonokurentuuiM (Gur 7 = 0). Ecnn nocne sbinonye-
HHA OMEPALHM CIIOKEHMS 3HAKOBLIH Paspaf YKa3blBaeT Ha OTPHUATENbHBIN Pe3y/bLTAT
{6uT 7 = 1), TO NPOU3OLIIO NEPENONHEHHE.

DTO e CIpaBeanHBO W ANT 0OPAaTHOTO Ciayuas CHOXKEHMA JIBYX OTPHUATEILHBIX
HHCEN, KOT/Ia pe3yabTar 0DA3aTeNbHO AOMKEH MOIYYHTECS OTPULIATENbHBIM (BHT 7 = 1),
Ecnu ske 3HaKOBBIH pasps yKasbIBA€T HA MONOKMTETLHEBIE pesynsTar (Gutr 7 = 0), 10
3TO FOBOPHT O NEPETIORHEHHY,

llpy sbimonHenun apudMeTHHECKAX ONEpaLMii HAL YWC/IAMH, MPEJCTaBICHHBIMU
B IOMOJIHMTENBHOM KOJE, NEPENOTHEHUE BOIHUKAET B IBYX C/iyHasx.

* Oba onepansia nonoxuTenbHble (Gut 7 = 0), a IpH CNOXKEHNH BOIHUKACT Nepe-

NIOJIHEHME U3 Pa3psaa 6 B 3HAKOBLIH paspsg, TO €CTh, Paspan 7 NPUHUMAET 31a-
uenue 1. Hanpumep:
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62, = 01100010, = 984
+6F, = +0110 1111, = + 1114
0Dl = 0] 1101 0001, = 209,
dmar neperoca = 0 % 3nakosblil pa3pax UsMeHeH — ¢nar V = |

* (6a onepaHna oTpHUATENbHbIE (OMT 7 = 1), a OCne CAOKEHHA 3HAKOBbLIA pas3-
PSA MONOKHTENEHBIH, TO eCTh, paspaa 7 npuHumaeT sHavenue (. Hanpumep:

9Eh = 1001 1110{) = -98d
+91, = + 1001 0001, = +(-111)4
1]2F, = 1]0010 1111, = 209,
®nar nepedoca = | & % 3nakosbiii paspan wasMenen — ¢nar V=1

Ecny onepadibl MMEIOT Pa3HbIC 3HAKH WIH HACTONLKO MAlibl, YTO B PE3y/bTate
C/IOKEHUA HE MPEBBILLAIOT rpanyll Auanasona -128...+127, riepenonHeHue He BO3ZHHKA-
eT, U dnar V cOpoineH.

Pa3pad 4 — S (¢pnaz 3Haka)

S =N @ V — noruyeckas nopaspaguas onepauus “Hermouaroiee MM N u V.

@Dnar S MOXKeT HCTIONB3OBATHCA AT ONpeAeneHus GhaKTUHECKOro 3HaKa pe3ybTaTa
BLITIOTHEHUA apu{MeTHHeckoi onepailMi. Ecny B pedyanTaTe Ofiepaumy He BO3HWKAET
MepenoiHeHHa NP BHIUHCIEHWAX B ONOMHUTENLHBIX koaax (dnar V = 0}, To ¢ nomo-
WK Norvyeckoi onepaurd “Herkmodarowee UJTH” B xauecTRe hiara 3Haka NpUHAMAa-
etca 3HaveHue ¢nara N. Ecnu xxe dnar V = 1, To ¢nar 3Haka MPUHUMAET HHBEPTUPO-
BaHHOe 3HadeHde duara N, yToObl M3MEHUTH 3HAK pe3ysbTaTa, paHee M3MEHeHHbIH
B pe3yasTate NepernonHenus. TToBTOpHOE MHBEPTHpPOBAHHE 3HAKAa YCTAHABIIMBAET €ro
B NEpBCHaA4aNbHOS 3HAUCHHUE.

Ecau ycranoeneH ¢nar V, To B nepeoM ciyuae dnar S ycranapnvsaetca B 0, uto
COOTBETCTBYET NMOJNIOKHTENILHOMY pedynbraty (N @ V =1 @ | =), a Bo BTOpPOM — B 1,
YTO COOTBETCTBYET OTpHUATENbHOMY peayiabTary (N® V=08 1=1).

Paspsad 5 — H (¢hnae nonosuHHoO20 nepeHoca)

®rar nolIoBHHHOTO NEperoca YKa3hiBaeT Ha MepenofHeH e B MaatlemM rorybaitre
(pa3panwl 0-3 Gaifra). On ycTaHaBIBBRACTCA, €CIM BO3HWKAET MEPEHOC U3 MIAAIETO 10-
nybatita B cTapinvit, B mpoTuBHOM ciyuae, dnar H eGpoiuen.

Dnar rMoNoBHHHOrO nepeHoca ocobEHHO BaxeH MpH 00paboTKE yNaKoBaHHEIX ABO-
HyHo-fecatHuHbiX (BCD) 3Hauesuii. B npeacTapneHHOM HWKe NpUMepe YCTaHARITHBA-
ercq rar nonosurHoro neperoca H u cOpaceisaercs doar nepenoca C:

2B, = 0010 1110, = 464
+74, = +0111 0100, = + 1164
0] A2, = 0110100010, = 1624

% ®nar H = |, nepenoc u3 mnazero nosnyGaiira,
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Paspad 6 — T (hnaz KoNUposaHus)

®nar T npeactaBnsgeT coboit Gydep, KOTOPLIHA NPOrPaMMUCT MOXET UCTIONL30BATh
Ha cBoe yemoTpeHue. C NOMOLIBIO KOMAKIE bst BHIOPAHHBHA paspsl HEKOTOPOTO pe-
rHCTpa MOXHO cKorHpoBats B paspan T peructpa cocrosuus. OGpaTHyro onepauyio
MO3ROAAET BHIMOJHHTE KoMadaa bld.

Paspad 7 — | (obuwiee paspeweHue npepbisantill)

CenbMOP paspsa pericTpa cocTOfHWA JOMKeH ObiTh ycTaHoBien (nor. 1) B Tom
cilyuae, €ci IO/DKRBI GBITh pa3spelleHbl TPEpsiBAHKE KaK TaKoBbie, Paspewenne oT-
NenbHBIX MpepbIBaHUE Peanu3oBaHO ¢ MOMOLIBIO JONONHUTENbHBIX perucTpos GIMSK
u TIMSK. Eciu paspaa I persetpa coctoanus copowed (nor. 0), To BCE MpephIBAHUS
3arnpeLIeHp!, HE3aBUCHMO OT COACPKHMOTO OTAC/TEHBIX PCTHCTPOB YTIPABJACHHA.

B cny4ae BO3HMKHOBEHHS TpepeiBaHMd, paspsa I anmaparHo cOpaceiBaercs
g nor. 0. Komanna reti, ¢ NOMOILK KOTOpPOH OOBLIYMHO OCYIULECTRAAETCH BBLIXNOA M3
noAnporpaMM o0paboTkU npepuiBanuii, onaTs ycranapnueaet paspsa l & nor. 1, pas-
peluad TeM CaMbIM TOCAEAYOIIHE MPEPhIBAHNS.

Yenoawbill nepexol e npozpaMme

Bee kOMaHObl YCJAOBHOIO NEpeXona, Mo CYTH, OCHOBaHbl Ha KoMaHaax brbc W
brbs, CYUTLIRAIOLINX HekaTOpkIH thnar vz pernctpa SREG. Tem ne mMedee, ang noesl-
\IeHys HArMAAHOCTH NIPOrpaMM, KoMnauus Atmel onpeaenuia TpH rpynnbl KOMaHI yc-
JIOBHOTO TIEpeEx0Ja:

= fe3 yyera 3HaKa (Tabn, 12.1)%

* ¢ yueToM 3Haka (Tabn. 12.2);
* npsMoro onpoca $raros (Tabn. 12.3).
PaceMmOTpUM 3TH TPpyINsl NoapobHee.

Tabruua 12.1. KomaHael yocnosroro nepexosa Gea yyeTta 3Haka

Rd>Rr? | cp Rr,Rd brlc *) Tepexon, ecan Rr<Rd(C=1)
Rd=zRr? | cp Rd,Rr brsh/brec | Tepexon, ecnu Rd 2 Rr (C=0)
Rd=Rr? | cp Rd,Rr breg Ilepexom, ecnn Rd=Rr{(Z=1)
Rd<Rr? | cp Rr,Rd brsh *) [epexod, ecnu Rr < Rd (C=0)
Rd<Rr? | ecp Rd,Rr brlo/brcs | Mepexom,ecni RA<Rr (C=1)

*) He cywecrsyer duara ins onpejgeneaus yenosus A > B, a Tonsko ans ciyyas B < A, Takum obpa-
30M, HeOOXOIHMMO BBIACHHMTH: DONBIUE NH COAEPNHMOE perHcTpa A COAepXHUMoro pervcrpa B -
(B Takom cnydae, HX CleAYET NOMEHATE MECTAMH W TIOBTOPHTEL TIPOBEPKY) MiH ke B < A, B pe-
3yNbTaTe BRINOAHEHUA onepauun B — A duar nepenoca ycTanaBivBacTes TOMBKO B TOM Chiyuae,
ecan B mMenbe A, DTHM Takae HCKMrOuaeTes cnydail B = A, u cneposareasuo npy C = | Beeraa
ClpaBeanuso yenosue A > B,

Ycnosue A = B Tawxe NpoBepseTca He HANPAMYK, BMECTO Here Menonbesyercs yciosue B > A
Ecnu aT0 ycloBHe COpaBeNiHEO, TO MPA BHINOKHCHAM onepauny B — A dinar nepenoca cfpackipa-

erca. CrenosarensHo. npu C = () Bceraa BeINONHACTCE YCNOBHE A £ B,
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Tabnuua 12.2. KomaHgbl YCNOBHOrO NEpexoia ¢ yYeTOM 3Haka

Rd>Rr? | cp Rr,Rd brlt ** [Mepexon, ecan Rt <RA (S =1)
Rd=Rr? | cp Rd,Rr brge Ilepexoq, ecan Rd = Rr (8§ = 0)
Rd=Rr? | cp Rd,Rr breq [epexon, ecmi Rd=Rr (Z=1)
Rd<Rr? | gp Rr,Rd brge **) [Tepexon, ecavt Rr < Rd (S =0)
Rd<Rr? | cp Rd,Rr brlt [epexog, ecnu RA<Rr (8 =1)

~7'#) He cyutecTyeT dnara Ang onpeenenHs YCNoBUg A > B, a tonsko A caydzan B < A, Takum ofipa-
30M, HEOGNOMMMO BLIACHHTL: GONbLie M COAEPXHMDE pErucrpa A coaepsxumore perucrpa B
(B TAKOM CAYHYAE, HX CNCAYET NOMEHATh MECTaMH M MOBTOPHTH NPOBEPKY) HIH %e B < A. B pe-
3yABTATE BRINOAHEHWS onepauui B — A dinar 38axa ycTaHaBnHBaSTCA TOMBKD B TOM Cly4de, €CIH
B meHblue A. DTHM TaKKe HCK/IrOHAeTCs ¢lydait B = A, W cneposatensHo npu S = 1 Bcernaa crpa-

BEAAMBO yonoeue A > B,

Yenosue A < B Takke nposepfercs He Hanpsmyio. BmecTo nero ucnonbsyercs yenosue B 2 A,
Ecnu 3To yenosHe CTIpaBeANHBO, TO MPH BRIMONHEHAH ofepatuu B — A dinar 3Haka cOpackiBaercy.

Crenosarensho, npu S = { Beersa BBINONHIETCR Yenosue A < B.

Ta6nuya 12.3. Komarge: npAMOro onpoca nares

061

C? bregs (breg) Mepexom, ecnu C=1(C=0)
Z? breq (brne) Hepexon,ecmu Z=1{(Z=0)
N? brim (brpl) IMepexon, ecan N =1 (N =0)
V? brvs (brve) Ilepexom, ecan V=1{V=0)

O630p KoMara MukpokoHTponnepoe AVR

Komanael MHKpOKOHTpOnnepos cemedcrsa AVR nepeddcneHbl, B COOTBETCTBUH ©

rpynnamu, B tabn. 12.4 —tabn. 12.8.

Tabnuua 12.4. KomaHabl NEpPEChInKu

mov Rd, Rr d Konuposanue co-
0=<r<3 ASPIKAMOTO PErucT-
pa Rr B peructp Rd
IdiRd, K8 | 16 £d<31 |Rd—KS$§ 1(2) 1 3arpyska B peructp
0<K8 <255 Rd 8-6urHoit xoH-
cTanTel K8
K| WdRd, X 0<d=<31 |Rd«(X) 1(2) 2 3arpyska B perucTp

Rd coaepxumoro
Aueiikn SRAM, aa-
pecyeMoit ¢ noMo-
sl 16-6UTHOrO
ykazarens X
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Taénuua 12.4. MNpogonxeHne

¥ | IdRd, X+ [0<d<3l | Rd«(X) - 1(2) 2 3arpy3ka B perscTp
X — X+1 Rd conepxnmoro
Aveiikn SRAM, az-
pecyeMo# ¢ noMo-
bk 16-6uTHOrO
yKazarens X, ¢ no-
CNENYIOTIHM YBEINTH-
yeHHem X Ha |

X MR, -X 10<d<3l] X« X-] - 1(2) 2 YMenblenue 16-
Rd — (X) OHTHOTC yKasaress
X wa | ¢ nocne-
OYIOLIEH 3arpy3Kof
8 peructp Rd co-
ASPHUMOro aueiKi
SRAM, agpecyemoii
¢ noMoLe X

¥| KR, Y [0<d<31}| Rd—(Y) - 1(2) 2 3arpy3ka B perdcrtp
Rd conepxumoro
aueiikn SRAM, ag-
pecyemMoit ¢ oMo-
et 16-6uTHOTO
ykazatens Y

o | IdRD, Y+ [0<ds31| Rd+—(Y) - 1(2) 2 3arpysxa B perucrp
Y — Y+ Rd coaepxumoro
aueiiku SRAM, an-
pecyemotii ¢ nomo-
msi0 16-OuTHOrO
ykasareis Y, ¢ no-
CIIEAYHOLIHM YBENHU-
, yeHneMm Y Ha |

y o< ldRd,-Y [0=2dg31| Y+« Y-I - 1(2) 2 YMeHblere 16-
Rd «— (Y) OMTHOrO ykalares
Y Ha ] ¢ nocne-

! Ayrowied zarpy3koi
g peructp Rd co-
Jep:KUMOoro AUEHKH
SRAM, aapecyemoit
. ¢ MoMouweio Y

-3 |lddRd, Y+q| 0 £d <31 [Rd «— (Y+q) - 1(2) 2 3arpyska B perucTp
0<qg=63 Rd copepsxumoro
aueiikn SRAM, aa-
pecyeMoil ¢ nomo-
ULbEO CYMMBI  H CO~
AeprumMoro 16-6ut-
Horo yxazarens Y
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Tabnuua 12.4. Mpoaonxexne

IdRd,Z |0<d<31| Rd«(7Z) - 1(2) 2 3arpyika B peructp
Rd conepkumoro
fueliku SRAM, an-
pecyemoil ¢ noMo-
WeKe 16-6uTHOTO
yKa3zarens Z (B Mo-
aenu AT9051200 —
8-6uT-HOTO YRazaTe-

a8 )
¥ | [dRd,Z+ [0=<d<31| Rd«(Z) - 1(2) 2 3arpyska B perucTp
L Z+1 Rd copepxumoro

Ayeiikn SRAM, an-
pecyemoit ¢ noMo-
tweto 16-6HuTHOTO
ykalarens Z, ¢ 0o-
CNENYIOINM YBCITH-
yeHueM Z Ha |

o< | IdRd,-Z [0<d=<3l| Ze-Z-1 - 1{2) 2 YMeHbierue 16-

Rd « (7) OuTHOTO yKazaTens 7
Ha 1 ¢ nocneayiomei
3arpy3koi B perucTp
Rd conepxxmmoro
saeiixy SRAM, an-
pecyemoit ¢ nomMo-

meio £
< |iddRd, Ztql 0<d <31 | Rd «— (Z+q) - 1(2) 2 3arpy3ka B peructp
0<£q<63 Rd conepxumoro

saeikd SRAM, an-
pecyemMoi ¢ nomMo-
LBID CYMMBI q U CO-
aepkumMoro 16-6ut-
HOTO ykaszarens Z

| IdsRd, k16 [0<d <31 | Rd «— (k16) - 24 3 3arpyska B pertcTp
0<kl6< Rd copepxumoro
65535 sgelkn SRAM no
16-ButHOMY aapecy
k16
| stX,Rr |0=r<3l| (X)«Rr — 1(2) 2 3arpyska B aueitky

SRAM, anpecyemyro
¢ noMmousio 16-
GUTHOTO yKazaTens
X, conepUMOrs pe-
ructpa Rr
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Tabnuua 12.4. NpoaoMKEHWE

< | stX+ Rr

0<r<3l

“(X) — Rr
X o= X+1

1(2)

SRAM, anpecyemyro
€ NOMOLWEIY 16-
BUTHOTO yKazaTeNs
X, COOSPMUMOro pe-
ructpa Rr ¢ nocre-
AYHOIAM YBEnUYye-
HueM X Ha |

2| st-X,Rr

X — X—1
(X) — Rr

1(2)

VmenrlneHue 16-
OMTHOTO YkazaTena X
Ha | ¢ nocnenyroleH
3Arpy3Ko# B AYEHKY
SRAM, aapecyemyto
¢ NMOMOILBIO X, CO-
JepxuMoro Rr

X1 stY,Rr

(Y) < Rr

1(2)

3arpyska B suelKky
SRAM, aapecyeMyio
¢ noMoilbo 16-6ut-
HOro ykasartens Y,
COZEePIKMMOTO pert-
ctpa Rr

2| st¥Y+ Re

0<r<3l

(Y) —Rr
Y — Y+l

1(2)

3arpy3ka B A49efKy
SRAM, aapecyeMym0
¢ MOMOILIO | 6-GUT-
HOTO ykasarens Y,
COAEPIKUMOTD pery-
ctpa Rr ¢ nocne-

Ay WM yBeHue-
Huem X Ha |

| st-Y,Rr

Y — Y1
(Y) «— Rr

1(2)

YMeHsienue 16-
BuTHOTO yKazaTens
Y Hal c nocne-
Ayiome 3arpyIkoit
B A4eitky SRAM,
aApPecyYeMyIo ¢ [10-
Mok Y, coaep-
HHMMOIo peructpa Rr

5< | 'std Y+q, Rr

(Y+q) —Rr

1(2)

3arpyska B selry
SRAM, apgpecyemyio
C MOMOILBEO CyMMBL
( ¥ COUEPKHUMOTO
16-6uTHOTO yxaza-
Tena Y, CORSpKHMO-
ro perucTpa Rr

i4—5-2384
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TaGnuua 12.4. MpoaonxexHue

st Z, Rr

(Z) +—Rr

1(2)

3arpy3ka B Ageliky
SRAM, azmpecyemyto
€ MOMOLIBI 16-BUT-
HOro ykasarens Z (B
moaenn AT9051200
— 8-6muTHOTO yRA3a-
Tens Z), conepxu-
Moro persictpa Rr

st Z+, Rr

(Z) — Rr
7 —Z+1

1(2)

3arpyska B Aueiiy
SRAM, anpecyemyto
C MOMOilbI 16-0ut-
HOTO yKa3aTens Z,
COIEPHUMOTO pPeru-
ctpa Rr ¢ nocne-
IOYFOLUMM YBEenuue-
HueM Z Ha |

st-Z, Rr

0<r<3l

Ze—27-1
(Z) =~ Rr

1(2)

YMeHbwenue 16-
fuTHOro ykalatens
Z nal c nocne-
IYIOLLER 3arpy3Koil
B gueiiky SRAM,
afipecyeMyso ¢ fo-
MO Z, conep-
#HUMOro perncrpa Rr

std Z+q, Rr

(Z+q) < Rr

1)

3arpy3xa B sueiixy
SRAM, ampecyemyio
€ MOMOLIBIY CYMMBI
q M COdEPIKUMOTrO
16-6uTHerO YKa3a-
TeNs Z, conepxumo-
To perucrpa Rr

sts k16, Rr

0<sr<3l
0<kl6<
65535

(k16) < Rr

2(4)

3arpyska B sueliky
SRAM no 16-6ur-
HOMY aapecy k16
CONEKHMOrQC Pert-
ctpa Rr

Ipm

RO« (Z)

1(2)

3arpy3ka B perHCTp
RO coaepxumoro
AYeKY NaMaTH
Flash-EPROM, aa-
pecyeMoit ¢ NoMo-
uieio 16-6urHOro
yKkaszatenn Z
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Tabnuuya 12.4. OkaHYakne

3arpy3ka B peTHcTp
Rd conepxumoro
mopTa BBOJAA/BbIBOAA
P

out P, Rr

P« Rr

12)

3arpy3ika B nOpT
BBOJA/BhIBOIA P co-
JAEPKUMOTO PeTUCT-
pa Rr

pop Rd

0<d=<3l

Rd < Crex

1(2)

3arpyska B perucrtp
Rd conepxumoro

a4yelikn CTEKAa, ajipe-
CYeMO# ¢ NOMOWMILIO
YKa34aTeJIA CTCKa

push Rr

0<r<3l

Ctex +— Rr

1(2)

3arpyaka B Aueiiky
CTEKA, a/IPECYEMYIO
¢ NOMOILBIO YKA3a-
Tens cTexa, Conep-
kHMoro peructpa Rr

bst Rd, b

T «— Rd(b)

1(2)

Kon#popaHie B
{nar T paspsina b
perucTpa Rd

t

bid Rd, b

Rd(b) « T

1(2)

Konupopanue dnara
T B pazpaa b peru-
ctpa Rd

Rd < Rd +

Tabnuua 12.5. ApuchmeTuqecKre n Noruveckne KOMaHgbl

1

addRd,Rr | 0sd<31 H, S, ConepmuMoe pery-
0<r<3 Rr V. N, crpa Rr npubasss-
ZC eTCA K COJIEPXKHUMO-
My perucTpa Rd
adcRd,Rr | 0<d Rd—Rd+ | H,S, | 1(2) ConepKuMOe per-
0=r< Rr+C V, N, cTpa Rr u dnar ne-
Z,C peHoca nipubasns-
HOTCH K CONepRHUMO-
My peructpa Rd
¥ jadiw RdLK6| dle {24, | Rdh:Rdl— | S, V, | 1(2) Konctanra K6 npu-
26,28, 30} |Rdh:RdIHK6{N,Z, C OamnsieTca Kk cosep-
0<K6<63 KHMOMY PerHcTpo-
Boii napst Rdh:Rdl

1*
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Tabnuua 12

Ty

5. Mpoaomienue

1 | Rd—Rd—
Rr

-

NEE
nZzw®m

1(2)

ConepxuMoe pert-

crpa Rr BeiguTaetcs
U3 COAEPIKHUMOTO pe-
ructpa Rd

subi Rd, K8

16 £d<3]
05 K8 <255

Rd—Rd-
K8

-

N < T
nZw

1(2)

8-6uTHaa kKoHCcTaHTA
K8 BevuraeTca w3
CONIEPHMOro peri-
crpa Rd

sbe Rd, Rr

0<d<31

Rd — Rd -
Rr-C

NS T
NnZwm

1)

Conepxumoe pern-
ctpa Rr v ¢nar ne-
peHoCca BHIYUTAKITCS
W3 COZLEMKUMOro pe-
rrctpa Rd

sbei Rd, K8

16 <d<31
0<K8 <255

Rd « Rd -
K&-C

1(2)

8-OMTHAR KOHCTAHTA
K28 u dnar nepexoca
BLIUHTAIOTCA W3 CO-

OEPKHUMOrO PETHCT-
pa Rd

sbiw Rdl, K6

dl e {24,
26, 28, 30}
0 <K6 <63

Rdh:Rdl «
Rdh:Rdl-K6

1(2)

Koneranra Ké Bbi-
YMTAETCH W3 COMED-
HHUMOTO PETHCTRO-
Boi mapst Rdh:Rdl

and Rd, Rr

0<d=<3l
0<r<3l

Rd+—Rd A
Rr

)i
N &

Z

102)

Obnenyuenne 1oru-
Yeckohl onepauned
“U” copepuMOro
pervcrpos Rd i Rr

andi Rd, K8

16 £d<31
0 <KB8 <255

Rd «—Rd A
K8

n

,Z<:
N =

1(2)

O6beaHEHHE T0MH-
YeCKOH onepauunei
“U” conepmumoro
pernctpa Rd u 8-
GuTHOM KOHCTAHTBI
K38

or Rd, Rr

Rd « Rd v

wn

It

z<
N o

1(2)

ObbennHenue N0ru-
4ecKkoi onepatueit
“WIIA” conepmn-
Moro peructpos Rd
n Rr

ori Rd, K8

16 <d <31
0<K8 <255

Rd« Rd v
K8

o

z
N

1(2)

Obvenndenne noru-
YecKoH onepanueit
“HUIIU” conepxu-
Moro perncrpa Rd n
8-OuTHOIt KOHCTAH-
Tl K§
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eorRd,Rr | 0<d<3l |Rd~—Rd4d® S, 1(2) 1 O6beauHeHne Noru-
0<r<3i Rr V=0, yeckoit onepamnueii
N, Z “HUcknrouarouiee
HIIN” conepxumoro
perucTpoB Rd u Rr
com Rd 0sd<31 |Rd— $FF - , 1{2) 1 Peanuzauuna omono-
Rd V=0, HEHWs 10 ed1HHHLE!
N, Z, COLEPKNUMOrO Peru-
C=1 crpa Rd
neg Rd 0<d<31 |RAd<—3%00—-| H, 8, | 1(2) 1 Peanuaaius ponon-
Rd V., N, HEHHA IO ABYX CO-
Z,C NEPRHMOTO PETHCT-
paRd
shrRd, K8 | 16<d <31 | Rd«Rdv , 1{2) 1 YCTaHOBKA B peru-
0 K8 <255 K8 V=0, ctpe Rd paspsanos,
N, Z 3alaHHBIX C TOMO-
w0 K8
cbrRd, K8 | 16 <d<31 | Rd«< Rda \ 1{(2) 1 C6poc B peructpe
0 < K8 <255| (3FF —K8) | V=0, Rd pazpsanos, 3anan-
N, Z HEIX ¢ noMoLbn K8
inc Rd 0<d<31 |Rd<—Rd+1| S, V, | 1 (@) 1 TpuGaenenue 1 k
N, Z COREPKAMOMY Perv-
ctpa Rd
dec Rd 0<d<3t |[RA<—Rd-1t] §,V, | 1(2) 1 Borunranne 1 U3 co-
N,Z JEPKNMOI'Q PEFUCT-
pa Rd
tst Rd 0<d<31 |Rd«—Rda 5, 1(2) 1 [IpoBepxa, sBNGETCH
Rd V=0, ¥ COREPKHMOE pe-
N, Z ructpa Rd HyneBbiM
HIH OTPHLATETbLHBIM
clr Rd 0<d<31 ([Rd«—Rd® | S=0, 1(2) I Quuctka perucTpa
Rd V=0, Rd
N=0{,
Z=1
ser Rd 16 <d <31 | Rd« $FF - 1(2) 1 3arpyska B peTHCTp
Rd 3uauenus $FF
cpRA,Rr | 0<d<31 Rd -Rr HS, | 1(2) 1 CpasaeHue coaep-
0<r<31 V., N, AKHMOT'C PETHCTPOB
Z.C Rd u Rr (conepxu-
Moe 0DOHX perucT-
POB HE MEHAETCA)
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Ta6nuua 12.5. Okonvanue

CpapHenue cojep-
JKHAMOrO PErHcTpPoOB
Rd 4 Rr ¢ yuetom
{prara nepeHoca
CpaexeHue conep-
KUMOTO perucTpa
Rd ¢ 8-6uTHOIlt KOH-
crauToi K&
Conep®uMOe peru-

cpcRd,Rr | 0sd<31 1) | 1

0<r<3l

N< T
NnZw

cpiR4, K8 [ 16 sd<31 | Rd-K8 1(2) 1

0<KB<255

NS T
nZw

cpse Rd, Rr| 0<d=<31 lecnu Rd=Rr,| - 1(2) | 17273

TO
PC—PC+2(3)
HHa4YE
PC—PC+1

ctpos Rd u Rr cpas-
HUBAETCA, U B TOM
ciy4dae, ecnu Rd=Rr,
CENYIOWAs KoMaH-
I& NponycKaeTcs

rjmp k

2K 2k=2K

PC+—PC-+k+l1

1(2)

OTHOCHTENLHBII Te-
Pexoa no agpecy B
npenenax AvanazoHa
ot PC-2K 5o
PC+2K (cnoB)

¥ ijmp

PC—2Z(15-0)

1(2)

Koceennblii nepexon
10 ajpecy, Ha KoTo-

pbiff YKa3bIBaeT yKa-
3aTens £

X jmpk

0<k<4M

PC—k

2(4)

AbcomoTHsbIi nepe-
Xoa 1o agpecy k

rcall k

2K k2K

PC+—PC+k+1

1(2)

Brizor noampo-
rpaMMBel B npeaenax
auanasona ot PC-
2K a0 PC+2K (cnom)

> call

PC—Z(15-0)

1(2)

KocBeHHbIT BRI30B
NOANPOrPaMMBI, Ha
KOTOPYHO YKA3bIBAET
yKa3aTens Z

>l callk

0<k=4M

PC <k

2(4)

Brizos noanpo-
rpaMMbl N0 agpecy k

ret

PC «— Crex

1(2)

Boaepar 13 noanpo-
rPAMMEL, alpec Hi-
BJIEKAETCA W3 CTeka
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Ta6nuua 12.6. Mpojonxerwe

reti - PC « Crex 1(2) 4 Bosspar #3 noanpo-
rpaMmel 0bpaboTkn
TIpEepLIBAHIA 110 al-
pecy, U3BNeYeHHOMY
M3 CTEKR; YCTaHAaB-
miBaeTcd duar 06-
LIETO pazpeleHus
TTpepLIBAHMI
cpse Rd, Rrf 0<d ecnu Rd =R, 1(2) | 1/2/3 | Conepumoe peru-
0=<r=31 TO crpos Rd u Rr cpas-
PC—PC+2(3) HUBAETCA, H B TOM
uuaye cnyuae, ecnu Rd=Rr,
PC—PC+1 CIEAYIOLIAs KOMaH-
Ja NPonycKaeTcH
sbre Rr, b 0<r<31 jecnu Re(b)=0, 12}y | 1/2/3 | Ecnw paspsan b peru-
0<b= TO cTpa Rr comepxuT
PC«—PC+2(3) nor. 0, To cnenyro-
nHa4de iads KoMaHaa npo-
PC—PC+1 OYCKACTCA
sbrs Rr, b 0<r<31 |ecnu Rr(b)=1, 1(2) | 1/2/3 | Ecnu paspsaa b pern-
0sbs= TO ctpa Rr conepxat
PC—PC+2(3) nor. 1, To cneayto-
WHaye itas KOMaHAa npo-
PC—PC+1 myckaertcs
sbic P, b 0<P<3t eciu 1(2) i 1/2/3 | Ecnu pazpan b peru-
0=gb<7 1/G(b)=0, To CTpa BBOJa/BRIBOIA
PC+PC+2(3) P coxepxwur nor. 0,
uHave TO CHEAYIONIas Ko-
PC—PC+1 MaHIa NpOnyckacTCs
sbis P, b 0<P<3l €CIH 1{2) | 1/2/3 | Bcau pazpan b peru-
0<bsg7 [/O(b)=1, To CTpa BBOJA/BLIBOAA
PC—PC+2(3) P conepxur nor. 1,
HHaue TO CNeNYIOUan Ko
PC+—PC+I MaHJa NpONYCKAETCH
brbe s, k7 0=s5g7 ecnu 1(2) | 1(2) | Ecan pa3pan s peru-
-64 < k7 < +63| SREG(5)=0, ctpa SREG copep-
TO &MAT Jor. (0, To BeI-
IPCePC+k7+1 NONHAETCHA OTHOCH-
VHaye TeJAbHBIH epexon no
PCe-PC+] agpecy B IHANMa3oHe
ot PC—64 no PC+63
{cnos)
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Tabnuua 12.6. Mpogomkexune

brbs s, k7 <57 ecnu 1(2) | Ecnw paspsan s peru-
-64 £ k7 £ +63| SREG(s)=1, ctpa SREG conep-
TO KHT Jor. |, To BbI-
PC—PC+k7+1 TIOJIHAETCSA OTHOCH-
HHaYe TeNBHBIH Mepexos no
PC+—PC+I agpecy B HAMA3OHE
ot PC-64 no PC+63
(cnor}
broe k7 |-64 < k7 £ +63|ecan Z=0, T0 12y | 1(2) | EcnucOpowen By-
PC—PC+k7+1 nenoii iar, To BbI-
UHa4e TOTHASTCA OTHOCH-
PC—PC+i TeNbHBIA nepexon no
ajgpecy B [ManazoHe
ot PC-64 no PC+63
{caoB)
breq k7 |-64 < k7 < +63|eciu Z=1, T0 1(2) | 1(2) | Ecan ycranoBaen
PC+—PC+k7+1 HyneBo# duiar, To
WHae BBINONHAETCA OTHO-
PC+—PC+1 CHTENbHBLL Nepexon
1o afpecy B Anana-
3o0He ot PC—64 10
PC+63 (cnos)
bree k7 |-64 £ k7 £ +63|ecnu C=0, T0 1(2) | 1(2) | Ecan cHbpowen dnar
PC—PC+k7+1 [epPEeHnca, TO Bhl-
HHaue MOMHAETCA OTHOCH-
PC—PC+1 TenbHbIl Nepexos no
afpecy B AnanazoHe
ot PC-64 po PC+63
{cnog)
bres k7 |-64 = k7 £ +63|ecnn C=1, t0 1(2) | 1{(2) | Ecnu ycradosnen
PC—PC+k7+1 thnar nepexoca, To
HHaue BLITIOJTHAETCS OTHO-
PC—PC+1 CHTENBHBI Mepexon
o ajpecy B AHana-
30He ot PC-64 o
PC+63 (cnon)
brsh k7 |-64 < k7 < +63|ecan C=0, To 1(2) | 1(2) | Ecnu cbpowen dnar
PC—PC+k7+1 MepeHoca, TO Bbl-
UHave TIOJTHAETCA OTHOCH-
PC—PC+1 TEbHLE riepexon 1o
ajgpecy B AHana3oHe
ot PC—64 no PC+63
{croB)
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Ta6nuua 12.6. Npoaon

HeHue

brlo k7 |-64 < k7 < +63|ecau C=1, TO 1(2) 1(2y | Ecnu ycraHoBnen
iPC—PC+k7+1 thar nepenoca, To
MHAYE BBITIONHAETCS OTHO-
PC—PC+1 CUTENLHBII Nepexoln
(o aapecy B Auana-
soHe o1 PC-64 no
PC+63 (cnos)
brpl k7 |[-64 £ k7 < +63|ecnu N=0, To 1(2) | 1(2) | EcoacOpowen duar
PC+—PC+k7+1 OTPHULATENRHOTC pe-
pHave IYNLTATA, TO BbINON-
PC+PC+1 HAETCH OTHOCHTE b~
HBIF nepexon no ai-
pecy B IHAMAIOHE OT
PC—64 o PC+63
{croB)
brmi k7 |[-64 < k7 < +63|ecnu N=1, 10 (2} 1(2) | Ecnu ycraHoBneH
PC—PCHT+1 dnar oTpHLATENLHO-
HHaue ro pe3ynLrara, To
PC—PC+] BBINOTHAETCA OTHO-
CHUTENLHLIR nepexoa
No agpecy B AMana-
3one oT PC~64 no
PC+63 {cnos)
brge k7 |-64 £ k7 < +63|ecnu §=0, 10 12y | 1(2) | Ecnu cOpowen durar
PC—PC+k7+1 IHAKA, TO RLITIQTHS-
uHaye €TCA OTHOCHTENLHbYH
PC—PC+1 nepexeld o aapecy B
nuanaiode ot PC-64
no PC+63 (cnoe)
brit k7 |-64 £ k7 £ +63{ecnu S=1, 10 1{2) 1(2) | Econ ycrasosnen
PC—PC+k7+] (har 3HaKa, TO Bhi-
NHaue NOAHACTCS OTHOCH-
PC—PC+1 TENMLHLI [epexon no
afpecy & NUana3zoHe
oT PC—64 no PC+63
(crios)
brhc k7 |-64 < k7 £ +63|ecnu H=0, T0 1(2) | 1(2) | Ecnu cGpowen ¢nar
PC+—PC+k7+1 TIOJIOBHHHOMO nepe-
HHaue HOCA, TO BBLOORHS-
PC—PC+1 €TCA OTHOCHTENLHBI
Nepexos 1o afpecy B
nvamnasoue ot PC-64
1o PC+63 {cnos)
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TaGnuua 12.6. Mpogomkenue

brhs k7 |-64 € k7 < +63|ecnu H=1, To 1(2) | 1(2) | Ecaim yctaHoBneH
PC—PC+k7+1 dutar noNoBUHHOIQ
HHaue NepeHoca, To Bbl-
PC—PC+l NOAHACTCA OTHOCK-
TelbHbIH Mepexon 1no
aApecy B IMATA30HE
oT PC—64 no PC+63
(cnoB)
bric k7 1-64 £ k7 £ +63|ecnu T=0, 0 1(2) | 1(2) | Ecnu cBponien dnar
PC—PCHT+I1 KOMUPOBAHUA, TO
HHaue BEITIOTHAETCS OTHO-
PC+—PC+I1 CHUTeNTbHBII TIEpeXox
Mo ajgpecy B AMana-
3oHe oT PC-64 no
PC+63 (chos)
bris k7 |-64 < k7 £ +63|ecau T=1, 10 1(2) | 1(2) | Ecnu ycranoBnen
PC—PC+k7+1 dnar konuposanus,
HHAYe TO BBINOIHAETCS OT-
PC—PC+1 HOCHUTENLHEIR nepe-
XOA N0 anpecy B
nuanazore ot PC-64
Jo PC+63 (cnog)
brve k7 [-64 £ k7 £ +63|ecnn V=0, To 1(2) 1 (2} | Ecau cOpowen daar
PC—PC+k7+1 nepenoiHEHHs, TO
HHade BEIHTOJTHAETCA OTHO-
PC+—PC+1 CHTENBHBIH Mepexon
1o alpecy B Auana-
3oHe o1 PC-64 no
PC+63 (cnos)
brvs k7 [-64 £ k7 £ +63|ecnu V=], To 1 (2) 1(2) | Ecnu ycraHosieH
PC—PC+k7+1 ¢nar nepenoaHeHHa,
uHaue TO BBIMIONHASTCH OT-
PC—PC+l HOCHTEJIbHBLA Nepe-
XOn [0 afgpecy B
apanazoHe ot PC—64
10 PC+63 (croB)
brid k7 |-64 £ k7 < +63| ecnn I=0, To 1(2) | 1(2) | Ecnn cHbpotuen dnar
PC—PC+k7+1 o01ero pasperueHus
uxHaqe [IpEpLIBAHMIA, TO Bbl-
PC—PC+1 MONHACTCA OTHOCH-
TeJILHBIH Nepexoa no
aapecy B WamasoHe
ot PC-64 no PC+63
(caoB)
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i 51
brie k7 [-64 £ k7 £ +63{ ecnu I=1, 1O - 1(2) i 1(2) | Ecnu ycranosnen
PC—PC+k7+1 dutar obmero paz-
HHaue pelleHus nipephipa-
PC—PC+1 HUH, TO BBINOJIHACT-

CSl OTHOCHTENBHEIA
[EPEX0A [T0 &Ipecy B
nuanasone ot PC-64
ac PC+63 (cnon)

Ta6nuua 12.7. Komanasl NopaspAgHbix onepauui

Rd(n+1)—Rd(n),| H
C < Rd(7), V, N, cTpa Rd capuratorcs
C

Bce paspaas! peru-
Rd{0) «0 Z, HA OfHY TTO3HLIMIO
BiIeBo; daary nmepe-
HOCa MMPHCBAWBAETCH
3HadeHue pazpana 7,
a B paspsan ( sanu-
chiBaeTcs Jor. 0
lsrRd  [0< Rd< 31Rd(n)«Rd{nt+1),| S,V, [ 1(2) 1 Bce paspsnbl peru-
C «— Rd(0), N=0, crpa Rd casuraroTes
RA(7T) 0 Z C Ha OJTHY MO3ULIHIO
BIIpaBo; ¢mary ne-
peHoca NPUCBAKEBA-
eTcA 3HAYeHHe pas-
paza 0, a B pazpap 7
3anuceiaeTed Jor. O

rotRd 0 < Rd< 3L Rd{n+1)—Rd(m),| H, 8, | 1(2) 1 Bee paspsnst pern-
Rd(0) «-C, V, N, ctpa Rd casurawTes
C«—Rd(M Z,C HA OAHY NOIUIIHIO

BJIERO; B paspajg O
3anuckiBaeTes nar
NepeHoca, nocne ve-
ro paspaa 7 coxpa-
HAeTca kak dar ne-
peHoca
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TaBnwua 12.7. NpoponxkeHve

ror Rd

T

RA(7) — C,
C — Rd(0)

Rd(n)—Rd(n+1),

Bce paszpanss pery-
ctpa Rd cnosuratores

HA OHY NO3ULWIO
BOpaso; B pa3pan 7
3anucelBaeTes dnar
nepeHoca, nocine ve-
ro paspaz 0 coxpa-
Haeres kak dar ne-
peHoca

asr Rd

0=< Rd= 31

n=40...6,
C — Rd(0)

Rd(n)—Rd(n+1),

S, V,
N, Z,C

1(2)

Paspsanw 0...6 pern-
ctpa Rd casuraioTes
Ha OZHY NOIALHIO
Bnpaso; paspan 0
COXpaHAETCA KaK
dar nepenoca; pas-
pan 7 He H3MeHAETCA

swap Rd

Rd(0...3) <>
Rd(4...7)

1(2)

Crapumit 0 maan-
wki nonybaitTer pe-
rucTpa Rd meHsoT-
€5 MEcTamu

belr s

SREG(s) « 0

1T, H,
S5,V,
N, Z, C

1(2)

Copoc paszpsana s
& perictpe SREG

bset s

SREG(s) — 1

I,T,H,

N, Z C

1(2)

YcranoBka pa3paga
s B perucrpe SREG

sbr Rd, K8

16 £d <31
0 < K8 <255

Rd «+Rd v K8

<
I

1(2)

YcTaHOBKA B peru-
ctpe Rd paspsajos,
3aJaHHBIX C IOMO-
b0 K38

cbr Rd, K8

16 <d <31
0 < K8 <255

Rd «— Rd A
{$FF —K8)

2T o
NS

1(2)

C6poc B peructpe
Rd paspsaos, 3anan-
HBIX ¢ noMoubK K8

cbiP, b

VO(P,b) — 0

1(2)

3anuce nor. 0 B pas-
pan b perucTpa BBO-
na/seiBona P

shiP, b

I/O(P,b) « 1

1(2)

Jamuce nor. 1 B pas-
pan b perucrpa BBo-
na/BeiBona P

bst Rd, b

T « Rd(b)

(2}

Konuposanue &
tnar T pazpsana b
peructpa Rd
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TaGnuua 12.7. Mpogomxenue

bld Rd, b

Konuporanne (bﬁafa
T B pa3span b pers-
ctpa Rd

clec

1(2)

CHpoc nara nepe-
HOCA B PErHCTpe
SREG

secC

1(2)

Yeranoska fuiara
NEPeHOca B perncTpe
SREG

cln

1(2)

Co6poc dnara oTpu-
UaTeABRHOI (G peivilb-
Tarta B peErucTpe
SREG

s€n

1(2)

YcraHoBka fara
OTPHIATENLHOTO pe-
3yAbLTaTa B perucTpe
SREG

clz

1(2)

Copoc Hynesoro
thnara B perucrpe
SREG

5CZ

1(2)

| SREG

VCTaHOBKA HYNEBO-
ro dwara B perucrpe

cli

1)

C6poc duara obie-
TO pazpeileHua npe-
pbIBaHHii B perucTpe
SREG

sei

1

1(2)

YcTanoBka (uiara
0buIero pazpetireHus
npephIBaHH

8 peructpe SREG

cls

1(2)

Copoc thnara 3qaxa
B pervctpe SREG

5€8

1(2)

YcraHoBka duara
3HAKA B PETHCTpE
SREG

clv

1(2)

Cbpoc dnara nepe-
MONHEHNA
8 peructpe SREG

sCv

1(2)

VYertavoska dmara
nepeneaHeH s
B peructpe SREG
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Ta6nuua 12.7. QkcHYaHme

”c“ —

T Ou } T= - 1 2} 1 ] Cﬁc turara Konn;l

pOBaHHsA B PETHCTpE
SREG

set -

Te—1 T=1 | 1(2) 1 YeTaHoBKa dnara

KOMHPOBAHUA
B peructpe SREG

clh —

1(2) 1 C6poc dnara nono-

BHHHOIO NepeHoca
8 peructpe SREG

seh -

1¢2) i YcraHoBka duara

IOJIOBHHHOTO TIEpe-
HOCA B PETHCTPE
SREG

Ta6nwua 12.8. [pyrue komaHngbl

nop - -

- 1(2) i Komanna 6e3 ompe-
neneHHOH BYHKLUK
(ver anepartiuu)
sleep - CPU « “Cnsa- - 1(2) 1 [Tepexox & “cngmwnii”
wHil’ pexuM pexidM (cm. rnasy 3}
wdr - | Cbpoc cTopoKe- - 1(2) 1 Cwm. rnary 5
BOro TaiiMepa

OnucaHue KomaHg MUKkpokoHTponnepos AVR

ADC
Hazpanmue:
CuHHTaKCcHC!
Peanuiosaua B Mogesnx:
Onepauns:
Onepanabt:

16-GHTHBIH KO onepannn:
Bnuauue na ¢pnarn:
Onucaune:

Chnon (Ga#r):
TakTOBBLIX UMKIOB:
Npamep Henoab3oBaHUA:

Add with Carry — cRoeHHe ¢ YMETOM nepeHoca

adc Rd, Rr

AT9081200, AT90S2313, AT90S4414, AT90S8515

Rd«—Rd+Rr+C
0=d<31;0=<r<31

0001 1llrd dddd rrrr

H 8, V.N,Z,C

Conep:xnmoe peructpa Rr v dnar nepertoca npuBasnsiotca
conepkAMOMY peructpa Rd

1(2)
1

; CnoxeHre BANMTOB
0c20 add r2,r0 ;
1c31 ade r3,rl ;

r

rl:r0 v r3:xr2

CxnageiBaem mnaguMe OSalTol
CxJansisaem crapure OGalTh
C y4YeToM [epeHoca
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ADD

Haspanue:

CuHTaKcHC:

Peanu3oBaHa B MoJeNsX:
Onepanus:

Onepanjer:

16-0NTHBI KOO OTIEpANHH:
Brnusnue na ¢gnaru:

Onucaaue:

Cnog (Ga#T):
TakToBLIX HIHKIIOB:

Hpnmep nenonesoBaHus:

ADIW

Haszranne:

CunTakcue:

PeanuzoBaHa B MO/IeSIfX:
Onepaups:

Onepanasi:

[6-GUTHBII KO Onepanun:
Bnuanue na tlm'aru:

Onucanne:

CnoB. (0aHT):
TaKTOBBIX HHKIOR:

l'[pmwep HCMIOJB30OBAHUAL

Add without Carry — croxxenme 0e3 yuera nepenoca
add Rd, Rr

AT9081200, AT3082313, AT9084414, AT9088515
Rd«— Rd +Rr

0<d<31;0=r<31

0000 1lrd dddd rrrr

H,8,V.,N. 2. C

Coacpxumoe peructpa Rr npubapifeTcs K COACPKUMOMY pe-
rictpa Rd

12)
1

;Crnoxenume Gafirop rl:rQ m r3:r2

0c20 add r2,r0 ; CknagrBaem mrmanmie Gamre
lc31l adc r3,rl ; CruanelBaeM cTaplive OaMTE
; C YyudeTOM [HepeHOoCca

Add Immediate to Word —- CIOXEHHE HeTIOCPeICTBE HHOTO
JHAUCHHA CO CJIOBOM

adiw Rdl, Ké

ATO082313, AT9054414, ATO0S8515
Rdh:Rdl « Rdh:Rdl + K6

dl e §24,26,28,30}; 0<K6<63
1001 0110 KKdd KKEKK
S,V.N,Z,C

Koncranta K6 mpufasnserca k CORSPKHMMOMY PETHCTPOROH
napsr Rdh:Rdl. 3ra komanna paboraeT ¢ HeTbIpbMs CaMbiMK
CTapIIHMH perHcTPOBLIMM Napam¥ perucTposoro ¢aina, w
rnaBHbIM 00pa3oM WCIONB3IYETCA B ONEPALHAX C YKa3aTenIMu

1)
1
9601 adiw r24,1 ; ¥YsBemnuyBaem Ha L
; conmepxMMcoe fapwl r25:r24

86ff adiw r30,63 ;
; ykazaTteapo Z

Npudasngem 63 x
(r31:x30})
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AND
HasgaHue:
CuHTaKkcHc:
PeasiM308aHA B MOJBNAX:
Onepauns:
Ouepanabl:

16-0MTHBIH KO OnIEpaHNHA:
Brwanue na daaru:
OnucaHne:

Cnos (GaiiT):
TakToBEIX HHKAOB:
TIpumep HenonBEIOBAHUNA:

ANDI

Ha3zeauue:

CHHTaKCHC:

PeasiH30BaHA B MOAETAX:
Onepanun:

Onepanabi:

16-0MTHLIH Ko OnepannAn:
Bnusnue na jpnarn:

Onncanne:

Caoe (0aiiT):
TakToBBIX UMKT0B:
HpumMep HenoNL30BAHNMA:

JNoruyeckoe “H”

and Rd, Rr

AT90S1200, AT9082313, AT90S4414, AT90S8515

Rd «~ Rd A Rr

0<d<31; 0gr=<3l

0010 00rd dddd rrrr

S, V=0,N,Z

CassbiBanMe qornyeckod onepauuelt “H” cogepxumoro peru-

crpos Rd u Rr. Pesynsrat 3anmuceiBaeTed B perictp Rd

1(2)

1

2023 and r2,r3 ; r2 "W" r3

e001 1di rlé,1 ; RarpyxaeMm B rlé OHMTOBYY®
; macky 0000 0001

2220 and r2,rl6 ;
; HYneBorToO,

Bo BCce pazpsansl r2, XpPOME

sanucad nor. 0O

Logical AND with Immediate — noruueckoe “H” ¢ He-
MOCPENCTBEHHEIM 3HAYEHHEM

andi Rd, K8

AT90S1200, AT90S2313, AT90S4414, AT90S8515

Rd — Rd A K8

0<d<31; 0<K8<255

0111 KKKK dddd KKKK

S, V=0,N,Z

Cea3biBaHHE JIOTU4eckoit onepauueit “HU” copepxumoro
peructpa Rd 1 8-6utHoit koncrantel K8. Pezynerat 3a-
nuckiBactea B peructp Rd

1(2)

1

701f andi rl7,$0F ; Crapwui nonyfant rl7
; cOpaceraeTca B Jor. 0
7120 andi rl8,310 ; Bce paspans rl8,
; dYerBepToro, - B nor. 0
723a andi rl9,3AA ; B pasparnw 0, 2, 4, 6
; rl9 sanucHeBeTca sop. O

KpoMe
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ASR

Hazpanwue:

CuHTaKcHC:
PeanHioBaHa B MOOeNsAX:
Onepaunn:

Onepanael:
16-6uTHLI KoA onlepalkn:
BansaHue va gaarn:

Onucaune:

Cnog (6aliT):
TaKTOBBLIX LMKIOB;
IlpMep HCNMONbL30BAHUSA:

BCLR

Hazsauue:

CHHTaKCHC!

PeanrusoBana B MOJensx:
Onepaunn:

Onepanjpi:

16-GuTHEIIH Kon onepanuu;
Bausinne Ha duiaru:
Onucanue:

Caoe (Gaitt):

TakTOBLIX IHKNOR:

TIpuMep HemoNBL3OBAHMS:

5—5-2384

Arithmetic Shift Right — apudmeTHueckuil casur Brpaso
asr Rd

AT9051200, AT90582313, AT9054414, ATH0SE515

E‘)? b6| b5 b4 b3 b2 b1|b0 » C
A

Rd(n} «+ Rd(n+1), n=0...6, C« Rd(0)

0< Rd< 31

1001 010d dddd 0101

S, V.N,Z,C

Paspagel 0...6 peructpa Rd cioBuraioTcs Ha OoHY TO3HLUHIO
grnpaso; paspaa 0 coxpauserca kak ¢nar mepeHoca; paspsg 7
HE H3MCHAETCA. 3TAa KOMaHAa MOXET HCTIOAB3OBAThCH ANA Jie-
neHMs Ha aBa GaifToB co 3HAKOBBIM pa3psagoM 6e3 HIMEHEHHA

3Tore paspsaga. $rar epeHoca MOMET HCIIONB30BATHCA IUIA
OKPYTTIEHHA Pe3ynnTara

1(2)

1

ell0 1di rl17,810 ; B rl7 =zarpyxasm L6

8515 asr rl17 ; denmmMMm cogepxmMMcse rl7 Ha 2
efZ2¢ 1di rl8,8FC ; B rl8 zarpyxaem -4

9525 asr rl8 ; pesum conmepxmmoe rl8 Ha 2

Bit Clear in SREG — ouucrka paspsna 8 SREG
belr s

AT9081200, AT90S2313, AT90S4414, AT90S8515
SREG(s) «+— 0

0<s=s7

1001 0100 1sss 1000

LT,HS V,N,ZC

Copoc paspsna s B peructpe SREG

1(2)

1

9488 belr 0 ; cBpoc Bnara nepeHoca
94f8 belr 7 ; 3anper BCexX NpephiBaHMM
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BLD

Ha3zpatue:

CHHTaKCHC:

PeannszoBana B MoAEIAX:
Omnepanus:
Onepaupel:

16-OnTHBIA Koa ONepauHK:

Bausinne ua dutaru:
Onncanne:

Cunos (OaiiT):
TakToBbIX HHKI0B:

TMpumep HCNONL30OBAHUA:

BRBC

HazBauwue:

CuHTaKcHC:

Peanuzopana B mogensx:
Onepauus:

Onepangni:

16-6MTHBI KOA omepalium:
Bansinue na daaru:

OnucaHne:

Cnos (0aiir);
TaKTOBBIX LMKJIOB;

IIpHMep HCNOALIOBAKUAS

Bit load from T-Flag in SREG to a Bit in Register — 3arpyaka
B paspsan peructpa dnara T w3 perucrpa SREG

bld Rd, b
AT9051200, AT90S2313, AT905S4414, AT90S8515

Rd(b) — T
0<d<31; 0<b<?

1111 100d dddd Obbb
Her

Konupoganue dnara T B pa3pan b peructpa Rd

12

1

£fal2 bst rl,2 ; nepeHocHuM paspaAnd 2 u3 rl B
; Qnar T

£804 bld r0,4 ;
; perucrtpa r0

ronupyem grnar T B pasparn 4

Branch if Bit in SREG is cleared — nepexon, ecnn cOpotuen
paspan B peructpe SREG

brbc s, k7

AT90S1200, AT90S2313, AT9054414, AT90SB515

Ecnu SREG(s) =0, 10 PC «— PC + k7 + 1, nuaue PC — PC +1
0<s<7, -64< k7< +63

1111 0lkk
Her

kkkk ksss

Ecnn pazpsn s peructpa SREG conepxut gor, ¢, TO BRINOIHE-

€TCA OTHOCUTENbHLIt NMepexoi MO ajgpecy B OMana3oHe OT
PC—64 no PC+63 (cnog)

1(2)
1 (ycnoBue He vcnonuseTca) MK 2 (YCIOBHE HCTIONHSETCH)

3045 cpl r20,5 ; CpaeBHmMBaem r20 ¢ 5

f401 brbe 1,NotEq ; Hepexomn, ecnm dnar zZ=0
NotEg:
060C nop ; Touxa nepexoma, ecau (r20) = 0
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BRBS

Ha3sannre:

Cunrakenc:

PeanuizoraHa B MOgeNsX:
Ounepanun:
Onepanann:

16-0uTHEI KOO omepauMM:
Bausinde Ha Qpnaru:

Onncaune:

Caor (GaiiT):
TakFoBbIX WHKIIOR:

TIpEMep HCNONLIOBAHHA:

BRCC

Ha3sesanmne:

CHHTaKCHC!

Peannzopana B Mogenax:
Omnepanusn:

OnepaHab::

16-GuTHLIH KO ONEPaUHN:
Bnausnue va dorarn:

On#canue:

Citop (Gaiit):
TAKTOBRLIX UHKI0B:

IMpumep ucnonszopanus:

t5*

Branch if Bit in SREG is set-— nepexol, ecnu YCTaHOBJIGH
paspsan B peructpe SREG

brbs s, k7

AT90S1200, AT90S2313, AT9054414, AT9088515

Ecma SREG{s) = 1, 7o PC « PC + k7 + |, u"aue PC «— PC +1]
0<5<7; 64 < k72 +63

1111 00kk kkkk ksss
Het

Ecnu pazpazn s peractpa SREG comepuT nor, 1, To BETIONHES-
€TCA OTHOCHTENEHBIA Mepexod No ampecy B JAMAMa3zoHE OT
PC—64 no PC+63 (cnos)

1(2)
| (ycrmosre He ucronHAeTcs} HAK 2 (YCIIOBUE HCTIONHACTCH)

fa03 bst r0,3 ; KomupyeM pazpsn 3
; perucrpa r0 B grar T

f006 brbhs 6,BSet ; [lepexoin, ecuu dmar T=1
BSet:
00C0 nop ; Touka nepexopa, ecnm T=1

Branch if Carry is cleared — nepexoi, eciu cbpomen dnar
nepeHoca

brce k7

AT90S1200, AT90S2313, AT90S4414, AT90S8515

Ecnu dnar C =0, To PC <~ PC +K7 + |, nuaue PC « PC + |
-64 < k7 < +63 (norionHeHHe A0 ABYX)

1111 01kk kkkk k0OO

Her

Ecnu cBpoilen gurar nmepeHoca, TO BINOAHAETCHS OTHOCHTEb-
HBIF mepexon mo aapecy B AManasoHe ot PC—-64 no PC+63
{(cnos)

1(2)

1 (¢nar C = nor. 1) unu 2 (pnar C = sor. 0)

0f67 add r22,r23 ;[pubmensaem (r23) K {r22)
f400 brecc NoCarry ; [Nepexon, ecnm C=0
NoCarry:

0000 nop ; Touka nepexoma, eccmm C=0
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BRCS

Ha3zpanne:

CHHTaKCHC!

PeannioBaHa B Mogensix:
Onepanun:

Onepauani:

16-6uTHBIH KOZ onIepaLIMK:
Bnananue Ha Praru:

Onncanne:

Cnor (baiiT):
TaxKToBBIX NHK10B:
IpymMep HCNONL3IOBAHMA:

BREQ

Ha3panue:

CHHTaKCHC!

PeanuioBana B Mogennx:
Onepauus:

OnepaHabi:

16-6uTHBIH KOX ONepanHu:
Baustaue Ha daaru:

Onncanue:

Cnos (GafiT):
TaKTOBRIX UHKIIOB:
IpHMep Henob3IOBAHUNA:

Branch if Carry is set — nepexon, ec/iH YCTaHOBIEH quiar ne-
peHoca

brecs k7

AT90S51200, AT9082313, AT90S4414, AT90S8515

Ecnun gnar C =1, to PC+—PC + k7 + 1, nnaue PC — PC + 1
-64 < k7 £ +63 (nomonHeHHe OO ABYX)

1111 00kk kkkk k00O

HET

Ecnu ycTaHoBNEH ¢nar nepeHoca, TO BbIMONHAETCA OTHOCH-

TeNBHLI mepexol no agpecy B AHanazoHe or PC-64 nmo
PC+63 (cnoB)

1(2)
1 (¢pmar C = nor. 0) unu 2 {¢uar C = nor. )
3348 cpi r20,56 ; CpapHmumaem r20 c 56

£000 bres Cset ; Hepexon, ecnu dnar c=1
Cset:
000C nop ; Touka nepexcna, ecnm (r20)<56

Branch if Equal — nepexoa, ecau passo

breqg k7

AT90S1200, AT9052313, AT9054414, AT90S8515

Ecmi dmar Z = 1, To PC « PC + k7 + 1, unavue PC — PC +1
-64 < k7 £ +63 (nomonHeHHe 10 ABYX)

1111 00kk kkkk kOC1

Het

Ecnu ycraHoBfeH Hynepoit duiar, To BBIMIONHAETCS OTHOCU-
TENLHBIH Mepexoo no aapecy B AwanasoHe ot PC—64 no
PC+63 (cnoB). Hynesoit dnar nocne BHINOJAHERHS ONEpatlHy
BBIUMTAHHA WM CpPaBHEHMA YCTZHABAMBAETCA TONLKO B TOM

clyuyae, €ClH pezynbTarT paBen $00 (Te ecth, colepxumoe
06GOHX OfiepaHIOR PABHO)

1¢2)
1 (duar Z = nor. 0) unu 2 (durar Z = nior. 1)

1401 cp 0, rl ; CpaermMeBaem (r0) m {(rl)

f1f1l breq Gleich ; Nepexon, ecram 2 = jpor.l
.org 64 '

Gleich:

0000 nop ; Touka nepexoma, ecnu {r0)=(rl)
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BRGE

HaspauHue:

CHHTaKCHC:

Peann3oBRHA B MOJENSAX:
Onepanun:

Onepangpi:

16-0HTHBIH KoJ onepanHin:
Bausinue Ha uaru:

Onncanne:

Caon (6aiir):
TaKToBbIX HAKIOB:
HpuMep HCNONBIOBAHHA:

BRHC

Haszsanue:

CHnTaKcHe;

PeanniopaHna B MOgensx:
Ounepauns:

Onepanabi:

16-6ATHLIH KOA ONEPANMHA:
Brauanue Ha gnaru:

OuHcaHHe:

Cnos (6afiT):
TakTOBLIX UMKJAOB:

IpuMep HCHIOALIOBAHHS:

Branch if Greater or Equal — nepexon, ecnu Oonblie WM
PaBHO (C y4€TOM 3HAKA)

brge k7

AT9051200, AT90S2313, AT90S4414, AT90S8515

Ecmt ¢nar S =0, to PC «— PC + k7 + 1, unaue PC «— PC + |
-64 < k7 £ +63 (nononxeHue oo ABYX)

1111 01kk kkkk k200

Her

Ecnu cOpouten ¢nar 3Haxa, TO BBINONHASTCH OTHOCHTENbHBIH
nepexon ne aapecy B avanazone ot PC—64 no PC+63 (cnos).
@nar 3HaKa [MOCAE BbLIMONHEHUS ONEPALMM BbIYMTAHHA MNH
CPABHEHUA cOpachiBacTCsl TONBKO B TOM Cllyvde, EClM COmep-
XHUMOe [IEpBOTO OMepaHia cO 3HAKOM OONBINE WM paBHO CoO-
JEPXKHMOTO BTOPOTO OIEpaHia cO 3HAKOM

1{(2)

1 (¢pnar S = nor. 1) uma 2 (¢mar S = jior. 0)

1401 cp r0,r1 ; CpaBHuBaem (r0} m {rl)
f5ec brge GrGl ; Mepexon, eciam S = 0
.0rg 64

Gleich:

0000 nop ; Touxa nepéxona, ecny (ro)»>=(rl1)

Branch if Half Carry Flag is cleared — nepexoa, ecnu cOpo-
WeH ¢u1ar NoJ0BHHHOTO MepeHoca

brhe k7

AT9051200, AT90S2313, AT90S4414, AT90S8515

Ecau ¢nar H =0, o PC «— PC + k7 + |, nHaue PC < PC + |
-64 £ k7 < +63 {nonoyiHeHMe 10 OBYX)

1111 0lkk kkkk k101

Her

Ecnu cOpouen ¢uiar nOJIOBHHHOTO NIEPEHOCA, TO BLINONHAESTCA
OTHOCHTENBHBIA Mepexol Mo aapecy B AuanasoHe oT PC—64 no
PC+63 (cnos)

1(2)

1 (¢nar H = nor. 1) unm 2 (¢mmar H = nor. 0)

£57d brhec HCclear ;
.0rg 48
HCclear:
0000 nop ;

Nepexon, ecnu ¢nar H=0

Touka nepexocrna
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BRHS
Hassanne: Branch if Half Carry Flag is set — mepexon, ecnu ycTaHOBJIEH
dhuiar MONOBHHHOTO NepeHoca
Cunrakenc: brhs k7
PeaauzosaMa B moxeaax: AT9081200, ATO0S82313, AT9034414, AT90S8515

Onepaunn: Ecmu dnar H =1, ro PC « PC + k7 + 1, unaue PC + PC + |
Omepananl:  -64 < k7 < +63 (monondenue 10 ABYX)

16-0GuTHLIH KOX onIEPAUXKH:
Bnusnne na ¢guarn:

Onucanne:

Caos (6aiir):
TakToBBIX IRKJIOB:

I'[pmwep HCNONLIOBARKAL

BRID

Hazpauue:

CuHTaKCHC:

PeanuzosaHa B MOIE/IAX:
Onepaupsn:

Onepanapi:

16-6HTHLIH KOA ONEPANHK:
Banauue Ha dnarn:

Onuecanne:

Cnos (GaiiT):
TaKTOBBIX HHKIOB:

IIpumep nenoabL30BARNA:

1111 00kk kkkk
Her

Ecnu yctanosnen {utar nojoBHHROTO NEPEHOCA, TO BLIHONHA-
eTcA OTHOCHTESIBHBIH Nepexon no aapecy B aHanasone oT PC—
64 1o PC+63 (cnos)

1(2)

1 (¢dmar H = jior. 0) wnw 2 (daar H = nor. 1)

k101

£f17d brhs HCset ; lepexoxn, ecnam gnar H=l
.org 48

HCset:

C000 nop ; Touxa nepexona

Branch if Global Interrupt is Disabled — nepexon, ecnu akTu-
BeH 00UIMit 3anpeT NpephIBaHkH

brid k7

AT90S81200, AT9082313, AT9054414, AT20S58515

Ecnu ¢nar [ = 0, To PC «— PC + k7 + 1, unaue PC «— PC + 1
-64 £ k7 £ +63 (mononHeHne o ABYX)

1111 01kk kkkk k111
Her
Ecnu cOpowen dnar 1 (Bce npepblBaHus 3aMpelieHsl), TO Bbl-

TIONHAGTCA OTHOCUTENbLHBIM NMEpexold Mo aapecy B ITHAMa3OHE
ot PC—64 o PC+63 (crnos)

1(2)
I (¢mar 1= nor. 1) sin 2 (¢nar I = gor. 0)

£5f7 brid IntDis ;
; TpepLHBaHUA BarnpeleHs

[lepexon, ecnu
.0org 63

IntDis:

0000 necp ; Touka nepexona
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BRIE
Ha3zsaHnue:
CHHTaKCcHC:
PeanuizosaHa B MOJENAX:
Onepanus:
OnepaHabl:

16-GuTHRIiT KoA onepannm:
Bausinue Ha ¢aaru:
Onucanue:

Cnos (bafiT):
TakToRLIX HIHKI0B:
Mpumep HENONB30BAHUA:

BRLO
HasBaHmne:
CunaTakcuc:
Peanuszorana B Moaensx:
Onepauun:
OnepaHabi:

16-6HMTHBIN koI onepannn:
Baunnue Ha gnaru:
Qnucayue:

Cnog (Ga#T):
TaKTOBBIX HMX10B:
IMprmep HenonL30BaHHA:

Branch if Global Interrupt is Enabled — nepexox, ecaut ak-
THEHO olilee paspeileHue pepolBatnit

brie k7

AT9081200, AT90S2313, AT90S4414, ATO0S8515

Ecmn dmar [ = 1, to PC «— PC + k7 + 1, unavwe PC +— PC + 1
-64 £ k7 £ +63 (gonoiHeHHe A0 ABYX)

1111 00kk kkkk k111

Her

Ecan ycravorned tnar | (o0uee paspeuienue npepeiBasmii),
TG BBUIONHAETCA OTHOCHTEILHBIH nepexod 0o aapecy
B aManazoHe ot PC—64 go PC+63 (crnos)

1(2)

1 {¢nar I = nor. 0) unu 2 (dnar I = nor. 1)

f1£7 brie IntEna ; [epexon, echu
; IpepBEBaHMsA paszpeilleHE
.org 63
Intkna:
0000 nop ; Todka nepexona

Branch if Lower — nepexo, ecnu MeHblne (e3 ydeTa 3Haxa)
brlo k7

AT90S1200, AT90S2313, ATO0S4414, ATR0SES515

Ecau ¢uar C = 1, 1o PC «+- PC + k7 + |, unage PC «— PC + |
-64 < k7 £ +63 (acnonHeAne 10 ABYX)

1111 00kk kkkk k0CO

Her

Ecnu yetasoeneH dnar nepeHoca, TO BHIOAHASTCA OTHOCH-
TeNBHBIH MEpexon To agpecy B OWamaioHe ot PC—64 no
PC+63 (cnop). dnar nepeHoca B Pe3ysbTATE BHLINONHEHUS
OTEPALMH BRIYUTAHUS HIH CPABHEHHS MOXKET GBITh YCTAHOR-
NeH TONBKO B TOM CITYuae, £C/i COLEHKUMOE TIepBOTo Ge33Ha-
KOBOFO O{IEPARAA MEHbLIE, UEM COAEPKHMOe BTOpOTo Gesika-
KOBOFO OflepaHAa

1(2)

1 {dutar C = sor. 0) unu 2 (drar C = nor. 1)

27bb clr r27 ; {(r27) = 0

Loop:

95b3 inc r27 ; UMnxpemeHTupyeMm r27

30b5 c¢cpi r27,5 ; Cpasnupaem (r27) c 5
f3e8 brlo Loop : Tepexonm, ecmu {(r27) < 5
0000 nop ; Beixon m3 uMrna
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BRLT
Ha3ssapne:
CuHTaKkcne:
PeannzoBana B MOJCJIAX:
Onepanns:
Onepanabi:

16-0MTHBIA KOO OMepalFH:
Banguue Ha gaarn:
Onucanue:

Cnoe (6aitr):
TaKTOBBIX IIMKIIOB:

[Ipnmep Henonk3oBaHKN:
BRM!

Hassanue:

CHHTaKCHC:

PeanuioBana B Monensax:

Onepanns:

Onepanann:

16-0mTHEIl KOO omepaLHu:

Bausuuve va gnarnu:

Onncanne:

Caor (GafT):

TakToBbIX HHKIIOB:
IIpumep nenonb3oBaHNA:

Branch if Less Then — nepexoa, ecnd MeHblie {¢ YHETOM
3HAKA)

brit k7

AT9081200, AT90S2313, AT90S4414, ATI0S8515

Ecnn dnar S = 1, To PC «— PC + k7 + 1, ynaue PC «— PC + |
-64 < k7 £ +63 (ROMOAHEHHE A0 ABYX)

1111 00kk kkkk k100

Her

Ecnu ycTaHOB/IER (JIar 3HaKa, TO BRINOAHAETCH OTHOCHTENb-
Hutli [1EpeXon no agpecy B AuamaloHe ot PC-64 no PC+63
{cnoB). Aar 3HAKA B PE3YNbTATE BLITIOJHEHHA ONEPALME BhI-
YUTAHHA WIH CPaBHEHMS MoXeT ObITh YCTAHOBAEH TONBKO
B TOM CNyuae, eciii COASPXHMOE NepBOre OfepaHia CO 3Ha-
KOM MEHBILE, YeM CONEPKUMOE BTOPOTO OTNIEPAHIA CO 3HAKOM
1(2)

1 (Gurar S = nor. 0) wau 2 (bnar S = nor. 1)

1401 cp r0,rl1l ; CpasHuBaem rQ m rl

f1f4 brlit Less : Tlepexon, ecnu dnar s5=1
.org 64

Less:
0000 nop ; Touxka nepexona,

ecnn (r0)<(rl)

Branch if Minus — mepexof, ecnu MEHYC

brmi k7

ATI0S81200, AT9052313, AT90S4414, AT9058515

Ecnu pmar N = 1, 1o PC «— PC + k7 + 1, unaue PC «— PC + 1
-64 < k7 < +63 (momonkeHue 10 ARYX)

1111 00kk kkkk k010

HeT

Ecmu ycTaHoRJIeH (iar OoTPULATENBHOTO PE3YALTATA, TO BEl-
TIONTHAETCA OTHOCHTENBHBIH Mepexol No afpecy B AManasoHe
ot PC-64 po PC+63 (cnos)

1(2)

1 (dnar N = nor. 0) wnu 2 (pmar N = mor. 1)

5034 subi rl9,4

fCb2 brmi Negativ ; llepexon, ecsiu roJgydeH
{ OTPMUATEJILHEI pe3yJNLTAaT

; Berumraem 4 us rl9

.org 24
Negativ:

000C nep ; Touxa nepexona
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BRNE
HazsaHue:
CHurakcue;
PeannioBaHa B MONCIAX:
Onepauua:
Onepanabl:

16-0MTHBIA KOO ONEPALIHH:
Bnuanue na pnarn:
Onucanue:

Caob (6afiT);
TarTOBRIX LHKNOB!
{Ipumep HCNONLIOBAHHS:

BRPL
Haseaunue:
CHHTAKCHC:
Peanxszobana B Moge/nx;
Onepauups:
OnepaHast;

16-6urabiii Ko onepauun;
Bausinue ua gnarn:
Onncanne;

Caoe (6a#iT):
TakToBbLIX HHKAOB:
IMpumep Henons3oBaHnA:

Branch if Not Equal — nepexoa, eciiu He paBHO

brne k7

AT9081200, AT9052313, AT90S4414, ATI0S8515

Ecnu ¢mar Z=0, to PC «— PC +k7 + 1, unaue PC «— PC + 1
-64 < k7 £ +63 (10TIONHEHNME 710 [BYX)

1111 Olkk kkkk k001

Hert

Ecnu ¢Bpowen Hyneroii dnar, TO BHINONHASTCA OTHOCHMTENL-
HbIfi HepexoA Mo adpecy B auanazone ot PC—64 zo PC+63
(cnoB). Hyneso#i ¢mar B pe3ynsrarTe BBIIGJIHEHHA OMEpaUHH
BEIUMTAHHA MM CPABHCHHA MOXeT Oblth COpOILEH TONbKO
BTOM CIIy4ae, eclin pe3yibTaT onepalMi He paseH $00 (to
£CTh, COEPKAMOE ABYX OTIEPAHIIOB HE PABHO)

1(2)

1 {¢nar Z = nor. 1) unu 2 (dnar Z = jor. 0)

27bb clr r27 ;o (xr27) =0

Loop:

95b3 inc r27 ; VMHkpeMmeHTUpyeM r27

30L5 cpi r27,5 ; CpaeBHmMeBaem (r27) < 5
£f7e% brne Loop ; Nepexocr, ecmu (r27) # 5
Q000 ncp ; BmXon mM3 uUMKna

Branch if Plus — nepexon, eciu mwioc

brpl k7

AT9051200, AT9082313, AT90S4414, AT90S8515

Ecnu nar N =0, o PC «— PC + k7 + 1, unaye PC +— PC + |
-64 < k7 £ +63 (mononHeHHe 10 ABYX)

1111 0lkk kkkk k010

Hert

Ecimi cOpolnek dnar OTpHLIATERBHOTO PEIYABTATA, TO BbI1OA-

HAETCA OTHOCHTENbLHbIH MEpPEeX0o] IO AJpecy B JHAMAIOHE OT

PC-64 no PC+63 (cnos)

1(2)

1 (daar N = zor. 1) unu 2 (gauar N = nor. )

5034 subi rl9,4 ; Belumraem 4 m3 rl9

f0b2 brpl Positiv ; lepexon,
; OOJOXMTEeN S HBI PEIYILTAT

eCJIM NoNnyJdeH

.org 24
Positiv:
0000 nop ; Touka nepexona
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BRSH
Ha3paHue:
CunTakc#Hc:
PeanuizopaHa B MOAeNdxX;
Onepanus:
Onepanaei:

16-6nTHEIA Koa ONepalHun:
Bnusnuue Ha praru:
Quucanue:

Cnos {6aiiT):
TaKkTOBBIX LIHK/I0B:
TIpumMep HenoaL30BAKHKA:

BRTC
Hassaune:
Cunrakcuc;
Peannzorana B MOARIIRX;
Onepanus:
OnepaHab::

16-6uTHEI# KoJ onepanun:
Baunanne va ¢aarn:
Onucanne:

Caos (GafiT):
TaKTOBEIX BHKJIIOR!
IlpHmep uenonb30BAHHR:

Branch if Same or Higher — nepexon, ecny Gonblue uiv pas-
Ho (6e3 yveTa 3Haxa)

brsh k7

ATS0S1200, AT90S2313, AT90S4414, AT90S8515

Ecnu daar C =0, 1o PC « PC + k7 + 1, uHaue PC «— PC + |
-64 < k7 € +63 (nononHeHMe 10 JIBYX)

1111 01kk kkkk k0DOO

Her

Ecnu cOpoien ¢uar nepeHoca, TO BLITIOAHASTCH OTHOCHTE b=
HBlil Mepexon no aapecy B aHanazoHe oT PC-64 no PC+63
(cnog). Mnar mepeHoca B pe3yNbTaTe BLINIOMIHEHWA ONEPali
BBIMHTAHWA WIM CPaBHEHHA MoxeT OblTh cOpowed Tonnko
B TOM CJTy4ae, ec/li COJIEPKNMOE MepBoro He33HAKOROro ofle-
paHaa Bonbiie WM PaBHO COAEPHKMMOrO BTOPOTO GE33HAKOBO-
ro onepaHna

1(2)

1 (dnar C = nor. 1) nau 2 {¢nar C = nor. 0)

5034 subi rl9,4 ;
brsh SamHi H
.org 24

SamHi:

0000 nop

BriumMraeMm 4 ms ri9 f£4b0

Mepexcn, ecnu {(rl%) »>= 4

Branch if T-Flag is Cleared — nepexon, ecnu cOpowen drar T

brtc k7

AT90S1200, AT9082313, AT90S4414, AT90S88515

Ecau dnar T =0, 10 PC «— PC +k7 + 1, unaue PC — PC + |

-64 < k7 £ +63 (gononHeHHe 10 ABYX)

1111 01lkk kkkk k110

Her

Ecnu cGpowen dnar T, To BRINOMHAETCS OTHOCHTENBHEIH e-

pexon no anpecy b auanaioHe ot PC-64 no PC+63 (crmos)

1(2)

1 (pnar T = nor. 1) wmm 2 (dunar T = nor. 0)

fa35 bst r3,5 ; KomupyeMm paspan 5 perucrpa
; r3 B dnar T

f4f6 brtc Tclear ;

.org 32

Tclear:

0000 nop

fepexorn, ecnu gnar T=0
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BRTS
Haszeanne:
CHHTAKCHC:
PeanuioBana B MOJEIAX:
Onepanusn:
Onepanasn:

16-61THLYE koA ONepaHn:
Bausuue ua durara:

Onucanue:

Caoe (GaifT):
“TAKTOBBIX HHKJIOB!

I'Ipnmep HCNMOAL3IOBAHHAL

BRVC

Ha3panue:

CHHTaKcHe:

Peanunsopana B Moaensix:
Onepauus:

Onepanael:

16-GuTHLIH KOA ONepanHH:
Binsinne na durarn:
Onucanne:

Cnos (GaiiT):
TaKTOBBIX UHK/IOR:
TlpuMep HCRONLIOBAHKS:

Branch if T-Flag is Set — nepexogz, ecnu yetanoBnen gmar T
brts k7

AT9051200, AT90S2313, AT90S4414, AT90S8515

Ecnu dnar T = 1, o PC «+— PC + k7 + 1, nHave PC +— PC + 1
-64 < k7 £ +63 (nononyHenye 0o ABYX)

1111 00kk kkkk k110

Her

Ecnu ycranomned durar T, TO BBIMOQMHSETCHS OTHOCHTENLHBIH
nepexon no aapecy B AnarazoHe o1 PC-64 10 PC+63 {c1oB)
142)

1 {(¢nar T = nor. 0) unu 2 (dnar T = nor-. 1)

fa35 bst r3,5 ; Konupyewm paszpan 5 permucrpa
; r3 B nar T

fO0fé brts Tset ; Hepexonm, ecyau pnar T=1

.org 32

Tset:

0000 nop

Branch if Overflow is Cleared — mepexon, eciu cOpowen
(aar nepenosHeRHa

brve k7

AT9081200, AT9052313, AT90S4414, AT90S8515

Ecmu $nar V =0, o PC « PC + k7 + 1, nrage PC «—PC + |
-64 < k7 < +63 (ROMONHEHHE A0 ABYX)

1111 01kk kkkk k011

Her

Ecnn cbpoteH dnar nepenonHeHHd, TO BLLIQNHASTCA OTHOCH-
TeNBHBIA nepexod 0O ampecy B nuamascoHe oT PC—64 no
PC+63 (cnos}

1(2)

1 (dmar V = aor. 1) unu 2 {¢sar V = nor. 0)

O0c34 add r3,r4 ; CrIamupaeM r3 u ri

f533 brvc NoCver ; EcCniM HeT [NepelOSIKeHUA,
; TO NepexonumM

.org 40

NoCver:

0000 nop
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BRVS

Haspanne:

CHHTAXCHC!

Peanu3opaHa B MOACARX:
Onepauus:

Onepanasl:

16-6HTHBLI KOA OnepauHn:
Bausinue Ha ¢naru:

Onucanue:

Cnos (Gaiit):
TAKTOBBIX ITHK/IOB:

Ipumep HenonbioBaHNA:

BSET

Ha3jpaHue:

CHHTaKCcHC:

PeannioBana B MOJeTAX:
Onepanus:

Onepanasbr:

16-6uTHLIA KOX OnepaLnK:
Bnusinve Ha ¢prarn:
Onncanne:

Caos (6aiiT):

TaKTOBBIX LHKN0B:

l'lpﬂrwep HCIOJI530BAHHA:

Branch if Overflow is Set — nepexopa, ecnu ycrawosneH ¢iar
nepenonHeHAn

brvs k7

AT9051200, AT90S2313, AT90S4414, AT9058515

Ecnu gaar V=1, 10 PC «— PC + k7 + |, uHaue PC — PC + |
-64 £ k7 £ +63 (nononHeHwne A0 ABYX)

1111 00kk kkkk k011

Her

Ecim ycTaHoBNeH (ar nepeftolHeH A, TO BBUIOIHAETCA OT-
HOCHMTENbHBIH Tiepexol no agpecy B nuamasone ot PC—64 po
PC+63 (cnos)

1(2)
1 (dnar V = nor. 0) unu 2 (dnar V = nor. 1)

0c34 add r3,r4 H
£133 brvs QverFl

CrnanwpaeM r3 u ri

; BEcnm ecTr nepencnhenue,
; TO nepexonua

.org 40

OverFl:

0000 nop

Bit Set in SREG — ycranosneH paspaa B perictpe SREG
bset s

AT9081200, AT90S2313, AT90S4414, AT90S8515
SREG(s) = 1

0<s<7

1001 0100 Osss 1000

LT HS V,NZC

Ycranoska paspana s B peructpe SREG

12)

1

9468 bset 6 ; YcraHoBka duara T
9478 bset 7 ; OCulee paspelieHMe NpPepPLBAHMS
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BST
Hassanne:
CHHTaAKCHC!
Peanan3oBana B Moaenax:
Onepanna:
Onepannsbr:

16-Onrhbifi Kog onepamyn:
Bausinwe Ha daarn:
Onucanne;

Caon (BafiT):

TAKTOBBLIX IHKIOB;
{TpumMep HCROTLIOBAHNA!

CALL

Hazpanwue:

CHHTaKenc:
Peanuiosana B moaensx:
Onepauma:

Onepasnbl:

32-6ATHB KO ONIEpALkHR:
BandaHHe Ha daaru:
Onucanue:

Cnos (6aiT):
TaKTOBLIX LHKJI0B:

Ipumep nenonviosanua:

Bit Store from Bit in Register to T-Flag in SREG — coxpane-

HHe pa3zpAaja perucTpa kak ¢uiara perucrpa SREG

bst Rd, b

AT90S1200, AT90S2313, AT90S4414, AT90S58515

T «— Rd(b)

0<d<31;, 0=bg?

1111 101d dddd ¥Xbbb

T

Konuposanue B ¢nar T paspana b perncrpa Rd

1(2)

1

fal2 bst rl,2 ; Konupyem pasp4an 2 permcrpa
;: rl B ¢onar T

£8C4 bld r0,4 ; Konupyem ¢mar T B paszprO 4
; perucrpa r0

JansHuH BuI30B NORNPOrpaMMbl

call k16 (k22)

Heu B opnoit Mogenu Baszosoil cepun cemedictsa AVR

PC —kl16 (k22)

0<k <64K (0 <k <4M)

1001 D10k kkkk 111k kkkk kkkk kkkk kkkk

Her

Briaps nopporpammbl  no  alcomorHomy agpecy klé
(2 MuKpoKOHTpOANepax ¢ 16-paspansoil WWHOH anpeca) vnu
k22 (B MHKpOKOHTpONNEpax ¢ 22-paspafHoi WIHHON agpeca),
Anpec Bo3Bpara (Takxe 16- Wt 22-paspagHeiit) — KOMaH/bI,
cnenyomelt nocne KOMaHAbl call — coXpaHAeTCH B CTEKE
PACY

4

.device ATS058515

warning: 'CALL' not suppcrted

000080 940e 0100 call UPL ; Bemos UP1
000082 0000 nop ; TlponormxeHue NpPoTpaMMbl
.org 256

UP1l:

000100 9468 bset 6 ; YcTaHoBka pmara T
000101 9508 ret
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o=])

Hazpauue:

CHHTaKeMC:

PeannszoBaHa B MOJENAX:
Onepaupa:

Onepanaer:

16-6uTHLIA X0a ONepaLHK:
Bansnne Ha $aarn:

Omnycanne:

Caos (GaiiT):
TaKToBBIX UHKIOB;

Hpnmep HCTIONMRIOBAHHA!L

CBR

Ha3zsarne:

CHHTaKCHC!

PeannsoBaHa B MOOensx:
Onepanns:

Onepanani:

16-6uTHLIH Ko onepalnyn:
Banaunne 1a dpaarn:

Onncanue:

Caos (6aiT):
TAKTOBEIX UHKJIOB:

Ilpumep ucnonbiosanny;

Clear Bit in 1/0-Register - o4HCcTKa paspAia B perHCTpe BBO-
Ia/BbIBOIA

cbi P, b

AT90S1200, AT90S2313, AT90S4414, ATS0S8515
I/O(P,b) +— 0

0<P<3l; 0<b<7

1001 100C pppp pbbb

Her

3anucs Jor. 0 8 paspad b perucTpa BBoda/BeiBoAA P. Bra ko-
MaHIa MOXKET TIPHMEHSTRCA TONBKG JUIS PETHCTPOR BBOAAS BhI-
soaa 0-31 ($00-51F)

1(2)
2

9897 cbi $12,7 ; 3Barmmcbh JOT.
; nopra D

0 B paspsan 7

Clear Bit(s) in Register — ouncTxa pa3pana(oB) B perucrpe
cbr Rd, X8

AT9081200, AT90S2313, AT90S4414, ATI0S8515

Rd +— Rd ~ (8FF — K8)

16 <d<31; 0 S KB <255

0111 KKKK dddd KKKK
Her

Copoc 8 peructpe Rd paspanoe, 3aaaHHbIX ¢ nomouso K8,
€ NpuMeHeHHeM JoTHYeckoH onepaumu “U” ¢ pononHenHoi
koHcTaHTol K8. Dra koMaHZa NpUMEHAETCS TONBKO JUTA perk-
cTpoB r16-r31

1(2)
1

700f cbr rlé6,S8F0 ;C6poc cTrapuero nonybaitra
7f2e ¢br rl18,1 ;C6poc paspana 0 s rl8
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CLC
Hazpauue:
CHBTAKCHCE:
Pea/iM30BaHA B MOAGIHX:
Onepanns:
Onepanner:

16-0uTHEIE Koa ommepanHy:
BruaHue Ha daarn:
Onucanne:

Crnor (GaiiT):

TakTOBBIX HHKIOR:
Npumep HCNOAL3OBAHUS:

CLH
Hazpanne:
CunTaxkcuc:
PeannzoBaHa B MOJeJNX:
Onepauns:
OnepaHasi:

16-0MTHLIA KOA ONEpanK:
Bansinne Ha tparu:
Onueanne:

Choe (6a#iT):

TaxKTOBLIX UHKAOB:
Hpumep HenonbL3oBaHuR:

CL{
Hassaune:
CHyTakcHC:
PeanuizoraHa B MOJEHAAX:
Onepanus:
Onepauasr:

16-0MTHBIA KO ONE€palNK:
Bnusinne Ha dmarn:
Onucanne:

Coaos (6aiiT):
TakToBLIX HHKIO0B:
Npumep HenoAL3IOBAHMSA:

Clear Carry Flag — ¢6poc ¢nara nepeHoca

cle

AT90S1200, AT90S2313, AT9084414, AT90S8515
C~—0

Her

1001 0100 1000 1600

C=0

C6poc dnara neperoca B peructpe SREG

1(2)

1

0c00 add r0,r0 ; ¥YMuoxkaem r0 Ha 2

9488 clc ; COpacrBaeM Qnar repeHoca

Clear Half Carry Flag — cGpoc diara nonoBHHHOTO [epeHoca
clh

AT9081200, AT90S2313, AT90S4414, AT90S8515

H«0

Het

1001 010G 1101 1000

H=0

CBpoc dnara HONOBURHOTO nepeHoca B peructpe SREG

1{2)

1

94d8 clh ;Copoc dhmara NONOBMHHOTGC NEPSeHGCA

Clear Global Interrupt Flag — c6poc duara obiero paspeie-
HHUA TIpephLIBAHUH

cli

AT9051200, AT90S2313, AT90S4414, ATS0S8515

[0

Her

1001 0100 1111 100¢C

[=0

Cbpoc dumara ofwero pa3speincHHs NPEpLBaHHE B perncTpe
SREG

1¢2)

1

94f8 cli ; Copoc dmara I
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CLN
Hazpanue: Clear Negative Flag — cHpoc dinara otpunaTtensHoro pesyib-
Tara
Cunrakcue: cln
Peanu3zoBana e Mogensax: ATO0S1200, AT9052313, AT9084414, AT90S8515
Onepamya: N« 0
Onepaunan::  Her
16-6uTHBIH kox onepaumu: 1001 0100 101C 1000
Bausnue ua paarn: N =0

Onncanue:

Cios (baiT):

TakToBEIX HNKTOB:
[MprMep nenonb30BAHKA:

CLR
Haszeanne:
Cuutaxcuc:
Peanuzonana B MOJENAX:
Omnepaunn:
Onepangpi:

16-6MTHEBIH KO onepanuu;
Biannauve na ¢uarn:
Onucanne:

Cnos (6aiiT):
TakToBLIX UHKIOB:
TIpumep HeNoNL30BAHHA:

CLS
Hazpauue:
CHHTaKCHC:
Peannszorana B MoJeRAX:
Onepauns:
Onepaunpnk::

16-6nTHBIE KOA OMEpaLNK:
Bansiuue na dnaru:
Onucanue:

Cnoe (6afiT):

TakTOBBLIX MHKNOB:
[Mpumep ucnonnzoBaHus:

C6poc nara oTprLAaTENbHOrO pesynsTata B peructpe SREG
1(2)
1

94z8 cln ; COpoc grara N

Clear Register — ouncTxa peructpa

clr

AT9051200, AT90S2313, AT90S4414, AT90S8515

Rd «—Rd & Rd

05dx3]

0010 0ldd dddd dddd

S5=0, V=0, N=0, Z=1

Bnaropaps npuMmeHeHHHy rorudeckoi onepaund “Hckmo-
vawoinee MJIU” conepxuMoro peructpa camoMy x cebe, Bce
pa3spsisE 3TOTO PEricTPa YCTAHaBIHBaKOTCR B Jior. ()

1(2)

1

2700 eclr rl6 ; Cuumaem rlé

27ff clr r31 ; Ouumaem r3l

Clear Signed Flag — c6poc ¢uara 2Haxa

cls

AT9051200, AT90S2313, AT90S4414, AT90S8515
S0

Her

1001 0100 1100 1000

§=0

C6poc nara 3Haka B peructpe SREG

1{2}

1

0c23 add r2,r3 ; NpubaenAeMm r3 x r2
94cB cls ; CoOpaceBaem (nal 3Haka
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CLT
Ha3zpanue:
Cunrakcuc:
PeanwuzoBana B MOJEIAX!
Onepauus:
Onepanasi:

16-6UTHbBLII KOA onepaunn:
Banaune na daarn:
Onucanne:

Cnoe (6aiT):

TaKTOBBIX UHKIIOB:
NpuMep UCNOAL3OBAHHA!

CLV
Hazsanmne;
CunTakcne:
PeasHzoBana B MOARTSX;
Onepaunsa:
OunepaHasl:

16-6MTHLII Koa onepanuH;
Bansnue Ha duarn:
Onucanne:

Cnos (bafiT):

TakToOBbIX HHK/JI0B:
Tipimep HCnonB3OBAHUN:

CLZ
Ha3ranne:
CuHTaKCHC!
Peanuzosana B MOOEIAX!
Onepannsa:
Onepanas:

16-6MTHLI Koa onepalHn:
Bansuue Ha dutarn:
Onucanue:

Caor (6aiiT):

TaKTORLIX IMKI0B:
IIpumep Henonep30BaHANA:

16 — 5-2384

Clear Transfer Fiag — cOpoc ¢uara konuporanus
clt

AT90S1200, AT90S2313, AT90S4414, ATO0S8515
T«0

Her

1001 0100 1110 1000

T=0

Copoc ¢nara konuporanud B perdctpe SREG

1(2)

|

S4e8 clt ; CBpoc ¢nara xonMpoBaHMA

Clear Overflow Flag — cBpoc ¢aara nepenonHeHus
clv

AT90S1200, AT90S2313, AT90S4414, AT90S8515
V0

Her

1001 0180 1011 1000

V=0

(Cdpoc ¢nara nepenonHerus s perucrpe SREG
1(2)

1

94h3 clv ;

Clear Zero Flag — c6poc Hynesoro ¢uara

clz

ATO0S1200, AT90S2313, AT90S4414, ATO0S8515
Z+—0

Her

1001 0100 1001 1000

Z=90

Chpoc Hynesore (nara B pervctpe SREG

1(2)

I

8498 cl=z ; CBpoc HyHeBOTO ®nara

Cohpoc ¢rara nepelolHeHMA



242 Cucmema komand

COM

Haszgaune:

CuHrakene:

PeastnzoBada B MOASAAX:
Onepauns:

Onepanae:

16-OMTHEIH KOA onepalHu:
Busindgnxe Ha daarn:
Onucaune:

Caos (6aiiT):

TakroBbiX UMKI0B:

IIprMep HCNONBR30BAHHA:

CP

Ha3zpanue:

Cunraxkence:

Peaaunzosana B Moaensax;
Onepauus:

Onepanap::

16-6uTHBIH KOA onepauMm:
Brinsnue na gnarn:

Onucanne:

Caop (Gaiir):
TaKTOBLIX LHK/I0B:
Ipamep Hcnosab3oBarue:

One’s Complement — IONONHEHHE 10 €AHHHULbI

com Rd

AT9081200, ATY082313, AT90S4414, AT90S8515
Rd — §FF - Rd

0<d<3l

1001 010d dddd 0000

S, V=0,NZC=1

JononHeHre 10 eMHUEIE] codepxuumoro peructpa Rd
1(2)

1

9440 com r4 ; Cozgaem OoNosiHeHMe IO
; emvHulel COOSPEKMMOTO ré

fObl breg Null ; Tepexcn, scmm = 0

.org 24

Null:

0000 nop

Compare — cpaBHeHHe

cp Rd, Rr

ATO0S1200, AT90S2313, AT90S4414, AT90S8515
Rd - Rr

0<d<3]; 0<r<3]

0001 01rd dddd rrrr

H, 8§, V,N,Z C

Cpashenne peructpoB Rd w Rr. Ipu atom Rr BuiuuTaeTcs 3
Rr §e3 coxpaHeHus pesynbTarta {cofeprnmoe Rd He usMmeHs-
etca). dnary ycTaHaBIMBAIOTCA KaK [PH OBLIYHOM BhIYMTA-

HHH, 9T00b MOXHO OBLIO NPOBEPUTL YCIOBHE [IEpeXoa

1{2)

1

164f ¢cp r4,r31
f4bl brne Ungleich ;lepexon,
.org 24

Ungleich:

0000 nop

;Cpasumeaem rd u r31
ecsi He PAaBRHO
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CPC
HazpaHue:
CuHTaKCHC!
PeanuioBaHa B MOOeNAX:
Onepanusn:
OnepaHasi:

16-6HTHBIA KOO ONePAIHH:
Bnusanne Ha ¢uara:
Onncanue:

Cnog (Gaiim);
TakToBLIX KHKNOR!
IpuMep HCNONBL3IOBARUS:

CPI
Ha3panue:
CrHTaKcnce:
PeanuioBana B Moaeaax:
Onepaunsa:
Onepaugsni:

16-6HTHBIA KOA ONepalHu:
Bnnanue na duaru:
Onucanne:

Canos (6aiiT):
TaKToBBIX H{HKIOB:
Tpumep nenobL3oBaHus:

16+

Compare with Carry — CpaBHEHHE © [IEPEHOCOM

cpc Rd, Rr

AT9051200, AT90S2313, AT9054414, ATS0S8515
Rd-Rr-C

0<d<31; 0<r<3t

0000 Ulrd dddd rrrr

H,8 V,N, ZC

Coaepmumoe pervcTpoe Rd i Rr cpantusactca ¢ noMOWbo
BBIMHTAHMA. [IpH 3TOM YYMTBIBAETCH [EPEHOC, MOJyUYeHHDI
B pe3yNLTaTe BBIMONTHEHMA OpeaniAymed onepaunu. Comep-
WUMoe perucTpoB Rr u Rr He H3meHseTc. ©narw MOXKHO HC-
MOJIL30BATL TIPH YCAOBHEIX Mepexojax. J7a Komanga yaodHa
IIA CPABHEHHA HeCKONMbKUX OalfToB

1(2)

1

1440 c¢cp rd4,r0 ; CpaBHeHMe INMHHOTO UL IOTO
; r7:rd ¢ r3:x0

0451 cpec ¥5,rl ; YuuTHBaeTCA NEepeHOC,

0462 cpc r6,r2 ; NonydeHHBI MPM HpelsIyHeM

0473 cpc r7,r3 ; CpaBHeHUHM

f099% breg Gleich ; llepexon, ecrv pasBHO

.org 24

Gleich:

0000 nop

Compare with Immediate — cpasHeHHe ¢ HENOCPEACTREHHBIM
IHAYSHNEM

cpl Rd, K8
AT9051200, AT90S2313, AT90S4414, AT90S8515
Rd-K8

16 <d<31, D<KB8 <255

0011 KKKK dddd KKKK

H,§,V.,N,Z,C

Conepxumoe peructpa Rd ¢ nomMoLisko BoIMATARAA CPABHHBA-
eted ¢ 8-6urnofi konctanTodt KB. Tipn stoM conepsumoe pe-
THCTpa He M3MenseTcs, Mnard MOXKHO MCNONBIOBATE MPH ye-
JIOBHBIX [IEPEX0OIaX

1(2)

1

3003 cpi rls,3 ;
fO0bl breq Gleich ;
.org 24

Gleich:

000C nop

CpaBHmMepaeM rl6 ¢ $03
HNepexon, ecnm DPaBHO
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CPSE

HaszsaHue:

CuHTaKCHC:

Peann3zosana B Moaenax:

Onepaunsg:

Onepauiet:

16-6nTHLIE Ko onepaumnn;
Bauauue Ha $haaru;

Onucaune:

Cnos (6aiiT):

TakToBLIX UHKI0B!

fpumep nenons3opanms:

Compare Skip if Equal — cpaBHeHre ¢ nponyckom clenylo-
el KOMaHARL, ECITH PABHC

cpse R4, Rr

AT9081200, AT90S2313, AT90S4414, AT90S8515

Eenu Rd = Rr, 70 PC «— PC + 2(3), vnaue PC « PC + |

0=<d<31; 0<r=3l

0001 00rd dddd rrrr

Her

Coaepxumoe peructpos Rd u Rr cpaBHMBaeTca ¢ NOMOLIE
BBHIYMTAHKA, H B TOM cny4ae, ecan Rd=Rr, cneayiowan koMan-
ma npomyckaercs. Camu pPerncTphi U QUaru ocTaroTcs HEeMs-
MEHHBIMH

1(2)

1 —ecnu Rd # Rr;
2 —ecnn Rd = Rr u panee crnegyet koMaHpa u3 0J1HOTO ClIOBA,
3 - ecnu Rd = Rr 1 nanee cnefyer koMaHza W3 ABYX CIOB

9443 inc r4 ; VHxpeMmeHTUpyeM ri
1040 cpse rd,r0 ; CpaBHuBaeMm rd ¢ 1D
9441 neg r4 ; ByneT BHINOJHEH& TOALKO,

; B TCOM crniydae, ecyam rid#x0
000C nop
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DEC

Haisanue: JlexpeMeHT

Cuuraxkene: dec Rd
Peann3zopana B mogenax: AT90S1200, AT90S2313, AT90S4414, AT90S8515
Onepaunn: Rd < Rd-1
Onepanner; 0<d <31
16-GuTHLI Koa onepanun: 1001 010d dddd 1010
Bansinue Ha ¢pnarn: S,V N, Z
Onucanue: Mz copepwumoro peruictpa Rd eeiuntaetca $01. ®nar mepe-
Hoca He M3MeHgeTcd, Omaronapa vyeMy Rd MoxHO Henonezo-
B&Th B KaUeCTBE CYETYUKA LMKNA MPH BHIMOAHEHHN apudMe-
THYECKMX ONepanufl Hag HeckonsKHMH Oalitamu. [Ipu aekpe-
MEHTHPOBAaHUH Ge33HAKOBBIX ONEPaHA0B MOXHO HCIONb30-
BaTb TONBLKO CPABHEHMR Ha pPABEHCTBO M HEpPABEHCTBO.
B cayuae 3naueHnii, NPeNCTaBASHHBIX B AOTICIHHTENbHBIX KO-
Jax, yCIOBHBIE NEpeX0/ibl JOCTYITHEL BCE
Caos (BaiiT): 1(2)
TakToBBIX UMKAOB: |

Mpumep ucnoassosanus: 100 1di rle,$10 ; JarpyxaeM KOHCTaHTy
; $10 B perwcTp rlé

Schleifea:

Ocl2 add rl,r2 ; NpmSasgaem r2 x rl
850a dec rlé ; HexpeMeHTHpyeM rl6
f7e8 brne Schleife ; llepexon, eciu rlé = 0
0000 nop

EOR

Haspanne: Exclusive OR — ucknwovaromee “HJITH"
CHuTakene: eor Rd, Rr
PeannioBana B Moaensax: AT90S1200, AT90S2313, AT90S4414, AT90S8515
Onepauns: Rd«— Rd @ Rr
Onepanner: 0<d<31; 0<r<31
16-6uTHBIA Kop onepanun; 0010 Olrd dddd rrrr
Baudanue Ha gnaru: S, V=0, N, Z
Onucanne: ObnenynHeHne noryueckoii onepaumei “Hexmovatomee HITH”
coaepxnmoro peructpoe Rd 1 Rr
Cnoe (6aitr): 1 (2)
TakToBbIX HHKAOB; |

TIpHMep HENONL3OBARKA: 2444 eor rd,rd4d ; OBHynsem ri
2606 eor r0,r22 ; ObmemvHaem r(0 u xr22
; onepaumel "Mckmpuaxumee MIH"
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ICALL
Haizpanne:
CuHTakeuc:
PeanuzoBana B Moaensx:
Onepauns:
OnepaHlbi:

16-GuTHeIft KOO OMepalHN:
Bandaxue na dnaru:
Onucanue:

Caos (baii1):
TakTOBEIX NHKJIOR:
Hpumep HCNoONBIOBaAHUA:

IJMP
Haszpanne:
CHHTaKcHe:
PeanunzoBaHa B MoJeIaAX:
Onepanusn:
OnepaHjbr:

16-OuTHBLIH KOA Onepanuun:
Baugsre Ha drarn:
Onueanne:

Caop (afiT):
TakToRBIX LHK.I0B;
Ilpamep Heno/IL3OBaHHA:

Indirect Call to a Subroutine — xoCBeHHBI{ BBLI3OB NOAMPO-
rpamMmel

icall

AT9082313, AT90S4414, AT90S8515

PC—2Z

Her

1001 0101 XX¥XX 1001

Her

Kocsennniii BRI3OE NONOPOTPaMMEl, Ha KOTODYHO YKa3biBaeT
yxasaTens Z (r31:x30). Ampec Bo3spara (KoMaHAaa, Cneayolas
nocie KoOMaHisl icall), coxpaHdeTes B CTEKe

1(2)

3

.org 256

UP1l:

000100 9468 bset 6 ; YcraHaBnueaem graar T
000101 9508 ret

.org 290

000122 eQfl 1di r31,high{UF1)

000123 e0el 1di r30,low(UPL)

000124 9509 icall ; Baizos UPL

000125 0000 nop ; lpononkxeHKe NpoTpaMME

Indirect Jump — KOCBEHHBI nepexod

ijmp

AT9052313, AT9084414, AT9058515

PC—Z

Her

1001 0100 XXXX 1001

Her

Koceenuplit nepexon no agpecy, Ha KOTOPLIH YKa3blBaeT yKa-
zatens Z (r31:130)

1(2)

2

.org 256

Labkell:

000100 0000 nop ; [podorIKEeHME NPOIPaMMEL
.org 290

000118 0f1 1di r3l,high(Labell)

000119 elel ldi r30,low{Labell)

00011a 940% icall ; Ilepsxol K MeTke Labell
00011b 0000 nop ; Hponorkerme nporpaMMy
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IN
Ha3zrauune:
CuHTaKCHC:
Peaamzorana B Moaensx:
Onepanug:
Onepanasi:

16-GHTHLIH KO ONepalnH:
Bananue Ha duiaru:
Onncanne:

Cnos (6afiT):

TaxkToBbIX HHKI0B:
IMpumep nenoabioBanuA:

INC
Hazpanue:
CHHTAKCHC:
PeanuioBana B Moaendax:
Onepamnus:
Onepannei:

16-GUTHBIH KON OTlepatm:
Biutnsinune na guiaru:
Onucanue:

Cnos (bafT):
Takrossix nuKIOR:
[Tpumep HemoALIOBAHKA:

3arpyska U2 nopTa BROIA/BEIROMA B PELHCTD

in Rd, P

AT9051200, AT90S2313, ATO0S44 14, AT90S8515

Rd«P

0<d<31; 0<P<63

1011 0PPd dddd PPPP

Her

3arpyaka B perucTp Rd cosepkumoro nopta BRoAa/BRIBONA P

1(2)

1

b3aé in r26,516 ; CuuTeBaeM W= nopra B B
; permcTp r26

30a4 cpi r26,4 ; lpoeepsaeM rZé Ha
; paseHcTeo $04

£169 breg Labell ; Ilepexon x Metrke Labell,
; eCaM paBHO

.org 48

Labell:

J000 nop ; UpononxeHne NpoDpaMMel

Hnkpement

ine Rd

AT90S81200, AT90S2313, AT90S4414, AT90S8515
Rd«—Rd+1

0<d=<31

1001 010d ddda 0011

S,V,N,Z

K copepumomy peructpa Rd npudasnserca $01. $nar nepe-
HOoca He u3MeHsAeTed, Onaronapa yemy Rd moxHO Wenoss3so-
BaThk B KAYUSCTBE CUETUHKA UMKNA TNPH BBLINNOJIHEHWH apmbme~
THYECKHX Ofiepauril Han Heckonbkumn Oaiitamu. Ipu uakpe-
MECHTHpPOBAHUH 0e33HaKOBLIX ONEPAHICB MOXHO HCHOIL3O-
BaTh TOABKO CpPAaBHCHHA Ha PABCHCTBO MW HCPABEHCTRO.
B ciyyae 3sHadeHuii, IpeCTARNEHHBIX B AOTONHUTENLHBIX KO~
1ax, YCIOBHBIE NIEPEX O/l A0CTYIIHBL BCE

1(2)

1

27aa clr r26 H
Labell:
95a3 inc r2é

QbuyngeMm r26

MHKpeMeHTHRYyeM r26
OpyI're KoMaHILl

CpasnueBaeM 126 c $4F

Nepexwon k mMerxke Labell,

ecJiM PasHO

[IpomonxeHre OpCoTPaMME

34af cpi r26,$4F
729 brne Labell

P N

0000 nop
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JMP
HassaHwue:
CuHTakcue:
PeanusoBaHa B MOJeAX:
Onepannn:
Onepanasbi:

32-6uTHbIH KOA ONEepauHH:
Bausinne g2 poraru:

Onucanune:

Cnos (baiiT)
TaxkToBLIX HHKJ/IOB!
[Tpnmep HCMOAB3OBAHKAS

LD (LDD)

KoceeHHan 3a rpy3Ka m3

CHHTAKCHC:

PeanuzoesaHa B MOJIEJIAX;

Onepauusn:

Onepangni:
16-6MTHBIA KO Onepanmu;

Baudaxue na daarsn;
Onncanue:

Long Jump — ganbHuM nepexon
jmp k16 (k22)
Hu B ogHo#t Moaenu OaloBoit cepun cemeiictea AVR
PC « k16 (k22)
0<k<64K (0 <k <4M)
1001 010k kkkk 110k kkkk kkkk kkkk kkkk
Hert
[Tepexox no abGconoTHOMY ajapecy ki6
(B MHKpOKOHTpOJNepax ¢ 16-paipanHoit uMHO# anpeca) Wi
k22 (B MUKPOKOHTPOINEPaX ¢ 22-paspanHoil LHHOM anpeca)
2{4)
3
.device ATS038515
000000 2¢l10 mov rl,r0 ; Konupyem r0 B rl
warning : 'JMP' not suppcrted
000001 94Q¢ 0B00 Jmp Far ; lepexon no

; adcormpTHOMY anpecy
.org 2048
Far:

000800 0000 nop ; lponomkesue nNpoTpaMMs

SRAM B perucTp ¢ noMouw kL ykazatena X

a) 1d Rd, ¥ (yxaszaTenb X OCTaeTCA HEH3IMEHHBIM);
6) 1d Rd, X+ (mocne nepenadu ykazatensh X KHKPEMEHTH-
pyetca);

B} 1d Rd, -X (mnepexn nepepadeil yxazarenb X AekpeMeH-
THPYETCH)

AT90S52313, AT90S4414, ATS0S8515

a) Rd «— (X);

ORd—(X)/X—=X+1;

B) X «~X—-1/Rd - (X)

0<d<31

a) 1001 000d dddd 1100

6) 1001 000d dddd 1101

B) 1001 000d dddd 1110

Her

Ba#it u3 suefiku SRAM, aapecyemoil ¢ noMolso ykasarenn X
(r27:r26), sarpyxaeTcs B pernetp Rd. B cnyuae (a) nocne ssl-
TOJIHEHHA ONEPAlAY COAEPKHEMOE X OCTAETCA HEMIMEHHbBIM, B
cryqae (0) onoO yBenlwuuBacrcs Ha I, a B chysae (B) —
YMeHbIIAeTCA Ha | ellle 10 BBIMOMHEHHA Tiepenaqu. [Ipu HaTu-
4ni BHelHeH namaty SRAM goctynHo Bee appecnog mpo-
cTpaHeTBo 64K
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Cnos (GaiT):
TaAKTOBBLIX HHKJIIOB:
TlpHMep RCNOAbLIOBAHNHA:

KoceeHHana 3arpyska us

CHHTAKCHC!

PeannioBaHa B MOJTEAAX:
Onepauns:

Onepanib:
16-6MTHEIH KON OMepanuu:

Bimanue na guaru:
Onucanne:

Cnos (bair):
TakTOBLIX HNKIOB:
[Ipumep nenonusopanua:

1(2)
2
27bb clr r27 ; OuumaeM cTapimit Cavt B X
aezal 1di r26,%20 ; Muoamgmm Gamt 5 X = 32
900d 1d r0,¥X+ ; Barpyxaem B r(0 DavT rno
; anpecy $20 M MHKpeMeHTHpyeM X
901c 1d rl1,X ; 3Barpyxkaem B ri OanT no
; ampecy S$21
eZal3 ldi r26,823 ; Mnamumi barr B X = 35
802c 1d r2,% ; RBarpyxaem B r2 Saur Mo
; ampecy $23
903e 1d r3,-X ; IexpeMeHTUPYEeM X U
; zarpyxkaem B r3 BanT no anpscy $22

SRAM B perucTp c noMolbio ykazatensa Y

a) 1d Rd, Y (ykazatenb Y ocTaercs HEM3IMEHHBIM);

6)1d Rd, Y+ {(mocne nepegauy ykazaTedab Y MHKPEMEHTH-
pyerca):

B) 1d Rd, -Y (mepexa nepenaueii ykazatens Y nekpeMeH-
TUpyeTea);

r) 1dd Rd, Y+q (vkazartens Y OCTAeTCA HEUIMEHHBIM: { —
cMeleHne)

AT9082313, AT90S4414, AT90S8515

a) Rd — (Y

B)RA—(¥V)/Y+—Y+1;

B)Y <Y - ! /Rd+(Y);

r) Rd «— (Y+q)

0<d=<31, 0£q=£63

a) 1000 000d dddd 1000

@) 1001 0004 dddd 1001

B) 1001 000d dddd 1010

ry 10g0 ggld dddd lggg

Her

Bakt n3 aueiikn SRAM, anpecyemoil ¢ noMombo ykazarensa Y
(r29:r28), sarpyxaetcsa B pervetp Rd. B ciyuae (a) noche Bbl-
NOAHEHHA ONEPaINN COASPIKUMOE Y OCTaeTCA HEWIMEHHBIM, B
cayuae (0) oHO yeenuuuBaetrcs Ha 1, a B cay4ae {(B) —
YMeHbilaeTes Ha | ewle 10 BBUIOAHEHHA nepenaq. B cnyqae
{r) conepmkumoe Y He UIMEHSETCS, HO BO BPEMSA BhIIIOIHEHUS
ONEpalny CKIAALIBACTSA ¢ ¢. [Ipn HANHUUM BHEIUIHEH NaMATH
SRAM poctynHo Bee afpecHoe MpocTpaHeTBo 64K

1(2)

2

27dd c¢lr r29% ; OuuuwaeM crapwmit SanT B Y
e2c0 1di r28,%20 ; Mnapma éanrT B Y = 32
800¢ 1d r0,Y+ ; Barpyxaem B rd Sa¥r no
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KocseHHan 3arpy3ka n3

CHHTaKCHC:

PeannizoBaHa B Moaensx:

Onepannsq:

Onepangsri:
16-6uTHLI KO OMepaunN:

Braunuue Ha pnarn;
Onucanne:

Cnos (6aiiT):
TakToBLIX LMKIIOR!

; aopecy 520 1 MHKpeMeHTUpyeM Y
8018 1d rl,Y ; 3arpyxaeM B rl GaNT o
; agpecy 521
e2c3 1di r28,823 ; Mnaowmi daur B Y = 35
8028 1d r2,Y ; 3Barpyxaem B r2 HanT no
; alpecy $23
903a 1d r3,-Y ; lekpeMsuTuUpyeM Y U
; sarpyxasMm B r3 Saft no agpecy 522
804a 1ldd r4,Y+2 ; 3Barpyxaem B r4 Dant no
; anmpecy $24

SRAM B perucTp ¢ NnomoLLK YKasaTens Z

a) 1d Rd, Z (ykazatens Z OCTAeTCs HEM3MEHHBIM);

6)1d Rd, Z+ (nocse nepenaun ykasaTenb Z HHKPEMEHTH-

pyeTca);

B) 1d Rd, -Z (nepen nepenaved yKasarens Z NEKpeMEHTH-
pyeres);

ryldd Rd, Z+qg (ykazatens Z ocTaeTCs HEMIMEHHBIM;  —
cMelleHue)

[AT9081200 *)], AT90S2313, AT90S4414, AT90S88515

a) Rd « (2);

ORd—(DY/Z—Z+1;

B)Z—Z-1/Rd— (Z)

) Rd — (Z+q)

0<d=<31, 0=<g<63

a) 1000 000d dddd 0000

6) 1001 000d dddd 0001

B) 1001 000d dddd 0010

r 10g0 gg0d dddd Oggg

Her

Baiit n3 aueiixn SRAM, agpecyemoii ¢ momollbr vkazatena Z
(r31:130), zarpyxaercs B peructp Rd. B cnyuae {(a) nocie BhI-
TIOTIHEHMS ONepailiil COAEPKNUMOe Z OCTACTCA HEH3MEHHBIM,
B cmyqae (6) oHo ymenuuuBaeTcs Ha 1, a B cioydae (B) —
YMeHBIIAeTCA Ha | ellle A0 BRIMOMHEHWA NepedavyH. B cnyuae
(1) conepaxumoe Z HE MIMEHAETCH, HO BO BPEMSA BLINOAHEHHA
OTepaniy CKIagnIBaeTcA ¢ . [IpH HaNMYHK BHELIHEH NaMATH
SRAM nocTynHo BCe anpecHoe npocTpaHcTBo 64K

*} B cnydae monemu AT90S1200 sHyTpeHHAq namats SRAM
HE WCIONb3YeTCA, H C MOMOWMBI ykazatens Z moxHo obpa-
[ATBCA HCKIIOMUTENLHO X paBouMM perticTpaM W3 perucTpo-
BOTO haiina

1(2)

2
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IIpuMep HCNOAL3IOBAHHA:

LD
Haseanne:
CunTareuc:
PeanuzoBaHa B MoJeasax:
Onepauus:
Onepanabi:

16-6uTHRINA KOX ODEpALIHN:
Bananue Ha diarn:
Onncanune:

Cnoe (Gafir):

TakTOBBIX UHKIOB:
ITpumep HenoNb3OBAHHA:

LDS
Hazsanue:
CHHTAKCHC:
PeannioBaHa B MOIendX:
Onepauns:
Onepanani:

32-0GATHRIIT KOA OepaLuy:
Bausinve Ha $aaru:
Onncanwue:

CoB (BasdiT):
TaxkToBbLIX HUKAOE!
TIpHMep ucnosb3oBAHHA:

27ff
e2el
S001

clr r31 ; OQuumaem crapuui SauT B Z
idi r30,8%20 ; Mnagumit Sadfir 5 2 = 32
1d r0,Z+ ; 3Barpyxaem B r0 Safr no

; appecy $20 M MHKPEeMeHTUpYEM Z

8010 1d rl,2 ; 3arpyxaeM B rl GaWT 0o

; ampecy 3521
e?e3 1di r30,$23 ; Mnagmmit Gafir B 2 = 35
8020 1d x2,7 ; 3arpyxaem B r2 6HanT 0o

; ampecy $23
9032 1d r3,-Z ; HexpeMeHTUpyeM Z M

; 3arpyxaeM B r3 GalT no ampecy 3522

8042 ldd r4,2+2 ; Barpyxasm B r4 SadrT no

; ampecy $24

Load immediate — 3arpy3xa HemocpeACTREHHOIO 3HAYEHHA

idi Rd, K8

AT90S1200, AT90S2313, AT90S4414, ATO0S8515

Rd — K8

16 <d<31;, 0<K8<255

1110 KKKK dddd KKKK

Her

3arpyska B peructp Rd 8-6urnof konetanTe K8

1(2)

1

27ff ¢lr r3l ; CdumlaeM cTapumMii OanT
/ yraszarTtens 2

e2e0 ldi r30,%20 ; Mnamgmwd Baut 2 = 32

95c8 lpm ; Barpyxaem BadT M3 pnsw-
; namatn B pervcTp rl

Load Direct from SRAM — npsmas 3arpyska u3 SRAM
i1ds Rd, klé&
AT9082313, AT90S4414, AT90S8515
Rd «~ (k16)
0<d=<31;, 0<kl6 < 65535
1001 000d dddd 0000 kkkk kkkk
Her
Baitr, m3pneueHssiii no abcomoTHoMY ampecy k16, sarpyxa-
€TCA HelocpeAcTBeHHO B perduetp Rd. Mpn Hanuuny BHewHEH
namMaTH SRAM [0¢TymHO Bee alpecHoe TpOCTpaHcTBO 64K
2{(4)
3
9020 ff00 lds r2,S$FF00 ; SBarpyxaem B r2

; GalT, pacnonoxedHHW No azpecy SEFOO
Oc2l &add r2,rl ; MNpudaengem rl k r2
%220 £f00 sts $FF0C,rZ ; PeaynnTaT oOGpRaTHO

kkkk kkkk
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LPM

Hazpanue:

Cudrakcuc:

Peau3oBaHa B MOJE/IAX:
Onepauua:

OnepaHasi:
16-0MTHBIH KOA oRepalHN:
Bansnue Ha duraru:

Onucanue:

Cnos (baiiT):
TAKTOBBIX UHKNOB:
[MprMep UCNOIB30BAHHN!

LSL

Haseanne:
CuHTaKeHC:
PeanusoBana B Moaeax:

Onepauusn:

Onepananr:
16-0MTHLIA KOl OTlepaliH:
Bnuauue va daaru:

Onucanne:

Caos (6aifr):

TaKTOBBIX LHKNOB!

ITpumep HCnOALIOBAHMA!

Load Program Memory — 3arpy3ka naMati nporpamm
lpm

AT9052313, ATO0S4414, ATO0S8515

RO «— (Z)

Her

1001 0101 110X 1000

Her

BafiT namary nporpamm™, agpecyeMblil C MOMOLLBK) COREPXKU-
More ykazarens Z (r31:130), zarpyxaerca B peructp R0. Pas-
paapl 15...1 ykazarens Z anpecyloT 16-pazpaaHyrd sdeHKy
nporpaMMHoit Gasw-namsati. Paspan 0 ykaszarena Z onpene-
ngeT, kakoh 6alT momKeH ObITE 3arpykeH: Muagmui (pazpan
0 = 0) unu crapuinit (pazpan 0 = 1). TIpy HanuuHUKM BHELUHeH
namsaTH SRAM noctynHe agpecHoe npoctpakctse A0 32K
1(2)

3

27ff clr r31 ; Oummaem crapuwyyt BaltT
i YKaszarena £

efeld 1ldi r30,5F0 ; Mnagwwit Haur Z = SFO

95c8 lpm ;

; CHUMTaHHE 1o agpecy $S0078

B3anuceBaeM B r0 mnapmwmi Galr,

L.ogical Shift Left — morudecknit ciBur BneBo
1lsl Rd
AT9S051200, AT90S2313, AT90S4414, AT90S8515

-l
-

C <— b7/b6| b5 b4 b3|b2 b1|{b0+—20
0<d<3l

0000 1ldd dddd dddd { = add Rd, Rd)
H,8,V,N,Z,C

Bce paspazel peretpa Rd casuraiotea Ha oaHy no3umuio
BNIeRO; (nary nepeHoca MPHCBAMBASTCA 3HAUEHNE paspana 7, a
B pa3pan 0 3amicsieaerca nor, 0

1(2)

1

0c00 1s1 r0 ; YmuHoxeuue r0 Ha 2
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LSR

HaszsaHHe:
CHHTaKCHC!
PeanvzoBaHa 8 MoAeaaAx:

Onepauns:

OnepaHnabl:
16-OnTHBIH KOO OmepaATNN:
Bitmguue Ha daarn:

Onucaumne:

Cnor (ba#iT):
TaKTOBBIX IIHKIIOR:
Mpumep HEnoaLI0BAHNSE:

mMov

HaszpaHue:

CHHTAKCHC!

PeanyzoBana B MOIC/AX:
Onepauusn:

Onepanast:

16-0HTHLIE KOA onepanMK:
Banaune Ha duiarn:

Onucanune:

Croe (Gaiir):
TakTOBBLIX IHKI0B:

[Ipumep MCOONBIOBAHUN:

Logical Shift Right — norudeckuii capur srpaso
lsr Rd
AT90S1200, AT90S2313, AT90S4414, ATS0S8515

.
»>

0—> b71b6; b5| b4 | b3 |b2|b1|b0 I’——*_CJ

~ -y

0<d=<3l

1001 0104 dddd 0110

S, VN=0,Z.C

Bee paspaapl peruerpa Rd cnsuratotes wa 0any NO3HUMIO
gnpago; duary nepeHoca npuceanBaeTca 3HadeHne papana (0,
a B paspaa 7 zanuceisaeTes nov. 0. dmnar riepeHoca Moker ue-
NOAB30BATECH 1Sl OKPYFIEHHS

1(2)

1

%406 lsr x0Q ; Denmum r0 wma 2

£408 brcc Labell ; Ilepexon, ecywm gaar C-0
9403 inc r0 ; OxkpyrinsgeMm pes3yisTaT,ecu C=1
Labell:

0000 nop ; lpononxeHne NBCIpAaMME]

Copy Register -— KonuposaHUe perucTpa

mov Rd, Rr

AT90S1200, ATS0S2313, AT90S4414, AT90S8515
Rd < Rr

0sd<31, 0<r<3t

0010 1lrd dddd rrrr

Her

Konupopanue copepxumore peructpa Rr B peructp Rd. Co-
AEpKHUMOe PerncTpa Rr ocTaeTest HeUM3MEHHbBIM

L2}

i

2d0C mov rl6,r0 ; Konupyem copepxumce r(
; B rle

2eff mov rl5,r31 ; Konupyem comepxuMoe r3i
; B rls
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MUL

HazpaHHe:

CunTakcue:

PeanM30BaHa B MOAENRX!
Onepanusn:

OnepaHasl:

16-6uTHBIA K0oA ONepallHH:
Bnusinue Ha oarn:

Onucanne:

Cnos (6afT):
TaKTOBBIX ULHKJIIOB:

IIprMep UCnoNib30BAHUA!

NEG

Ha3lsaHHe:

CHHTaKCHE:

PeanuzoBana B MOaeNAX:
Onepanus:

Onepannbi:

16-6uTHBI# KoA onepanuu:
Bausune Ha doarn:
Onucanue:

Cnos (6aiiT):

TAKTOBLIX UHKNOB:

IIpumep necnonbL30BAHMS:

Multiply — yMHG®KeHHe

mul Rd, Rr

Hu B oamoit mozgeny 6azooli cepun cemeifctea AVR
R1:R0 «— Rd x Ry

0<d<3l; 0sr<3l

1001 11lrd dddd rrrr

C

Be33HakoBOe MEPeMHOKEHHE MHOXHTens Rr ¥ MHOMKHMOro
Rd. Pesynetar sanuceiBaeTcs B perucrporyio napy RI1:R0
(R1 — crapumuit 6aitt; RO — Mnamumii 6aift). Paspaz 15 pe-
aynpTaTa KoMHpyeTca B (ar nepeHoca

1(2)

2

.device AT90S58515

warning ‘MUL’ not supported

9¢65 mul r6,r5 ; lepemHoxaeMm r5 m ré

Two’s Complement — NONOJHEHHE 10 OBYX

neg Rd

AT90S1200, AT90S2313, AT90S54414, AT9088515

Rd «— $00 - Rd

0<d<31

1001 010d dddd 0001

H,8,V,N,Z,C

Peanuzauva JononHeHHd A0 ABYX COREPAKMMOrO pervctpa Rd
1(2)

1

18b0 sub rll,r0 ; BemmMTaeMm r0 ms rll
f40a brpl Pos ; Tlepexon, ecau pe3yneTaT
; NOJICXMTEeNb HEDA
94bl neg rll ; Co3spnaeM OonoJiHeHMe OO OBYX
; copepxuMorc permcrtpa rll
Pos:
0000 nop i Nponomxerue npoTpaMMel
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NOP
Haseanmne: No Operation — HeT onepauui
CHHTaKCHC: nop
PeannzoBana B modensax: AT90S1200, AT90S2313, AT90S4414, AT90S8515
Onepauusn: Her
Omnepanner:  Her
16-GuTHBLIH Kog onepaunn: 0000 0000 0000 0000
Bauauue na paarn:  Her
Onucanue: DTz KOMAHAA 33AEPKUBAET HA OJMH TAKT X0 IPOTPAMMB!
Cnos (Gafim): 1(2)
TakToBwIX nuxknoR: 1

TIpumep nenonk3osanua: bb08 cut $18,r16 ; BeiBom B nopT B
0000 nop ; OxMIaeM COIOWMH CUCTEMHBI TaKT
bb18 out $18,rl7 ; Eme oIMH BREOI B nopT B

OR

Haisanue: Logical OR — norudeckan onepauus “VITH”

Cunrakceuce: or Rd, Rr

Peanniopana B Mofensax: AT9081200, AT90S2313, AT90S4414, AT90S8515
Onepauns: Rd < Rd v Rr
Onepannpl: 0<d<31; 0<r<3l
16-6RTHEIA Koa onepannui: 0010 10rd dddd rrrr
Bauaaue na paarm: S, V=0, N, Z
Omnncanue:  O6venunenre noruyeckoif onepauneii “UIIH” conepkumoro
peructpos Rd 1 Rr. Pesynbrar 3anuckizaetces B perncrp Rd
Cnos (6afiT): 1(2)
TakTosblx nuKIOE: |
Ipumep Hemonblopanua: 2823 or r2,r3  ; r2 "HAU" r3
e001 1di r16,1 ; B perucrp rlé szarpyxaem
; Burosyin Macky 0000 0001

2aZ0 or r2,rl6 ; YcraHasnmeaewm paszpan 0 B
; perucTpe r2
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ORI

Haszsanue:

Cunrakcuc:

PeanuzoBaHa B MOJCTAX:
Onepauna:

Onepanabl:

16-0uTHRIH KOA onepaunH:
Bausivne na gorarn:

Onnecanne:

Cnoe (0afr):
TaKTOBBIX LIHKITOB:

Tpumep NCNONLIOBAHNA!

ouT
Hazpanne:
CHHTAKCHC!
Peann3oBaHa B MOJ&NSIX:
Onepauus:
OnepaHab::
16-6uTHBII KOO OTIEpATIHY:
Brausinne na dgurarn:
Onurcaune:
Cnos (0aHT):
TakTORBIX LMK/IOB:

Hpumep HCIONbL30BAHNA

Logical OR with Immediate — normvueckas onepaus “HWIW”
C HENUCPEeACTBEHHBLIM 3HAYEHUEM

ori Rd, K8

ATO0S1200, ATI0S2313, AT90S4414, AT9058515
Rd —Rd v K§

16=<d<31, 0<KB=<255

0110 KKKK dddd KKKK

5, V=0,N,Z

O6beauHeHne Aoruueckoi onepauren “UJIM™ cogepxnMoro
peructpa Rd u 8-6utHoii koHcTanTel K8, PelyakTar 3anucel-
BaeTcs B perucTp Rd

1(2)
1

601f ori rl17,80F ;
;o MApanuuk noonydamt permcTtpa ril

6120 ori rl8,s$10 ;
; paz3psn 4 perwcrpa rilB

6alda ori rl9,SAA ;
; pazpsame 1, 3, 3,

BFancornHagem aor. 1
YcTaHaBnueaeMm B Jor. 1

YcranaknueaeM s Jior. 1
7 B pervcTpe rl9

Ilepenaua cooep>®MMOre pernctpa B NopT BBOJA/BLIBOIR
out P, Rr

ATIS1200, ATO0S2313, ATO0S4414, ATI0SE515

P« Rr

0=r<3h; 0<P<63

1011 1pPr rxrr PPPP

Her

Iepenaya B nopr P coaepxumoro peructpa Rr
1(2)

!

bb08 out $18,r16 ;
G300 nop ;i Oxmmaem OOWH CUCTEMHBIM TAKT
bbi8 out $18,rl7 ; Ewe OIuH BeiBOZ B IORT B

Buison B TopT B
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POP
Hazganne:
CHHTaxKCHC:
Peanu3oBaHa B MOOCIAX:
Onepauung:
Ouepaunnt:

16-6nTHBIH KOX omepaniH:
BausHue Ha ¢narn:
Onucanue:

Cnos (6a#T):
TakTOBLIX UHKJIOB:
(lpumep HCNONLIOBAHNAS

PUSH
Hassaune:
CuHTaKcuc:
PeannioBaHa B MOOEJISIX!
Onepanus:
Onepanas!:

16-0ATHbIH KOX ONepalBn:
BausnHue na paaru:
Onucanue:

Cnor (6afiT):
TaKToBbIX IHKJIOB:
ITpumep HeNoOAL30BAHHA:

17 —§-2384

H3pieveHue CONSPXHUMOro peructpa u3 crexa

pop Rd

AT90S2313, AT90S4414, AT90S8515

Rd « Crek

0<d<31

1001 000d dddd 1111

Her

VgazaTeNb CTeKa yBelwuusaetcd HA 1, moche dero OaWr
B mamaTy SRAM, Ha KOTOPLIH YKA3BIBAET 3TOT YKa3aTelb, 3a-
nuceiBaeTea B perierp Rd

1)
2
000000 4d3ff rcall UPL
.org 1024
Url:
000400 b&Qf in r0,$3F ; Konupyem B r0
000401 920f push r0 ; Momemaem SREG B crTex
000402 930f push rlé ; lomemaem rlé B crex
000403 0000 nop ; HexoTophit xon
000404 910f pop rlé ; BoccranasnuBaem rlé
000405 900f pop r0O ; SREG - onate B r0
000406 belf out $3F,r0 ; BoccTaHabBnMBasM

; perncTp SREG
000407 9508 ret

Pa3memeHne coiep>XUMoro perucTpa B cTexe
push Rd

ATO082313, ATO0S4414, ATO088515

Crek « Rd
0=<r<3l

1001 001d dddd
Her

Conepxumoe peructpa Rd coxpauseTcs B sueiike mamaTH
SRAM, aapecyemoii ¢ MOMOLIBIO YKa3aTENb CTEKA, OCHE 1EF0
3TOT YKalaTenh YMeHblUacTed Ha 1

1111

1(2)
2
000000 d3ff rcall UP1
.org 1024
Url:
000400 b60f in r0,%$3F ; Konupyem B r(
000401 920f push r0 ; CoxpaHaem SREG
000402 930f push rlé ; CoxpaHaem rl6
000403 0000 nop ; Hexoropemt xop
000404 3810f pop rlé6 ; BoccraHamaueaem rlé
000405 S00f pep ro ; SREG - cnare B r0
000406 beldf out S$3F,r0 ; BoccTaHaBIMBaeM

; perucrp SREG
000407 9508 ret
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RCALL
Haszpanmue:
CunTaKkeuc:
Peann3oBana B MOQENRX:
Onepaunsd:
Onepanasi:

16-6uTHLIA KOA ONEepanHn:
Banaume na aarn:
Omucanne:

Cnos (6afiT):
TakTOBbIX BHKJTOB!
[Npumep nenoaw3oBanus:

RET
Hazsauue:
CHHTaKCHC:
Peanv3osana B Mogensax:
Omnepanus:
Onepabab;

16-6urHeiii Ko onepayuu:
Bauaune na ¢gnaru:
Onucanme:

Cnos (6aiiT):
TakToBbIX HHKJIOR:
TMpumep HenoIE30BARKS:

Relative Call to a Subroutine — oTHocHTENbHEL BBI3OB MOJ-
[POrpaMMbl

rcall k12

AT90S1200, AT90S2313, AT96S4414, AT9058515
PC+—PC+kl2Z+1
2K <kl12<2K
1101 kkkk kkkk
Her

BbI20B OANPOrPaMMBI, HAYano KOTOPoH AOMKHO HAXOAUTLCA
B nuanazone PC + 2K cnos. Aapec Bo3paTa (kOManna, cie-
OyoIas noclie KOMaHawl reall), nomewaerca B cTek. bra-
rofaps Kpyromoif agpecaluu, KoMaHga rcall MOXeET He-
none30BaThcA 63 OrpaHmnueHuil BCeMHU MpeacTaBuTensMu Oa-
30BOM cepuu ceMeticTea AVR

1(2)

3

.org $FFO
UPLl:

Q00L£Q 9468
000ff1 9508
.org $01A
00001a dfds
00001k 0000

kikk

bset 6 ;
ret

YcraHoBka dnara T

rcall
nep ;

UPl ; Brzcr UP1L
[lpomomkerHite NPCTPaMME

Return from Subroutine — Bo3epat 13 noanporpaMmel
ret

AT9081200, AT90S2313, AT90S4414, ATO0S8515
PC « Crex

Hert

1001 0101 0XX0 1000
Het

Brixon u3 moanporpaMMel, YKazaTe/b ¢Tekd YBENHIHBAETCH
Ha 1, mocne 4ero cooTBETCTBYOW M GaidT u3 SRAM komupy-
eTca B cTapiuuit OaliT cueTuMKa kKOMaHiL. 3aTeM ykalaTesb cTe-
K4 €UIe pa3 YBEIWYUBAETCA HA | W COOTBETCTBYIOWMHHA DaitT 13
SRAM komupyercd B Mnamnii 6aiT cueTumka KOMaHa

12)

4

0C0000 d3ff
000001 0000
.org 1024
UP1:

000400 930f
000401 0000
000402 210f
000403 9508

rcall UF1
nop ; [pogcmxeHre NPOoIPaMMbL

push rlé ; NoMewaeM B Ccrek rlé
nop ; BenonHeHMe NOONRCTDaMME

pop rié ; BoccTaHaenMBaeMm ri6
ret
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RET]
Hazpanue:
CHHTAKCHC:
Peasnzopana B MOJeAX:
Omnepauusi:
Onepannni:

16-0HTHRII KO onepauHn:
Baunnue wa daarn:
Onucanne:

Cnos {(6ailiT):
TakToBBIX BHK/IOB:
IMpumep HENONL30BAHHAL

RJMP
Ha3ipaHue:
CHHTaKCHC!
PeaiM30BaHa B MOJJISIX:
Onepanus:
Onepanas:

16-OHTHBIH ROA OTIEPALIHH:
Bimsanue na dnaru:
Onueanue:

Cros (0aiiT):
TaKTOBLIX NMKI0B;
TMpumep uenons3opanka;

Return from Interrupt — BO3BpAT U3 MOATIPOTPAMMEI 00paboT-
KH [pepbiBAHHA
reti

AT9081200, AT90S2313, AT90S4414, AT90S8515
PC « Crex

Her

1001 0101 OXX1 1000

I=1

Bosspar u3 moanporpammel o0paGoTkn npepeiBaHus. YKasa-
Telb CTEKA yBenuwyuegacTes Ha 1, nocne dero 0aiT W3 namaTh
SRAM, Ha KOTOPLIN YKa3biBAE€T 3TOT YKa3aTenb, KofHMpyeTca
B cTaplinit 6aliT cyeTuMKAa KoMannA. 3aTeM YKalaTelb CTEKa
ellle pa3 YBeNMYHBAETCA HA | W COOTBETCTRYROIUMIT GaWT H3
SRAM konupyeTcs B Miangmrnid HaifT cHETYHKA KOMaHO. Y-
TaHaBNNBaeTcA daar odMEro papemieHun npepeIBaHnii

1(2)

4

ExtInt:

930f push rlé [loMemaeM B CcTek rlé
Q000 nop HexoTopasa roonporpaMda

; o0pradoTku NpEepEBAHMA

910f pop rl1l6 ; BoccraHaBIMEaem rlé

9518 reti ; BozppaT 13 NoaonpoTrpamMmMsl M
; YCTEaHOBKA pazspeuneHMa rNpepblBaHWMKA

Relative Jump — oTHOCHTENBLHEIA nepexon

rijmp kl2

ATY081200, AT90S2313, AT90S4414, ATS0S8515
PC—PC+ki12+1}

2K <ki2 < 2K
1100 kkkk kkkk kkkk
Her

OTtnocuTennHblil NEPEXO/ 10 aAPECY, KOTOPBIH A0DKEH HaXO-
muThea B Amanasone PC + 2K cnoB. Anpec Bo3epara (koMaH-
Ia, cAelylonian Trocje KOMaHasl rjmp), NOMEUIAETC B CTEK.
Brarogaps kpyroBofi afpecalni, KOMauaa rimp MOMKET Mc-
HoJIb30BaTEC O€3 orpaHMueHnit BceMM npeacTarRuTensMy Ga-
30BOH cepHy cemelicTea AVR

1{2)

2

.org $01A

Labell:

00001la 00CO nop
.org S$FFO

000f£f0 <029 rjmp Labell ; Mepexon k Labell

[IPOOOMKEHME NPO TP aMMb
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ROL
Ha3ganwe:
CHHTAKCHC:
PeanuioBaHa B MOZEIAX:
Onepauun:
Onepanasi:

16-6UTHBIH Koa onepauHH:
Bananne Ha gaaru:
Omicanme:

Cnos (6aitt):
TakToBLIX HUKAOB:
TpyMep HCNONLIOBAHHA:

ROR
Hazsanue:
CHHTaKCHC:
Peanuwiosana B MOASNRX:
Onepannna:
Onepanapr:

16-6uTHbLIf Koo onepalHu:
Bauanne Ha daru:
Onucarue:

Cnog (Ba#tT):
TaKkToOBBIX UHKIIOB;
Tlpumep HeMOTL30BaHNS:

Rotate Left trough Carry — uuxnuieckuif cIBur Bjeso uepes
¢mar nepeHoca

rol Rd

AT9051200, AT9082313, AT90S4414, AT90S8515

A

C = b7|b6 b5 b4 b3 b2 b1 bl
0<d<3l
0001 1ldd dddd dddd { = adc Rd, Rd)
H,S,V,N,ZC

Bee paspansl pervctpa Rd casuraoTcs Ha OJHY NOZHLHHO
sneso; Pnar nepeHoca konMpyeres B paspan 0, a pazpan 7 —
B0 ¢hyar nepenoca
1 (2)
i
1fdd rol r29 ; luxauuecxkull COBMI BIEBO

; dYepes dranr nepeHoca perucTpa r29

Rotate Right trough Carry — umknnueckuil CIBHT BRpamo Je-
pes tnar nepeHoca

ror Rd

AT90S81200, AT9052313, AT90S4414, ATO0S8515

Y

\
|/

b7 (b6 b5 b4|b3|b2|b1 b0 » C

0=<d=<3]
1001 010d dddd 0111
S, V.N,Z,C
Bce paspazn peructpa Rd caBuraloTcs Ha OZHY NOIHLHEO
BIpaBo; ¢ar nepeHoca KOMUpYyeTesd B paspaa 7, a pazpan 0 —
BO fnar nepeHoca
1(2)
1
9437 ror r3 ; UMKIMYECKMI CIBMI BIPAEO
; dYepez dJar nepeHoca permcrpa r3
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SBC

Hazsanue:

Cunaraxcuc:

Peanuioeana B Moaeanx:
Onepanns:

Onepanabr:

16-6mTHEII Ko Onepaunn:
Bananue na dpaaru:

Onuncaxue:

Crog (BaiiT):
TaxkTOBEIX HHKJIOB!

TIpHmep HeHONL30BAHKS:

SBCI

Hassanue:

CHHTaKCHE:

PeanuloBana B MOAEARX:
Onepanun:

Onepanasbi:

16-6uTHEIIH Koa onepaunu:
Bananne Ha dpaarm:

Onucanme:

Cuos (6aiir):
TakToBLIX HMHKNORB!

TpuMep HCnONL3IOBAHNY;

Subtract with Carry — BsIMMT2HUE ¢ YYETOM NepeHoca
sbc Rd, Rr

AT90S1200, AT90S2313, AT90S4414, ATI0S8515
Rd«Rd—Rr-C

0<d<31;0<r<3]

0000 10rd dddd rrrr

H,5,V,N,ZC

ComepximMoe perictpa Rr v duar nepeHoca BeIMHTAOTCA H3
coaepxumoro peructpa Rd

1(2)

1

; Bounradve Saditor rl:r0 ma r3:r2

1820 subk rZ,r0 ; BouuMTaem Mnagumi SaMT

0831 sbe r3,rl ; BuumTaem crapumit Sadr
; C ydeToM [IepeHoca

Subtract Immediate with Carry — BruuuTanne wuenocpen-
CTBEHHOTIO 3HAYECHHA C YUETOM NepPeHOCa

sbci Rd, K8

AT9051200, AT9082313, AT90S54414, ATS0S8515
Rd+—Rd-K8-C

16<d<3];0<K <255

0100 KKEKK dddd KKKK

H,8,V,N, Z C

§-6uTHas koHcTaHTa K8 u bnar nepeHoca BRIMMTAIOTCA H3 CO-
AepxuMoro peructpa Rd

1(2)

1

; BeMMTaHME KOHCTAHTH $4F23 uz rl17:rl6
5203 subi rié6,low(S4F23) ; BruMTaem

; Magmuit HamT
441f sbeci rl7,high($4F23} ; BruuTaem
; crapumi Gailt n gnar C
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SBf

Ha3zpanue:

CHHTAKCHC:

PeannioBana B MOJCJIAX:
Onepanus:

Onepanael:

16-GMTHEIN KOO ONEPALHN:
Bnusnne na drarn:

Onucanne:

Cor (GakiT);
TakTOBLIX HHKI0B:

Ilpamep HCNONBL30OBAHNA:

SBIC

HasBanue:

CHHTaKCHC:

Peanuiosana B MOJENAX:
Onepanns:

Onepangpl:

16-6UTHBHH KO ONepauHm;
Bansune ua jparu:

Onucanue:

Caog (baiiT):

TaxkTOBEIX HHKNIOB:

TIpuMep ucnoABL30OBAHUNA:

Set Bit in [/0-Register — ycranoBka pa3psja B peTHCTPE BBO-
Ja/BeIBONA

sbi P, b

AT90S1200, AT90S2313, AT90S4414, ATO0S8515

I/O(P, b) « 1

0<P<31;0<bx7

1001 1010 pppp pbbb

Her

3anucs Jior. 1 B paspsn b perncrpa BRoza/BbiRopa P. 2ta ko-
MAHAa MOXKET GLITE HMCMNONB30BAHA TOMLKO Ana perucTpos
BBoAa/BRiBOAA 031 ($00-$1F)

12}
2

9ab8 sbhi $17,0 ; ¥YcraHoBKAa paspsaja
; HanpablleHMA nepelauyM Oakbbr DDBO

Skip if Bit in I/0-Register is Cleared — nponyck cnenyrouei
KOMAHJE!, €C/IH OYHLIEH Pa3pal B perHCTpe BBOJA/BLIBOAA

sbic P, b

ATS0S1200, ATS0S2313, AT90S4414, ATI0S8515

Ecnu I/O(b) = 0, to PC « PC + 2 (3), Huaue PC « PC + |
0<P=<31;0<bs7

1001 1001 pppp pbbb

Her

Ecnu pazpsin b perucrpa seona/ssisona P cogepxkut nor, 0, To
CReayoas KoManaa NPoIyCKaeTc

12)

1 — ecnn paspan b cogepxur nor. [;

2 —— ecnu paspaa b conepikut aor. 0, v nanee cneayeT KOMaH-
Ia OMVHOH B OZHO CIOBO,

3 — ecnu pazpaa b comepxnt Jor. O, u ganee caenyeT KOMaH-
I3 JUTHHOU B 1Ba cloBa (HanpuMep, KoMaHaa 1ds)

EEWait:
99el sbic S1C,1 ; Ecim EEWE=0, To
; cJenlybliasg KOMAHIOa NpOonycKaseTcd
cffe rimp EEWait ; AxkTuBeH OpOUECC
; BanmcK B ramMars EEPROM

0000 nop ; MpchoomxeHrUa OPOTRAMMBL
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SBIS
Ha3zpauue:
CuHTakcHue:
Peannionana B Moaenax:
Omnepauns:
OnepaHagl:

16-6uTHBIH KO OTIePAUHH:
Bausnne na ¢uarn:
Onucanne:

Cnos (baiT):
TAaKTOBEIX LIMKJIOB:

IMpuMep veNoiL20BaHUA:

SBiwW
Hazpanue:
CunTaKcuc:
PeannzoBaHa B Monensx:
Onepauns:
OnepaHab::

16-6ATHLII KOA OMepalKH:
Bananne ka dnarn:
Onncanne:

Cros (Gaiit):
TakTOBLIX UNKTOB:
Hpumep nenoasiosanns:

Skip if Bit in 1/O-Register is Set — npormyck cneayrowei ko-
MAHIBI, €CJIH YCTAHOBREH Pa3pAj B PerdcTpe BROAA/BRIBOAA
sbis P, b
ATO0S1200, AT90S2313, AT90S4414, ATY0585135
Ecom I/O(b) = 1, 10 PC «— PC + 2 (3), unave PC « PC + ]
0<P=<31;0<b=7
1001 1011 pppp pbbb
Her
Ecnu pazpgn b peructpa BBOsa/BriBoga P coaepixur nor. 1, o
CNEIYIOMA% KOMaHAA [IPOITyCcKaeTcs
102
1 — ecan pazpan b copeprur nor. 0;
2 — ecnu paspan b codepxuT Jior. 1, u ganee caeayeT KOMaH-
I3 JMHON B OAHO CHOBO;
3 — ecnu paspaa b coaepxut J0T. 1, H Aanee clrefyer koMaH-
Ia ANKHOM B ABa CNTOBA {HampHMep, KOMaHaa st s)
WaitSet:
9b87 sbis $10,7 ; Ecyu YCTAHOBJIEH pas3psan
; 7 permcrpa nopra D, To
; cJepyolas KoMaHTla NMponyCcKaeTcs

cffe rimp EEWait ; OxuiaeMm OO Tex NOP,

; Tioka He ByOeT YCTaHOBIeH paspan 7/
0000 nop : lpomoimxkeHWe NPOTDaMME

Subtract Immediate from Word — phiuuTanue Henocpen-
CTBEHHOTO 3HAYEHHUA M3 CIIOBA
sbiw Rdl, K6
AT9082313, AT90S4414, AT90S8515
Rdh:Rdi « Rdh:Rdl — K6
dl e {24, 26, 28,30}; 0 <K6<63
1001 0111 KKdd KKKK
S5, V,N,Z,C
6-OuTHas roncTanTa K6 BEIMUTACTCA M3 COUCPKMMOTO PETHCT-
poBoit napst Rdh:Rdl. ITa komanja npEMEEAETCE K YeThIpeM
CTAPUIMM DPETUCTPOBBIM [apaM W3 PETHETPOROre Gaiina, u
0BBIMHO HCTIONB3YETCA TIPH pafioTe ¢ YKRIATENAMHK
1(2)
2
9701 sbiw r24,1 ; ¥YMeHbDaenm CORepxUMOe

; r25:r24 na 1
97ff sbiw r30,63 ; Buuuraem 63 m3

; yrazarens Z {(r31;r30)
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SBR
Haipanne:
CHHTaKCHC:
Peasin30BaHa B MOAEIAX:
Onepaunst:
Omnepanakt:

16-0MTHEIH KOX ONepanHu:
Bauanne Ha gaaru:
Onucanne:

Caog (baifT):
TaKTOBLIX NHKJIOB:
Mpumep HenoNL30BAHNAS:

SBRC
Haspaumue:
CHHTaKCHC!
PeannzoraHa B MoAEA9axX:
Onepaums:
Onepange::

16-6MTHBIH KO OMepauMH:
Binanue na gnaru:
Onucanne:

Cnos (6afiT):
TaKkTOBLIX HHKJIOB:

TIpHMep HCNOJILICBAHKA:

Set Bit(s) in Register — ycranoBxa pa3pana(oB} B perucrpe

sbr Rd, K8

AT90S1200, AT90S2313, AT90S4414, ATO0S8515

Rd «— Rd v K8

16<d<31;0<K8 <255

0110 KKKK dddd KKKK

S, V=0,N,Z

YcraHoska B peructpe Rd paspafios, 3afaHHBIX ¢ NMOMONILIO

onepauun “HUIIH” ¢ koHcTanToR K8, JTa KoManaa NMpHMEHH-

Ma TONLKO K perucTpam rl16—r31

1)

1

6£20 sbr rl8,$F0 ; 3anwck Jor.
; paspsanu crapuwerc nonyfanra

6003 sbr rl6,3 ; Bammce nor. 1 B paspans 0

; u 1 peructTpa rlé

1 BO BCE

Skip if Bit in Register is Cleared -— nportyck cieayrouweit ko-
MaHIBl, eCTH OYHILEH Pa3psa/l B perucTpe
sbrc Rr, b
AT9051200, AT90S2313, AT90S4414, AT9058515
Ecau Rr(b) =0, o PC «~ PC + 2 (3), unaue PC « PC + 1
0<r£31,0<bs7
1111 110r rrrr Xbbb
Het
Ecan paspsan b pernctpa Rr comepxur nor. 0, o cneayioumas
KOMaHJa NpOnyCKaeTes
1(2)
1 — ecnu pa3psan b conepxur aor. 1;
2 — ecun pa3paa b conepxut nor. 0, B panee cneayeT KoMaH-
Iia JUTHHRO B OAHO CJIOBO,
3 — eciu paspan b comepxut nor. 0, ¥ ganee creayeT KOMaH-
Ja UTMHOM B ABA COBA (HanpuMep, koMania 1ds)
1801 sub r0,rl ; Beuumraem rl us 0
£c07 sbrc r0,7 ; Ecnm paszpan 7 permMcTpa
; r0 copepxur mer. 0, To OporlycrasM,
; CIenyolyln XOMaHOY
1801 sub r0, rl ; BeOoiHASTCH ToOJLKC B TOM
; ciydae, ecsu pazpanl 7 conepxuT Jor. 1
0000 nop ; MpomomkeHre OPOTPAMMEI
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SBRS

Hassanne:

Cunrakcuc:
Peanuionana B Mojeaax:
Onepauus:

Onepanasl:

16-6uTHLIH K0 OnepauHm:
Banguue Ha arm:

Onucanne:

Cnos (ba¥T):

TAaKTOBBLIX HUK/IOB:

[Tpumep nenonnloBanud:

SEC

HazpaHue:

CHHATAKCHC:

PeannsoBana B Mogensax:
Onepanus:

Onepanael:

16-GHTHBIA KOA ONepaLHu:
Bausiume Ha daarn:
Onucanue:

Caos (Daiir):

TaKTOBRBIX HHKIOB;

Ilpamep Henonb30BAHHA:

Skip if Bit in Register is Set — nponyck cineayrolieit koMas-
Ibl, €CAH YCTAHOBJIEH pa3psl B PETHCTDE

sbrs Rr, b

AT9081200, AT90S2313, AT90S4414, AT90S8515

Ecmu Re(b) = 1, 10 PC « PC + 2 (3}, unaue PC «~ PC + ]
0<r=3l;0<b<7

1111 111r rrrr Xbbb
Hert

Ecnu paspsan b pernctpa Rr coaepsur nor. 1, to cnenyromas
KOMaHIa MpoMycKaeTcs

1{2)

1 — ecnn paspan b conepxur nor. 0;

2 —— ecnu paspan b cogepxuT aor. 1, u Janee cieyeT KOMaH-
Ia IIKHOA B OIHO CNOBO;

3 — ecnu pazpan b comepxut J0T. 1, M ganee cleAyeT KOMaH-
na anuHodt B 1Ba cioBa (HanpuMep, KoMana st s)

1801 sub r0,rl ; Bmunraem rl us r0
fe07 sbrs r0,7 ; Ecnm paspan 7 permcrpa
; r0 comepxur nor. 1, mo nponyckaewM,
; Clledyoumyio KOMaHOy
1801 sub r0, rl ; BeIOCIHASTCA TOJNBKO B TOM
; caydae, eciam paspsan 7 ocogepxuT Jsor, 0
0000 necp ; TpoIo/xeHMe NPOTPaMMED

Set Carry Flag — ycraHosxa ¢nara nepeHoca
sec

AT9081200, AT90S2313, AT90S4414, AT9058515
Ce1

Her

1001 0100 QCO0O 1000

C=1

VYcraHnoska (hrara neperoca B peructpe SREG
1(2)

1

8408 sec ; Ycranasmusaem ¢Qaar C

lch adec rC,rl ; r0 = 1r0 + r1 + C
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SEH
Hazpanve:
CHHTAKCHC:
Pealn30oBaHA B MOAGTAX!
Onepanus:
Onepauanr:

16-OuTHRIN KOO OOlepaLIHHU;
Baunnne Ha gnaru:
Onucanune:

Caos (Gair);

TaKToBBIX HHKIOB:
Ipumep HCHONBIOBAHHS:

SEl
HaseaHue:
CuHTaKkcHc:
PeannioBana B MOAENAX:
Onepaums:
Onepanabn

16-OuTHBI KOA ONepatun:
Bnusinue Ha paarn:
Ormcanne:

Cnos (GaiiT):
TaKTOBBIX IIUKITOB:
Tlpumep ucnonkL3oBadu:

SEN
HaipaHue:
CHHTaKCHC:
Peanniorana B Mogenax:
Onepauun:
Onepannsi:

16-OnTHLIH Kop omepanuu:
Biunanue nua daaru:
Onucanue;

Caos (6aifT):
TakToBBLIX HUKIOB;
Tipumep nenosL3oBaHHA:

Set Half Carry Flag — yctaBopka ¢urara NOJOBHHHOTO nepe-
HOC?

seh

AT90S1200, AT9082313, AT9054414, AT90S8513

He1

Her

1001 0100 0101 1000

H=1

YcraHoska (iara noroBHHHOrO NepeHoca B peructpe SREG
1)

1

9458 seh ; YcranHaBnupBaem™ dnan H

Set Global Interrupt Flag — ycraHoBKa ¢mara ofiuero pazpe-
(HEHHA NPEPLIBAHHHA

sei

AT9051200, AT9082313, AT90S4414, AT90S8515

Ie]

Het

1001 0100 0111 1000

[=1

Veranopxa Gnara  ofwero paspellieHHMA  MpepbiBaHHi
B peructpe SREG

1(2)

1

9478 sei ; Ycradashvsaem dnar I

Set Negative Flag — ycraHoBka (nara OTpUUATENBHOTC pe-
3yNnbTaTa

sen

AT9081200, AT9082313, AT90S4414, ATI0S8515

N1

Her

1001 0190 0010 1000

N=1

VeraHoBka nara OTPHUATENBHOTO PE3YNLTATA B PETHCTE
SREG

1(2)
1

9428 sen ; Ycraumaraueaem dnar N
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SER
Haapanue:
CHHTaKCHC:
PeanvioBana B monennx:
Onepauun:
Onepauaet:

16-6HTHLIA KoA onepannm:
Bansune Ha daara:
Onucanue:

Cnos (0aiiT):
TakTOBBLIX HHKAORB:
Mpumep nenonesoBannd:

SES
Hazpanne:
CHHTaKCHC:
PeanuzoBaua B Mogennx:
Onepauusn:
Onepanasnt:

16-6MTHBIN KOJ ONepalunH:
Baustaue Ha paarn:
Onucanne:

Canos (GafiT):

TaxkTOBBIX HHKAOR:
[Tpamep nenonezoBanns:

SET
Hassanne:
CuHTaKCHC:
Pean3oBana B MOJ&ISIX!
Onepauns:
Onepanasi:

16-0UTHBII KOX ONepanuu:
Bausinne Ha duarn:
Omnucanne;

Cnos (baiiT):

TaKTOBLIX ETHKNOB!
[Ipumep Henonb3oBanns:

Set all Bits
B PErHCTPE
ser Rd
AT90S1200, AT90S2313, AT90S4414, AT90S8515

Rd < $FF

I6<d<3I

1110 1111 dddd 1111

Her

VeTanoBka BeexX paspanos perhcTpa MOCPEACTROM 3alMCH He-
nocpeacTseHHoro 3Havenus $FF

1(2)

1

ef0f ser rlé

efff ser r3l

in Register — ycTAaHOBKA BCeX pa3pAaiIos

Set Signed Flag — ycraHoBka ¢uara 3xaka

sSes

AT90S1200, AT90S2313, AT9054414, AT90S8515
51

Het

1001 0100 Q100 1000

S=1

VcTanoska ¢utara 3Haka B peructpe SREG

1(2)

1

0c23 add r2,r3 ;
9448 ses :

lpmbasnAaseMm r3 K r2
YcranaBnuMBaem §rar S

Set Transfer Flag — ycTanoBka dinara komupoBaHus
set

AT90S1200, AT90S2313, AT90S4414, AT90S8515
Te1

Her

1001 0100 0110 1000

T=1

YcraHoBka (nara konuposaHusg B peructpe SREG
1(2)

1

9468 set ; Ycranasamusasm dmar T
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SEV
Hazpanme:
CHHTaAKCHC:
Peann3oBaHa B MOJe/AAX:
Onepanust:
Onepanasbl:

16-6uTHBLIH KO ODepauHK:
Bnunane Ha pmaru:
Omucanue:

Cnos (6aiiT):

TaxkToBbIX HUKA0B:
Mpumep HETONLIOBAHHA:

SEZ

Haseasue:

Cunrakcuc:
PeannzoBana B Moge/1ax:
Onepannn;

Onepanabl:

16-0uTHLIE Koa onepaunn;
Bausnue Ha daarn:
Onucanme:

Cnos (6aiiT):

TaKTOBLIX HIHKIIOR:
INpumep HenonbiloBaHHA:

SLEEP

CHHTAaKCHC!

PeannioBana B Moaensx:
Onepaunn:

Onepanabi:

16-6HTHLIH KOA OnepanHu:
Bnusinie Ha prarn:
Onucanne:

Cnoe (6aliT):
TaKTOBbIX LUHKIOB!

fTpuMep HCNOTLIOBAHHA:

Set Overflow Flag — ycTaHOBKa (h1ara nepenoaHeHMA
sev

AT9081200, AT90S2313, AT90S4414, AT90S8515
Vel

Het

1001 0100 0011 1000

V=1

VYcranoska ¢nara nepenonHeHus s peructpe SREG
1(2)

I

9438 sev ; YcraHaBIMeaem ¢gnar V

Set Zero Flag — ycTaHoBKa HyneBoro dnara

Sez

AT9051200, AT90S2313, AT90S4414, AT90S8515
Z—1

Her

1001 010C 0001 1000

zZ=1

YcranoBka Hyneporo ¢dnara B peructpe SREG

1{2)

1

9418 sez ; YcraHaBnmBaem duar 7

sleep
AT90S1200, AT90S2313, AT90S4414, AT90S8515
IMepeBoanT npolieccop B “crAMi” pexum
Her
1001 0101 100X 1000
Her
[lpoueccop nepexoAuT B “crsAmuil” pekuM, onpelelicHHbIN
¢ nomowmero peruetpa MCUCR
1(2)
1 (B HeKkoTOpRIX Cly4asX KOMMaHHs Atmel onpepenser mus
KOM2HJbl 51 eep TPH TAKTOBLIX LIHK/IA)
B705 in rl6,$35 ; VserexkaeM codepXuMmoe

; perucTpa MCUCR
6300 sbr rl6,0b00110000 ; YcraHasmusaem

; pazpanH 4(SM) w 5{3E)
bf05 out $35,rlé ; 3Banmceieaem B MCUCR
; OOHOBJEHHCE cConepXxumMoe

lNepesonum UII B "cnawmit” pesxkmum
MpogomxeHre NPOIDaMME]

9588
0000

sleep ;
nop ;
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ST (STD)

KocBenHOE coxpaHenme cogepXumoro pernctpa B SRAM ¢ nomousio
ykaszatens X

Cunrakcne: a) st X, Rr (ykaiatens X ocTaeTcd HEHIMEHHRIM);
6) st X+, Rr (mocne nepeuaqn ykazarenb X UHKPEMEHTH-
pyerest);
B) st —X, Rr (mepen nepemaueH ykazareib X AeKpe-
MEHTHpYeTCA)

Peannzopana B Mofsenax: AT9052313, AT9084414, AT90S8515

Onepannna: a)} (X) + Rr;
BI(X)—Rr/X«—X+1,
B} X+—X-1/(X)~—Rd

Onepanper: 0<r=<31

16-0uTHRIT kon omepanuu:  a) 1001 001lr rrrr 1100
6) 1001 00lr rrrr 1101
B) 1001 001lr rrrr 1110

Biusnune na ¢pnaru:  Her

Omucanne: Cogepxumoe pernetpa Rr coxpaHseTes B suehky SRAM, ax-
pecyeMylo ¢ noMollblo vkazarens X (127:r26). B cnyuae (a)
NOCINIE BBHITIOMHEHMUA ONepaudy COTEPKUMOe X 0CTAcTCH HEH3-
MeHHbIM, B ciiyuae (6) ono yeennuumaercd Ha 1, a B ciyuae
(B) -— yMeHblIacTcs Ha | elne N0 BRIMOMHeHRs Nepefad. [Ipy
HalMYMH BHEWwHed namatd SRAM jnoctynmHo Bee anpechoe
npocTpaHeTso 64K

Craog (6afit): 1 (2)
TaxToBEIX IHKNOB: 2

IMpumep uenoaszosanua:  27bb clr r27 ; Oummaem crapwai SaiT B X
e2al 1di r26,5%20 ; Mmamumin Safir s X = 32
920d st X+,r0 ; CoxpahHsem r0 B ayelke

; anmpecy 520 ¥ uHKpemeHTUpyeM X
921c st X,rl ; CoxpaHsem rl B guelKe M0
; ampecy $21
e?2a3 1di r26,%23 ; Mnagumi 6Battr 5 X = 35
922c st X,r2 ; Coxpansgem r2 B gusike No
; agpecy 523
923e st —X,r3 ; lekpemeHTUpyeM X U
; COoXpaHdeMm r3 B sHuUelke Mo amgpecy S22
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KocBeHHOe coXpaHeHue coaepxumoro pernctpa 8 SRAM ¢ nomouwbio

ykazatena Y

CHHTaKCHC:

Peanuszosana B Mogeax:

Onepaung:

Onepanan

16-0uTHBIN KO onepanuu:

Brnuaune Ha naru:

Onucanue:

Cnos (6aiir):
TaKTOBBLIX UHK/IOB:

{Ipamep nenoas30BaAHAA:

a) st Y, Rr (ykaszatens Y OCTAeTCH HEM3IMEHHBLIM);

6} st Y+, Rr {mocne nepenaum ykazarenb Y HHKPEMeHTH-
pyeTca);

B) st —Y, Rr (nepeanepenauei ykazatene Y AeKpemMeH-
THpYyeTCA);

- M std Y+qg, Rr (ykasaTtenb Y OCTacTcsd HEM3MEH-

HBIM;  — CMelleHHE);

AT9082313, AT90S4414, AT90S8515

ay(Y) —Rr;
BO(Y)«—Rr/YeY+1;
B)Y—Y-1/(Y)+ Rr,
) (Y+q) — Rr

0<r<31; 0<q<63

a) 1000 OCly rrrr 1000
6) 1001 001r rrrr 1001
B} 1001 001lr rrrr 1010
r} 10g0 qqlr rrrr 1lqqg

Her

ConepskuMoe peructpa Rr coxpansercs s syeiivy SRAM, anpe-
CYEMYIO ¢ IOMOLIEID yKasaTens Y (129:128). B cayuae (a) nocne
BBIMTOJTHEHUS OTIEPALIHH COAEPRUMOe Y OCTACTCA HEMIMEHHBIM,
B ciaydae (6) oHo yeenuuvBaercs Ha 1, a B ciydae (B) —
YMEHBLIAETCA Ha | ewie A0 BLINOIHEHHs nepenayn. B cnyyae (1)
CONEpOXHMMOE Y HE MIMEHAETCH, HO BO BPEMA BhINOJHEHHS
ONepalK CKnagbiBaeTcs ¢ ¢. [IpH HaTHYMK BHEIIHEH MAMATH
SRAM pocTynHO Bee apecHoe NpocTpaHcTeo 64K

1(2)
2

27dd clr r29 ; Oummaem crapumi ©alT B Y
e2c0 1di r28,%20 ; Mnapwwit Gakr B Y = 32
9209 st Y+,r0 ; CoxpaxHsaem r0 B aguedke no
; ampecy $20 M MHKpeMasHTHMpPpyeMm Y
8218 st Y,rl ; CoxpardgsM rl B Auelixke IO
; ampecy $21
e2¢c3 1di r28,%23 ; Mnapwui Gawmt B Y = 35
8228 st ¥,r2 ; CoxpaHAeM rZ2 B AYeNKe 0O
; anpecy $23
923a st -Y,r3 ; HexpemeHTupyeM Y U
} coxpadAeM r3 B guelike Mo ampecy 522
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KocBeHHOE COXpaHeHHe COAEepPXUMOro pernctpa B SRAM ¢ nomouibio

yKazavens Z

CuHTaKcHc:

PeanvzoBaHa B MOaeNAX:

Onepauun:

Onepanisr:

16-0MTHBIH KOO ollepalHH:

Bauanme Ba giarn:

Onucanye:

Canios (6alT):
TakToOBLIX IHKAOB:

Hpumep ncnons3zosanms:

a) st Z, Rr (ykasarens Z ocTaercd HEM3MCEHHbIM);

0) st Z+, Rr (nocne nepeaady ykalarellb Z HHKPEMEHTH-
pyetcs);

r) st -7, Rr (uepen nepeiadell ykasarenb Z NeKPEMEHTH-
pyeres);

N std Z+qg, Rr {ykaszarens Z ocTaeTCd HEHIMEN-
HBIM;  — CMELUIEHHE);

ATO0S2313, AT90S4414, AT90S8515

a}(Z) — Rr;

N (Zy+—Rr/Z—Z+1;
B Z—Z 1/(Z)«Rr;
r}(Z+q) < Rr

0<r<31;, 0<q<63

a) 1000 00lr rrrr Q00O
6) 1001 00lr rrrr Q001
B) 1001 001r rrrr 0010
r 10g0 gglr rrrr Ogqg

Her

Conepiumoe peructpa Rr coxpausercs e aueiixy SRAM, agpe-
cyeMyro ¢ noMoweio ykazatens Z (r31:130). B cayuae (a) nocne
BBITIOJIHCHHUA ONEpAUHH COIEPKHMOE Z octaerca HEN3MEHHbIM,
Bcnydae (0) oHO yeenuuuBaeTcs Ha 1, a B chyuae (B) —
yMeHbIIAETCA Ha | elle 0 BLINONHEHUA nepegadn. B cnyuae (r)
CONEPIKMMOE 7 HE H3IMEHSCTCH, HO BO BPEMS BbINOJAHEHHA
ONEPAUHH CKIAARIBASTCA ¢ §. [IpH HAMHIHK BHellHell namarty
SRAM noctynHo Bee afpecHoe TpocTpaHcTso 64K

1(2)
2

27ff clr r31 ; OumuaeM crTapuMi Gaiir B Z
eZze0 ldi r30,%20 ; Mnagumi GSalit 8 7 = 32
9201 st Z+, r0 ; Coxpadsaem r( B SuslKe no
; anpecy $20 M MHKpeMeHTHMpYewm 7
8210 st 2, rl ; Coxpaxdem rl B suefike o
; anmpecy $21
eZe3 1di r30,%23 ; Mnanumit SaiT B 7 = 35
8220 st 2, r2 ; CoxpaxAeM 12 B guelKe o
; amgpecy $23
9232 st -2, r3 ; llexpeMeHTUpYEM 7 M
; COXpanaeM r3 B fAdelke NG anpecy 522
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STS

Ha3zsaunue:

CHHTAaKECHC:

PeanuzoBana B MOAEIAX:
Onepanusa:

Onepamani:

32-6MTHBI#! KO/ OTepanHu:
BansuMe Ha paarm:

Onucanue:

Cnos (baiT):
TakToRBIX HMKJIOB:

Mpumep HENOALIOBAHHS:

SuB

Ha3zBanne:

CHHTaKCHC:

Peanu3iopana B MOIeJIAX:
Onepauna:

Onepangnpr:

16-GHTHBIH KOA OTIEPANHE!
Bansause na daarn:

Onucanne:

Caos (baiiT):
TaKTOBBIX HHKJ/IOB:

IMpumep HCMONLIOBAHAA:

Store Drirect to SRAM — npamas 3amncs B SRAM

sts k16, Rr

AT9052313, AT90S4414, AT9058515

(k16) < Rr

0<r=<31, 0<kl6 £65535

1001 001¢ dddd 0000 kkkk kkkk kkkk kkkk
Her

3arpyska B saueitky SRAM 110 aGconoTHoMy 16-GuTHOMY an-
pecy k16 conepxxumoro peructpa Rr. Tlpn nanuuup sHewHen
naMATH SRAM 10oCTyIHO BCe ajipecHOE npocTpaneTeo 64K

2(4)
3

9020 £f0C lds r2,$FF00 ; Barpys3ka d r2

; Baira no ampecy $FF0OO0
0c2l add rZ,rl1 ; [pubBaBnsgem rl x r2
9220 £f00 sts §FFQ0,r2 ; Pesynsrar -

; obpartHo no agpecy SFFOC

Subtract without Carry — sriuntanre fe3 yyera nepeHoca
sub Rd, Rr
AT90S1200, AT90S2313, AT90S4414, AT90S8515

Rd — Rd-Rr

0<d=<31;,0=<rg3l

0001 10rd dddd rrrr

H,8, VN, Z,C

CoaepxuMoe perucTpa Rr BbYUTaeTCH U3 COAEPIXUMOTO De-
ructpa Rd

1(2)
1

;BeluMTadme rl:r0 ma r3:r2
1820 sub r2,r0 ;
0831 sub r3,rl ;

; Guar nepenoca

BriumTaem MmamumMi GamT
BeurTaeM crapuuit 0ant u
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SuB!

HassaHue:

CunTakcuc:

PeannioBaHa B MOJENAX:
Onepaunus:

Onepanaen

16-6¥THLII Kon onepallHg:
Bauauue Ha Gnaru:

Onncanue:

Cnos (6a#iT):
TaKTOBLIX LHKJIOB:

[IpuMep HEROML30BAHHA:

SWAP
Hazsanue:

Cunrakcuc:

Peanniosana B MOREIAX:
Onepauua:

OnepaHabl:

16-GuTHBIHA KOA OTIepaHN:
Bnuagrue #a paaru:

Onncanne:

Cnos (6a#T):
TaKTOBLIX IHKJIOB!

Hpumep HCl0B30BAHAS:

18 —5-2384

Subtract Immediate without Carry — BeIYMTaHHE HETIOCpEACT-

BEHHOTO 3HAYEeHNA Ge3 yueTa nepeHoca

subi Rd, K8

AT9081200, AT90S2313, AT9084414, AT90S8515
Rd «<— Rd - K3

16sd<31;0sK8 <5255

0101 KKKK dddd KKKK

H,S8,V,N,Z,C

8-6uTHas woHcTaHTa K8 BBIYWTaeTCA M3 COAEPHKMMOTO peru-

ctpa Rd

1(2)
1

; BerauTaHe koHMcTaHTE $4F23 msz rl7:rl16

5203 subi rlé,low{34F23) ; BrlumTaem
; Mpanouin BanT
441f sbei rl7,high($4F23) ; BeumTaem

; crapumit Banr

INepecranoska nonyGatiTos

swap Rd

AT9081200, AT2082313, AT90S4414, AT90S8515
Rd(74) « Rd(3-0), Rd(3-0) « Rd(7-4)
0<d=s3l

1001 010d dddd 0010

Her

Crapum#t v mnamuuit nomyGaiitet peructpa Rd menstoTcs

MECTAMHA

1(2)
1

9412 swap rl ; Mermem MecTamu cTapmuit u
; MIapuwMit nonyBarTe perucTpa
%9413 inc rl ; Yeenuumeaem Ha 1 cTapumi
; nonyGamT
9412 swap rl ; OOATE MeHSeM MeCTaMM
; nonyGaiTe permcrpa rl

rl
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TST
Hazsaune:
CunTakeuc:
PeannzopaHa B MOAENAX:
Onepanms:
Onepalabt:

16-0HTHBIE KO OTIEPALHH:
Bavsuue va daarn:
Onncanune:

Cnog (6aiiT):
TakToBLIX UHKIOB:
Hpumep ncnonsiopanns:

WDR
Hazsanne:
CHHTAKCHC:
PeannzoBaua B Mogesinx:
Onepanus:
Onepananl:

16-6UTHBIN KOR OepaLHM:
Brausanue Ha gnaru:
Onucanue:

Caos (Baiir):
TaKTOBBIX LHK/10B;
Hpumep nenonL3oBAKNN:

Test for Zero or Minus — nposepxa Ha Hy/Ts WITH MUHYC
tst Rd

AT90S1200, AT90S2313, AT90S4414, AT90S8515

Rd « Rd ARd

0<d<31
0010 00dd dddd dddd
5,V=0,N,Z

[posepka, ABRMACTCA N codepkumMoe perucTpa Rd HyneBrim
WM OTPHUATENbHBIM, ¢ NOMOUIBIC NPUMEHEHHA [TOTHYECKOH
onepaunu “H”. Camo conepxumoe periictpa Rd ocraetca He-
W3MEHHBIM

1(2)

1

2000 tst x0 ; lposepreM permctp rl
£f16% breqg Null ; Hepexon, ecnmu = 0
.org 47

Null:

0000 nop ; [poHcoIkeHME [IDOTPAMME

Watchdog Reset — cpoc cTopoxeBoro TaliMepa

wdr

AT90S1200, AT90S2313, AT90S4414, AT90S8515
Tlepeson cTopoxesoro TaiiMepa B HCXOZHOE COCTONHHE
Her

1001 0101 101X 1000

Her

372 KOMaHIa YCTAHABNMBAET B HUCXOAHOE COCTOAHHME CTOPO-
XeBoH Talimep (cM. rnamy 5)

1(2)

1

95a8 wdr ; CSpoc cropoxeBorc TalMepa
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13 ACCEMBIJIEP

AVR-accembnep oT komnaHuu Atmel TpaHCIHPYET HCXOAHBIH KO IMOJIB30BATENE-
ckoil nporpaMMel B OOBEKTHRIA M HeTIOTHAEMBIA Kozbt. Tlociennuid MOKHO pOTECTH-
posaTh B o6onouke AVR-Studio ¥ mocne 3Toro 3arpy3uThk (Hanpumep, ¢ MOMOLUBIO HH-
crpymentansHoro Habopa AVR STK200) so dmsu-namate v s namate EEPROM
MHKpOKOHTpOepa AVR.

B caydae ¢ AVR-accembnepom peus et o Makpoaccemdiaepe, rie 4acTo MOBTO-
PAIOIHECH YAaCTH TPOrpaMMBl, KOTOPbIE HE NOJDKHBI BBIMONHATECH B BHAE MOATPO-
rpaMM, MOTYT ONIPEAENATECH Kak Makpockl. [ToapoOHee 06 3TOM peunb NoHaeT HMKE NpH
paccMOTPEHUH TUPEKTUB . MACRO U . ENDMACRO.

U AVR-accemBnep, 1 AVR-Studio BKEOUYEHBI B COCTAR NPUNAragMoOro K KHUTe
komnakr-gucka. Croga Bxomut kak Windows-Bepcus accembnepa WAVRASM. EXE, noa-
JeMKHBAOLIAn onepauHoHHsie cnctemel Windows 3.11, Windows 95 » Windows NT;
Tak U MS-DOS-sepeun quist pabotsl B pexknme koMaHIHOM cTPOKH AVRASH ., EXE.

MukpokoHTpoanepsl AVR, kak H mobble Apyrue MHKPOMpPOLECCOPEI, HCTIONb3YIOT
B pa0oTe, rmaBHbIM 00pa3oM, cOOCTBEHHBIH MallHHHEEIH 131K, [lockonbky 3TH nocneno-
BATEJIBHOCTH HYJEH W eIUHML (CM., K TIpHMepY, napameTp “16-0uTHbli koa onepaumu”
M3 OMMUCAHUS KOMAaHJ B Npedblaylueif raBe) cAOXKHBI JNIA BOCIPHATHA, CYIIECTBYET
A3BIK acceMOaepa, KOTopblit, 6narogapa cBoei MHeMOHHWYECKOH (opMe, ropasio npoiie
& npumMeHeHuu. [1py aToM KaxaoH MHCTPYKUKH acceMOJiepa COOTBETCTBYET OTHAENLHAA
MalllMHHAs KOMaHa.

[Monb3osaTens co3aaeT CBOW OporpamMy (MCXOAHBIA Kof —— (haiii, KoTopsil, 0o
YMOJIYaHHIO, HMEET PACIIIMPEHHE * . asm) ¢ MIOMOILED HHTETPUPOBAHHOTO MM BHEIIHE-
ro peaaKTopa, a BCo paboTy Mo TPAHCIALMHM HA MALWHHBIA A3bK (00beKTHBIH Kog —
thaiin ¢ pacluMpeHueM * . obi) accembiep 6epet Ha cebs, Bo BpeMs TpaHcnAnuH Tawoke
co3aaercA JIMCTHHI iporpaMmsl ((aiin ¢ pacliMpeHreM * . 1st), 10 KOTOPOMY MOJb30-
BaTelb MOXKET ONPEACIUTE aJipeca U MaIlIMHHBIH Ko, Ha3HAYeHHbIE acceMOAepoM CBO-
UM KOMaHIaM.

B 3arpyzounom caiine ¢ pacuidpedHeM *.hex HaXOAATCR MalIMHHbIE KOMAHIbI
N4 3anycy B namAThs nporpamm B Biae ASCll-kona B oaHOM W3 creayrownx dopma-
toe: Generic (Atmel), S-record (Motorola) unu Intellec 8/MDS (Intel). Heofazarens-
Helii EEPROM-daiin ¢ paciidpeHHeM * . eep cOAEpKHUT JaHHBIE (NIPH UX HATHUWH), KO-
TOpble ACAKHBI 3anUCKIBATRCA B naMaTe EEPROM. Xenaemeiit gopmar Brifupaerca
B MeHIO accembnepa Options (Ilapamerpsr). BoapIIMHCTEO NPOrpaMMaToOpoR MOTYT 00-
pabaThIBaTh 5TH (hOpPMAaTEI HANPAMYIO.

Hwxe npencrarnens npaMepel Gaiinos, cozgaHRerx AVR-accemBnepom,
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UcxonHuli koAd: Beispiel . asm

cseqg ; CerMeHT KoOa

.org 512 ; HauaneHED! agpec nporpaMvel

clr r3l ; OBuyIuTe cTapumit GaflT ykazarens 2

1di r30, 520 ; Miamumit SaiT yxaszarena Z = 32

1d 0, zZ+ ; KonpomaTk Galtr no azpecy %20 B r0, ypenuuuTk 2 Ha 1
1d rl,2 ; KonuporaTe GaliT no agpecy %21 B rl

.org 1024 ; HauameHedi agpec LA KOHCTAHT

Konst: .db "“ABC", $0A, 30D, 0, -128

.eseqg ; CermenT EEPROM

.org 24 ; Hauanensit agpec ONA KOHCTaHT B EEPROM

eeKonst: .db $AA, $55, 0, 255, " "

®ann NMCTUHrA: Beispiel . lst:

AVRASM ver. 1.21 BEISFIEL.ASM Mon Jun 28 14:31:15 1999

cseq ; CermeHT KoZa
org 512 ; HauajbHENM agpec Nporpamskl
Q00200 27f€ clr r3l ; OSeynmem crapmgl OaiT yxaszaTens Z
000201 e2el "1di r30,5%20 ; Mnampat Galir ykasarena Z = 32
000202 9001 1d r0, 2+ ; Barpyxaem GaliT no agpecy $20 B r0, zZ=Z+1
000203 8010 1d ri,2 ; Barpyxaem GanT no amgpecy $21 B rl
.org 1024 ; Hawameunlt ampec WiIsi KOHCTAHT

000400 Konst: .db "aBC", $0A, $0D, 0, -126
000400 4241
000401 0ad3
000402 000d
000403 0082

.eseqg ; CermeHT EEFROM
.org 24 ; HauaneHsld agpec IJIA KOHCTaHT B EEPROM
000018 eeKonst: .db $AA, $55, 0, 255, " ¢
000018 aa
000018 55
00001a Q0
00001b ££f
00001c 20

Assembly complete with no errors.

PaccMoTpuM sarpy3ouHsri ¢aiin B hopmare Generic.
®ann Beispiel hex

000200:27£ff
000201:e2el
000202:9001
000203:8010
000400:4241
000401:0a43
000402:000d
000403:0082




277

EEPROM-cbaiin Beispiel.eap

00181 aa
Q019:55
00la: 00
001ib: ££
0C1c:20

CuHrakcue popmata Atmel Generic:

" ecTHANLUATHPHUYHLIE AaHHbIe NpeacTaBneHrl B Buae ASCII-cHMBONOB W, TakuM
obpazom, Ana npeacraBneHna onHoro Gaiita TpeGyerca apa ASCll-cumBona,

" KaXAas CTPOKA JU1A 3aNHCH B NaMATL MPOTPaMM COCTOMT U3 Tpex OaiiTos: aape-
€a, OKaHYHBAIOLIErocA CUMBOIIOM “:”, M CIEAYIOLIErC 3a HHM CJI0BA JaHHEIX,
NIPeAHAa3HAYEHHOrD A% 3aNKHCH MO YKA3aHHOMY aapecy;

¥ cTpoka A4 3arnucH B namars EEPROM cocTouT Tonske M3 aByx Oaittos: agpe-
©a, OKAHYWBAIOILErocs CUMBOJIOM “:”, W clieaylouierc 3a HUM 0aiiTa JaHHbIX,
MpeAHA3HAMEHHOTO I 3aMHCH 110 YKa3aHHOMY aapecy.

PaceMOTpHM 3arpy3ounklii ¢aiin B dopmare Intel Intellec 8/MDS.

®aiin Beispiel.hex

:020000020000FC
:0804C000FF27E0E201 901 080EB
:080800004142430A0D00820091
:00000001FF

EEPROM-cbaitn Baispiel . asp

:05001800AA5500FF20C5
: 0000000LFF

Cunrakcuc popmata Intel Intellec 8/MDS:
* IlecTHaALATEepHYHLIE fJaHHBIE TIpeAcTasieHbl B BUae ASCII-cuMBonos u, Takmum
obpasoM, Ui NipeacTaBieHus oaHoro Oaifta Tpebyerca aa ASClI-cumeona;

= Kax/Aad CTPOKA HaYHHAETCA ¢ “.” W clleqyrollero 3a HuM OaiiTa, onmpenensroiiero
KONH4ecTBO DAHTOB A1 3arpy3KH; 3aTeM CIeAytoT ABa Gaiita: agpec, Mo KoTo-
poMy RomkeH ObITh 3arpyKeH nepsblit 6aliT faHHBIX, ¥ GaliT, 3aKaroLUH THII

CTPOKH.

CyuectsyeT TpH TMna crpok B ropmare Intel Intellec $/MDS:
" 00 — naHHBlE — QOCTE YKa34TeNd THIA CleyeT CTO/IbKO GaliToR JaHHbIX,
CKOJIBKO OBINIO YKa3aHO B NepeoM GaiiTe CTPOKH, a TakKe KOHTPOJIBHAA CYMMa;

= ] -~ okoHe4yHas 3anMch — YKA3LIBAET HA OKOHuaHHe (haiina gaHHBIX (Mocne
yKa3are/id THHA ClIelyeT TOIBKO KOHTpONbHasA CyMMa),

» (2 — ajpeca CErMeHTOB JUTA PacIIHPEHUS aJpecHOro NpoCcTpaHeTBa — Moce
yKa3aTeld THIIA ClIelyeT cMEIlEeHHe agpeca, KOTopoe BMECTe ¢ ABYMs Daiitamn
W3 ¢TPoKU aaer abcomoruniit agpec, JIna Buigucnenvs a0COAKOTHOrO aapeca
CMellieH e ajipeca YMHOMXaeTcsa Ha 16 (CABHr BISBO Ha YETHIpE paspsaaa) ¥ nocie
3TOro NpubasseTcs K ampecy M3 CTPOKH.
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Tpumep: cMewenue aapeca = 1230,; aapec B Habope aanHbiX = 0045,
AbcomoTHblit agpec = 12300y, + 0045, = 12345,

Ctpoka THna “afpeca cermeHTOB” MOXET BCTpeyaThes B Mobom MecTe daiina u 3a-
JlaRaTh CMellgHHe A NOcHeAyolnX cTpok. Ilocie cMellenus agpeca ClenyeT 2aBep-
HIAOMAR KOHTPOALHAR CyMMA.

Bce enlieckazannoe HUTKOCTpUpYeT puc. 13.1. Kaxkas cTpoka 3aBepuIaeTcs KOH-
TPONBHOM CyMMOMN. DTa KOHTPOIBHAA CYMMa NpeacTasaseT coboi q0noNHeHue 10 ABYX
CYMMBbI BCOX CaliTon CTPOKH 34 HCKIIIOYEHHEM BBOOHOro ABOETOYHA, TO €CTh, — KOJIH-
yecTRa 0allToB DaHHBIX, gpeca, THAA U BeeX OalTOR JaHHBIX (€CAH OHW NPHCYTCTBY-

0T).
Aapec CmeujeHne agpeca
Hauanc KoHTponkHan cymma
cTpokM L l J: :

1020000020000FC
:08040000FF27E0E2C1901080ER
:080800004142430A0D00820001

:0000C001FF _ I
KoHTponbHas
KonuvecTso KontponsHan cymma cymma
baiitas Tin cTpoku

Pwuce. 13.1. CtpyxTypa ctpok B hopmarte Intel Intellec 8/MDS

INocne xouTponsHOH cymMMbl MOTYT crlegoBaTh HeneuaTaembie ASCII-cuMBonbi
Bo3spara kapeTku (0Dh) unu xorua crpoku (0Ah), a taioxe Hynesoi cumpoa (00h).
Teneps pacemoTpuM 3arpy3ourbiit aitn B popmare Motorola S-record.
®aidn Baispiel.hex

SOC0F0000424549535049454C2E48
455890
S10B04CQCFF27EOE201901080E7
S10B08004142430A0D0082008D
59030000FC

EEPROM-cpaiin Beispiel.eep

S00F0000424549535049454C2E45
455098

51080018AA5500FF20C1
390300C0FC

Cunrakcic popMaTa Motorola S-record:
" IeCTHAALATHPHYHBIC AAHHEIE NIpeacTarfeHel B BUAe ASCII-cuMBonoB M, TakuM
ofipazoM, ANTA MPEeACTaBN¢HUA OfHOre Gakita Tpebyerca gpa ASCII-cuMsona;

* aiin naHHBIX B hopMate S-record MosxkeT (HO He 06d3a3aTenbHO) HAUHHATHCS
LA

¢ “BBOJHOI” cTpOKH, cojepxkameli crapTorblil kog “S0” uny “85”, 3a KOTOPBIM
cneayer OaiT, HHQOPMHUPYIOLINH O KOJIMHECTBE CIEeAYIOIMX naitee HalToR,
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BKJIIOUAd KOHTPOSEHYIO cyMMY (AVR-accemBrep BCcTaBnseT Takske B 3T0T Ha-
Sop Mg daiina * . hex);

" KaKaas CTPOKA HAUMHAETCH C OJTHOTO M3 CTapTOBBLIX KOAOB: “S17, “S2” unu
“S3” (kon “S17 3amaet nABa, “S2” — TpH, a “S3” — yeTwipe GaitTa anpeca),

* [OCNe CTAPTOBOTO Koga cleayeT HaiiT, KOTOPbL ONpeaenseT KONMUYECTso no-
crneayonmx DaHTOB B 3Toi CTpoKe — HHCA0, COOTBETCTBYIOHIEe 00eit quune
aapeca, AaHHEIX M KOHTPOALHON CYMMEL;

* panee cneayer agpec neporo OaiiTa JaHHBIX (ATHHA ajgpeca 3a1aeTcs CTapTo-
BLIM KOJIOM),

® CTPOKA 33BepIUAETCA KOHTPOMBHOH CyMMOH, KOTOpad MpeicTaBadeT cobol no-
TIONHEHHE ¢ eIMHHLBI KoaHuecTBa OaiiTos, anpeca n Beex OaHTOB HaAHHBIX
{ecau OHU MPUCYTCTBYIOT);

® OKOHYaHMe CTPOKM “S3” obo3Hayaercsa ¢ nomowko 3anuck “S7”, gopmar koto-
poii uaeHTH4en zanucH “Koner daiina” (cM. Hke) 3a HCKIHOYEHHUEM TOTO, 4TO
ROJIE a/Ipeca MOXKET CO/ISPKATE HavalbHBIH afpec BBIMOMHEHHS NPOrpaMmMsl 10-
cne 3arpy3kH Gaiina (3ToT Ha4anbHbIH aapec MPOrpaMMaTOPOM, Kak HpPaBUio,
HUrHOpHpYeTCs ).

= samuce “Konenl daiina® ykaspiBaeT Ha okonuanue datina nanusx, OHa COCTOHT
H3 Koja “S9” unu “S8”, Galira konudecTsa GITOR , aipeca H KOHTPOMbHOMN
CYMMBI.

TTocne KOHTPOMLHOW CYMMBI MOTYT cnefoBaTe Hemneudataemsle ASCII-cumBonn
sosspara kapeTke (0Dh) unu kouna crpoku (0Ah), a Taroke Hynesoit cumson (00h).
Bce BhillecKazaHHOE HIUTIOCTPHpPYET pHc. 13.2.

Heobs3arenmHas BROAHAS CTPOKA
|

f 1

Azpec S00F0000424549535049454C2E48455890

Crap- BaiiTi AaHHbIX rKo HTPOSIBHARA

. r r T cymMmMa
TOBbIM KOA g1 ORO400FF27EOE201901080E7 4
S10B08004142430A0D0O082008D
S9030000FC T

l TPO (Y1¥]
Konuvecreo KouTponbHas cymma RorTpononan cyva
6airos P Y

Puc. 13.2, CtpykTypa cTpok B ¢hopMaTe Motoroka S-record

AVR-accembnep renepupyer kon ¢ abcomoTHo# agpecanueii, 1 moToMy oTHajaer
H806}0X0,[1HMOCTB B HOCJ'IC,ZD/[-DLL{CIT! KOMTIOHOBKE MWW JTOKaJTH3alUn.

YctaHoska AVR-accembniepa

Ha npunaraeMoM K KHUIe KOMIAKT-IMCKE, B Manke AVRTCOLS HAXOLHUTCH apXHB-
HEI caMopacakoBRiBAIOLIMCA (aiin ASMPACK.EXE, coAepKallWii nakeT YCTaHOBKH
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nonuodyHKIMOHaNEHOro accembnepa. Hambonmee noaxopsiuwi, ucxoas u3 oberos-
TE/bCTE, BAPHAHT ITOCO MaKeTa MOXKHO Takske GecrnaTHo 3arpy3uth ¢ Web-cajita kom-
naxHun Atinel: www, atmel. com.

®aiin ASMPACK . EXE clieflyeT CKOIIHPOBATh B KAKYIO-THOO ManKy Ha KECTKOM THC-
K€ W 3aTeM 3aMyCTHTh Ha BbUMOMHEHHe, focne yero sce daiinst n3 apxdea SyayT asro-
MATHYECKH PACTIAKOBAHBI H COXPAHEHB] B TOH JK€ MATKE.

Teneps MOKHO 3aITYCTHTB Ha BHINOJHEHHE (alin SETUP . EXE (nepes 3THM JOMKHB
OBITh 32KPBITHl BCE APYrHe TPUIIOKEHH:!) B IIPOCTO BRIMIONHATE AEHCTBUA, npemrarae-
MbIe MPOrpaMMON yCTAHOBKH.

B pezynbTaTte, kpoMe camoro accembnepa, B noakaTaaoruy APPNOTES u DOC Oyayt
TAKKE YCTaHOBMEHB! (haitnel npUMepoR U onucaumii (Ha AHTTHICKOM 23BIKE) COOTRETCT-
BEHHO.

CwuHTakcuc accembnepa

[porpamMma roab3oBarens (HCXOMHBIH Gai1) cOCTOMT, raBHBIM 06pazoM, M3 KO-
MaHAHbIX CTPOK AIHHOH MakCcHMYM B 120 3HaKOB, a TAKXKe U3 CERYIOLIMX DJIEMEHTOB.
= MerkHu (TOUKH M1 NEPEXoaa) — COCTOAT H3 andaBUTHO-UHPPOBLIX 3HAKOB,
JOMKHBI HAYNMHATECA C OYKBBI M 3aKaHYHBATHCA ABOeTOUHeM. CNyXkaT B KauecT-
BE TOYKHM Ha3HAUEHW [TPH BETBJICHUAX B MPOrpaMMe H BEIZ0BAX MOANPOrpaMMm.
Kaxaas koMaHIHas cTpoka MOXKET (HO He 0643aTeNbHO} HAaUHHATECA C METKH.

IIpuMeper: MeTxal:, Test:

* MueMoHHKH KOMaH/| (CHMBOIMYECKHE MPEICTAB/IEHHA MALIHHHBIX KOMaHT).
IIpeacrarnaroT cofolt MocaeA0BATENLHOCTH CHMBOJIOB, OMPEIETEHHbBIX KOMIIa-
Huelt Atmel, koTophle 0603HA4AIOT B KAXKIOM KOHKPETHOM CITy4ae HEKOTOPYHO
KOMaHAy. 3a4acTylo CONPOBOXK/AKITCS ONEPAHAAMH, K KOTOPBIM JO/IKHA GhITh
NpUMeHeHa JaHHad KOMaH[a,

[pumepel: andi ~— o0beMHEHHE C KOHCTaHTOH No noruyeckomy “HU” );
clec — cbpoc dnara meperoca;
rjmp — IPOrpaMMHLII MEPEXo] OTHOCHTENBHO TEKYILETO afpeca.

* JupexTuBbl (yrpasnsiomye ykazaHua ana accembnepa). [Ipeactasnsor coboii
NOC/IeA0BATENBHOCTH CHMBOJIOB, ONIpeeIeHHBIX KOMMaHueil Afmel, KoTopbie
BCeT 12 HAYHHAKTCA C TOUKH M He TPaHCIMPYIOTCA B MAlHHHbIE KOMaHIHI, a
JIKUIB UCTIONB3YIOTCS B MIPOLIECcCe aCCeMOTHpPOBaHHA.

IIpumeps!: . dp — onpenenseT 6aliTOBYK KOHCTAHTY B MaMATH [IPOrpamMM;
.def — 3a/laeT CHMBOJIHMECKOE MMA /I PETHCTPA,;
. Org — YCTAHAB/IHBAET CYETUHK kKoMaH[ B abcomoTHei anpec.

* KommenTapuii. Beerna HaunHaercs ¢ cuMBofa “;” (Touka ¢ 3anaToi) u gobas-
JIAETCA B NpOrpaMMy AJis TyqIIero ee noruManus. Bee 3Haku ot “)” 10 koHUa
CTPOKH acceMOBIEpOM HIHOPHpYIOTCA.

[Tpumep: ; 3To kommeHTapwMit



PaBoma c AVR-accembnepom 281

KomangHas cTpoka MOXeT ObITh IpeAcTaBneHa B accembrnepe B OHOH W3 4eThIpeX
¢opm (TO, YTO YKazaHO, B KBAAPATHLIX CKOOKAX, — OMIIHOHATLHO):
= [merka:] nMpekTHBa [onepaHap| [KOMMeHTapHI];

* [merTka:] koMaHAa [onepaHzbl];
1 [MeTKa:] KOMMEHTADHIA;
" [ycTas CTpOKa.

[IprMepsl KOPPEKTHOIG HCXORHOIO KOA4:

1

Markel: .EQU wvarl 100 ; IOupexTURa - NpMCBAUMBaeT [NepeMeHHON varl
; araueHue 100

IupekTHUBa - NpUCBaXMBaeT NepeMeHHoM var2

3HaueHne 200

Komanoa, 6GeCKOHeYHRI MK

CTpoka XOMMEHTAapKA

200

.EQU wvar2

Test3A: rijmp Test3A
Comment: :

e ma ma wy

Pa6ota c AVR-accembnepom

Ha puc. 13.3. nokasaHa nadens uHcTpymenros AVR-accemGuepa ang Windows
{(WAVRASM).

Pue. 13.3. Nanens wHeTpymenTos AVR-accembnepa

AccemM0nep ¢ HHTErpUPOBAHHBLIM PENAKTOPOM OPHEHTHPOBAH HA TPHUBLIYHYIO
Windows-cpefy, ¥ TIOTOMY MBI KPaTKO PAcCMOTPHUM TOTBKO HEKOTODBIE OCOBEHHOCTH
NOMB30BATENbCKOTO HHTEpdeiica.

KHOMKU naHenu uHCMpyMeHmos

HajHaueHMe kHONOK NaHend HHCTPYMeHTOB AVR-accembGiepa npenacTtaeaeno
B Tabum. 13.1.

Ta6nuua 13.1. HasHaueHue KHONOK Nanenu HHCTPyMeHToB AVR-accemBnepa

Co3naet HoBbI#t Mcxoaueilt dalin, Ecnu ucxomubill daiin gommken ofpabaTsiBaTscs
B HHTETPHPOBAHHOM pellakTope, TO ero pasmMep HE JO/KeH Nperplnath 28 Koaifr,
Hexonnuie dalinm Gonbisero pasMepa MOXHO CO3AATH © MOMOWBIO Kakoro-iubo
BHELUHErO pefaxTopa (IpH 3TOM JOIYCTHMO NMPUMEHATEL TONBKO TAKOH TEKCTOBLIF
peaakTop, KOTOpBIl He BCTABNAET B TEKCT YIPABIAIOUME CHMBOJMBI), a 3aTeM —

acceMbaupoBaTh
5 OTkpbiBaCT yke CywecTByOUHE Hexoaublit dain. [na kaXoore OTKPLIBAEMOro
HcxoaHoro Gaiina co3gaeTcsa HOBOE OKHO pellakTopa

E QO06HoBIAET Yke OTKpLITHIE daiin. Ecnu, HanpuMep, ucxoaHelit daiin u daiin nuc-
THHra OTKPBITBI, M BHINONHAETCH HOBOE acceMONHpOBAHHME, TO C NOMOLLUBIO 3TOM

KHOHKH MOXHO 0OHOBUTE (hails THCTHHIG

CoxpanseTcs conepXuMoe OKHA, aKTHBHOIO B JaHHLIH MOMEHT. JTa KHOMKA AoC-

TYIHA TOJBKO TOrgd, Koraa JaHHBIC OBLTH H3IMEHEHBI
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Tabnuua 13.1. OxoHuanne
AT

BrigeneHHEl TeXCT BhIpe3aeTca M nomernaerca B 6ydep obMena

BeigeneHHbI# TexeT KonupyeTea B Gydep obMena

Tekcr, Haxoasuuiics 8 Gydiepe o6MeHa, BCTaBMACTCA B TeKYLIeH MOIKUHUK Kypcopa

OrMeHseT NocneHee BHIONIHEHHOS AeHCTBHE

DYHKIMA MOHCKA HEKOTOpOTo (hparMeHTa TEeKCTa

[Mpomomkerue noucka paHee ONpeAeneHHONo PparMeHTa TEKCTE

[TeuyaTs COOCpXKHMOro aKTHBHOTO B HaHHbI MOMEHT OKHa

o L[4 @) 2| (3| &

Metio AVR-accembnepa WAVRASM

Menio File 1 Edit [0 CBOEMY Ha3HAUCHHIO AHAJIOTHUHEI OTHOUMEHHBIM MEHIO B JIt0-
6om xpyrom Windows-npuioxeHHH W NOTOMY B OONMOJIHUTENBHOM DPaibACHEHWH HE
Hyxzaatorca. Meuio Search (Tlomck) conepikuT KOMaHAb! TOMCKA NPOH3BOIAbLHBIX CTPOK
TeKcTa B aiine.

KomaHpa Assemble (AccemOmupoBaTh) 3amyckaeT acceMOJHPOBAHUE HCXOJHOTO
chaiina, orobpakaeMOro B aKTUBHOM B JaHHRIA MOMEHT OkHe. B ToM ciywae, ecnu
¢ MOMEHTa NOCJeNHEro acceMONUpOBaHMA HCXOOHbIH daiin Obln K3MeHeH, nepen
TpaHCNALMEH OH COXpaHseTcd NpPH YCMOBHH, YTO B AMANIOIOBOM OKHE, BBI3BIBAEMOM 10
komanzne meHio Options (Tlapametpsr), 6511 yeTaHOBNEH Gnakok Save before assemble
(puc. 13.4).

Options

Puc. 13.4. [lnanorosoe OKHG napameTpos accembnepa WAVRASM
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B 3TOM OKHe K nojax PacwupeHue caina nucTuHra 4 PacwuvpeHue 3arpy3o4Horo
thaiina MOXKHO YKa3aThk PacCIHPEHHA, OTJIHHHbIE OT BRIOPAHHBIX 110 YMOITUYAHHIO . 1st U
.hex.

Kenaemslit popmar ¢aiina .hex BeIOMPAIOT C TIOMOILBIO MEPEKIIOYATENEH U3 Ha-
6opa Output file format (Qopmar 3arpy3ouHoro datina). Onaxox Wrap relative jumps ak-
THBH3HPYET KPYTOBYHO aJpecalHio AN MUKpPOKOHTpostepoB AVR ¢ mamsaTeio mnpo-
rpamm ofbemoM 4 Kenor. Ecnu ycranosnen dnaxok Close all windows before exit, To
nepen 3aBeplieHreM paboTel accembrepa OyQyT aBTOMATHHECKH 3a8KPBITHI BCE OKHA.
ITpn ycranopnennom ¢naxkke Save before assemble HexonHbIi dalin coxpaHseTcs ne-
pen KaxabiM acceMOIMpOBAHHEM ABTOMATHHECKH, B IIPOTHBHOM ClIy4ae MOJIb30BATENIo
Oyner 3aj1aH BONPOC O TOM, XOUET JIM OH COXPAHHTL UCXOAHBIH daiin BBHAY W3MeHeHHH
C MOMEHTA MOCTEAHEero acceMOTHPORAHHUA,

Menio Window

Mento Window nokazaHo Ha puc. 13.5,

Help:
"7 Cescade 1.
" Tilevertcal
“Tile ‘hijr'iz_'o'nta!'

' ﬁrrﬁngglcu_ns :
‘Closeg:All:

v 1 Dacu.mgnﬂ

Puc. 13.5. MeHio Window

Komarnna meHio Window — Cascade pa3meliaeT Bce OKHA TakuM oGpasom, UTo BH-
A€H 3aTONOBOK KAKACIO OKHA, OJIHAKC BepXHHe OKHA 3aKkphibaroT HibkHuUe. [lo komange
Window — Tile Vertical OkHa pa3MellaloTcs Ha 3KpaHe 10 BEPTHKA/IM OJHO Hal APYTHM,
a no komauae Window — Tile Horizontal — no ropusontann. Komanpa meHio Win-
dow — Arrange lcons YMOpAJOYMBAET CBEpHYTble OKHA, a komaHma Window — Close
All — 3aKpHIBAET BCE OTKPHLITHIE OKHA.

Mowueck owwnbok

Ha puc. 13.6 mokaszano okHo AVR-accemOnepa, 8 KOTOPOM OTKPBITO OKHO HCXOJ-
Horo (paiina Beispiel.asm W AMCTHHra Beispiel.lst, Mcxomusiii ¢ailin 6ein ac-
ceMBNMpoBaH 1O KOMaHe MeHIo Assemble, ¥ B OkHe coofiueHniT Message NOABHIOCH
coobluenye o6 ownbre. Ecin MIENYKHYTH MBIUBIO HAa 3TOM COOGLUIEHHH, TO CTpoka
B McxoaHoM caifie, comepxaitad owuOKy, Gyfer BblAeseHa KpacHbIM UBeToM. [lo
ABOMHOMY LIETYKY MBILIBIO Ha coobuienun o6 omubke Kypcop nepeMeniaeTcs B CTPOKY
HCXoAHOTO (akina, COaepKallyo OHOKY.
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LAVRASM ver. 1.21 BEISFIEL.ABM Mon Jur 2

B Messige
SAVRASM: AVR maero assembler varsion 1.21

: -~ - ] 3!
00264 27ff_ECcpyr1ght (2} 1995-1997 ATFEL Corporaticn

‘Creatinyg ‘BEISPIEL.EEP’ ) I
000266 9001.a0 . \yiny  RRTRPTET .HEX’ :
ggg;gé Eg;'; Creating 'BEISPIEL.0BJ'

- Creating ‘BEISPIEL.LST'®

‘Mar 5 1998 01:21:009

g 'BEISPIEL .ZSM'

'.cseg
org 612

Assembly couplate with 1 error
Start: :

€lr r3l : Hileletiny 'BEISPIEL.EEP' :
RN [olating 'BEISPIEL.0BJ" . .
:id r0,2+ Deleting - 'BEISPIEL .HEX' :
itd rl.z -== ’

‘Tjmp Start B
‘.org 1024 : Anfangsadyasgse fir Konstanten

Konst: .dbh "ABC", S0A., SOD, 0. -126

Lol

D busi

Puc, 13.6. Okno AVR-accembnepa

Coobuenne o6 omubxe suaa “BEISPIEL.ASM(S) : error : Illegal argument type or
count” o3HAYAET, YTO B CTPOKE 5 McxoaHoro ¢afina B KayecTRe onepania Obl1 BLIGpaH
PETHCTP, YTO B JaHHOM CITydae HeJOIMyCTHMO.

Bo epems ycraHoBku accembiepa B nopkatanor APPNOTES konupyercs daiin
TUTOR1.ASM, KOTOPbIH B LENAX OOyueHMs CMEUHATbHO COOEPXKHUT OWNOKU. DTy npu-
MEpbl NPUIBAHEI NOMOYL HOBHUKY OLICTpO OCBOMTH MeToAbl paboTel B cpege AVR-
accembaepa.

Aupekrusbl accembnepa

Hupextueel acceMbiepa He MOPOXKIAIOT MCTIOMHAEMBIX KOJOR OTIEpALIHii, a JHIIb
ABIAIOTCA YNPABIAIOIMMH YKA3aHHAMH JUlA camoro acceMOepa. OHH HHULIHATH3HPY-
0T YYACTKU NMaMATH, ONPEACIAT KOHCTAHTH B NaMATH, YCTAHABMHBAKOT CHETHHK KO-
MaHI Ha oOnpeleneHHbIH agpec 4 T.4. CylUecTBYIOUIHE IUPEKTHBBI MEPEUHCIEHBI
B Tabm. 13.2.

Tabnuua 13.2. Qupexruesl AVR-accembnepa

BYTE OTBOAMT ANA MEPEMEHHON MECTO B MAMATH
.CSEG CermMeHrT koaa
.DB Onpenenset ofrobaiTOBYKO(blE) KOHCTAHTY(HI)
.DEF Hasnayaetr cHMBOJNIHYECKOE UMA PErUCTpY
.DEVICE CoobiuaeT accembnepy o THIE MHKPOKOHTPOJLIEDA
.DSEG CerMeHT RaHHbIX
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Tabnuua 13.2. OkoHvaHwe

.DW OnpenenseT AByx0aliTHYIO(blg) KOHCTAHTY(LI)

. ENDMACRO Konen makpoca

.EQU COnocTasNAeT CHMBOJIHYECKOE HMA C HEKOTODLIM BLIpaKEHHNEM
.ESEG Cerment namata EEPROM

JEXIT 3aeepwaer accembuuiposadue dajina

. INCLUDE Bcrasnset ucxoaHslil ko 13 apyroro daiina

.LIST Cosnaer daiin aucTHHra

.LISTMAC OTtolpakeHye Koa MAKpoca B JIACTHHTE

.MACRO Hauano makpoca

.NOLIST OrmenneTt cosnanue daiing JMcTudra

.ORG Qupenenget a0CORIOTHLIY agpec

.SET HasHa4aeT CHMBONWYECKOE HMA HEXKOTOPOMY BRIPAXKEHUIO

Hupexmusa . BYTE
OtroguT nepeMeHHOl MecTo B naMatu. Gopuar:
[MeTxa: ] .BYTE exp

rie exp — TMPOCTOE apH(METHHECKOE WIH TOTHYECKOE BBIPKEHHE.

JupexTuea . BYTE MOXET IPHMEHATHCA Tonbko B cerMenTe aanHeIX (DSEQG). Ile-
peMeHHas NpHBA3aHA K aJpecy MEepBOro 3ape3epBHPOBAHHON A4eHKH mamATH. MMehem
nepeMeHHOH ABngeTcd MeTka. KomuuecTso 3apesepBHpOBaHHLIX GANTOB NaMaTH onpe-
AeAeTCA 110 3HAYEHHIO BRIPAKEHHA exp. COAEPKMMOro 3TOro ajpeca MaMsATH HEBO3-
MOJKHO HH W3MEHHUTE, HH cOpocuTth B 0. Crenyromiad ceobosnad gueiika naMaTH Haxo-
auTes mo aapecy “MetkatBripaxenne” (B cregyrollieM NpuMepe — no afpecy varl+1,
TO €CTh, — table+16).

TIpuMep vcnonb30BaHKSA:

.equ tabk size = 16

.DSEG
varl: .BYTE 1 ; Peseppupyem 1 Ganr mne varl
table: .BYTE tab_size ; Pesepeupyes Tatnuuy M3 16 Banrtos
.CSEG
1ldi r30,low(table) ; Mnapwui BalT ykazarensa 2
1di r31,high(table) ; Crapunft GaXr ykazarens 2
idd rl,Z+3 ; Barpyaurs 4-i GakT Tabmmue B rl

Hupekmuea . CSEG

Omnpenenser cerment kona. Popmar:
.CSEG

JdvpextrBa .CSEG ofpedenseT Havanoe cerMeHTta koza. HMcxonmbiit daiin moxer
COCTOATH H3 HECKONBKHX CETMEHTOB KOJa, KOTOPhIE 3aTeéM BO BpeMs acceMOIHpOBaHHA
00BENMHAIOTCA B OMH. ECIH HH OHH CErMEHT KOJA He YKa3aH, TO N0 YMOIYaHHIO HM
asierca cerMeHT CSEG. CermeHT Kofa uMeeT cobCcTBEHHBIH CYETHHK aJpEcOB, yKa3bl-
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BAIOIMIA HA 16-paspAdHYIO Aveliky mamaTd (cnopo). C NOMOWEBIO JAWPEKTHBE . ORG
3TOT CUETHHK MOXKeT OBbITh YCTAHOBNCH HA ONpeneNeHHEIN aApec MaMaTH NporpamMm.
TlpuMep HCIONBE3CBAHUA:

.CSEG

KonstB:
KonstWw:

Progr:

.db $1A, $2B ; CnpepenseM KOHCTAHTY B 2 BakTa
.dw S1AZB ; OnpepenAeMd KOHCTAHTY B 1 cnogo
mov r0,rl ; McnonHAemas KOMaHoa

Hupexmuea . DB

Onpenender onHOBANTHYI0 KOHCTAaHTY(-bi) B MAaMATH MpOrpamMM UM B MaMSTH
EEPROM. dopmMar:

[MeTka:] .DB exp-list

r2e B KadgecTre exp-list MOoXeT BHICTYNATH:
®  pAa pa3geneHHbIX 3aMATBIMU BEIPaXKEHHH, KOTOpbIE MOTYT COJepyKaTh apHgme-
THUECKHE M NOTHYECKHE OTICpAllHH, U [I0TKHBl HAXOJHUTRCH B IHATIA30HE OT
-128 po 255 (oTpuuaTenbHLIe BHIPLKEHWA 32MIMCLIBAIOTCA B NAMATH B BUOE J0-
MOJIHCHHA J10 IBYX);

* nocneaopatenbHocTh ASCII-CHMBONOR, 3aKMIOUEHHEIX B KARBIUKH.

HupekTuBa . DB MOXET NpUMEHATbCA B cermeHTe nporpamm (CSEG) nau B cer-
merte mamsTh EEPROM (ESEG). Ecnn Baiirer jonskHnr coxpadsteea 8 CSEG, a enp-
list copepsnT Goslee OHOTO BBIPAKCHUA, TO [IEPBOE BLIPAKEHHE BCEIA COXPAHISTCS
B MuanieM dalite ciioBa, BTOpoe — B crapiueM Oaiite. EcnM KOMHYECTBO BBIPAKEHMIH
HEUETHOE, TO (10CIIE/IHEE BLIPAKCHUE 3aNIOMUHAETCH B MianweM Oalte ciosa, a cTap-
uIdii GaliT 3anonngeTes HyneM.

[TpuMep ncnonb3oBaHUA:

.CSEG

000000
000000
000001
000002
000003
0c0004
000004
000005
.ESEG

0000Q0
000000

Konstl: .db $1A, $2B, 12/3, "ABCD"

Zbla

4104

43472

0044

Konst2: .db 4+$0B, S$FO0 & $73, 0b01100011>>1
700f

0031

Konst3: .db -3
fd

Hupekmusa . DEF

HaznauaeT perncrpy cumBonudeckoe ums. Qopmart:

.DEF OBosHadeHne = PerucTp

JlnpexTHBa . DEF HazHa49aeT PErHCTPY CHMBOMMYECKOE HMA, MO0 KOTOPOMY OCTalb-
Hafd YacTe NporpaMMbi MOxeT oOpalLaThCs K 3TOMY perdcTpy. PerucTp MOXKET UMmeTh
HECKONBKO CHMBOJIMUECKHX UMEH, a 0003HaueHne MoxeT GLITh NO3AE B IPOrPaMME Me-

pEonpeaeseHo.
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IlpuMep HeNonL3OBaAHHA:

.def temp = rlé ; K rlé MoxHo ofpallaThCcA
.def work = rlé6 ; N0 IBYM MMEHaM

.def icreg = r0

.CSEG

000000 ef£00 1di temp,$£0

000001 b&0f in ioreg, $3%f

.def temp = rl7 ; HNepecnperpenexdre. C 3T0TO MOMeHTAa
; no umMeHM temp - oSpameHme K rl7

000002 ella 1di temp,$1A

Aupekmusa . DEVICE

Coobmaert accembrnepy o THne koHTpomtepa. DopMar:
LDEVICE AT3081200 | ATO0S5Z313 | ATS084414 | ATS038515

Inpextuna . DEVICE coofimaer accemMfbepy o TOM, Ha KAKOM MUKPOKOHTPOJUIEpE
AVR nomkHa BLIMONHATECA CO37laHHas nporpamMa. Ecnw B nexonHow daiine nossas-
ercd KOMaHAa, KOTOpas He [OAAEPKHBAETCA NaHHBIM KOHTPO/IEPOM, HIIH NPOHCXOAUT
BRIXQJL 32 FpPaHHUIkl NMaMATH, Te acceMmdnep BRIJACT B CBOEM OKHe cooluleHWid W
B JIMCTHHIE MpPOTpaMMbl COOTBETCTBYIOLUEE MpedynpexaeHHe. Ecionm aupexTHBa
. DEVICE OTCYTCTBYET, TO acceMOnep JOMYCKAET, YyTO paspellieHbl BCe KOMAHTIB!, a rpa-
HHILEI NAMATH OTCYTCTBYHOT.

[pumMep Hcone3oBaHKA;

.device AT90S1200

.CSEG

.org 511

0001ff 2¢10 mov rl,r0

000200 2c32 mov r3,r2

BEISP2.ASM(6): warning: ‘LPM’ not supported on this device

000201 95¢8 lpm

HononnurensHoe npeaynpexaeHHe B OkHe coobUIeHHEH:
Tetal @ 514 words
Warning : 512 words are maximum for this device

Lupexmuea . DSEG

Onpenenﬂe’r CCTrMEHT JaHHbiX. CDopmaT:
.DSEG

JupekruBa . DSEG onpenendeT HAYAIO cerMeHTa AaHHbix. Mexomuurit dain moxer
COCTOATH U3 HECKONLKHUX CErMEHTOR AAHHLIX, KOTOPLIE 3aTeM B rpouecce acceMmbnaunpo-
BaHUA O0BEAUHAIOTCS, pazMeInasch pYr 3a qpyroM. CerMeHT aHHbIX 00bIYHO COCTOUT
UCKNIOUKWTENRHO U3 JUPEKTHE . BYTE # Meroxk. Kpome Toro, oH ucnonsiver coScrpeH-
HBIH cHETHMK afpeca, YKa3blRalouwii Ha 8-paspsaarbie sveliky mamaTy (Oaiirei). C no-
MOLIBIO AMPEKTUBBEI .ORG 3ITOT CUETHHMK MOXKET YCTAHABIMMBATECH Ha OTpEeNIeHHbI
agpec B namai SRAM.

ITpumep UCONBI0BAHHA — CM. TIPHUMEp UCTIONL30RAHHA IHPEKTUREL . BYTE.
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Hupexmusa . Dw

Onpenenser KOHCTaHTY(bl) pPasMEPOM B CJIOBO B CErMCHTE [IpOrpaMM  WITH
B cermeHTe EEPROM. dopmar:

[Merxka:] .DW exp-list

T7e B KauecTBe exp-list MOMET BBICTYIATE pA/l paslc/ICHHBIX 3AMATHIMH BBIPAXKEHHH,
KOTOPLIE MOFYT COAEPMaTh apUPMETHUESCKHE Y JIOTMUECKHE ONepaldy U JOMKHBI Je-
JKate B guanasoHe oT -32768 no 65535, OTpunaTentHele BRIpayKEHHS 3arHchIBAOTCS
B MaMATH B BHAE AONOJHEHUS IO ABYX.

JlupexTHBa .DW MOXKET MPHUMEHATLCA B cerMeHTe nporpamm (CSEG) unum B cer-
mente namsity EEPROM (ESEG). Ecnu B guetiku ESEG (8-pazpannuie) 3arnmceiBaiores
CAORA, TO BHAUANE 3AMHCHIBASTCA MIIaalIni GaliT, a crapmuit baiit pasMetwaetes no an-
pecy, CleoyI0LIeMy 3a apecoM Miawero Gadira.

[TpumMep ucnonb3oBaHUA:

.CSEG

000000 Konstl: .dw $1A2B, 196512/3

0000C0 lazb

Q00001 ffel

000002 Konst2: .dw 1024+30B, $FF00&$7654, $AIB7>>4

0o0002 040b

000003 7600

000004 0a98

.ESEG

Ga0000 Konstld: .dw -3, 100, 35100

000000 fd £f

000002 64 00

000004 CO 01

,[]upeKmuea . ENDMACRO

O6o3Ha4eHne OKOHYaHUA Makpoca. Popmar:
. ENDMACRO
Hupekrusa . ENDMACRO yKa3bIBAET Ha KOHEL MakpoonpeseneHus. bonee noapobuo

OTIPEJCTICHHE MAKPOCOB PACCMATPUBACTCA HHXKE B ONTUCAHHH JHPEKTHBLE . MACRO.
Hpumep HUCIIONB30BAHHUA ~— CM, NIPUMED K JUPEKTHBE . MACRO.

Hupexkmuea . EQU
Haspauaer BhIpaHKEHHIO CHMBO/IHUECKOE UMA. (DopMaT:
LEQU  ObeoszHaueHMre = exp

rie exp — MPOCTOE apHGMETHUECKOE HITH JIOTHYECKOE BHIPAKEHHUE,

JupexTtuBa . EQU npucBanpaeT 0603HaYEHHIO HEKOTOpoe 3HadeHHe. OcTanbHas
YacTh POFPaMMbl MOXKET ONEPUPOBATE ¢ O603HAYEHHEM KaK ¢ BhIpaxkeHHeM. B AaHHOM
cly4ae pedb MAET o0 onpeneneHHH KOHCTAHTHI, M MOTOMY 0003HAYEHHIO HEAb3A MOBKE
B MporpaMme [IPHCBOUTE HOBOE 3HAYEHHE.
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[IpumMep Menonk30BaHHA:

.equ Offset = $0100+100

.equ Div = 256/8

.equ Next = Div<<2

.CSEG

000000 e200 1di rle,Div

006001 ebed 1di r30,low(Offset)
000002 e0fl 1di r31,high(Offset}
000003 810 1di rl7,Next

.ESEG

CermeHT EEPROM

Format:

Lupexkmuea . ESEG
Onpenenser nayano cermenta EEPROM. ©opMart:

.ESEG

HcxonHeld daiin MoxkeT cocToATs U3 Heckoabkux cermentoB EEPROM, kotopeie
3aTOM B Npouecce acceMONMPOBaHHUs CTAHORATCS STUHEIM CETMEHTOM, COCTOALIMM W3
pacnoNoKeHHBIX ApYT 32 Apyrom oTaenbHbix cerMeToB EEPROM. Cerment EEPROM
Hcnonbs3yeT cobCTBEHHDBIH CYETUHK agpeca, KOTOPbIH yKa3blBaeT Ha 8-paspaasble auedi-
KH namaTy (Daiitet). C MOMOUIbIO AUPEKTHBEL . ORG 3TOT CUETHMK MOMKET YCTAHABIM-
BAaThLCA Ha OlIpe/c/eH el anpec B naMaTh EEPROM.

Aupexkmuea .EXIT

3aeepiuaet accembnnpopanne dafia. Qopmar:
CEXIT

LupekTipa .EXIT yKa3biBaeT acceMOaepy 3aBepIUMTH B 3TOM MECTE TPOLIECC ac-
cemMOanpoBanui, He AOCTUIHYER KoHua dalina (EOF) xak aTo nponcxoaut B oBbiuHOM
poxume. Ecnu accemOnep Berpedaer JupekTHBY .EXIT B (aiine, BCTABIEHHOM ¢ NO-
MOLIbIO AUPEKTHBLE . INCLUDE, TO Ha 3TOM NpepbiBaercs acceMOIHpoBaHHe BCTaBJieH-
Horo ¢aiina ¥ NpoJo/npKaeTes cO CIEAYIOLIETO LIara B riaBHOM daiine.

ﬂupexmuaa . INCLUDE

Berasnsier B Hexonubi thaiin apyro# daiin. ®opmar:
.INCLUDE "Wmsa gamna"

JlupekTuBa BCTARIACT B 3TOM MECTE IPOTPaMMBL CONCPIKUMOE APYTOro UCXOIHOIo
thakina, a 3atem ykaselBaeT acceMOmepy TpaHCTHpOBATE BCTaBAseMblil aiin go ero
OKOHUaHHMS WJIKA [0 AUPEKTHBHl .EXIT M N00aBHTE NOXYYCHHLIM OOBEKTHBIA KOX
K UCxXoaHOMH rporpamme. Betapnsaemutit (haiisn, B cBOIO ouepelb, TAKKE MOKET BRIIIOUATD
co0cTBeHHbIE BCTARAEMbIC (DaIbE.

IIpumep Hconb3OBaHNA:

B HekoTopo# namke XpaHMTCA MCXOAHBIR (aiin iodefs.asm cleayroIlero co-
Aepaanud:

19 — 5-2384
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Jequ sreg = $3f
.equ sphigh = $3e
.equ splow = $3d

JInst Toro uToOEI MOKHO GbITO HCTIONB3OBATE OTIPEEIEHHUA, 3TOT (halty BCTAaBNAETCA
B OMH 3 (paiinop B TOH XKe narnke:

.include "iodefs.asm"

.equ sreg = $3f i 3TM TP¥ CTPOKM
.equ sphigh = $3e ; BCTABJAKTCH
.equ splow = $3d ; accembrnepom
.CSEG

000000 b60d in r0,splow ; splow Teneps M3BECTHO

Lupexkmusa . LIST

AKTHUBM3HDYeT co3naHue daiina muctunra. QopMmart:

LLIST

Hapany ¢ o6bekTHEIM H 3arpy304HBIM aitnoM, acceMbnep Taioke coznaer (aitn
JMCTHHTA, COMEPIKAlUMii KOMaHBl U3 MCXOAHOro daiia BMecTe ¢ COOTBETCTBYIOLIHMHU
MM KOJaMH oniepaunii U agpecaMu. [JupekTiBa . LIST yKa3sIBaeT accembnepy Hadate ¢
3TOTO MecTa CO3JaHue NUCTHHIA MporpaMMBl. BmecTe ¢ JUpeKTHBOH . NOLIST OHpek-
TMBA .LIST MOXKET NPUMEHATHCA M8 OTKIIOUEHUs OTOOpaXKeHMs OMpele/ieHHbIX
¢dparMeHToR daitna.

[Ipumep HCONB30BaHUA — CM, TIPHMEP K AUPEKTHBE . NOLIST.

ﬂupeKmuea . LISTMAC
0T06pa}KeHHe KOIa MaKpoca B THCTHHTE. ‘I)OpMaTZ
.LISTMAC

HupekTuBa . LISTMAC yKa3biBaeT acceMOnepy Mpy BEI3OBE MAKPOCA BCTABIATL BCE
ero KOMaHMIbl B 3TOM MeCTe NUCTHHTa TNporpaMMbl. 1o yMONMYaHHIO, YKa3bIRAIOTCH
TONBKO MMS H NapaMeTphbl Makpoca.

IMepreiit npuMep (Ge3 . LISTMAC):

.macro subile ; Hauamno MakpcorpeneneHus
subi @1, low(@0) ; BHYECTbH XOHCTAHTY-CIORO
sbci @2,high{80); M3 perMcTpoBOM napu

.endmacro ; KoHel MaxpoonpeneneHua

; .CSEG

000000 + subile $ABCD,rle,rl7 ; B mucTHHre - TOIBKO BHBOR MakKpoca
000002 0000 ncp

HpHMep UCTIOIBE30BAHNA IHPEXTHBE! . LISTMAC:

.LISTMAC

.CSEG

000000 + subilé $1234,rl8,rl9% ; Beck maxpoc

000000 5324 subi rl8,low(0x1234)

000001 4132 sbci ri9, high{0x1234}

.endmacro ; KoHen MaxpoconpeneneHusa
000002 0000 nop ; NOABAAETCA B JIMCTHEDS
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Hupexkmusa . MACRC
O0o3uadenue Hayana Makpoca. Qopmar:

MACRO Mma_makpoca

JupexTHBa . MACRC OTMEYaeT Hadano makpoca — Habopa KoMaH/, BHITIONHACMOro
ApH BBIZOBE MakKpoca, Nofo0KO noanporpaMMe, HO B OTJIMUME OT TIOANPOTPaMMBIL, KO-
TOpas 3aMHChIBAeTCd B MaMATh TOJALKO OAWH pa3, KOMaHObl MaKpoca pazMellarTcs
B NIAMATH CTONRKO Pa3, CKOMBKO BhI3bIBAETCH MaKpoc. Makpoch! 0GbIYHO PHMEHSAIOT BO
dparMeHTax, KpUTHUYHBIX [10 BPEMEHM, I'fle¢ TPY TAKTOBBIX HMITYJIECA [UTS BBITIONHEHUS
KOMAHABI rcall M YeThIpE A4S BhINOIHEHHA KOMaHAbl ret — HEMO3BOJMMUTENRHAS pOC-
KOLb, 4 TAKXKE B CIy4YadX, KOria AODKHBI OMpeenaThess MakcUMatbHO 3ddekTHRHEIE
cOOCTBEHHBIE KOMaH b [IOJIE30BATENA.

Beeraa, xorza B nporpaMMe BETpeUaeTes MM Makpoca, Makpoc kax 6bl “pazeopa-
ynBaeTcA” (TO ecTh, €r0 KOMAHAbl BCTABIAIOTCA B MporpaMmy). Makpoc MKET NpyHH-
MaTb 10 NECATH MapaMETPOB. JTH MapaMeTphl B CIpeNeeHHH Makpoca NMpOHYMepoBa-
Hbl OT GO A0 @9 B AOpAAKE HUX chenoBaHud. [IpH BeI3OBe Makpoca napaMeTphbl Nepeaa-
H0TCA B BUAE OTACTBHOTO CIHCKA H OTASNATCA APYT OT APYTa 3aniThIMH.

OnpeneneHye Makpoca 3aKaHYMBACTCA JUPEKTHBOHN .ENDMACRO. Ecnn xomanzwl
MaKpoca JIOMKHEL OTOOPAKATECS B KAKAOM MECTE eT0 BhI30BA B JIMCTHHTE, TO B HCXOA-
HOM ¢aiine A0MmKHA OBITh yKa3aHa NMPeKTHBa . LISTMAC. B MpOTHBHOM ¢iydae B Jiuc-
THHre OyneT oTobpaxkaThes TOIBKO MMA Makpoca ¢ mapaMerpamMi. BxoxkaeHue Makpoca
FOMEUaeTcs B IUCTHHIE MUIIOCOM MEpPE]l er0 MMEHEM.

IpumMep Ucnonn30BaHUA — CM. IPUMEP K AHPEKTHBE . LISTMAC.

dupexkmusa . NOLIST

Orxmovaer co3ganue nuctuara. GopMar:
.NOLIST

Hapany ¢ obnexkTHeIM n 3arpysounbim daiinoM, acceMOnep Taioke cosfaeT aiin
JTUCTHHTA, co,uep;xamuﬁ KOMAaHIbl U3 UCXOOHOro q)al‘»'ma BMECTE C COOTBCTCTBYHOLHUMHU
MM KoZamK orepaudd M aapecamd. M3anauaneHo cuMTaeTcs aKTMBHOH IHpPEKTHEA
.LIST, W AMpeKkTHBa . NOLIST yKa3bniBaeT acceMOnepy NpekpaTuTb CO3JAHHE JTHCTHHTA.
BmecTte ¢ AMpeKTHUBOH .LIST AMpeKTHBA .NOLIST MOMeT MPUMEHATHCS AT OTMeHbl
oTo0GpaxeHus onpeaeieHHBIX GparmenToB taiina.

{Ipumep ucnonszoBaHHA:

.nolist ; CospgaHMe NMUCTHMHIE OTKICYEHO
.include "iodefs.asm"” ; BorabredHEE $anms

.include "const.def" ; He oTobpaxanTcAa B (arne JMCTMHTA
list ; Co3maHWe NUCTUHTA BRIKYEHO

Lupexkmuea . ORG
Onpenensier abcomoTHEIH anpec. Dopmar:

[Merka:] .ORG exp
TAe exp — MPOCTOE ApupMETHUCCKOE HIH IOTHYECKOE BRIpAXKEHHE.

19*
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JlupekTHBa .ORG YCTAHABRNMBAET CMETYMK ajpeca TEKYIUEro cermeHta Ha adco-
JIEOTHBIH aapec exp. B cerMeHTe JaHHEIX, 0003HAUEHHOM JMPEKTHBON . DSEG, ycTaHaB-
nuBaeTcs cyetyuk agpeca B SRAM; B cermenTe koga, oDO3HA4YEHHOM IMPEKTHBOH
. CSEG, — CHeTHHK afipeca Bo (uIdlI-naMaTi komaHn; a B cerMedTe EEPROM, 0603ha-
4eHHOM JMPeKTHBOH . ESEG, — cueTuuk ajpeca B naMaTH EEPROM. Ecnu aupexTHRa
. CRG COMPOBOXKAAETCA METKO#), TO 3TOH MeTKe NMPHCBaUBAETCA 3HAYCHHE exp.

Ecnu aupexTuBa .ORG HE YKA3&HA, TO CHETHMK ajipeca KOMaH[ W CUETHHK aapeca
B naMaTe EEPROM wnsHavansHo cogepxar 0, B TO BpeMs Kak CHETHHK ajpeca B NaMATH
SRAM HauuHaeT co 3HaueHua 96 ($60), mocxkoneKy B HavanbHoM obnacth SRAM pa3-
MelleHBl 32 pabouux perucTpa W 64 perctpa BEOIA/BRIBOAA.

Cueruuxu anpeca B EEPROM u SRAM appecyror §-paspaaHbie suelkM namaTy
(6GaiiTe1), B TO Bpems Kak CYETHHK aJpeca KOMaHA aapecyeT 16-pa3paaHele sueidku na-
MATH (cNoBa).

IMpumep UcTIONB30BAHNA:

.dseg ; Hauamo cermenTa ODAHHBEIX

000060 .byte 1 ; AOopec nNo yMONYAHUE

.org 11*9+5

000068 warl: .byte 1 ; OouH BalT no amgpecy 104($68) B namarm SRAM
.eseq ; Hauarn¢ cermedra EEPROM

.org 72/8-3

000006 varZ: .dw SFEFF ; CnoBo nc agpecad 6 M 7 B namaTu EEPROM
000006 £f fe

.cseq ; Hawano cermenTa npoTpaMM

.org $100

000100 2¢0l Lab: mov r0,rl ; Komauma no ampecy 25%¢

Hupexkmuea . SET

Hazuauaer BbIPDAKCHUID CHMBONUYCCKOC UMA. q)OpMaT:

.SET CGOozHaYeHMe = exp

rIe exp — MPOCTOE apHPMETHUECKOE UITH JIOTUMECKOE BhIPAsKEHHE.

HupekTupa . SET npucsaWBaeT 0603HaueHHIO HEKOTOPOE 3HaueHHe. B nanbHeliwem
B rporpaMme K 3ToMy 0of003HaueHMI0 MOKHO obpaiarbes kak kK 3HaueHuto. Huxe
B NporpaMme 0503HAYEHHEO MOXHO CONOCTABHTE HOBOE 3HAYEHHE,

IMpumep ucnons3oBaHUA:

.s&8t Div = 256/8 ; Onpepenenme "Div"™ (520)
.set Next = Div<<2 ; Onpepenenmne "Next" ($80)
.CSEG

000000 e200 1di rle,Div

000001 eB10 1di rl7,Next

.set Div = $26 ; Hoeece onpenenexue ana "Div"
000002 e206 1di rls,Div

000003 810 1di rl7,Next ; "Next" occraercs HeuSMeHEHHLIM
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BripaneHus

AVR-accembrnep MoxeT o0pabaTsiBaTh BhIpaKEHHS B HCxoaHoM daiine, koTopbie
MOIYT COCTOATb M3 OMEPaHAoB, QyHKUME W omeparopoR. Bee BbipaxeHus 3aHHMarOT
B namatu no 4 Oadra (32 6ura).

OnepaHdb:

B ucxoznom draiisie MOryT IPHMEHATRCY CEAYIOIHE ONepaH/ibI:

onpeneneHHble MONb30BaTENEM METKH —— HM acceMOI1ep Ha3HAYAET TO 3Have-
HHE, KOTOPOE CONEPKHUT CHETUMK KOMAH/ B MECTE HX MOABNEHHA B HCXOAHOM
taiine,

nepeMeHHbie, OTIPERENEHHbIE MOMB3OBATENEM C MOMOIIBIO AWPEKTHBLI . SET;
fepeMeHHbIE, ONPEAeneHHbIe MONLIOBATENEM C NOMOLIBIO AUPEKTUREE . EQU,
LEJIOUHCIEHHBIE KOHCTAHTBE — 3JIeCh JIOMYCTHMEI CIEAYIONe (hopMaTh;

«  BECATHUHEIC (IO YMOAYAHKIO) — 10, 255;

« 1UeCTHAAUAaTHpH4YHBIE — Ox0A, OxXFF HAH SO0A, SFE;

« JBOUYHBIE — 0b00001010,0p11111111;

cumBonbl ASCIL-— 'a', 'a’;

nocraenosarenbHocTd cuMBosoe ASCII (ctpoxu) — "3To crpoka'’;
COAEPIKUMOE CUETHHKA KOMaH[ B TEKY1IHH MOMEHT BpeMeHH.

QyHruuL

[Ipenonpenenensl cneayromye QyHKUHH:

LOW (exp} — BO3BpalaeT MIadIuil 0alT BRIpaXkeHUd exp.
Ilpumep: LOW ($9ARC) BO3Bpawwaer $3c.

HIGH (exp) — BO3ZBpAILACT CTApiiMi DANT BEIpOKSHHA eXp.
TIpumep: HIGH {3 3ABC) BO3BpallaeT §9A.

BYTEZ (exp) — UMEET TO e Ha3HAUEHHE, YTC W HIGH (exp).
BYTE3 (exp) — BO3BpallaeT TpeTuil GalT BEIpOKEHHA exp.
[Mpumep: BYTE3 (512345678 Bo3Bpawiaet $34,

BYTE4 {exp) — BO3BpAHIAET YeTBEPTHIH OANT BRIpAKEHHA exp.
[lpumMep: BYTEA4 ($12345678) so3ppaniaet $12.

LWRD (exp) — BO3Bpalaet paspaae! 0...15 BeIpaskeHHs exp.
[lpumMep: LWRD($12345678) Bo3Bpamact $5678.

HWRD (exp} — BO3BpallaeT pa3paasi 16...31 spipaxkeHHs exp.

[pumep: HWRD ($12345678) Bo3Bpamaer $1234.

PAGE {exp} — BO3BpailaeT paspaasl 16...21 BelpakeHns exp.
[lpumep: PAGE ($56789) BOzBpawaeTt $5.

EXP2 (exp) — BO3BpawIaeT sHaderue 27°,
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INpumep: EXP2 (4) BO3BpallaeT 16.
* 1.0G? (exp) — BO3BPALLACT LNy HacTe logx(exp).
TIpumep: LOG2 (5) BO3BpallaeT 2.

Onepamopb!

AVR-acceMOnep noaaepXHBaeT CleayIue onepaTopsl {MPHOPHTETHOCTE ONepa-
TOPOB YMEHbLIAETCH TI0 Mepe WX ClefoBaHHA B CIIMCKE, BLIPAKEHUA, 3aKIFOUEHHbIE
B CKOOKH,; BCErda BBIYMCASIOTCS B [IEPBYIQ OUEPEND).

®  Jlorwueckoe “HE™:

« CHMBOJI: !;

- YHapHBIH ONepaTop; €C/IH 3HaUEHHE BRIPAKEHHUA PABHO HYJIG, TO BO3BpALLa-
erca 1, B ocTansHeX cayvasx — 0;

« npyopurter: 14

. npuMep: 1di rl6, !0xf0 ; Barpyxaercs 0x00 B rlé6.

» Tlopaspsanoe “HE™:
« CHMBOI: ~,
« YHapHbLIA CMEpaTop; BCE Pa3paibl BRIPOKCHHA BO3BPAINAIOTCA HHBEPTHPO-
BaHHBIMH ([ONOJHEHHE A0 eOHHHLIBL),
- npuroputeT: 14
« Opumep: 1di rlé,~0xf0 ; SBSarpyxaerca 0x0f s rle.
*  VHapHbIH MAHYC!
- CHMBON: —;
« YHapHeIit ofeparop; BO3BpaniaeTced apHHMETHIECKOE OTPHLIAHHE BRIpaKeHHA
{mononseHne 10 ABYX);
- [PUHOPHTET: 14,
« npumep: 1di rlé,-2 ; Barpyxaercsa Oxfe (-2) B rlé¢.
®  YMHOXKEHHE!
« CHUMBOJ: *;
+ OvHapHBIH omepaToOp; BO3BpPALLAET Pe3YIBTAT YMHOXKEHHS JBYX BbIpaxKeHHI;
. npuopuret: 13;
mpuMep: 1di rl6, LabelA*2 ; Barpyxastcs LabelA * 2 B rlé,
= JleneHwue:
+ CHMBOM: /;
. OHMHapHBIH onepaTop; BO3IBPALIACT 11€/10€ OT AeNEeHHMs BEIpaXKeHHs, YKa3aHHO-
[O C/IeBa, Ha BhIpaKEHHE, YKAa3aHHOTO CrpaBa;
. npdopureT: [3;
- npumep: 1di rlé,Labela/2 ; 3arpyxaercs LabelA / 2 B rlé.
' Cnoxenne:
+ CUMBOII +; ] _
. OHHapHBIH ONepaTop; BO3BPAINAET CYMMY OBYX BhLIPasKEHUH;
» TIPAOPHUTET: 12; .
« TpuMmep: 1di rlé, k1+k2 ; BarpyxasTca kl + k2 B rlé.
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Beiuntaumne:
. CHMBOJ: —;
. DuHApHBIH oNepaTop; BO3BPALIACT pa3sHHLY IBYX BbIPAXKEHHIA;
« npyopurer: 12;
« TipuMep: 1di rlé6,kl-kZ ; 3arpyxaerca k1l - k2 B rlé,
Cagur BNeBo:
« CHMBOJ; <<,
» OuHapHbIH ONEPaTOp; BEIPAKEHHE, YKAIAHHOE CIEBa, CABUIAETCH BIEBO HA
KOMWYECTBO pa3piaA0B, YKazaHHOe crpaga.
« nOpuoputeT: 11;
» MpumMep: 1di rl6,1<<5 ; B rlé sarpyxaerca $20
; (0b0C000001 cmeuMyTOe BIEBC Ha 5 nosmumi).

Creur Bnpaso:
+ CHMBOI: >>;
« OHHApHBIA ONEpaTOP; BRIPOKEHHE, YKA3aHHOE CleBa, CABMIacTCH BIIPABO HA
KOJHMYECTBO pa3spiaaoB, YKa3aHHLIX CIIPaBa;
. Tmpuopurer: 11;
« npumep: 1di rlé,8>>1 ; B rl6 =arpyxaerca 504
; (0b00001000 cmBuMHYTOS EBOPABO Ha 1 nos3mumo).

MeHbue:

+ CHUMBOT: <;

+ OuHapHBIH onepaTop; ecNM BBIPAKEHHE CO 3HAKOM, YKA3aHHOS ClleBa, MeHbllle
BLIPAKEHUS CO 3HAKOM, YKa3aHHOTo ClipaBa, TO BO3BpaliaeTcs |, B MpOTHE-
HOM cllyvae Bo3Bpauiaeres 0,

« npuopurer: 10;

- npumep: ori rl6,kl<k2 ; Ecmm ki < k2, To

; B rlé ycradHoBuTrca paspan 0.

Bonbine umu pasro!
« CHMBON: <=}
+ OHHapHBII ONEPATOp; eCTH BRIPAXKEHUE CO 3HAKOM, YKA3AHHOE CJIEBA, MEHBLUE
WK paBHO BRIPOKESHHUIO CO 3HAKOM, YKA3aHHOMY CHpPAaRa, TO BO3RpalnaeTcs 1,
+ B MPOTUBHOM cly4ae BO3Bpamaerca 0,
- npHopuTeT: 10;
« mpuMep: cri rié€,kl<=k2 ; Ecom kl <= k2, ro B rlé
; YCTaHaBJIMBaeTCH pPaspAaln 0.

Boneuue:

« CHMBOIN: >;

. OuHapHRIH onepaTop; eciTi BBIPAXKEHHE CO 3HAKOM, YKa3aHHOE cJeBa, Donbie
BRIPAKEHHA CO 3HAKOM, YKa3aHHOro CIipaea, TO Bo3Bpatiaercs |, B IpoTHB-
HOM ciTy4ae Bo3Bpariaercs 0;

. npHoputer: 10;

« mpuMep: ori rlé,kl>k2 ; Ecmm kl > k2, 10 B rlé

; yCTraHamnmeaeTcA paspan 0.
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Bonbiile UAH paBHO:
. CHMBOI: >=;
. GuHapHBIH ONepaTop; eClId BbIpaskeHHe CO 3HAKOM, YKa3aHHOE ciieBa, Gonbiie
WK PABHO BRIPAKCHHUIO CO 3HAKOM, YKa3aHHCOMY CIipaBa, TO BO3BpalaeTcs i,
+ B POTHBHOM Cilyuyae Bo3BparaeTcy 0;
. npuopurer: 10,
« TpuMep: ori rlé6,kl>»>=kZ2 ; Ecmm kl >= k2, ro B rl6
; YyCTaHapJMBaeTca pazpag 0.

PagHo:

+ CHMBON: ==

. OuHapHbIH ONMepaTop; ecily BhipakeHHe cO 3HAKOM, YKa3aHHOE CNEBa, paBHO
BBIPXKEHMIO CO 3HAKOM, YKA3aHHOMY CrpaBa, TO BO3BpallaeTcd |, B NpoTHB-
HOM ciydae Bosspainaetca 0;

+ NPHUOpHTET: 9,

» npuMep: ori rl16,kl==kZ ; Ecmm k1l == kZ, TC B rlé

; ycraunasimsaercA paspan 0.

He paBHo:

+ CHMBOJ: !=;

. OuHapHBIH OMEPATOD; eCNH BbIPAKEHHE CO 3HAKOM, YKA3aHHOE C/eBd, He pas-
HO BEIPXKEHHIO CO 3HAKOM, YKa3aHHOMY CIpaRa, TO BO3Bpallaercs 1, B mpo-
THBHOM clly4ae Bo3Bpauaercs 0.

+ TIPHOPHTET: 9,

« npumep: .set flag=(kl!=kZ2) ; Ecmmu kl rHe paBno k2, 10O

; flag "ycraHoByen"

IMopaspagHoe “HU™

» CHMBON: &;

. OuHapHbIiT onepaTop; BO3BpALLAET pe3yJBTAT JOrHHeckoH onepaunu “H” Han
kaskaoH napol COOTBETCTBYOLIHMX Pa3pAnoB BhIpaKEHHH, YKA3aHHBIX ¢IEBA U
crpaBa;

» TIpHOpHTET: §;

- TpuMep: 1di rl6,5$d2&$91 ; 3arpyxaerca $90 B rlé.

Hopaspsaanoe “Herkmouaromee HITHA™:

« CHUMBOI:

+ OHHapHsIil onepaTop; BO3BPALLAET pe3yNbTaT IOTHYeckod onepauuy “He-
kmovarowee MJIM™ Haa Kaxaoi napoii cOOTBETCTBYOLUHX. pa3paa0B BhIpa-
JKEHWI, YKa3aHHBIX C/1eBa M CTIpaBa;

« MpHopHTeT: 7;

- rnpuMmep: 1di rl6, $d2°$91 ; Barpymxaercsa $43 B rlé

[Topazpsaanoe “WIIH™:

+ CHMBOM: |;

» OuHapHBIH OMepaTop; BO3BPALIAST PE3YNbTAT JOTHUECKOH onepauuy “HITH”
HaZl KaxJ0i napoi COOTBETCTBYIIHX Pa3paaoR, YKA3AHHBIX CIICBA U CAIPasa,

« MpHOpUTET: 6, '

» mpuMep: 1di r16,5d2($91 ; Barpyxaerca $d3 B rlé.
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= Joruueckoe “H”:
.+ CHMBOJI: &&;
. OuHapHblit orepaTop; ecny 06a BEIPAXKEHHS HE PABHbI HYJH0, TO BO3Bpallaet-
cd 1, B MpoTHBHOM cityuae — 0;
+ MpHOPUTET: 3;
. npumep: 1di rlé, $d2&&504 ; 3arpyxaercs $01 B rlé.
= Jloruuecxoe MJIH:
+ CHMBOJ: | |;
. OuuapHelit oneparop; ecnu XoTks Ol OIHO U3 ABYX EbIpaXKCHHUH He PaBHO Hy-
MR, TO BO3BpalaeTca 1, B NPOTHBHOM ciydae -— (;
. npuopHTeT: 4,
« npumMep: 1di rlé,5d2| (5300 ; Barpyxaserca $01 s rlé.
Pabora ¢ mHTErpUpoBaHHbIM peaakTopoM AVR-accembrepa 6asupyetcs Ha obuux

noaxoaax, npuMcHACMbIX B WEHdOWS-l—IpHJ'IO)KeHHﬂX, 102TOMY MaTrcpHa OaHHOH rnaesi
MOXKHO CYHTATE HCHEPTIAHHEBIM.
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14 OTNAOKA NPOrPAMM B CPEE
AVR-STUDIO

[TporpammMHan cpena AVR-Studio ot komnanuu Atmel — 3To oveHb monesHeld UH-
CTPYMEHT /11 BBOJA B 3KCITYATALHK COOCTBEHHOPYYHO HATIMCAHHBIX MPOrpaMMm Ana
MHKpoKOHTpo11epoB cemeticTsa AVR. IlonbsosaTens Ha ¢BOe YCMOTpEHHME BBOAMT
MporpaMMy B QeiiCTBME UK K€ TSCTHPYET € H HCIPaBIAeT BO3MOKHbBIE OLMMOKH. [ina
3TOTO OH MOJKET LieJICHANpPaBIeHHO YNPABIATE XOKOM BBINMOSHEHUSA MPOrPaMMbI U TIPH-
OCTAHAB/IMBATH €€ B JIOOBIX MECTAX C LETBK KOHTPOIA (HApUMep, NpoBepaTh H3MEHe-
HHsl, BHECEHHbIE B COJEPYKUMOE PErHCTPOR MOCNEAHHMH KOMaHaMH, WITH JKe MpocMar-
puBaTh A4elKKM MaMATH H COAEPKHUMOE PerHcTPoB NepudepuiiHbIX YCTPOHCTB, Hanomo-
6ue npuemonepenatyrka UART, unrepdeiica SPL, Tafimepa u T.11).

AVR-Studio paoTaeT MIM Kak MporpaMMHas oOonoyka Ans BHYTPHCHCTEMHBIX
amynstopos Atme! ICEPRO wnu ICE200, peanusosaHHbIx komnaHve#d Atmel mna ce-
meiicTea AVR, HAM Kak CHMYTISITOP cHCTeMbl KOMaHa AVR, B KOTOpOM MoBeaeHHe co-
OTBETCTBYIOLIEr0 MUKPOKOHTPONIEpa HMUTHPYETCA C TIOMOLIBK MporpaMMHoro odec-
nedeHud. Ecnu npH OTKPBITHH npoekTa OGHApYXKWTCS BHYTPHCHMCTEMHbIH 3MYJATOD,
NOAKIIOYEHHBIN K MOCNER0BATEIEHOMY MOPTY KOMIMBIOTEPA, TO OH Gy/AeT aBTOMaTH4e-
CKM BBIOpAH Kak Llenesas cucteMa. B NpoTHBHOM cilyuae, X0/ BHIMIOJHEHHWA MPOTpaMMel
MOZenHpyeTcs YUCTO MPOrpaMMHO.

[MockonbKy OMUcaHUe IMYNATOPOR, KOTOPLIE CaMH N0 cebe He SBNAFOTCA COCTABHOH
yacTelo AVR-Studio, a nomxuel npuoOpeTaThes y koMnanuu Atmel, BIXOAMT 3a TeMa-
THHECKUE PAMKM 3TOH KHHIH, TO B Ja/ibHEWIIEM OrpaHHYHMCA TONIBKO PacCMOTPEHHEM
HHTErpHpOBaHHOrO cuMynsTopa. Cpemxa AVR-Studio repeuu 2.0 HaxoauTes Ha fpHna-
raeéMOM K KHHUTe KOMITAKT-JHCKE B Manke \Atmel\Tools ((ain AStudio2.exe). OHa
paboTaer 1oA ynpaBaeHHeM oriepalidoHHOM cucTeMbl Windows 95/98 uni Windows
NT. Bepcuu gns MS-DOS niu Windows 3.11 oteyrersyior.

YcraHoeka AVR-Studio

Ha mpunaraeMoM K KHHI€ KOMIAKT-IUCKe B Nanke \Atmel\Tools HaXOAMTCA ca-
MOPACNaKoBbIBaOWMHCA apXHB ASTUDIC.EXE, cOAepKalui MoJHyre BepcHo AVR-
Studio. TMockoneky cpeaa AVR-Studio nmocTosHHO COBEpHIEHCTBYETCA, TO CAMYIO CBe-
HKYHO e€ BEPCHIO MOXKHO Takke JeCTIaTHO 3arpy3uTh C JOMAUIHEH CTpaHUIBI KOMITAHHK
Atmel] (www.atmel.ccm).

Maiin ASTUDIO . EXE ¢/ledyeT CKOMMPOBATE HA XKECTKMH JUCK U 3aIlyCTHTh HA BbI-
nonuenne. Bee daline apxuBa aRTOMaTHUECKH pacraKkyloTes B TeKYIIYIO nanky. B weit
CnenyeT HAHTH M 3aITyCTHTh Ha BbINOJIHEHHE (alin SETUP.EXE (nepel 3THM BCe NPH-
AokeHus HeoGxoauMo 3aKkpeITh!). anee oT nons3oBatens tpeGyercs NpocTO MpHAEP-
JKHBATBCH [1OACKA30K IPOrpaMMBl YCTAHOBKH, BBITIONHAA MpeiaraeMble AeficTeus.

Ilo oxkoHuanuM ycTaHoBKM OyIET cO3[dHa TPyINa NporpaMM ¢ IMIUKTOrpaMMoi Stu-
dio, ABOMHBIM IIEMYKOM HA KOTOpOH Y 3anyckaeTcs cpepa AVR-Studio.
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Ob6aop

Haubonee pakHoe okHo Studic -— 3TO PacnofiOKEHHOE B BEDXHEM JIEBOM YTy
(pHc. 14.1) OKHO € MCXOAHBIM KOJAOM [IPOTPaMMBi. 3TO OKHO NOAB/IAETCH aBTOMATHYE-
CKM TpH OTKpbITHH oObexTHOro taina (oObekTHBIH Qalin, kak yxe 6bUTO CkazaHo
B [JIaBe |3, — 5TO OAMH M3 BEIXOAHLIX (haiinos AVR-accembnepa).

.equ ERMZ
.equ ENM3
S.equ Time - : o
; 40 Impulse bei £
Reset: . L .
~: Sptinge z

reti . ' ; Externer Interrup

Timerd Int: ;T

STAT, SREG ; Flags des ' '
ras c . i . o3
e 033, ki 21,0

039, hit 1

0x00:R9 " = := 0x08 R25

0x80 R10 "= 03 3= 0k01RZ6

DxBO R11 = 0x00 R19..= Ox00R27

0x87' R12 = 0200 RZ0 = OxDO'R28
 0xBO-R13 = O0xB0 R21 = Dx00R29 = Ox0
‘0x08 R4 = Cx00'R2ZZ = Ox00R30 = O

Puc. 14.1. TunuuHeii npumep skpana AVR-Studios npu mogenvpoBaHii xo4a nporpamMme!

Oxno ucxoaHoro kofa otoGpaxkaeT KOMaHIbl TECTHPYEMOI POrPaMMBL, NP 3TOM
KYPCOp YCTAHOBNEH Ha TOH KoMaufe, KOTopas MOANSKKT BHNONHEHUIO. Eciy Bmecto
obbekTHOro (paiina 3arpykaercsa BuixoaHol daiin . hex B dopmarte Intel, To Studio pa-
foraer Ha yposHe ausaccembniepa. ITporpaMMHBIe METKH W OnpefeneHns uaeHTHhHKA-
TOPOE B 3TOM (aiiie OTCYTCTBYIOT.

Hna Toro 4robbl CMOAENHPOBATE X0/ NPOrPaMMbl, UCXOAHBINR (Gala JOMKEH Npek-
ne OweiTe accembruposan AVR-accemBnepoM (cm. rmaey 13) WAH paBHOUEHHLIM ac-
cemOnepoM Apyrux warotosuteneii. Ecau nporpamma coctasnsnace Ha f3bIKe BbICOKO-
ro yposta C, To 06bekTHbIH daiin, cOOTBETCTBYOWNUIA cTanaapTy Atmel, MOKHO nomy-
YUTE € MOMOLLBIO KOMIUAATOPA 0T KoMnauuK JAR Systems

Kax MokHO caenath BBIBOA, Tifas Ha puc. 14,1, rionp3osarens s HAaKGOMbILIEro
YIoOCTBA OTCNIEXKMBAHUA XONA BBINOTHEHHA MPOrpamMMel, KPOMe HMCXOAHOTo daiina,
MOMKET OTKPbITE eIle LENEIH PAa APYruX OKOH. B €ro pacnopskeHMe fpelOCTABASHBI
crnenytomue okHa (Gosee noapoGHO OHY PACCMATPHBAIOTCS B CEMYIOMIEM pasaene):

* Registers — oTofpaxkaer Texyee conepkumMoe Beex 32 pabouux perucTpos
rl...r31;

PI"OCBSSO‘I' — TMOMHMO APYI'MX JAHHBIX, IOKA3LIBAET COACPKUMOS CHCTUHMKA KO-
M2H[, YKA3aTelq CTeKa ¥ (Wiaros;

* Memory — oToOpaxkaeT CoAepXHMOe MaMATH B 061aCTAX BBOJA/BLIBOAA, doul,
EEPROM u SRAM,
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" 10 — COAEPKHUT MHGOPMALMIO O TAKKX ITIeMEHTAaxX annapaTHoH 4acTH MHKpO-
KOHTPO/IIEpa KaK perucTpsl TaiiMepa, nopror Beona/seisoaa, UART, cropoxe-
soro Taiimepa, EEPROM u ap.;

*  Watch — COOEpKUT TeKYIIHE 3HAUECHHS U ajpeca onpeeneHHbIX nueHTruduka-
TOpOB (HanpuMep, NepeMeHHLIX B aporpamme Ha C);

* Trace — oTtoOpaxaer nocaegHue 32 K x 96 GUT BbIMOTHEHUS TPOTPaMMbI;
* Message — BbIAACT Nob3oBaTento coobileHns oT Studio,

Jna seIONHEHUS CBOEH MPOrpaMMBbl MONb3OBaTENb MOXKeT M36paTe OJWH W3 He-
CKOMBKHX BapraHTOB. K npuMepy, OH MOXKET BOCIIONb3OBAaTbCA KOMaHAoH Go A0 Joc-
THXXEHMA TOUKH OCTAHOBA, HJTH ke paboTaTh ¢ MporpaMMoi B NOLLAroBOM pexuMe (Sin-
gle Step). B nocnegneM ciiydae OH MOXKET NPONycKaTh NOJNPOrpaMMBbl HITH TaK e Bbl-
NoJHATE KX nowaroso. CyLIECTBYeT TAKKE BAPHAHT BRIMOJHEHHA MPOrpaMMBbl R0 KO-
MaHzbl, B KOTOpOH B AaHHBIH MOMEHT YCTaHOBIEH Kypcop (komanza Run To Cursor).
Kpome Toro, B pacriops:eHHH NO/b30BATENA eCTh HEOrPaHHUEHHOE KOJHYECTBO TOYeK
ocranoea (breakpoints), MO3BONAOWNMX BPEMEHHO OCTAHOBHTE Nporpammy B Tpebye-
MOM MecTe, 4yToObl [IPOCMOTPETE CONEPKUMOE PErHCTPOB H COCTOSHUE anmnapaTHbIX pe-
CYpCOB. DTH TOYKH MOXHO MO HeoOXOAUMOCTH aKTHBMpOBaTh M ACAKTHBUPOBATH, a
TAKOKe COXPaHATH NOCNE 3aBeplleHHs paboThl ¢ NporpaMMoil 1o CNEdYIOMEro ceaHca.
bonee nogpo6Ho Bce BO3MOKHOCTH BBINOIHEHHA NPOrpaMMBl OITHCAHBI HHXeE B pa3jiese
“Meno AVR-Studio”.

[lpu nepaoii 3arpy3ke HOBOU nporpammbl B Studic aBTOMATUYECKH OTKpLIBAETCH
TONMBKO OKHO HCXCAHOTO kola. HaGop ocTalbHBIX OKOH TIONb30BaTeNb NOMKEH Ofpele-
JMTHL H Pa3MECTHTh Ha dKpaHe Ha cBoe yemoTpenne. Cpena Studio 3anomuHaeT BuGpaH-
HOE PacnONO’XeHWE OKOH, W aBTOMATHYECKH BOCCTAHABNIMBAeT ero MpH BCex noche-
OYHOUMX TECTaX AaHHOI NporpaMMEL.

B pacnopsxeHny onb3oBarens ecrb Takke CNpaBOYHAsd CHCTEMA, ¢ MMOMOLIBIO KO-
TOpOH, B ClIy4ae BO3HMKHOBEHMS KakoH-TuGo npoGreMbl, OH MOKET FIONYHMHTE BaKHLIE
ykasaHus, BbI3biBaeTcs OHa NMPHBLIMHLIM CIOCOGOM — ¢ MOMOLIBIO MEHIO Help, pacno-
JIO’KEHHOTO Y TIPaBoro kpas crpokk Merro Studio.

Ecnu 3anepxaTe yKkasaTelb MbILIM HaJ OJHOH U3 KHOTOK NaHeNH MHCTPYMEHTOB,
TO MOABUTCS KPATKOE ONHCAHUE 3TOH KHOTIKHM B (hopMe BCTUIBIBAIOILIEH IOACKA3KH,

OxHa AVR-Studio

OkHo ucxodHozae koda

OKHO MCXOIHOTO KOJla — caMoe B&XHOe oKkHO Studio. OHO aBTOMATUYECKH OTKpPbI-
BaeTcH, KOraa zarpyxaerca obvexTHel dafn, 1 ¢ ero 3akpuiTHEM TEKYIIUHA ceaHc 3a-
BEPINEETCA. JTO OKHO COAEPMHMT KO[, MOAJEKAMHH BHIIOJHEHHIO B OaHHBIH MOMEHT
(puc. 14.2).

Studio nmoMedaeT MOANEKAIIY!O BHITOIHEHHIO KOMAHIY HMEPHBIM IITpUxoM. Ecim
TOMB30BATENE NEPEMECTHUT MPOrpaMMHBIA Kypcop, TO OH BCE PABHO CMOXKET o0Hapy-
KHTb TEKYLLYI0 KOMaHAy, Tak kak Studio okpaluMBaeT ee B TAKOM CNyHae B KPacHbIi
‘LIBET.
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AVE_RHMHAR St F1 T AT RO
CAFinana Nevainh WA _
aoqu b ' El. " i Bitl von Dert®, Adr.

~Resets o L RPN _
ymp . Initizl ¢ Springe zur:Initialisierung

.org .3 ;-3rde der Int.=
InztIoh: : :
rcall wai{::nir.s\

rcall waitirs

reall wairirs

1ld:. - - Prml, 53]
- rcall sendiom

1 - waitses

Puc. 14.2. Npumep okHa ncxoaHoro xoja AVR-Studio

Ha puc. 14.2 crpenka B neBO# KOMOHKE COOTBETCTRYET TEKYIHEMY COCTORHHIO
CUETUMKA KOMAaH/l, YepHEIH KRAZIPATHK B TOH e KonoHKe 0603HaYaeT TOUKY OCTaHOBA, 4
NycToi KRAIPATUK IIOA HUM HASHTHGHLUUPYET HEAKTHEHYIO TOUKY OCTAHOBA,

Ecnu ykasaTenk pasMeCTHTB B APEJENaX OKHA MCXOJHOTO KOJA M 34TeM HaKaTh
NpaByio KHOHRKY MBILM, TO B MOZMIHMH YKa3zaTend MOSBHUTCH MAEHbKOE MEHIO (CM.
puc. 14.2), KoTopoe AaeT BOIMOKHOCTL CKOMpoBaTh TekeT B Oydep oOmena (komaraa
Copy), BEINMOJIHHTL NMporpaMMy 40 TOSHUMH Kypcopa (koMauza Run To Cursor), nepe-
KIIHOUHTL PEKHM TPacCHpPOBKH (koMarja Toggle Trace & Trigger) MM TOYKM OCTaHOBA
{koMaHfa Toggle Breakpoints).

O6bexTHEIH (halN MOKET COCTOATh M3 HECKONLKHX MOJIyJeH, W3 KOTopbix oToOpa-
HAETCS TONBKO OAMH. ECITH MON®30BaTEIb XOYET CMEHMTL MORYIbL (HANpUMep, ANg pac-
CTAHOBKW TOYCK OCTAHOBA WM HabNIOOeHWs 3a HUMH), TO OH MOXKET ITO CAENaTh
C MOMOLIBKY PACKPBIBAKOUIErOCH CITHCKA, PACTIONIOAKEHHOrO B BEPXHEM JIEBOM YITTY OKHA.

Tpu KHONKH, pacnoNokeHHbIE CNpaBa OF noad BLIGOpa Mogy1s, CyKaT Ans nepe-
KToYenus Mexay ypoHamu “Hexonustit kon”/“/Iuszaccembnep™, a Takxe IS BRE3OBA
dYHKLMH OHCKA M [TOBTOPHOD NMOUCKA.

OkHo Registers

OkHo Registers (puc. 14.3) nokaseiraeT cofepskmMoe 32 paGOYHX PErHCTPOBR MUK-
POKOHTPOILIEPE, KOTOPOE OOHOBRAETCA TOCHE BLIOJHEH KAXKAOH KOMARABIL.

3Hauenys, MBMEHHBUIMECA B pe3yJbTaTe MOCTeJHel OTHafouHol onepauun (Ha-
npuMep, MpH MOLIATOBOM IMPOXOAE WIH B PezyfbTaTe AOCTHXKEHHUS TOUKH OCTAHOBA)
oTOBpaKawTes KpacHbiM mpubrom.

Ana Toro 4robbl H3MEHHTL COAEPKHMOE PErHCTPA, CNEAYET OCTAHOBHTL BRITIOJIHE-
HHE NPOrpamMmbl M CAenaThk ABA INeNUKa JeBOM KHOMNKOH MBILH, ¢ KOPOTKoH mayzoit
MEKAY HUMH, NO BRIOpaHHOMY perucTpy. Temeps MOXKHO 3a/1aTh HOBOE COAEPHUMOE
B IIECTHAALATCPUHHOH (opMe. BHECEHHOEC U3MEHCHHME NOOTBEPIKAAETCA HAKATHEM
KnaBuiiK <Enter> wiu oTMengeTcs naxaruem knasuimm <Esc>,
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{R0 = 0OxO00R8 = 0x00R16 = 0xFF R24 = 0zBF
jR1 = 0x00RS = 0xO0DR17 = 0x00R25 = 0x00
R2 = Dx41R10 = 0x0OC R1B = 0x00R25 = Ox28
iR3 = 0xO00RLll = Ox00R19 = Q0x00R27 = (=12
jR4 = 0Ox00R1Z2 = 0OxB7 R20 = 0x00 R28 = OxBF
R5 = Ox00R13 = Ux00R21 = 0200 R29 = Ox00
jR6 = Dx40R14 = OxD4 R22 = DxB6 R30 = 0x04
{R7 = OxDDR15 = O0x01R23 = 0x11 R31 = 0x00

Puc. 14.3. Oxro Registers AVR-Studio

OkHo Processor

Oxuo Processor (puc. 14.4) Noka3bIBaeT coaepKUMOe CUeTYUKA KOMaH {nione Pro-
gram Counter), ykasaTens cTeka (mone Stack Pointer), cuerusika TaktoB (nmone Cycle
Counter), a Takke Tpex ykazareneli X, Y u Z 1 ¢gnarop u3 perucrpa coctogHus SREG.
Kpome Toro, oHo npeocTaBnseT HHQOPMALMIO O RPEMEHH, 3aTPadeHHOM NpOTpaMMoOii,
HayuHas oT ee crapra (none Time Elapsed), a Takke 0 TaKTOBOH 4acToTé MHUKPOKCH-
Tpoanepa (none Frequency).

423 Processor

. Program Counter [o-a000000E X—?ﬁ_egi's_.tér ']U’d 228 .
: Sta-ckﬁa.inter [Ix0000025D Y-Register W
Cycle Countar - W * Z-Register W '
| Time Elspsed W CFrequency [ABMAT

Flags T i e StopWatch--
P T HS VN ZC o - "~
Fe b E e £ Gear|  s2s0us |

K

Puc. 14.4, OkHo Processor AVR-Studio

B kauecTBe ROMONHMTENLHOrG cBOHCTRa, OKHO Processor COOepKUT ose Stop
Watch, oTo0paxkaloinee Bpems, TPOIENINES ¢ MOMEHTA 3amycka (MW MpeablOyINero
¢bpoca yacoB) Ao octaHosa nporpammel. C DOMOLIBIO KHOOKH Clear TpH OCTAHORIEH-
HOM TporpaMme 4ackl MOXHO COPOCHTB B HY/b. DTO CBOMCTBO MPEKPacHo MOAXOAMT
AUTA M3MEPEHHS BPEMEHH BBITIOJIHEHHS ONpPEAENeHHbIX OTPe3KoB nporpammbl. Jlng me-
PEKITFOUEHHA €IMHULL H3MEPEHHS BPEMEHM MEXAY MKC H MC CNeAyeT LIENKATh MBILIBIO
B MONE NOKA3aHWil IPU YCIIOBHHU, YTO HET MepenoiHeHUs B 0BNIaCTH MKC.

3naueHud nonei, HMEUIUX B OKHE Processor Genbiii HBeT doHa, MOKHO U3MEHATh
Noc/Ae OCTAHORKH fiporpaMMel. ColepkiMoe okHa Processor 00OHOBRETCH MOCKE KakK-
J0#H BHINOIHEHHOH KOMaHALI.

CYeTUHK KOMAaHA COAEPHT B LIECTHAALATEPUYHOH (opMe ajpec KOMaHbl, KOTO-
pas MOANEKHT BREITTOTHEHUIO cneaytellei. M3MeHHB ero colepkKuMoe BpYUYHYIO, MOXKHO
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32 OJIWH 1UEr MPOJOJDKHTL BRINOIHEHHE MPOrpaMMBbl ¢ HOBOTO MPOU3BONBHONG ajpeca.
CopepKMMOE YKa3aTeNlsd CcTeKa — 3TO KOMHMA COASPIKHMOrO [BYX fY€eK IAMATH
SPH:SPL no aapecy $3E u $3D r o6nacry BONa/BRIBONa AVR. Ecin uenesoit nponec-
COp MMEeT TOIBKO armnapaTHbil cTek (kak, Hanpumep, B cioydae ¢ AT90S1200), To ato
orobGpaxkaeTcs B nosie Stack Pointer (cM. puc. 14.1).

CyeTHHK TAKTOR NpefocTaBniaeT WHOOPMALMIO O YHUC/IE TAKTOBBIX UMITYILCOB C
MOMEHTA NOCIeAHET ¢Opoca BHINONHEHHS NMPOrpaMMbl. 31ech HIEeT pedb O AeCATHYHOM
3naveHuu. Pnar peructpa SREG, ormeuennslii “ranoukoit”, conepxxut nor. 1, a cbpo-
lueHHOMY (hlaskKy cooTBeTcTayer sior. 0.

Okxa Memory

OxHO Memory MO3BOJISET MONB30OBATENIO NPH HEOOXOAMMOCTH KOHTPOJIHPOBAThH
HIIM M3MEHATL HeKOTOpYro obnacTe namsaTH AVR, Hanpumep: mamsrb nporpamm, na-
mats EEPROM, namaTe JaHHBIX H maMaTs BBOAA/BbIBOAA. ONHOBPEMEHHO MOrYT OBITh
OTKPLITHI CPa3y HECKOJIEKO OKOH Memory (puc. 14.5).

0 0B00. OO0 :
08006000 *
4142 001§’

| 0009..0000: 0]
CONAn. RGO 0N

80 (0. 02 .00 00 60 00 DD 06 00 00 00- 00 0B Q0.

00 pC DG 0D.0D 0C DG 00 OC DO O0: OC 0C GO 00 0D -
20:90.00.00 0OC 0Q°00 DO D0..00 DO 00 G0 00 DO 00 00
35 0p. 00 .00 06:00°00 60-00..00-00 0O 0C-90 OG. 00 GO

34,000 Q000006 0L

Puc. 14.5. Oea okHa Memory AVR-Studio

Tun obnacty NamsTH BHIGHPAKOT C NOMOLIBKD PACKPBIBAOIIETOCA CMHMCKA, pacno-
TIOKEHHOTO B BEPXHEM JIEBOM YTy okHa Memory. B npumepe na puc. 14.5 ana sepxHe-
ro okHa (Memory:1) Gbula BeIOpaHa naMaTh NpOTpaMm, a Ad HwkHero (Memory:2) —
ofnacTs BBOAA/BHIBOMA.

C noMOWbI0 KHOTKH, PAaciloNOKeHHOH CrpaBa OT PacKpPbLIBAOLUErOCs COMCKa,
NOIB30BATENb MOXKET MOAKTIOUHTL AOMOAHUTENbHYHY KOTOHKY ¢ ASCll-sHauenusmu
oToOpakeHHOH 001aCTH NaMATH (Kak B MOKA3aHHOM BBILUE MPUMEPE MAMATH [PO-
rpamM). Eue onHa xHomka, pacrnonoXeHHas crnpaBa OT KHOTMKH ASCIl, CITy»HT 4714 Tie-
pPeKIoNeHnH MEXy NPEOCTAaBICHUAMH 3HA4eHWH B namaTH 1o 8 64T v no 16 6wur, a
CNERYIOLICE MONC MOKA3bIBAET ajipec s4elikd NMaMaTH, Ha KOTOpPOH B JaHHBIH MOMEHT
YCTaHOBRSH KYPLop.

ITo ymOnuaHuto, A8 NpeCcTaBleHns JaHHBIX B OKHE Memory MCMO/Tb3yeTcs LIECT-
HaaUuaTepH4YHas CHCTeMa cuMcieHud. Ecnm ykaszarenb MEBIUW pa3MECTUTH Hal KaKoii-
nnbo Aueitkor NaMaTH, TO B BHAE BCIUTHIBAIOLIEH NOACKA3KH 0TOOpasUTCa coaepkHMoe
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9ToM S4EHKH B APYTMX CHCTEMaXx WCHHUC/IEHHA (NpUMep Ha puc. 14.5 — ana aueliku ma-
math 0x34 B o6nacty BEONA/BEIBOAA).

ConepXxHMOe F4eiiKn NaMaTH B OKHE Memory MOKHO JIETKO H3MEHHTb. BBeaeHHbIE
3HAYEHUS PACLIEHHBAKOTCA KaK LIeCTHAALATEPHYHBIE YHCNA, fIPU 3TOM HOBOE 3HAYECHHE
nonajiaeT B A4ekKy naMATH CPasy Ke MOCNe KKAOro HaxaTua kiasulm. Ecny 3To He-
JwenaTenbHo (HanpuMep, B Cyuae IPUMEHEHHA SMYJIATOPa TPM AOCTYNE Ha 3anHch
x peructpy UDR npuemonepenatunka UART uHunpupyeTca HOBas mepedaua, Xotd
B 3TOM cllydae GaliT eie HEMOMHbIR), TO HOBOE 3HAUEHHE MOXHO aibTEPHATHBHO BBO-
AWTE B TEKCTOBOM mofie. JInst Toro 4ToObl OTKPLITH 3TO TOJE, CIEAYET ABAKABI LIENK-
HYTb MbILIBIO HA COOTBETCTRYIOIIEH Auekke namaTh. B atom cnydae BBoguMOe 3Hade-
HHE 3aNUCbIBAETCA B AuelKy TONBKO TOCAa, KOrAa TeKCTOBOe noje ByaeT 3akpbITo No
HaskaTvio knasviup <Enter>. OwnGoYHEIA RROA MOXKHO OTMEHHTE € MOMOUIBEY KIaBH-
wn <Esc> (nmpy 3TOM TekcToBOE Nnosie Toxe 6yNeT 3aKpLITo).

Ecnu BBOAMMBIE 3HAYEHHS JOKHEI HHTEPIIPETHPORATLCA KAK LIECTHAALATEPUYHbIE
WM IBOMYHBIE YHCA, TO OHM BCErga COMpoBoXkaarTes npedukcoM “0x™ unu “0b” co-
oTeeTcTReRHO, Ecny Takoi npeduke oTcyTeTBYeT MM ykaszaHo “0d”, To 3HaueHue pac-
CMATPHUBAETCA KAK JECATHUHOE YUCIIO.

3HaueHUA, KOTOpblE M3MEHWINCH ¢ MOMEHTA NOCNefHeH OonepalUH OT/IaAKd, OTo-
OpaxkaroTcs kpacHbIM WpMdiToM. Anpeca BOCEMHUpaspallHbIX siueek namatH u ASCII-
CHMBOJIBI BBIACACHBI CePBIM QOHOM, a apeca 16-paspsaaHbIX SHeeK NaMITH — ronyObim
hoHOM.

Ecny pazmecTHTh yKasaTenb B npejenax OkHa Memory M ILENKHYTE [PAaBOH KHOM-
KO MBILLA, TO B NO3ULMH YKasaTeNs NOABHTCA KOHTEKCTHOE MeHio (puc, 14.6), koTopoe
NoO3BO/SET W3AMEHHTh CUCTEMY cuucieHHs (komanibl Hexadecimal/Decimal/Binary/
None); oro0pa3uTe aononHurensHyy konoHky ¢ ASCll-cuMmBonamu (koMaHza Show
ASCH): npeacTaBUTh AaHHbIE B BHAE |6-pa3panHsix cioB (KomaHaa Show as Word); yka-
3aTh KOMHYECTBO OaiiT, oTobpakaemblx B oqHOH cTpoke — oT 2 10 32 (komaHaa Bytes
per line); M3MEHHTh TIOPANOK CHENOBAHWA CTapluiero ¥ mnamiero GaliToB (komasaa
Swap Bytes), a Tawoke oro0pasuTh agpeca GaiTOR BMECTC aApecoB Croe (koMaHIa Byte
Addresses).

3 B pemory | =13
[Program Memon, v w8 % [0x0000 | oo
-10000 EFOD EFLF SFGE 4F1F 000 | oo :
COLO 0000 DO0O 0000 OCOC 000. T ﬂe"?de,c'mf’-j
10020 009G 0000 ONEGO QOO 000 Decimal - :
0030 0000 00OC 0CODO0 0000 0007 Bingiry s
: o Binary.- - -
i |0040 0000 0000 0000 0000 00O . .~ "7 o
' loose oooc oooc ocoo oogo 0oo - Hone:

v ShowASCH

v Show as ‘\Woard’ R
0G 00 00 00 00 00 C _Bgﬁesperliﬁe L...)0 00 00 09
10 00 00 00 00 00 .00 00007 L. J0 00 00 08
20 00 00 00 00 00 C - et ~ .- )0 00 00 00

ok X .

30 00 00 00 00 00 ¢ SW?FI.ME-S: - 230 00 00 0D
v Byte:Atidresses .

Puc. 14.6. NokaneHoe MeHio okHa Memory
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Komanne Swap Bytes 1 Byte Addresses JOCTYIHBI TOTBKO IJIA OaMATH porpaMm.
[Mones3oeaTens MoxeT 3arpy3uTh JanHbie B ¢dopmare Intel Hex B namare SRAM wnu
EEPROM uiH cyuTaTh JaHHBIE H3 HaMATH 3TOTO THNA B dalin. [{ns storo cieayeT Bol-
Oparb B MeHI0 File komaHay Up/Download Memories.

Pa3mep, pacnonoxkeHre v BMA obnacTH naMaATH, BRIOpaHHBIE B OKHe Memory, co-
XpaHgTea 1A AansHERLIErO BLIZ0BA COOTBETCTRYIOIIErO 0OLEKTHOTO (alina.

OxrHo 10

OkHo 10 cny>XUT 118 TOro, YTOOB! KOHTPOJIMPOBATE COAEPIKUMOE PErucCTpOB BROOA/
BBIBOJIA B LIENEBOI cHCTeMe H, NpH HEOGXOOHMOCTH, H3MEHAThL ero. Ilpu 3ToM ommHo-
BPEMEHHO MOTYT OBITE OTKPBLITh] CPa3y HECKOJIBEKO OKOH 10 (puc. 14.7),

ey

1+ 49 UART Interf...

; - 23 Data Reqist.
85 Baud Rate ...

f#t a= Gtatus Reqi..

¥+ Control Re...

‘Narmi
=8 Timer/Count...
Timer/Coun... Ox0t
W Prescaler R0l
# InterruptEn.. 7
l" Ini_?rru;?} Flag l' 01D .
L e DAE kit5EA

-

Puc. 14.7. Tpu 04 HOBPEMEHHO OTKPLIThIX OkHa 1O AVR-Studio

OxHo 10 cocTOUT U3 Tpex KoAoHOK (pHc. 14.8). Jlesas kofoHKa COAEPHKMT HMEHA
PETUCTPOR UJTM TPYTIN PECHCTPOR. ECNN HIEIKHYTh MBIUIBIO TTO MHUKTOCPAMME Pa3BEPThI-
BAHWA WK ABAKABI WICTKHYTh HA HMEHH, TO COAEPIKHMOE COOTBETCTBYIOIIETO perucrpa
otobpazurca peransHo. ITOBTOpPHEINA ABOHHOM 1UEMYOK BO3ZBPALIAET 3NEMEHT KOJIOHKH
B UCXOJHOE COCTOAHUE,

Mmion (Slndard}

W m CREG 0xa0 Dx3F
+ i MCUCR FrrrTr 0x35 hits43.2.
* SPL 0x00 0x3D

i1+ %n External Interrupts
# & Timer/Counterl

rrrrrr oxzbits543.,
- # Data Direction FrECreer ox1)cit654.3.
i # Z InputPins FErEerTroox0 bits54,3.
i 4 29 UART Imerface

.| # 1 Analog Comparatar

3% perer b

Puc. 14.8. Ctpyktypa okHa 10 AVR-Studio

20— 5-2384
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Cpennss KONOHKA [TOKa3hIBAET COASPKHMOE PEFHCTPA, KOTOPOE MOKET U3MEHATHCA
none3osarenaeM. B npaeoii KoMOHKe HaxXoAsTes aapeca 0qHODAHTOBLIX PErHCTPOB U A0-
NIOTHUTENIEHO HOMEPA MACKHMPOBAHHBIX pa3zpsnoB. JBOHHOH LIEMHOK B 3TOH KONOHKe
OTKpBIBaeT HANIOTOROE OKHO CBOWTE A8 BLIOPAHHOTO MYHKTA.

CoaepxuMoe perucTpa MoxeT oTofpaxarbed ro-pasHoMy. Eciii Ha vUMeHH pery-
CTpa WENKHYTh MpaBolf KHOMKOH MBIIMH, TO OTKPOETCA QHANOrOBOE OKHO, B KOTOPOM
[OAB30BATENDL MOXKET CIOedaTh BIOOD MEXKOY WECTHAOUATESPHYHBIM, NSCHATHHHBIM HAM
ABOMYHBIM NpecTaBNeHueM. JJONONHUTENBEHO MOXKHO BOCMO/IB3OBATHCS OTOOpAKERHEM
B BHfe hraxka (cM. perucTpsl nopta D Ha puc. 14.8).

CoaepxkiMoe A4eHKH NMaMATH MOXHO U3MEHHTh B OKHe IO WITH MPOCTO Meperucas
ero, WU ABKIBI LIENKHYB MbILIbIO Ha CTApOM 3HaYeHHH. B oboux cnyyadx nogsaser-
¢ TEKCTOBOE TIONE, COAePKAIIIee CTapoe 3HaYeHHe. Ecnu BROaMMble 3HAYEHHUS AOMKHbI
HHTEPNIPETHPOBATECS KAK HISCTHAAUATEPHUHBIE HIIH ABOUYHBIC YKHCNA, TO OHM BCerja
conpopoxpatotes npedukcom “0x” unu “0b” coorercreeHHo. Ecnu Takoi npedmkce
OTCYTCTBYET Mnu ykasano “0d”, To 3HaueHHe paccMaTPHBAETCH KaK JCCATHYHOE YHCIO.
BBoarMoe 3HaUEHHE 3anHCBIBASTCH TOMBKO TOrAR, KOrja TEeKCTOBOe none OyneT 3akpei-
TO N0 HaxaTHo Kiasumu <Enter>, Ommbounsiii BBOI MOMKHO OTMEHHTH C TTOMOLUIKIO
wiasuK <Esc> (mpum 3TOM TeKCcTroBoe Nnose Toxe SyAET 3aKpbITO).

3HaueHHA, KOTOPbIE H3MEHHMIHCE C TMOCNEARE Onepalli OTIaakH. OToOpaXkatoTces
KpacHeIM LipHdTOM, IToNe30BaTENE MOXKET KOH(DHIYPUPOBATE OKHO IO Ha CBOH BKYC.
HeucnonszyeMble MyHKTBI-PETHCTPBI MOXHO YIATHTL WIK 100aBUTh JOTIONHHUTENLHLIE.
KpoMe Toro, mMyHKTBI MOMHO CKPBIBATH M OTOOpaXaTh, a TakkKe WHIHBHAYATILHO Ha-
CTPaUBATE CBOMCTBA KaXAOr0 OTAENBHOTO MyHKTA.

Jna Toro yrolGel 10GABHTE HOBBIH MYHKT-pErdcTp, HEOOXOAMMO BBIAENUTL TYHKT
B MECTE BCTABKH M HAR)KaTb KNapuily <Insert> unu BLIOpaTh KOMaHAy Add KOHTEKCTHOTO
meHto. B pesynbrate AVR-Studio no6aBuT B cHMCOK HEMHHUHATH3IMPOBAHHLIA Noa-
MyHKT BBIOPAHHOTO IYHKTa-PErucTpa H OTKpOET IS HEero OKHO CBOHCTB.

Jna Toro 4tobel YAanHTh NYHKT-PErHCTP, €ro CNEAYeT BBASIWTb H 3aTeM HAXKATH
knasuiry <Delete> unn BriGpaTe KoMaHZy Remove KOHTEKCTHOTO MeHro. AVR-Studio
[IOMTPOCHT I0J1B30BATENA eLle Pa3 FOATBEPIHTE ONEPALMIO YAANECHH.

Jns Toro, uTobEI CKPBITE TyHKT-PETHCTD, €0 CIeAyeT BLIAEIUTE W 3aTeM HAXKATh
krasuty <H> wnn seibpaTs koMaHmy Hide KOHTEKCTHOrO MeHIO, CKPBITHIH ITYHKT-
perucTp oTodpaxkaeTcs Mo KOMaHA¢ Show 3TOrc MEHIO, B PE3y/IbTATE BLITOIHEHHS KO-
Topoli AVR-Studio nokaselBaeT CITHCOK BCeX CKPBITHIX B AAHHBIN MOMEHT [YHKTOB.
TpebyeMmblii MyHKT BRIOUpAETCS B 3aTeM OTOOPAKAETCA HAXKATHEM KHONKH OK.

ITyHKTEI-pErMCTPB MOTYT NIEPEMELIATHCA HIM KOMHMPOBATHCS H3 OJHOTO OKHa 10
B Apyroe. [ 3TOro J0MmkeH GbITh AKTUBUIUPOBAH PEXKUM NEPETACKHBAHUA H/EMEHTOB
MBILLBIO C TOMOMLIEIO LUETHKA HA MYHKTE KOHTEKCTHONO MEHID Item Enable,

B 3ToM ciiyuae xaxaplit YHKT-PErHCTP BMECTE CO BCEMU €r0 MOAMYHKTAMH MOYMKET
OBITh EpeMelleH B TOM ke OKHE 10 ¢ TOMOUIBIO NTepeTACKHBAHUEM MBIILLIO [IPH HaXKa-
TOH J1I€BOW KHONKE MBILIH. ECTH BO BpeMA OTNMyCKaHHA JIEBOH KHOTNKM MbIIIH YACPHKHU-
BaeTCs HaKaToOW knaBHiua <Cirl>, 10 coszpaercs konus peructpa. MHaue ofctouT aeno
TIPH MePETACKHBAHHH W3 OJHOro okHa 10 B Apyroe. 3mech, o YMOMYAHUIO, PECHCTP KO-
MUPYETCs, & NepPeMeLLaeTcs TOJIBKO TOTAa, KOTAa BO BPeMsA OTIYCKAHHA JEBOH KHONKH
MBILLIY YAEPKUBASTCA HAKATON Knasuwa <Ctrl> |



Oxna AVR-Studio 307

CBOMCTRA OKHa IO

Kaxkaplil yHKT-perucTp B OKHe 10 o6nanaeT Tak Ha3blBaeMbIM HAbOPOM CBOMCTR,
KOTOPBEA HEOBXOAUM JINA KOPPEKTHOTO OTOGpaKeHUA COXEpMMOro peructpos. Coii-
CTBA MOYKHO TIPOCMATPHBATE H U3MEHATE ¢ IIOMOIUBIO KOHECKCTHOrO MEHIO,

CroiicTBa cocTOAT M3 nons UMeHd Name W KOPOTKOro OMMCaHHA NyHKTa Descrip-
tion, KOTOpblE 0TOOPAKAIOTCA B BUAE BCILUIBIBAIOIIETO MEHIO, KOIMIa YKA3aTelb Mplilin
pacrofwkeH Hajl MyHKTOM; aZpeca BBOAA/BLIBOAA perucTp /O Address; 3Ha4eHMs peru-
¢Tpa Unmasked Value; duiaxka Emphasized, onpeaensmoiero OyAeT A MYHKT BbLAS/IEH
B okHe 10; ¥ dnaxka Display Name Only, 3anaioiero orodpakeHue B okHe 10 TOIbKO
HMMEHH NYHKTA,

burosoil Mackoil Mask B CBORCTBaX MOXHO “3aTEMHHTh” OTIACAbHBIE pa3psaibl pe-
rucTpa (HanpuMep, paspsg 7 nopra D 8 AT30S1200 1 AT9052313). ®naxok Use As
Normal Mask 3agaet oObidHOe OOBeAHHEHUE 110 JorkueckoMy “HM” Mackw u peructpa,
NpH KOTOPOM pazpaiabl MACKK, cojepkaiive nor. 0, obecneunBaioT “3aTeMHeHHE” CcOOT-
BETCTBYIOIUMX pazpiaioB pervcTpa. JiuHa perucrpa, kax v Opexae, 0CTA€TCH PaBHOM
BOCbMHK DMTam, Mnaxok Exclude Masked Bits 3a1aeT nponyck paspsios pemc*rpa co-
TMIACHO MAcKe, B Pe3y/IbTaTe Yero ero JIHHA YMEHbLIAeTCA.

Komanza koHrexcTHoro Meio View Mode yrpaB/iseT oToBpaskeHHMEM COIEPKUMOro
peructpa (Hexadecimal/Decimal/Binary/Checkbox(es)), a ¢ NOMOILLIO KOMaH/bI icon Se-
lector MYHKTY MOMXHO HA3HAYUTE KAKYKO-IIMO0 IMKTOTpaMMY.

Texyutylo kORMOUIypauMio OkHa IO MOKHO B 1000H MOMEHT COXPaHuTh, BLIGpAR
B KOHTEKCTHOM MEHI0 KomaHay Save View Configuration. ITogo0HbiM ke ofpazom, co-
XpaHeHHas KOHQHUTypauus MokeT ObITh 3arpyskeHa Mo KoMauae Load View Configura-
tion. Kpome Toro, B MOMEHT 3akpeiThs npoexTa AVR-Studio apromaTnuecky coxpaHseT
KOH(UrYpalMio okoH 10 B TOH ke mamke, yTe W caM npoekT. o yMonuaHuio, dain
koHGUrypauuu UMeeT paciiupenue * . aio. Eciu NpoekT nosxe cCHOBA OTKPHIBACTLA, TO
OKHO 10 ycTaHaBNWBAETCA B COXPAHEHHOM KpH(UTYpalii.

CkHo Watch

OkHo Watch cnyXHT A1 oToOpaskeHHA TUNOB, 3HAYeHHH H afipecOB TAKHX 0Ohek-
TOB Kaxk, HanpuMep, nepeMennble B nporpamme Ha C. Ilockonbky AYR-accembGnep,
onHcanHpIH B rase 13, Takylo WH(OPMALMIO HE IEHEPUPYET, TC OKHO Watch uMeeT
CMBICT MCTTOMIB30BATE TOTBLKO NPH OTMAAKE TPOTPaAMM, HATUCAHHBIX Ha A3BIKE BLICOKOTO
VPOBHSL.

OxHo Watch cOCTOMT M3 4eThIpeX KOMoHOK. B neproit ykazaHo ums o0bekra, 3a KO-
TOpLIM BefeTcs HabmiogeHue, BO BTopoi — Tun obnexkra (Integer, unsigned Char u
T.JL), B TPEThEH — TEKyLUCE 3HAYEHHE, & B YeTBEpTOH — aapeca obbvexros. [lonp3oBa-
Tenb MOXKeT A0OABAAThE HOBble OOBEKTHI B OKHO Watch (komaHia Add Watch), a Taxske
YIanATE HX N0 OOHOMY (KoMaHaa Delete Watch) WAau Bce cpasy (koManzaa Delete All).

OxkHo Trace

OxHo Trace (puc. 14.9) mo3BoSAET MOAb30BATENY MPOCMATPHBATL XOM BbITIONHE-
HHA OporpaMmel. Ero MOKHO OTKPBITH ¢ MOMOUIBIO COCTBETCTBYIOLIETO NMYHKTA MCHIO
View,

20*
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Puc. 14.9. Oxrno Trace AVR-Studio

OkHO Trace ROCTYIIHO TONBKO TOTA3, korfga AVR-Studio paboraer B pexume cu-
mynatopa. Camas jieBas KoloHKa Ha pHc. 14.9 onpenenseT TOUKH CHHXPOHH3ALMH KOZA.
Ecnn Ha 3HAaYKe CHHXPOHM3ALWH JABAXKIH ILENKHYTh MBILIBIY, TO KYPCOP YCTAHOBUTCA
Ha COOTBETCTBYIOLIEH KOMaBAe B OkHe McxoaHoro kofa. Oowem Oydepa TpaccHpos-
xu — 32 K x 96 6ur.

OkHo Message

OxuHo Message BBIJaeT Monbs3oBaTemo coobiienns Studio. [loce cOpoca ero co-
JACPHKUMOE OHHNLUACTCA.

Mento AVR-Studio

Merto File

C momolpio koMaH MeHto File MoxHO TpuBBINHEIM Ats Windows ofpazom
OTKpBIBATE {KOMaHIa Open) H ONATEL 3aKPbIBaTh (koMaHRa Close) thafins. 5

AVR-Studio BocnipusHMaeT cnenyolue GopMarThi:

= oOnbekTHbIE (haiinkl, creHepupoBanHbie AVR- accemBiiepoM (paciuupenue

* obi);

= caiinel 8 hopmare Intel Hex (pacumipenue * . hex);

* daiknut 8 hopmate [AR UBROF (paciuupenwe * .90y,

* daiins B popmare COFF (Common Object File Format) (pacuupenue * . cof).

Koraa cpena AVR-Studio orkpbieaer kaxoi-nuto daiin, oHa viuer daiin ¢ Takum
XKe UMEHEM, HO PacIMpeHHeM * . avd, KOTOPBI Bcerna co3fgaeres B MOMEHT 3aKphITHS
AVR-Studio o6vexTHoro daitna. OH copepxurT HHPOPMALMIO O NPOEKTe (HAIpHMEP,
TOUKH OCTaHOBA W KOH(Urypauus oxoH). Ecnu stot daiin otcyrereyer, To AVR-Studio
YCTAHABAHBAET TOMBKO OKHO UCXOAHOTO KOIA,

Komanna Reload BeimoHsAeT nepesarpysky obbekraoro dafina. [Ipn 3moM ¢o-
CTOSHHE OTKPBITOro OBEKTHOro daiifa nNposepsercs 3a HECKONILKO ceKyH. Ecnu
0OHapyxeHB Kakue-THO0 H3MEHEHHUS, TO 06 3TOM MOARJIETCA cOOBIIEHHE B OKHE Mes-
sage W NOJIE30OBATENIO 3aJaeTCs BONPOC: XOYET JI OH MPOU3BECTH Neperpysky ¢aiina
Ans ero oGHORTTEHUS.
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OcranbHble KOMaHIBl MeHIO File aHATOrMYHB KOMaHAAM MIOOBIX APYTUX MIPHIOXKE-
Huil Windows, M IOTOMY OCTAHABIIMBATLCA HA HUX B JAHHOM CIYYae HeT HEoOXoauMo-
CTH.

MeHio npasku Edit

Komasibl, Bxoagine B MeHi0 Edit, aHAJIOrH4HBI KOMAHaM THOORIX APYTHX APHIO-
xeHui Windows, # noToMy OCTaHABIMBATBCA HAa HHX B AAHHOM CJIydae HET HeoOXonu-
MOCTH.

Mewio Debug Onst yripasnerus X000M npozpamMme!

Komanaa Reset (xomGunatus kpasyn <Shift+F5>) pemonnseT ¢Opoc nene-
BOit cucTembl. Tekylliee BBIMONHEHHE MpOrpaMMel ocTaHaBiusaercs. [ocne copo-
¢a nporpaMma BBINOJIHACTCA A0 NMEPRO# KOMaHAR B OKHE MCXOIHOTO KoAa. Bee okHa
nocne c¢opoca OOHOBAMKOTCA.

Komanna Go (knaeuiua <F5>) 3zanyckaeT mporpaMmy Ha BeinmosiHeHue. IIpo-
rpaMma BBITIOMHASTCA [0 TeX IOP, NOKa OHa He OYAET OCTaHOBIEHA MONBL30BATE-
JIEM KOMaH/0H Break UMK HE BCTPETHTCA TOYKA OCTAHOBA.

KomaHna Break {xomOunauua knaeum <Ctrl+¥5>) ocTaHaBnuBaeT BbilloNHE-
HHe nporpaMmel. Bee okHa nocite 3Toro oOHOBNAIOTCA.

Komanna Trace Into (xnapuina <F11>) BRIMOAHACT KOMaHAY B OKHE MCXOAHO-
IO KOAa, 10CIe Yero Bee OKHA OGHOBRMKTSH, ECiiM peds uaerT o koMaHae rcall,
TO BBINOTHEHHE MPOTPaMMBbl OTBETBIAETCA B MOAMPOrpaMMmy.

Komanna Step Over (knagmita <F10>) BeINQIHAET KOMaHTy B OKHE HCXOAHOTQ
KOMla, mocie yero Bece okxa obHoBnstores. Ecnu peus uaer o komaHne rcall, To
NOANPOrpaMMa BBINIOIHAETCS TaK, Kak 6YATO OHa — eJUHWYHAA KoManga. Eciu BeTpe-
HAeTCHA TOMKA OCTAHOBA, TO BHINOIHEHHE NPOrPAMMBT OCTAHABI/IUBACTCH.

KomaHpa Step Out (komGuHamma knaeuw <Shift+F11>) sanyckaer nporpam-
MY ¥ BBITIOHAET €& J0 TeX Mop, NMoKa He BCTPETHTCH OKOHYaHWe TeKyiieH ¢yHk-
UMY WM NOANporpaMmMel. ECnu X0 BHINIONHEHWA HAXOoOUTCA B 00NnacTH OCHOBHOHR npo-
rpaMMBl, TO TporpaMma OyaeT BHIIOTHITECS IO TeX NOp, NoKa He Gyer OCTaHOB/ICHA
110/1b30BaTENIEM KOMaH 0l Break HIIH HE BCTPETHT TOUKY OCTAHOBA.

Komannpa Run To Cursor (knauma <F7>) sanyckaeT mporpammy, KOTopas
BRINONHASTCS [0 TE€X TNOp, noKa He OyaeT DoCTHrHyTa NMo3uLMA Kypeopa B OKHe
MCXOJIHOTO KoAa. EciM scTpeuaeTcs TOYKAa OCTAHORA, TO BBHIONHEHHE MPOIPaMMBbl HE
ocTaHaBIHBaetrcd. Ecnd nosuims Kypcopa He JOCTHraeTcs HHKOrJa, TO NMPOrpaMma Bbl-
MOJIHAETCA 0 TeX MOp, MTOKa He OyAeT oCTaHOB/IeHA KOMaHaoi Break. TTocne Beinonte-
HHA KOM2HIbl BCe OKHA COHOBNAOTCS.

Komanza Multi Trace Into BEITONHACT NPEHONPEHC/ICHHOE HHCIIO Pa3 KOMAHIY
Trace linto. B noamenio Debug Options yCTAHABNMBAETCS, KAKOE YKCIIO Pa3 BLINON-
HACTCH KOMaHJa W JOJKHEI I OGHOBIATBECA OKHA I10CIE KAXIOTo BLIMOMHEHHS KOMaH-
Abl Trace Into Wik TOALKO Mocne nocnegHero. Eciy B iporpaMme BCTPEYAeTCS TOHKA
OCTAHORA, TO €¢ BHIIIOTHEHHE OCTAHARIUBAETCH,

Komanpa Auto Trace Into BLIIOIHAET TNOBTOPAKOILMECH KOMaHILl Trace Into.
AnutenpHOCTL naysel AocHe KakIOH Komauael Trace Into ycTaHaBIHBaeTcs
B noaMeHo Debug Options. [locne kakaoro BuinonHenus Bce oxkHa obuoengoTed. Ko-
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MaHaa Auto Trace Into BBITIOTHAETCA A0 TeX MOp, MCKA MOAL30BATENE HE BLIMOMHUT KO-
MaHay Break WAy HE BCTPECTUTCH TOUKA OCTAHORA.

B onumax ornanku Debug Options YCTAHABIMBAETCS YUCIO WArOB W 4acToTa 0b-
HOBNEHUS OKOH 1A KOManAbl Multi Ttrace Into, a Takxe [UIMTEILHOCTL May3bl AJIA KO-
Manjel Auto Trace Into.

@naxok Break enabled during STEP OVER paspeliaeT/3anpelnaer ocTaHoB npo-
rpaMMEl fIPW BCTPEYE TOUKHM OCTAHOBA BO BPEMs BHITONHEHWs KOoMmaHj Step Over, Step
Out 1 Run To Cursor. Pnaxkok Reload always available akTuRUpyeT QyHKUMIO nepesa-
Ipy3kH B MeHI0 File nid npu uzMeHeHHW obbexTHoro daiina, Wiv necToAHHO.

Menio Breakpoint

KomaHpaa Toggle Breakpoint (k7asuiia <F9>) MeuseT COCTOSHHUE TOUKH OCTa-
HOBa /U1 KOMAH[bI, B KOTOPOH HaXoOWTCA Kypcop (100aBUTL/YAANUTS).

Komauna Clear All Breakpoints ynanseT Bce TOUKH OCTAHORA MPOrPaMMBI.
Komanga Show List oTkpmIBaeT AMATOroBoe OKHO Breakpoint, B KOTOpOM
MOJ1L30BATENL MOKET NPOCMOTPETE Bee OMpPeAeNeHHRIE TOUKH 0CTaHOBa, N00aBHTh HO-
BLIe (kOMaHa New Breakpoint), yiamuTe HeHykKHble (KOMAaHZA Remove), a Takke aKTH-
BUpOBaTh (KoMaHaa Enable} UM oTKMOUUTE (komaH a Disable) T¢ WilM MHBIE TOYKH OC~
TAHOBA. AKTUBHBIC TOUKM OCTAHOBA MOMEYANOTCA B OKHE MpPOrpaMM YEDHBIM, 4 Heak-

THBHBIC— [TYCTBIM KBagpaTHkoM {cM. puc. 14.2).

Menio Trace & Triggers

TpaccHpOBKa HAYMHAETCA B TOT MOMEHT, KOTIA MO XOJKY BBINONHEHHS NMPOTPAMMbl
BeTpeuaercd oTMeTka “Trace On” ¥ npexpainaercs Mo JOCTHXRKEHHK oTMeTkH “Trace
Off”. Otmetrd “Trace On” u “Trace Off" MOryT ycTaHasnMBaThCA B KOKIOH CTPOKE
OKHA HCXOAHOr0 KOoJa ¢ MOMOINBI0 KoMaHAbl Toggle trace & trigger. C feral cTOPOHE!
BRIOpaHHOH CTPOKM mosiengeTcs orMerka “T”, u OTKpnIBaercs AHANOrOBoe oxkHo. OT-
METKA Ha4alla TPaCCHPOBKH YCTAHABIHBAETCH ¢ NOMOMIEIO (hraskka Trace On, 2 OTMeTKa
0 3aBEPINECHHH TPACCHPOBKH — C NOMOILbIO dnakka Trace Off. IIna Toro uytoObl H3Me-
HUTh YCTAHOBKH, MOXHO JBaXKAbl INEJIKHYTH MbIbIO HA oTMeTKe T. B pesynprare
OMATB OTKPOETCA HANOrOBOE OKHO, B KOTOPOM MOXHO BHECTH TpedyeMble H3MEHEHHS.

Komanna Toggle Trace & Trigger (wiapnula <F8>) onpeaenseT TOUKH TPacCHPOBKH
JUIS KOMaH[bl, Ha KOTOPOH ycTaHOBJIEH Kypcop. Eciu B 210l cTpoke yke ycTaHOBneHa
TOYKa TPACCHPOBKH, TO OHA YIANAETCA.

Komanpaa Clear All Trace & Trigger yaanser BCEe TOUKH TPaCCHPOBKH [IPOTPAMMBL.

KomaHpa Clear Trace Memory nHUIIHATW3pYET Oydep TpacCHPOBKH.

KomaHpa Search In Trace Buffer OTKpbIBaeT AMajI0OIOBOE OKHO NoMcka B Bydepe
TpaccHpoBKH. C MOMOIIBIO 3TOr0 OKHAa MOKHO HAWTH 3a/1aHHBIE KOMOHHAIIHU 3HAUEHHH
B paHee COXpaHEHHOM XO/ie BHITIONTHEHHS TIPOrpaMMEI.

Meto Watch

Korna 8 AVR-Studio tectupyercs nporpamma na C, na HabnmofeHus 3a pasiut-
HbIMH 00BEKTAMH MOYKHO BOCIIONIB30BATLCA OKHOM Watch.
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Komanna Add Watch noGaBaser HOBEIH 00BeKT B cliHcox HabmoneHus. Eciu e
TIpH BLINONHEHHH KOMaHIb! Add Watch okHO Watch 3aKpEITO, TO OHO OTKpbIBaeTcs =
¥ OJIHOBPEMEHHO OTOOPANAIOTCA YIKE OMPENENEeHHBIE KOHTPOEHRIEC 3HAYEHUS,

Komanna Delete Watch yaanset BeljieneHHbIH 00BeKT U3 criucka HabnroaeHHA,

Komanzaa Delete All yvrianser sce 00beKTbl M3 CIHCKA HabNmoaeHus.

MeHw Options

Onuuu amynaropa (komaHaa Emulator Options) noCTynHBI TOABKO TOrAd, KOrga
k Studio nogxmouer oanH H3 AVR-smynatopos. B 3To# kHure owu noapoGHo e pac-
CMaTpHBAOTCA.

OnuxkK cumynaTopa (koMaHaa Simulator Options) AocTynHEl Toraa, korma AVR-
Studio paboTtaer B pe>kuMe cuMyasTOpa. DTa KOMAHAA OTKPLIBAET AHANIOIOROE OKHO, €
MOMOLUBIO KOTOPOTO TIOAL30BATENb MOXKET BBIOMPaTE MEXKIY AEBATHIO DPasHuHBIMU
CT2HNAPTHBIMH KOHMUTYPALMAMH I/ YCTAHOBKM oObeMa MaMaTH ¥ apXHTEKTYPHBIX
AeTanedi 11en1eBoro KOHTPoIepa.

Onumy MPOTOKOMKHPOBAHUA cUMyATOpa nopra (koMana Simulator Port Logging Op-
tions) aoctynnel, korna AVR-Studio paGoraer B pexxyMe cuMyasTopa. OTa KoMaHa oT-
KPbIBAaeT AHAIOIOBOE OKHO, C NOMOLIBK KOTOPOro HONBIOBATENL MOMKET YCTAHOBHTH,
AEHCTBHA KAKMX MOPTOB OH XOTeN Obl [POTOKONMPOBATE, H B KaKoM Gafiie 3TH gaHHbie
JOJKHBI cOXpaHaThed. Kaxaas cTpoka sxkypuaneHoro thaitna npeactaBneHa B dopMare
“UMKJ] (aecaTiunoe 3HaueHue):. BAWUT - HAHHBIX (wectHaguaTtepyuHoe 3HA4YeHHE) .
Ecau conepxumoe nopra 3a BpeMa TAKTOBOIO LIMKIIA HE MEHAETCH, TO B XKYpHAN HHWYEro
He 3anuckIBaeTcA. A(ypHanbsHblit daitn obHynsteTcs nocke kaxaoro copoca mporpaMMsl.

Onuun BO3aelcTBHH cuMynaTopa (KoMaHZa Simulator Stimuli Options) IOCTYITHBI,
korga AVR-Studio paGoraer B pexxume cumynstopa. Komanpa otkpbiaer guanorosoe
OKHO, KOTOPOE J4eT MOJIb30BATEII0 BOIMOXKHOCTE B YCTAHOBJIEHHBEIE MOMEHThI BPEMEHH
nojaeath JaHHble Ha BbIBOAbI nopra. [locne Toro kaxk Mone3oBaTeNb ykazanl MopT, OH
JomKeH JaTh umMa Qaiity aaHueX. Kaxkaas ctpoka daiina sosneifcTeHit uMeeT dopmar
“ITUKJ] (aecstrunoe 3xauenve). BAWT JIAHHBIX (mecTHanuaTepuusoe 3HaveHHe)’.
Onums Bo3/IeHCTBHH BIHAET TOMBKO HAa BLIBObI MOPTA, ONPEACTICHHBIE KAK BXOMBI

Menio Views

Komanna Toclbars f[aeT mMONB30OBATEA) BOIMOKHOCTH OTOBPAXKATHL/CKPHIBATH
HMEIOLIHECH B PACIIOPSXEHHH TpH NMaHenu HHCTpyMeHToB. Komanna Statusbar ckpeisa-
eT/0ToBpakKaeT CTPOKY COCTOAHHA,

Komanner nogMmeHo View:

(B Registers (xkoMOuHaUMa Knapuin <Alt+0>);

i — Watch (koMOuHaimg knaeum <Alt+1>);

— Messages (KOMOHHALMA knagum <Alt+2>);
1 — Processor (KOMOHHALIAA Knasui <Alt+3>);

1| — New Memoty View (komGuHauus rasum <Alt+4>);

4 ~— New 10 View {komOuHaina k1aspui <Alt+5>),
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DTH KOMaH k! BRUIOMHSIOT T ke JeicTBHA YTO W COOTRETCTBYHOLIWE KHOMKH MaHe-
JTH MHCTPYMEHTOB: OTKPBLIBAIOT HH 33KPbiBAIOT COOTBETCTBYIOWEE okHO. Hokmodenue
COCTABIAKOT KOMaHALI BbI30BA JHANOTOBBIX OKOH Trace (cM. puc. 14.9) U Terminal 10,
U1 KOTOPRIX KHOMOK HA MAHENH WHCTPYMEHTOB HET.

Ox#o Terminal Ipe0CTaRIgET B paclopsDReHHe Noap3oBaTens uurepdeic TepMu-
HAMA B Ciydde Merods30BaHud Stndio Jyis recTMpOBaHHS 1IporpaMmel Ha C, TpaHCIHpO-
sanHoil C-xomuunaTopom oT AR, npu ycrnoBuH, 4TO KOMIWISTOp CLEHEPUPOBAN MH-
dopMaumio AnA TepMubHana (Mo YMONUYZHHUIO), 3aMELalolLyio GYHKUHMH getchar () W
putchar () CAeUHAIbHBIMH CHCTEMHBIMU BEIZOBAMH.

Meno Window u Help

KomaHasl, BXxogsammne B MeHio Window U Help, aHanmorHunel KomaHgam nro0BIX
JPYIFHUX APHIOMEHHA Windows, u HOTOMY OCTAHABJIMBATLCA HA HHX B JJAHHOM CJy4Jae
HeT HeoOXOAUMOCTH.

Mopaynu BBOAa/BLIBOAA CUMYNATOpPA

IopTel MOTERHPYIOTCA Kak MpH paboTe ¢ peanbHBIM KOHTponnepoM. MMuTtupyercs
TAKOKE 3a/1epKKa Ha 1,5 TAKTOBOro UMY NbCa, KAK B CTAHAAPTHON NIOTUMKE MopTa.

Cumynatop nonnepskuBaer Taifimep/cueruyuk 0. Ecnu ¢ nomompo menwo Options
6bin BLIOpPaH cTaHAApTHLIR AVR, To BekTop npepbiBavkil T/CO W BHEWIHMH TAKTOBLIM
BXOI TaliMepa YCTAHABIHBAIOTCA COOTBETCTBEHHO BLIOPAHHOMY TUTY MHKPOKOHTPON-
nepa. Ecnu 6810 BoIGpan TeI Custom, To npuH#MaeTed T AT9051200.

Cumyngrop nojmepxusaer radmep/cuerynk 1. Ecnd ¢ nomowei meHo Options
6 BRIOpan cTaHpapTHed AVR, conepskauwii T/C1, To BexTop npepwiBannii T/C1,
BHOIIHWH TAKTOBBIH BXOJ TaliMepa, BLIBOJ 3aXBaTa Ha Bxode (Input Capture Pin) 4 BbI-
XOJABIE BBIBO/bI YCTAHABIMBAIOTCH COOTBETCTBEHHO BbiGpanHomy THRY. [lna THHOB
AT9058515 u AT9084414 puiogy PD4 Haznauaercs ¢dyukuus [CP, a sueoay PD6 —
dyuxkuns OCI1B. Ecmu 6611 BeIOpaH Tun Custom, TO BEKTOpP NpephIBaHHH W BHELIHUH
TAKTORBIH BXO/ TaliMepa NpuHuMaloTes kak 118 AT90S1200.

Cumynartop nognepskupaer npuémonepeaarduk UART. Ecnu ¢ nomousio MeHwo
Options Grin BeIOpan cTannapthbiil AVR, comepxanuii UART, 1o BexTOp npepbiBanuit
UART » BeIBOZBI TIpHeMa/nepeaus YCTAHABTMBAKOTCA COOTBETCTBEHHO BHIOpaHHOMY
THOY. 3arKch JaHHLIX B perdcTp JadHeix UDR uepes cuMynaTop uepeaady He MHUIMH-
pyeT, nosromy 3anuck B UDR nosmxna eeinonHAThCA NpHKIagHOH nporpaMmoi. Ecimmn
O REIOpaH THI Custom, To UART HegocTyneH.

CumynsTop NoanepkuBaeT nociaenopatebHbli untepderic SPI Ecau ¢ noMouiso
Metio Options Obli BeIOpay cTaHgapTHEIH AVR, conepxawmii SPI, To BexTop npeprisa-
uuii SPI u eiBonsl SCK/MISO/MOSI/SS ycTaHABIHBAIOTCA COOTBETCTBEHHO BbIOpaH-
HOMy THMy. Perretp aannsix SPI nokaspiaer coaep:kuMoe perucTpa pHeMa. 3anuch
JAHHBIX B PErHCTp AaHHBIX SPI yepes cuMynaTop nepeJady He HHHULIMHPYET NaXe B pe-
wuMe “Master”, NosTMOY 3anuck B perwcrp JanablX SPI fomkuHa BRITOAHATHCA TIpU-
xhagnodt nporpammoi. Ecnm Gein Betbpan v Custom, To SPI HenocTyneH.

CumynaTop nOALep>KUBACT BHELIHHE MpepsiBaHHA. Ecny ¢ noMollbio MeHo Op-
tions Gbi1 BBIOpaH cTaHnapTHeit AVR, TO BEKTOpBLI NPEPLIBAHHH YyCTAHABNUBAKOTCS CO-
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OTBETCTBEHHO BLIOpaHROMY THITy. Ecnu Ob1n BeIOpan THI Custom, TO AOCTYIIEH TOALKO
BekTop npepeiBanuil AT9051200.

Cumynarop nozgepxusaer namats EEPROM. [ins ympolueHus, AnUTensHOCTSH
AOCTYTA Ha 3aNMCh 3a/aHa 16-TaKTOBBIMH LMKJaMHM — 3Hau€HHe, KOTOPOe HAMHOro
MeHblLie, yeM B peanbHOM AVR. Ecnu 6611 BeiOpan Tun Custom, TO AOCTYIT Ha 3anMch
ocyurecTngeTes kak B mogend AT90S1200, 6e3 rapaHTHH HaaeXKHOCTH APYTHX CTaH-
JapTHBIX. MUKpPOKOHTponnepos AVR.



314 Habop STK200 dna macmupoeanun U 2anucy & namsnms COGCMBEHHBIX TpO2pamMM

15 HABOP STK200 AnAa TECTUPOBAHUA U
3AMNMUCK B MAMATb COBCTBEHHbIX
MPOrPAMM

ToMmy, KTO XO4eT H30ekKaTh JIMUIHUX 3aTPaT HA MPOQECCHCHANBHLIH IMYASTOP, 0/-
HAKO HY>KAAETCS B IKCTIEPHMEHTAIBHOMN NAarte I TECTHPOBAHWA W NMPOrpaMMHPOBAHHA
pazpaboTok ¢ UCMONb20BAHHEM MHKPOKOHTpOMIepoB ceMeicTBa AVR, Moxem nopeko-
mennosars HaGop STK200 ot Atmel (puc. 15.1), uMmetolini OvYeHs NPUEMIEMYIO LIEHY.

B nioctasky STK200 Bxoaat cneaytolune KoMnoHeHTs! (prc. 15.1).

Puc. 15.1. Cocrae xomnnexta STK200

» [leyaTHas 1n1aTa co CKBO3HBIMH METAIUTH3UPOBAHHBIMH OTBEPCTHAMM, HA KOTO-
poi cMOHTUPOBaHLL KOJIOAKK noA kopryca DIL ans nogknwyeHus MHKPOKOH-
TpoanepoB AVR Basopol cepun (DIL20, DIL40), a Taroke ng 6yayiux Moae-
newt cemelictea AVR ~— konoaku non xopnyca DIL8 u DIL28, u DIL40 — aaa
mukpokonTponnepa ¢ AL Kpome Toro, niara conepsur:

unrepdeiic SPI, ¢ noMomb KOTOPOro MHKPOKOHTPOIEP MOJKHO IETKO MpO-
rpaMMHPpOBATL Yepes NMapauie/ebii nopt [TK ¢ noMOLIBO BXOASIErO B 10-
cTasxy nporpammHoro obecrieuenus ISP (In System Programming — BHyT-
pPHCHCTEMHOE NMPOrpaMMHPOBaHHE );

KBapUCBLIH renepatop ana dopMUPOBAHHS TAKTOR CUCTEMHONH CHHXPOHM3A-
UMM MHKPOKOHTpOMNAEpa,

uHTepdeiic RS232;

BLIBOAE] /UTA NMOAKAUYEHHS HHTeNekTYansHoro JKKH;

NBe KONOAKH, Jenatollie BO3MOKHBIM paciinperine SRAM;
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« BOCEMBb KHOTIOK, KOTOPBIE MOTYT COCAHHATLCA HCPES MEPEMBIYKH C MOPTOM D;
. BOCEMBb CBETOHOJIOB, KOTOPbIE MOTYT COEHHATBCH YEpes NEPEMBINKH ¢ Nop-
TOM B;
. cxeMa (pOpMHPOBaHMA cHrHana copoca U 06HapYKEHMS MPOBANOB NUTAHMS;
«  cTaBHIM3ATOP HANPKEHHS, KOTOPBIH MOKET NEPEUIIOYaThC MEXKIY
VCC: SB HVCC=3,3 B.

" BaiUTHLIE KTOY-3arIYLIKA 0718 HOAKHOYERHS K IapajensHomy nopry [TK.

»  Thiockuii kaOens ans NOACOSAHHEHHA 3aILUTHOTO KIKYa-3arnyiuky k SPI-
wnTepdeticy STK200.

» ['mOkuit guck 3,5", conepxawui nporpaMMHoe obecneuenue ISP,

*  KoMnakT-OHCK ¢ TEXHHYECKUMH TAHHBIMA W PEKOMEHOALMAMH N0 [IPHMEHEHHEO
BCETO CTIEKTPA MPOAYKLMKM KoMiTauuu Atmel.

*  PykopoacTio no obenyxupanuto STK200 (Ha aHrndicKoM a3bIke).

HaGop CKOHCTPYHMPOBaH TaAKWM 00pa3oM, UTO € ero MOMOILBIO MOTYT TECTHPORATE-
ca paxe Oyaywwme Moaenu MukpokoaTponnepor AVR. TTo aToll npuunke nporpaMMHoe
obecrieyenue ISP nocTosHHO 0OHORNAETCA M MOKET OLITE GECIUIaTHO 3arpyXeHo ¢ A0-
mauHeit Web-crpaduus kpMnadnum Atmel (www. atmel . com).

Onncanne annapartHon vactn STK200

MonTax anemeHToR Ha nitate STK200 nokazan Ha puc. 15.2.
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Puc. 15.2. MoHTaxHaa ceMa moayna STK200
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Kak MOKHO MOHATE M3 PHUCYHKA, HA IJIATE PACOIOKEHO HECKONBKO NEpeMbluek,
¢ OMOIIBI KOTOPLIX MOTYT KOH(QHIYPHPOBATLCH Pa3NUyHble peKHUMBl paboThl M MH-
tatompe Hanpsokenus. Mutepdeiic ISP noacoeaunsercs k napamutensHoMy ropry [1K ¢
nomowso 10-skuabHoro unekda. Jna gynkauonnporanus STK200 B nocraBky BX0-
JIMT 33UIKTHLIA KIBOY-3arNYIIKE, Yepes XoTophii uueitd noncoeauusetes k TTK.

Opzanusayus numanusg STK200

B kauectee pabouero HanpsykeHus Momyiis STK200 tpebyer uau HectabunuzHpo-
BAHHOE MOCTOAHHOE HATPMXKEHHE B auanazone 9...15 B, wiu, kak ansTepHaTtuBy, —
nepeMeHHOe HanpsskeHde B OManazoHe 7...12 B, koropoe nozaercs Ha mmaTy 4depes
CTRHIAPTHLIA LITekep auameTpom 2,1 MM, nodiuioveHHsld B rrezno Bul. Bxoanoe Ha-
NPRKEHAES HA MIATE BRINPAMAAETCA M cTabUNM3MpYyeTCd, kak NOka3kBaeT puc. 15.3.

Brn/Boixn
cw—A—a"iL

+Vee

BR1Y Reg?
But LM 7T

Rego +8v
78L05 l
C3 R5
— Ca 39
220 470n | C4

100n
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Puc. 15.3. Ctabunuaauua ranpaxerus 8 STK200

Crafunusarop Regl crabmamsppyer pabouee HanpsikeHHe Voo MUIAThE, KOTOPOE C
nomoltnslo nepemsertkd JP1 nepermouaercs mexay 3Hauenusmu 3,3 B w 5 B. Bropoii
crabunusarop Reg? BeigaeT BenomorateneHoe Hampskenue +5 B ans umrepdeiica
KKH u RS232-apatisepa MAX202. K 3ToMy HanpsKEHHIO TakKe MONKTIOUYEHE! uepes
CBOM Tracflliie pesucTophl cBeToAHoab LEDvyce, oToOpasaiomue roTOBHOCTL MIIATH
Kk pabore.

Eciy ycTanorneHa nepeMeldka JP1, To pabouee Hanpsoikenue Vee = 3,3 B, a ipu ee
OTCTYTCTBHH Ve = 5 B.

ObrapyxeHue nposganoe HanpsxeHus ¢ STK200

Iepemoiuka JP2 yeTanasnueaeT nopor cpabarsiBanys npH o6HapyKeHHY NPOBaNoB
HanpmKeHHA CortacHo puc. 15.4 (Gonee moapodHo 3TOT BoNpoc 06CykIaeTCA B pasaeie
“Copoc u obpaboTka npepsiBaHdH” ritasst 3).

Jlns paGouero nanpsskenus Ve = 5 B nepeMeiuxa JP2 nonkHa OBITE YCTAHOR/ICHA,
a i Voo = 3,3 B, cooTreTcTBEHHO, — 0oTCyTeTBOBaTE. Eciu Ve = 3,3 B, a ycraHoBKE
JP1 u JP2 He cooTBeTCTBYIOT TpeOYEMEIM, H B TO JKe BpeMA MOpPOT /11 TIPoBana Hanps-
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JKeHHA YCTaHOBJIEH /14 5 B, TO CXeéma HAXOIHUTCA B IMOCTOAHHOM CGpOCC H HE MOXKET
nporpaMMHpOBATLCA.

+ec +Vee +VCe
R1Y
. 10K D1
43K 5w P_RESET (irTeppeic 15P)
JP2 1/ e BipwHmiA £6poc (nopT Misc)
Q
R10 R9 c7 L = Buigoawl copoca

1Bk 1K - Bee yokona DL
Imn BC182 {BCe )

Puc. 15.4. Cxema oBHapyxeHua nposanos Hanpsxkenus B STK200

OGHapyxKeHHe IPOBAJIOR HATIPMKEHUA CAYXKHT I TOro, 4YToObl ONO3HABaThL KpaT-
KOBPEMEHHbIE [POBAIbLI MUTAHUA 1 odCCleUrBATL ONpe/iencHHoe pabouee cOCTOAHME
MHKPOKOHTpOJIIEpa depes cOpoc Mo BKIOYEHHIO MUTaHus (CM. riasy 3).

XapakTepHCTHKH cXeMbl OOHApYKEHHS TNPOBAJIOB HANPKEHUS [PE/ICTABIIEHBI
B Tabn. 15.1.

Tabnuua 15.1. 3nekTpuyeckas cxema oGHapyeHWs! NpOBanoB HANDAXEHUA

5B 458 02B
33B 298 02B

Boixoa cxemel 0OHapyXeHus NpOBANOB HaNPDKEeHUs No/KIIOYeH k Bxoaam RESET
scex DIL-konoiok Ha nnate W OTBeyaeT 3a obecmieucHHe KOppekTHoOro cbpoca fpH
BXJIOYEHHH MHTaHuA. Bnarogaps ToMy, 4to TpaH3ucTop Q2 HMEeT BBIXOJ ¢ OTKPBITHIM
Ko/ulekTopoM, uepes paseeM MISC MoxkeT nmogaeathcs BHeEIIHME cHraan cbpoca
(c akTHBHBLIH HU3xHM ypoBHeM). Kpome toro, curtan RESET uurepdeiica ISP nogge-
ned depes nuoa D1 x obuiefi Touke moaknodenus k 2, Tak kak nporpaMMHoe odecrne-
4yeHHe TMPOrpaMMHPOBAHHY JOIBKHO OBITH B COCTOSHHH BBIAABAaTL CHrHan cOpoca Ha
MHEpPOCXEMY.

Qyrkyuu nepemsivexk STK200

B tabn. 15.2 mepeurcnens! ¢byHkLMd nepemMbluek Ha nmiate STK200, v ux Bo3mMox-
Hble KOMOWHAITHH YCTAHOBKH.

Taénuuya 15.2. HasaHaderuve nepembidek Ha nnate STK2G0

JP1 Pabouee nanpseHHe 3,3B 5B OTCYTCTBYET
p2 IMopor obHapyxeHus 45B 29B YCTaHOBNEHA
TIpoBasa HanpaKeHUA
JP3 Bxox R3232 RxD Bx. OTKN. OTCYTCTBYET
JP-BoardB Ioagnwuenne caeTomHO- Bk, OTKIL YCTAHQBIIEHA
I0B
JP-BoardD | [MoxaxmodeHue KHONMOK Bxa. OTK, YCTAHORIEHA
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TaGnuua 15.2. OkoHYaHue

Hépaubrqﬁc
Clock Sel | Coenunser Bnipog PB3 | INT = puytp. | EXT = BHeuinee EXT
*) | woxons DML8 ¢ xsapu. | TakTHpoBa- TaKTHPOBaHHE
ocunanstopom  STK200 uue {PB3 no PB3
WAK ¢ paybeMoM B cBobosien)
Hopomxka Onoproe  HanpsxeHue | [lena: onopr. | Orcoenunena: uena
LK1 A8 MUKPOKOHTPONNEpA | HAmp. yepel | BHELU, OM. HAMp.
AVR c IIAIT TIOTEHLMOM. yepes pazbeM
STK200 Analog

*) Mukpokontponnepsl AVR ¢ kopriycom DIL 8 MoryT 110 Beibopy nutatsea ot BHyTpeHnero RC-
ocimnnaTepa. Jlna aroro nepemuigka Clock Sel yeranagnupaerca B noncxkenue INT. B atoMm crytae
110B30BATENL HOYYaET B pacnopsenne sexon PB3, Ha kotopsiit npy yeraroske nepembigku Clock Sel
e nonokenne EXT nogaranca Obl BHEHMH TaKTOBRIH CUTHATL

lNodknoverus nopmoe STK200

IloaobHo muuuuM cOpoca, cXeMbl TIOPTOB ANA pacnonokeHHBlx Ha nnare DIL-
naserieii TakoKe pa3BedeHbl U COEAWHEHEI ¢ pasbeMamu A...DD Bunsy nnatsl STK200 (cm.
puc. 15.2).

CAWH MUKPOKOHTPOANRER B 0AHOA M3 DIL-naxeneil. Ecnu 6yaeT BxnoueHo Bonee 0AHOTS MUKPOKQH-
Tponnepa AVR, TO 3TO MOXKET NPMBECTH K UX HEHOPMANbHOMY HYHKLWUOHWPOBEHUIO N NOBPEXSe-
HUIO #13-32 BOZHUKLLMX NIULLUHWX CBA3EN NO NEYATHLIM NPOBOAHWKAM.

V CneayeT yyuTulBaTb, YTO HA NNATE B KaMAbl MOMEHT BPeMeHN MoXeT Bhbits pasMellsH ToMbKo

Ha Bcex MMKpoOKOHTposuiepax cemeiictBa AVR JUIS OJHO3IHAYHOIO OmpeaeneHus
BbiBOJA | HaHeceHo wiobpaskeHue TpeyroibHMKa, KpoMe Toro, Ha MX TopuUE €cTh che-
LIHATIHBIA BhIpES.

CXeMe M Hacedka Ha LOKONe pa3MelleHsl Apyr Hag ApYrom. Hukoria He BRNIOSaRTe U He cHuMaiiTe
MUKPOCXEMB) NPW BRIKGHEHHOM NUTaHNM!

W Tlpw BKmOUEHH MAKPOKOHTPONNEPa Ha NaTy STK200 CrIeAyeT yBeaTscs, Yro Buiped Ha MAKDO-

40-konTaKTHas Konoaka AniA MukpokoHTpoinepoB AVR ¢ AU umeer gpyroe
PACTIONOMKEHHE BbIBOJIOB B CPABHEHMU ¢ pa3sMelleHHOH pagoM 40-KOHTakTHOW konoA-
KOH [Ns HCKITIOUMTENTLHO UNPPORBIX MUKPOCXEM, K KOTOPBIM OTHOCHTCS BCE TIPEACTA-
suTenu Dazoroii cepu. Ilo 3Toél npuuMHe MUKpOKOHTpOMIepbl Oazopoit cepun AVR
HUKOI/IA He CNeAyeT BRMIO4ATh B KOJMIOAKY A8 MHKpokoHTponepop ¢ ALITT.

Hasnauenue xoHTakTOB B pasbemax, NpeIHa3HAYEHHBIX A8 NOAKINIOUEHHA BHELN-
HHX CXeM, MOKa3aHo Ha pHc. 15.5.

DIL 20, DIL 40 (urdp ) AVR ¢ Al NopT B ana DIL 28 Mopt MISC
Px0 (o a ) Px1 ADCD oo | ADCH NC o0 | NC OC1B foo | ALE

Px2 | oG | Px3 ADCZ | oo | ADC3 PBO | 0 O | PBY ICP oo
Px4 1 0o | Px5 ADCA ;o O | ADCS PBZ (oo | PB3 Gnd | oo | Ve
Pxt | 0 o | Px7 ADCE | o 0 | ADCT PB4 | 0 O | PBS
Cnd | 0 @ | Vot Awanor | © O | Apanor.  Gnd | 0 O | Voo
Moprx=ropra,  “nd on. Hanp.
nopT & nopr C, MopT = Analog
nopT [

Puc. 15.5. HaznaveHue XOHTAKTOS B pasbemax nnatet STK200 {BUg ceepxy)
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Baszoroit cepuu cemeiicTea AVR, paccmaTtpuBaeMoil B 3T0i KHUre, COOTRETCTRYIOT
pa3beMbl, NoKazaHHeie Ha puc. 15.5 cnesa. Tlopret B u D 20- 1 40-koHTaKTHEIX KOMTO-
JOK NOABEACHBI C MIOMOTIBIO Ne4aTHBIX MPOBOJHHKOR K OMHOMMEHHBIM paiteMam. [To-
cneaopatensHo ¢ nuHusmu PB7, PB6 w PBS ang zawutel uutepdeiica ISP sratouens
COTIPOTUBIIEHHUA M3 MaccuBa pe3ucTopoB 1o 10 kOM kaxabli (cM. puc. 15.6), nostomy
3TH BLIBOAR! CHIEAYET HCTIONBIOBATL KAk BXOAbl MM BLIXOABI © HATPY3KOid MeHee
500 mxA opu Voo = 5 B u, cootrerctrenno, — 300 mxA ripu Ve = 3,3 B,

[Moptet A u C npucyTcTBYIOT TonbKO M 40-koHTakruelx DIL-konoaok u Tawke
coeIHeHBI TIYATHSIMH TIPOBOAHMKAMH ¢ 0003HAUEHHEIMH COOTBETCTBYIOWNM 00pazoM
pazkeMami. Hapagy ¢ JIMHMaMK BBOAA/BBIBOAR, KAXJILIA pasbem MoApazymeBaeT Hajlu-
upe teneit Gnd n Ve Ang obecnevenys THTAHNEM TIOAKIOMEHHON oxemsl. [Tockonuky
ans crabuiusatopa Hanpsskenus Regl va mnate STK200 ne npeaycMmoTpen pazuvaTtop
OXRAKACHE, TO HOTPEOICHHE TOKA BHEIHeH cxemoif of43aTelbHO TOMKHO COCTARANTh
mete 100 mA. Ecnu 3710 orpaniuenie He MOKeT 6bITh BLIAEPKAHO, TO BHEIIHAS CXeMa
AOIDKHA TUTATHCA OT OTAEABHOTO UCTOHHUKA [THTAHUA.

Uepes pazbem MISC k cxeme moxeT ObITh NoABeAeH BHeUIHWIT curHan cOpoca (oT-
KPBITBI KONNEKTOD, HHAKHH akTUBHEIH yposeHE). KpoMe Toro, 3TH pa3steMbl A0MOTHA-
torea curdanamu OC1B, ALE u ICP mukpokonTponepos ATO0S8515 u AT9084414.

Uumepdbeiic ISP STK200
Cxema uurepdeiica ISP (In System Programming) nokasana Ha puc. 15.6.
Vie k < Veo Vee . Pazben ropTa B
[a]
] R18 R = =
= 1k w 9B
MISO S :
| sck A RERE :
N T ;
MCS! ., D3 Y. o
T~ _‘_0_:‘“‘:_0_‘““‘,’0 R T
(I S R S P S ST
P RESET P_REZET

™ (NpoBan HanpAKeHWa)
Puc. 15.6. Mntepdeiic ISP STK200

Jns roro utobel 3amuTHTE nmoakaroueHHBd [IK v wiov 3amutel, auaun SCK,
MOSE u P_RESET (cwm. pue. 15.4) cHabkeHB AXONAMY U NOATATHBAIOIIMMH PE3UCTO-
pamH. JIWHHH 1718 TIOCIEmOBATENBLHOTO NPOTPaMMHPOBAHHA MHKPOKOHTpoJLIepa AVR
coeavnenst ¢ spisoaamu SPI geex DIL-konogok na mnate.

JamutHele pesucropet RN2...RN4 naxoaarcs B Mmaccuee pesucropos RN (4 x
10 kOm), korophii uzoOpaked Ha pHc. 15.2 noa pazvemom DIL 40 ang MuxpokouTpon-
nepa AVR ¢ ALIL

RS232-unmepghelic STK200

Cxema R5232-unrepdeiica nokasada puc. 15.7.
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+Vee
RN
JP3 10
Ry 1k K Konraxr RxD
1 W BCex AYR
) o 8o
70 Koktarr TxD
3| o 80—3 oV Boex AVR
8
— et S
s - |Ci2Z
1=DCB =5 l
2= RxD (K} i ! cio| F o olen
3=TxD (K g g
4=DTR O —
5=Gnd 5V jm—_l
&= DSR 18 L1 ] CG..C12 =10 uF/16Y
S - &
- Rl MAX202

Puc. 15.7. intepcheiic RS232 nnatel STK200

MAX202 — 310 ynmyuuleHHbIH BapHaKT u3BectHOW Muxpocxemsl MAX232, co-
JAepicatMid cxeMy HaKONNCHHUA 3apiana Ans ¢GOPMHPOBAHMA BCIOMOTATENbHLIX HAnpd-
sxenni +10 B u —10 B mna RS232-untepieiica, 2 Taroke MArHCTPAILHBIE YCHITHTE/b-
topmuposarens Jing npeodpasosanua yporns TTL B yposens RS232 u naobopor.

Jlns nepenaum nannbix HeoOXOIHM AEBATHKMUIbHBIH Kabens ¢ pasbemom Sub D, a
anaud TxD u RxD He nomxkHbI GBITh NEPekpecTHBIMU (He MCHOMBIYHTE HYJh-MOAEM-
Hbli kabenb!).

Ecnu untepdetic RS232 ne menonpayercd, nuAua  RxD moxer OvITh pazopeana
JUTA 33UHTL MHKPOCXeMEl. [[na aToro HeoOxoaumo nieneys nepemordky JP3, Ioptaru-
Barowuii pesucrop RN1 pacnonoxken B Maccuee pezuctopor RN (4 x 10 kOm), koro-
peiii Ha puc. 15.2 w3obpaxen noa paseemom DIL 40 nna mukpokonTponmnepa AVR
¢ ATIFL

INockoneky curhanel RxD 1 TxD untepdeiica RS232 nogarwres va Bsisoas: PDO
PD1 mukpokonrpoinepa AVR, pekoMeHAyeTcs B cyuae MCNOAb30BaHKa HHTepdeica
H30nMpoBaTe kHOfkH PDO u PDI. Qng atoro ciacayeT U3Bieyb COOTBETCTBYIOIIHE Tie-
pemMbidky 8 rpynne JP-PortD.

Jluunu obMeHa ¢ KBUTHpOBaHUEM, NpeIyCMOTpeHHble HHTepdelicom RS232,
8 STK200 ne npumensiorcsa. Ecay ckopocTs mepeniayu OTPEAcACTCA HA OCHOBAHUM
TAKTOBOH 4acToThl 4 MI'L kBapuesoro ocUMIIATOpa, BCTPOEHHOTO HA IUATY, TO fiO-
TpemHOCTh Haxoawres B aHanasone 0,2...2,1% (cm. Tabn. 6.2 B rnaee 6). Eciiu 9TH 3Ha-
YEHHA HEMPHEMIIEMEL, TO )il (POPMHPOBAHHSA TAKTOB CHCTEMHOH CHHXPOHHU3ALHH J0.-
SKEH IIPMMEHATHCSH APYTOH KBapLl.

MK U-unmepapeiic STK200

[nata STK200 mMoxeT MpUMEHATECA AT NMOOKITIOUEHHA CTAHIAPTHOIO KUAKOKPH-
CTaIM4eckoro UHaukaropa ¢ xonrpoanepom Hitachi HD44780. [lna sroro Mcnonbay-
0T 14-KOHTaKTHRIA pasbeM, PACTIONOKEHHHIH HA puc. 15.2 B MpaBOM BepXHEM yTny.
[ToacTpoeyHBIM PE3UCTOPOM, KOTOPLI Ha pHC. 15.2 06o3Haden kak “Vo-LCD”, moxHo
M3MEHA T HalpsxeHue V, B npeftenax 0...+5 B juig ycTaHOBKH KOHTPACTHOCTH WHIIN-
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karopa. bonee pannue XKKH 3agactyio TpeGosanu oTpuuaTenbHOro HampsiskeHHs V,
0...-5 B, kotopoe orcytcTByeT B STK200. B 310M cayuae uens V, Ha STK200 nomkna
GuITh pasoppaHa, a V, — rolasarbesa U3He Ha ebteoa 3 JKKH.

YrpaeneHde MHIUKATOPOM MOXET ObITh PeanH3oBaHO B pexkuMme oTobpaxkeHHs
B NaMATH WIH B peXxxMMe BBOAA/BBIBOAR. B pexxnme oToOparkeHUA B MAMATH K UHAMKA-
TOPY MPOUCXOANT obpatieHHe Kak K BHeltHeMy O3V no aapecam cornacuo tabn, 15.3.

Tabnuua 15.3. Aapeca gocryna ¥ *KKW-moaynio e pexciame oTobpaXenya B NaMATH

LR il + ’a;s A
e e LRI i H ek (D G 2EC:[H
3anuch KOMaHb! 0 i TOXX XAAX XXKK XKXX 8000
YreHue agpeca M iara 3aHATOCTH [ 0 10XX XXXX XXXX XXXX 8000
3anuch NaRHLIX 0 1 TTXX XXXX XXXX XXXX C000
UTeHue NaHHBIX 1 0 TIXX XXXX XXXX XXXX C000

PaszmepHocTy 3nemeHTOB Ha pHc. 15.8 aana ansg oGecneuyeHus paboThl ¢ TakTOBO#
yactotoil 4 MI'u. Ina apyroif yactoTs! ¢yHKUHOHHPOBAHHE B pPelKMMeE OTODpaKeHHs
B [12MSTH HE MOKET ObITh rapaHTHPOBAHO.

1234586785 10 12 14

+aY
ﬁRa |OQODCOO{?OOOOOQ‘
D2
A15 30 10k
o u3c 12 1 1 U3A
& L 1
j:g1_ & :E! 13 I B & 03
74HCOD CE 33
74HC00 ? 7ancon
YYYY YYYYYYY
> O % Q0N I Ot~
$3E FRAFIRLE

Puc. 15.8. XKKW-uvTepcenc STK200

Anpecras nunus Al5 axruBupyet JKKH-moaysib, korza seigaercs anpec, Gonbiumii
v paehbiit $8000. Takum obpasom aapeca nns ByewrHero O3V orpaHUYHBaKOTCA AHa-
nasoxHoM $0000-$7FFF.

Buibop pernctpa XKKH ans sanucu 3vadeHus onpeaengerca curdaiom Al4 na sei-
Bosie RS (Register Select, koHTakT 4) Mogyns. Eciin Al4 uMeeT HU3KHH JTOrHuecKkuil
YPOBEHb, TO 3HAMECHUE 3aNUCHLIBACTCA B PEFHCTP KOMaH/, B IPOTHBHOM Ciiyuae — B pe-
ructp AaHHbiX. [lpy mocTyne Ha YTeHWE CUMTBIBAETCA CUETUHK agpeca M ¢nar 3aHsTo-
¢TH (A14 = 0) wiu ke perucTp aanHbix (Ald = 1).

PexuM uyTeHust MM 3aMMCM ONpeneNseTcs JIOTHYECKUM YPOBHeM Ha Bxoje R/W
moayna (koutakT 5). Jlor. 0 o3HayaeT KOCTyn Ha 3anmMck, a nor, | — Ha urenue. Ha oc-
HOBAaHWM 3TOro nosyvaloT agpeca poctyna k KKH-mozymo B pesxume oto0pakeHHA
B NaMATH, NepeyscleHHble B Tabn. 15.3.

CofeTReHHBIH CTPOO-UMITYIIBC, 110 KOTOPOMY MPOMCXOANT OOMEH JAHHBIMH MEXKTY
mukpokonTponnepom AVR u kontponnepom HD44780 no seieonam PAC..PA7, dop-
MHpPYETCA OJHOBHOPATOPOM, NOCTPOEHHbIM Ha dneMenTax U3A, C8 u R3.

Ecnu B pexuMe oroOpaskeHHA B NaMATH HET HeOOXOOHMOCTH, TO B peXkUMe BBO-
Na/BblBOAIa pa3psAfbl PATHYHBIX TMOPTOR MOTYT YCTAHABIMBATLCA M cOPacHBATHCSA
00BIYHBIM 0GpazoM.

2] — 5-2384
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BempoenHsiil ksapuessit ocyunnamop STK200

Jlnsa reHepUpOBaHUS TaKTOB CHTEMHOR cHHxpoHM3aluK Ha nnate STK200 npucyr-
CTBYET KBapLIEBbIH OCLM/LIATOP, TEHEPUPYIOWMIA HMITYNbCE ¢ vactoToi 4 MIh, no-
ctpoennplii Ha noruyeckom snemente “U-HE” U3B (puc. 15.9). CrenepupoBaHHEIE UM-
nynscet noparotea depes pesuctop R15 wa Bxon XTALID Beex muxpokodTponiepos
AVR ua nnare. Beixog XTAL2 ocuunngTopa, MHTETPHPORAHHOIO B MUKPOKOHTPOINED,
ocTtaetcd ¢cBoOOOHbBIM,

usB
4 5 R15
sl & b2 o e XTALT Boex

100 AVR

74HCO0

o Q R? B2k

2
ED|}{T

c2 Y c1

1500 T 4Mry :—t‘.??p

Puc. 15.9. Betpoenuelil krapuesslit ocuunnatop STK200

Bocems uHdukamopHbix ceemoduodos Ha STK200

Ha nnare STK200 pacronoxenel BoceMb CBETONMOAOB, KOTOPhE NOJL3CBATENL
B LIENAX TECTHPOBAHHA MOXET TIOJCOEIHHHTE C NOMOLILIC HaGopa nepembruek JP-PortB k
rnopty B ceoero Muxpokontpostepa AVR. Ecnu 3Tu cBeToqMOAR HCMONB3VIOTCA, TO MOPT
B ¢ NoMOIIBIO CBOErC PErUCTpa HarpasieHus repeaavud fardHerxk DDRB pomkes GuiTh
CKOH(QUIYpHPOBaH Kak BbIX0[. BoceMb TOKOOFPaHHUYMBAIOIIHX PE3HCTOPOB 1Mo 1 KOM Kaxk-
AbiH pacTionoxensl 8 MaccuBe RB, o6uuii BoIBoA kOTOpOTO coenvner © Ve (puc. 15.10).

L, PBO
=g
”M PB1
~J
”m PB?2
V730 !

L PB3
i !
L PB4 |
' :
L PB5

i

]

1

|

T

F7 5
L4 PBS

~
”1/1 PB7

73N e J
JP-PortB RBO..RB7 =8x 1k
Puc. 15.10. Bacemb MHAMKATOPHBIX CBETOAMOADE Ha STK200
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Bocemb KHOMOYHBLIX 8bikmioyamenel Ha STK200

Ha nmate STK200 HaxonuTcd BoceMb KHOMOYHEIX BRIKIIOUYATENEH, KOTOPBIE M0JIb-
30BaTeNb B LIENAX TECTHPOBAHUS MOXKET NOACOEIHHUTD € MOMOLIBIO Habopa nepemMbIyek
JP-PortD x nmopty D cBoero mukpokoHTtponnepa AVR. Ecny 31ty BhikOuUaTenu wc-
NOMbL3YIOTCA, TO NOPT [J ¢ MOMOLBIO CROETO PErHCTpa HANMPABICHMS IEpedavd AaHHbIX
DDRD ponken ObITE CKOHGUIYpHpOBaH Kak BXold. BoceMb paboumx conpoTuBnensi
no 10 kOM kaxkaoe pacrofiokeHsl B MaccHBe peaucTopos RD, ofimuii BeiBoa KoTOpOroO
coeauHeH ¢ Vee (pue. 15.11),

y Maccus pesucropos RD
RDO. . RD7 =8 x 10k

n>: 4———9——0 fon

i 4———1———0 o

g 2

Ee—7T0 O

g 3

B a——t0 o

S . |

5 +——0 O

3.

fetlo of

'E --—5—0 o]

(=3

:O ----—--Z----O (4]
JP-PortD PDO — - - FD7

Puc. 15.11. Boceme xHONOUHLIX BLIKMOuaTeneld Ha STK200

PacwupeHue namamu g STK200 |

Ha nnare STK200 ecTb passemsl Ing pacluHpeHus naMaTH (cM. puc. 3.6 B rase 3).
B kauecTBe 37IEMEHTA NaMATH UCTIONB3YETCS MUKpocxema tuna 43256 u 62256 obve-
momM 32 K x 8 6mur.

Bpems aocTyna MHKpOCXEMBI A0TKHO JieXaTh B f1pesienax 70 HC 114 4acTOTH cHC-
TeMHOH cuHxpoHuzauuy 4 MI'n STK200. Ecmu npumenserca Gonee MenneHHas na-
MATb, TO Heo0X0AUMO ACGARAATE COCTORHUA MKUAaHud (cM noapazaen “BrewsHas ma-
maTs SRAM” rnaeel 3).

Mporpammuoe obecnevenve ana STK200

[Tporpammuoe obecneuenue ISP gna STK200 Gasupyerca Ha npoekTHOM mogxofe,
4YTO APUCYHIE BCEM COBPEMEHHBIM CHCTeMaM pa3paboTKH BLICOKOre ypoeHs. I osops
0606LI.ICHHO, 3TO O3HAYaCT, 4YTO MporpaMma YMNpaBiaAeT COBOKYIHOCTBIO paSHOTHI'lHOﬁ
undopmaumu. B ciyqae mukpokontponnepog AVR, a1 nporpaMMUpoOBaHUs IOCTYTTHA
naMATh nporpamm, namate EEPROM, a Takke pa3pagsl npenoxpaHeHys U OIOKHPOBKH.
Bee 3TH faHHbBIS, NPpUHALREKAUIHE OTIPEAENEHHOMY IIPOEKTY, ¢peia NMPOEKTHPORZHMA
CBOJHMT JI718 NTOJIb30BATENA BOCIHUHO.

21*
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[lepen mpoleccoM MPOrpaMMHUpPOBAHHA AO/DKEH MIH OBbITh OTKPBIT Y3ke CYILECT-
BYIOLUMH MPOEKT, MW CO3AaH HOBBIA. JIng 3TOro MOryT MPHUMEHATHCS KOMaH/bl MEHIO
Project cpeanl ISP unu oaHa u3 kHonok: New Project 1in Open Project (¢M. puc. 15.13).
Kak ToNbko OpoeKT OTKPBIT, MOTYT 3arpyaThCst Gaiabl JAHHBIX C NOMOLIBK KOMaHb!
MeHio File — Load HIH MTMKTOrpaMmel Open File.

[MporpamMma caMOCTOATENLHO paciiosHaer dopmar dakna .hex: Intel-Hex,
Motorola S unn Atmel Generic {cm. rnasy 13) — H 3arpy3uT €rc B OKHO, OTKPLITOE B
nanybIi MomeHT. BolGop akTHRHOTO okHa (mamaTu nporpamm uau EEPROM) ocyiiect-
Basercs oObuubIM g Windows ¢nocofoM: ¢ MOMOIELID METYKA MBIITBID HJIH KOMAaH-
bl MeHIO Windows.

3arpyskeHHble AaHHBle 0TOOPAXAOTCH CHHUM WIpUdTOM, MycToe okHo (Oe3 naH-
HbiX) coaepxuT SFF B yepHoM mpudiTe Bo Beex AueHkax naMaTH.

Meuio npoapammHozo obecneyenust ISP

DyHkuuH, Bxoasamye 8 MeH File, Windows 1 Help, TUITHYHEl O3 OKpyeHUA
Windows, ¥ UX Ha3sBaHHA TOBOPAT caMM O cebe, MO3TOMY OCTaHABMMBATLCH HA HUX Mbl
He 6yneM. XapakrepHeiM anst ISP sensetca mMenio Project, ¢ NOMOLWBI KOMAH KOTOPO-
ro MOXHO 3aNYCTHTh, OTKPBITh, COXPAHUTE M 3aKPLITh NPOEKT, XOTH, N0 CYTH, OHO NO-
no6Ho MeHio File apyrux npunoskenuid Windows.

Menwo Buffer NO3RCAAET MOJBL30BATENH) PEAAKTHPOBATL COAEPXHMMOE OKHA, Nepe-
XOANTH K ONpeJc/icHHOMY alpecy B npegenax Oydepa, Mckath GaliT AaHHBIX HAW dop-
MHPOBATh KOHTPONBHYIO CYMMY comepxumoro Oydiepa.

C nomoukio MeHIO Program nporpaMMHPYIOTCS JaHHble B NaMATH MUKPOKOHTPOII-
nepa AVR. HauGonee npoctoif nyTh “npmxura” JaHHbIX — (QyHKLME Auto-Program,
KOTOPYIO MOXCHO aKTHBHPOBATE HITH Hepe3 MeHIo Program (knapuina <F5>), unm xe ve-
pe3 nuKTorpaMMy Autoprogram.

W'ﬁ}}ﬁ"éﬁ{’ééﬁé OMaHALI AULOPrOGram BLINOMHAIOTCH BCe (DYHKLUMN, NPEABAPUTENEHO IBAAHMHAIE
e MeHi0 Autoprogram Options (puc. 15.12 ). C nOMOLWBIG (ONAXKOE AONL30BATENb MOXET BbiGH-
PATE BEINOMHACMBIE AGHCTBUR. | . oo st s st sttt 188t

B Tom cnyuyae, ecnu nporpammHoe obecneuenue [SP He HAXOAMT 3aLUMTHOrO KO-
4a-3arJYIMKH Ha NapajulefbHOM MOpPTE, Ha 3KpaHe MosBHTCA cooblieHue of omubke
“Dongle not found”. Ecnu 310 coolilledye NOABIAETSA, XOTA KNKOY U TIOACOEANHEH, TO
c/leAyeT NpOBEPUTh KOPPEKTHOCTE BbIOOpa MapaninensHoro nopra.

[Tociie ripoBepKM 3aIMTHOrO KNOYa-3arfylIKd MPOrpaMMHoe ofecnedeHHe MbiTa-
eTCA CUHTATH WJIeHTUbMKALHOHHble OaliTbl CHTHaTYpb! MHMKpokoHTpommepa AVR.
B cnyvae HeynauHo#H NoNeITKH Takxke OYyAET BLIAAHO COOTBETCTBYIOLIEE COODILEHHE.

Camo coboli pazymeeTcs, OTAENbHbIE LIAIH POrPAMMHPOBAHHA MOXKHO BbITIONHATH
BPYUHYI0. JI18 3TOr0 UCMOMB3YIOT KOMAaHb! MEHIO Program:

" Device Empty Check — npoBepsacT, BCe NH SUEHKM MamMATH MHKPOKOHTpOJ/UIEpa

AVR coaepxart 3HaueHue “$FF”;

= Erase — CTHpAET BCIO NAMAThL MUKpOKOHTposiepa AVR (coaep:xnmoe = $FF);

* Program Device — nporpaMMHUpYeT MaMATs> IporpaMM MHKPOKORTPOJIEpa
AVR,
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* Program EEPROM — nporpammupyer namars EEPROM mukpokonTponiepa
AVR,;

= Verify Device — CBepaeT Kax/Ibli y4acTokK B Oydepe c COOTBETCTBYIOINM yua-
CTKOM B MAMATH MPOTrpaMM MHKPOKOHTpomIepa AVR;

» Verify EEPROM — cBepseT KaK/IbIH yiacTok B 6ydepe ¢ COOTBETCTBYIOWMNM
yuyacTkoM B namatd EEPROM mukpokonrposiepa AVR;

* Read Device -—— CUNTLIBACT BCe Aueiiky UIdL-NaMATH MMKpPOKOHTpOARepa AVR,
H IMOMELLAeT pe3ynbTaT B Oy(hep N0 COOTBETCTBYIOLIMM a/Ipecam;

= Read EEPROM —— cunThiBaeT Bee Ayerky naMaty EEPROM, n nomewwaer pe-
3yAbTaT B Oydep 1o COOTBETCTBYIOLMM a/IpecaMm;

= Program Lockbits — nporpaMMHpyeT pasps/ibl SIOKHPOBKH COMNIACHO YCTAHOB-
KaM cpenbl POEKTHPOBAHUA,

= Health Check — TectupyeT mukpokorTpouiep AVR Ha cnocoGHOCTE (ryHKLMO-
HUPOBATH;

= Device Checksum — BbI4HCAET KOHTPONBHYIO CYMMY S COACPKHMOro MHK-
pokoHTponnepa AVR.

e o
Cloperollck FE
Clopoz20lfcn o0
80030[[EF 3E
eosya(|oF Eo
00n50[|Fy 13-
Glalatd:] 10
OlaveTe(|Es 68 F9 €1 L) -
09680||SF 1E 45 o ii_~0/b +/P20@)0LE
BlooesolcF 01 | wanaasananany|

FF FF K a . [|aanaaansaranaanaj -
FF - AAAAABRAARRRARAAS
FF_FF_FF_FF_FF_FF_FF_FF_FF_FF_ FF_FF_FFJF FF_ FF BBSAANABAAANRAAY

LB I e A 2 e o L 6 B b M U M M e CE i &t

FF_FF_FF_FF_FF_FF_FF_FF_FF_FF_FF_FF_FF_FF.FF | naansasannsnas

Puc. 15.12. Tunu4Hoe npeacTaBneHne akpada nporpammoro ofecnedeHun ISP
C aKTUBHLIM MeHK Auto-Program Options

VYenemHo 3anporpaMMHpOBaHHble JaHHbIE OTOOpaKaloOTCA B COOTBETCTBYIOIIEM
OKHE 3€/IeHbIM LBETOM, 4 AaHHKIE, 3aNpoTpaMMHUpORaHHEIE ¢ OMMMOKAMH, OyayT Bhige-
JleHBI KPACHBIM LIBETOM.

Menio Options NMoO3BONIAET HACTPOUTH TaKHe NMapaMeTPphl KaK HCIONB30BaHHE Ia-
pPANENLHOTO NOPTa, WPUHGT, OTKIOYEHHe TecTa CUrHATYPb! (Advanced), omuuy SPl u
LBETOBOE OOPMITEHHE.
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Maxens uHcmpymeHmoe cpedsi ISP

Haubonee BaKHbIE KOMAHIBE MEHI) MOTYT TAKOKe BBINONHATECA ¢ OMOLUBK) TTHKTO-
rpamMm (KHOMOK) MaHeNH MHCTpYMeHTOB (puc, 15.13).

Hasswi  3akpeits  OTRpoie OGHoBWTL [porpam-
npaeKky  MPOEKT thaiin dafin  mvpoeate [poBepuTs Auto-Frogramm

repeiTe CoxpaHiTs CoxpaHkTs ONUCTUTs “uTaTe  Paspage! CEpoc
NENEKT  NPOBKT thain ONOKKMPOEKY

Puc. 15,13, Nanens UHCTpYMEHTOB cpegkt ISP

[Tpu NporpaMMEpPOBaHHH ¢ IOMOILBIO KHOIKH [&8HETH HHCTPYMEHTOR IPOrpaMMK-
pyerca namMaATe komang U EEPROM — 8 2aBHCHMOCTH OT TOro, KaKoe OKHO aKTHBHO
B JaHHbIA MOMeHT. IIpH 49TeHHMW cojepxkuMoro MukpokoHTponnepa AVR ¢ nmomorsio
KHOMKH [aHETH HHCTPYMEHTOB CUHMTHIBAETCA COJEPKHUMOE NAMATH NPOrpaMM MM
FEPROM — B 3aBUCMMOCTH OT TOTO, KAKOE OKHO 3KTHBHO B NAHHEIH MOMEHT.
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16 MPUMEHEHWME MUKPOKOHTPONMEPOB
CEMENCTBA AVR

B a70ii rnase OyAyT paccMOTpEHB! NPHMepbl NPUMEHeHHs OCHOBHBIX QyHKuUMH,
peann3oBaHHBIX B 5az0Boil cepuu MHKpOKOHTponepoB AVR. Hapany ¢ uenoabioBaHu-
eM Taiimepa (BKJIKOYAs PEXKMMBI CPABHEHMS W 3aXBaTa), MOPTOR, HHTepdeiica SPI, aua-
JIOTOBOTO KOMIMApaTopa H “crfwere” pexuma, OyRer 3aTpOHYT AOCTYI K [MaMATH
EEPROM. [pu 3tomM, Onarogaps MHOMECTBY KOHKPETHBIX HPHMEDPOB NMpOrpaMM, Aaxe
HOBHUKH CMOIYT GBICTPO OCBOHTL METO/bl NPHMEHEHHS MUKpokoHTpoinnepeB AVR Ha
NpaKTHKe.

His mogenu AT90S1200, xoTopas He MOKET “moxpactaTtecd’ Takoif ke Goraroif
(ANUTPOH annapaTHBIX KOMIIOHEHTOB Kak ApYyrHe MpeAcTaBuTeny cemelcraa AVR, Gy-
JCT PaAcCMOTPEHA MCKIKYHTEIbBHO MPOrpaMMHad  pealiu3aliMsd  {IONHOOYINIEKCHOro
npuemonepenaruuka UART, no3sonstoluero nepenaBaTh JaHHBIE ¢O CKOPOCThIO 9600
6on, uutepdeiicon SPI 1 I°C, apronepesarpy3xu TaiimMepa, a TakoKe GYHKLIHH LIMPOTHO-
HMAYNBCHOIO MoayasaTopa Ha Oaze Talimepa/cuetunra T/CO.

CpeacTEa ABOVMYHO-OECATUHHOW apudMeTUKN

B ToM cimyyae, ecin TpeSyeTcs YacTO BbIBOIHTE H3 MporpaMMbl Ha AWCIIIEH wiecT-
HaJuaTePHUHbIe 3HAYEHMS KaK JeCATHYHBIE WM K€ HENOCPEeACTBEHHO MPOUIBOAWTH
BLIYHC/IEHHS C JIBOHYHO-AECATUYHBLIMH YHCAZMH B 00X0] HIecTHaAUATEpPUUHOH CHUCTe-
Mbl CUHC/IEHHS, MOXHO WIM MOCTOSHHO BHITIOJNHATE TpeoOpa3oBaHMA, HIH Xe (4TO
NpeLNoYTUTENBHEE) BOCOONE30BATHCA Kakoi-Hubyaw HeOonmpwoi Oubnuorekoil mog-
nporpaMM, cofepwxamed cpeacrsa neowuHo-gecatuuHod (BCD — Binary Coded
Decimal) apudmeTHru.

[Ipennaraem ciaemyromuit Habop NOANPOTPaMM, KOTOPBIH MOXET NPHIOAUTLCH YH-
TATeNO B €ro cOOCTBEHHbIX MPOEKTaX.

Mma charina Ha NnpunaraeMoM K KHUre KOMnaxkr-gucke: \Programm\161BCD . asm

'-*'k'k* CpenCTBa BCD_apreTMKM krknkhkhkdhkhkhkhkxrhkkrkrhkhkrkkrrrhrrkhrhkhrhkrhhkrbhirx

I3
3

; * Toanporpamant BCD-aprdMe THMRM .
* HexBCD: npeoGpasoBHBAET WeCTHARUATEPHMUYHEOE CIIOBC (LENCUMCIISHHOS, 16 paszpancs)
* B S5-pazpanHoe BCD-4uMCIIO

* XBruchbD: npeo0pasoBHBAST NPCCTYR WEeCTHADUATEPUMUHYIO Opofs (4 3Haka nocne
i* sanaTor) B BCD-mpofs
i* BCDHex: npeofpasoBuBasT BCD-urcno (5 UeOYMCIIEHHEX paspAaloB) B

*

w

*

*

*

’

2

’

H mecTHaOUaTepHMdHoce cfloBo {16 paspanom)
BCDAdd: BCD-CJIOREeHWE NOBYAPaspAIHEX uMcen
BCDSub: BCD-BeMMTaHMe IBYXDARPAIOHER UUCes

’

;

r
LR EEE SR E SR R RS A RS R R e R R LR R

’

nolist




328 rpumerenue MukpoxoHMpONnepDe cemaiicmea AVR

.include "8515def.inc"
Llist

FRAAXE DApUCTPOBEE [1EPEMEHHES

.def CpyL = rll ; Mnammai Gaitt npoMexyrodHore Gydepa
.def CpyH = rl2 ; Crapumit GalT npoMexyTOUHOTO Gydepa
.def BCDO = rl3 ; BCD-paszspsam 2 u 1

.def BCD1 = ri4 ; BCD-paspamer 4 m 3

.def BCD2 = rl5 ; BCD-paspame 6 o 5

.def hexL = rié6 ; Mnamipit GafiT mecTHaIlaTepMuHOTO CioBa
.def hexH = rl7 ; Crapupgt SafiT WecTHALUATERMYHOTO CIoBa
.def cnt = rlg ; CueTuuk

def tpl = rld ; PaBouunii perucTp

.def tmp2 = r20 ; PaBouumin permcTp

.def Digt = r2l ; Pafouuit perorp

def BCDa = r22 ; 1. BCD-uwxcno

.def BCDb = r23 ; 2. BCD-uncno

RESET:

000000 <073 rjmp Haupt ; lepexon X TNaBHOM NpoTDaMMe

'A***‘k*****************************‘k********************ii*****i******i****

;* HexBCD - 1lé-paszpsapHoe IBOMYHOS WMCIO (Uenoe) -> BCD.

¥ 0ma nognporpamrMa IpeofSpazobnBacT 16-paspaldoe WecTHAOUATSPUYHOS WHMCHO,
¢* xparmmmMoe B hexH:hexl, B S-paspsafguoe ynakopaHHoe BCD-uuclo, coxpaHAeMmoe
; B BCDZ2:BCDLl:BCDO.

’-&*****************************‘k**************#************#**************

HexBCD: ; xxxx (Hex) -» Qabcde {(BCD)

000001 do44 rcall Divl0 ; hexH:hexL / 10, ocraTox - B tmpl

000002 2ed3 mov BCDC, tmpl ; Pezymbrar - B hexH:hexL, tmpl = paspsan 1
000003 do4z2 rcall Divl0 ; Ocrarox = paspan 2

000004 9532 swap tmpl ; Paspsao 2 - B crapuiii nonySant

000005 2ad3 or BCDC, tmpl ; OfeemiHAeM paszpadul 2 4 1 B BCDO

000006 d03f rcall Divid ; Ocramox = paspan 3

000007 Zeel mov BCD1,tmpl ; B BCD1

000008 d03g rcall Divl10 ; Ocrarox = paspan 4

400008 9532 swap tmpl ; Pazpan 4 - B crapumi nosgyGanT

00000a Z2ae3 or BCD1,tmpl ; OSwkemmHsaeM paspanm 4 ¥ 3 B BCDL
00000b Zefl mev BCDZ2,hexL ; Paspam 5 - B BCD2, crapumii nonyBair = {
00000c 9508 ret

;‘k*******************t*********************k*******************************

¥ XBruchD - lé-paspsankas IbBowdHas npobe -> BCD-npobe.

;* OTa nognporpaMMda Npeodpa3oBpbacT l6-paspAnHyis OBECMUHYKR opobs "0, abed”

i (4 wectrHaADUATeDHYHEIX 2BHAKA [OCHE BaNATON), XPaHrMyld B PeDUCTROBOM ape

i* hexH:hexL, B BOCBEMMDARPAOHYO yHaxoBarkKyk BCD-1hj,m "0,654321", coxpansemyo
;* B permcTpax BCD2:BCD1:BCDO.

;******i‘*****************‘k*‘k*******************‘k**************************

XBruchD: ; 0,abcd (HEX) -> ,654321 (BCD)
00000a di4e rcall Mulls ; YmsiomaeM hexH:hexl ua 10
00000e 9532 swap tmpl ; NepenonmHerue B tmpl = paspsan 6

00000f 2ef3 mov BCD2, tmpl ; Paspam 6 - B BCD2

000010 d04b rcall MuilQ ; HNepenonnenme B tmpl = paspag 5
000011 2af3 or RCDZ,tmpl ; OOremuuHAeM paspaln 6 M 5 B BCD2
000012 do49 rcall MullQ ; llepenonuesue B tmpl = pazpsn 4

000013 9532 swap tmpl ; Paspsanm 4 — B CcrapmmMit noiySanT
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000014 Z2ee3 mov BCDL, tmpl ; Pazpanm 4 - B BCD1

000015 4046 recall MullO ; Tlepenonuenne B tmpl = paszpsa 3
000016 2ae3 or BCDL,tmpl ; OfmemsHsem pazpams 4 u 3 B BCDL
000017 do44 rcall Mulld ; TlepenondHehme B tmpl = paspsan 2
000018 9532 swap tmpl ; Pazpan 2 - B crapumit nony®ait
000019 2ed3 mov BCDO, tmpl ; Pa=zpanm 2 - B BCDO

00001a 4041 rcail Mullo ; [epencnperre B tmpl = paspsg 1
00001b Zad3 or BCDC, tmpl ; OOremuseM paspansl 2 1 1 B BCDO
00001z 9508 ret

pkkhkhkkk Rk k ko kk ko kdwohkk kb kb kb b wwhdhh kb bk kbbb dEr b hdbddddddok bk kol ke dedkodkxx
’

;* BCDHex — S-paspamHoe uenoe BCD-wucno -> mecTHamuaTepwuHoe cioeo (16 Out) .
;* Jra nomOporpamvMa npeofpaseBuBaeT S-paspanHoe BCD-uMcio < 65536, XpaHuMMOe B
;* permcrTpax BCDZ:BCDL:BCDO, B 4-xX3HakoBOe WECTHANUATEPMYHOS 4WHMCHO, XPaHMMOE
;* B perucTpoBoll nape hexH:hexL.
;************************************it********************k**************
BCDHex : Dabcde (BCD) —-> xxxx (Hex)

00001d 2711 clr hexi

000Cle 2d0f mov hexL,BCDZ ; hexH:hexL
10001f 2d5e mov Digt,BCD1

300020 d04c rcall MulAddH ; hexH:hexzlL = l0atb
(00021 2d5e mov Digt,BCD1

000022 do4ab rcall MulAddL ; hexH:hexL = (l10a+b)10+c
000023 2d5d mov Digt,BCDO

(000024 4048 rcall MulAdddH ; hexH:hexL
200025 2d53d mov Digt,BCDO

000026 d047 rcall MulAddL ; hexH:thexL
000027 9508 ret

H

a

({10a+b}10+c)10+d

I

i

({(10ath) 10+c)10+d) 10+e

;w****x***&****J(*********-ir**********i*************************************

:* BCDAdd -~ crnoxeHme Hsyx BCD-umcest.
;* CRIAMSBAKTCA IEa YHNaKOBAHHRIX OBYX3HAKOBEX BCD-umcna BCDa u BCDb.

;* PesyrnTaT COXpaHseTcs B PervcTpoBoi nape BCDh:BCDa.
’-*************************************************************************

BCDAdAA: ; BCDa + BCDb

000028 0f£67 add BCDa,BCDb ; IOBoMUHOS CIOKEHWE WACE]]

000029 27771 clr BCDb ; OBHynaem BCOb (crapunar BaiT)

00002a £408 brce Bal ; llepexon, ecom dular nepenoca C=0

00002 9573 inc BCDb i Bamceeaem BCD-rnepenojHeHue

BA1 :

00002¢ £025 brhs BAZ ; [epexonm, ecnm dmar nOMOBMHHOTO nepeHoca H=1
00002d 5féa subi BCDa,-6 ; llpomepka: mpuGaBndem 6 Kk Miamued umdpe
00002e f4ld brhc BA3 ; Bomr H=0, 7o mmamuas umbpa > 9

00002f 5066 subi BCDa,®6 ; BrmonHsem ofpaTHY® IPOBEPKY

C0O0030 <001 rjmp BA3

BAZ2: ; Tpebyercsa BCD-xoppexIMd:

000031 5féa subi BCDa,-6 ; [puSasBndaeM x mAammed uMppe 6

BA3:

000032 5a60 subi BCDsz, -360 ; llposepxa: npufaenseM b x crapmed umdpe
000033 f418 brcc BAS ; Ecmk C=0, To crapmas imbpa > 9

000034 ££70 sbrs BCDb, 0 ; ECMM 1npy OBOMYHOM CJIOXEHMM HEeT NepenojHeHus,
000035 5660 subi BCDa, $60 ; BLINOJIHAEM CCPaTHY® NpOBEDKY

000036 2508 ret

BAS:

000037 8573 inc BCDL ; BCD-nepenonkeHma
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600038 9508 ret

i
AT R A TR EE R E SRS E RS R A RS S AL AR R R REEEELE AL AR SRS RERREREREEEREEEEREEEESSEESTE
’

;= BCDSub ~ BeMMTaHMe OnA IEYX BCD-uncen

;% YnakoBaHHOe OByX3HAkoBoe BCD-umeno BCDb BrMUTaeTCA U3 TakoTo Xe uWMcla BCDa.
:* PesyneTar coxpansercd B BCDa.
;{-if***********t*************************************************1\-*********
BCDSub: ; BCDa - BCDb

000039 1be7 sub BCDa,BCDb ; [BOMUHOE BLMMTAHUES

00003a 2777 clr BCDb

00003k f408 brece BSO ; Bem ¢uar nepeHoca C=1 (BCDa < BCDb), To
00003¢ 9573 inc BCDb ; BanucesaenM B BCOb zaem

BS0: '

00003d f40d brhe BS1 ; lepexon, ecny QUar OONGBMHHOTO nepeHoca H=0

000032 5066 subi BCDa,$06 ; RBCD-KoppeKUMA: BbMHTaeM 6 M3 mIaomel Lpddpe!
B51:

Q0C03f ff70 sbrs BCDb,0 7 HponycraeM CleIyvioUlyn KOMEHAY, eClM eCTh 3asM
000040 9508 ret i BRXOO M= MOONPOIDaMMEL

000041 5660 subi BCDa,$60 ; BCD~KOppeKUMA: BbMUTAEM 6 M3 cTapwed wadps
000042 071 1di BCDb,1 ; [poBepka: ycTaHcBxa 3aeMa B BCDb

000043 f£408 brce SB2 ; Ecimu He BOSHMKAST 3aaMa, ToO

000044 <071 ldi BCDb,1 H BLIONHASM OOPaTHYIO IROBSPKY

SB2:

000045 9508 ret

;*********'k**********************************vr****************************

;* BenoMoraTensHas poTpamda
;g***wx**i-*-k******************d:*+ifi******ir********************************
piviQO: ; Henmenue hexH:hexl rHa 10,

; pe3yneraT — B hexH:hexl, ocraTox - B tmpl
000046 2733 clr tmpl
000047 000 1sl hexL
000048 1£11 rol hexH

000048 1£33 rol tmpl ; Henenue crapumMx Tpex paspAnos Ha 10
00004a 000 1s1 hexL ; MOXeT MATE B Des3yisLTare
00004b 1£11 rol hexH H TONEKRG O

00004 1£33 rol tmpl
00004d 0f00 151 hexL
00004e 1£11 rol hexH
00004f 1£33 rol tmpl

000050 =02d 1di cnt, 13 ; Cuerumx mma ocraBuMxcAa 13 pazpance
Loopl0:

000051 0£00 1sl hexL ; COBMD memmMuoro BIAESBO Ha 1 paspan
000052 1f11 rel hexH

00053 1£33 rol tmpil ; TlepenondeHwe B tmpl

000054 503a subl tmpl,10 ; TlpoBepka: nepenojiHeHue > 10 ?
Q00055 £010 brlo HBL 7 Nlepexon, ecam HeT

000056 9503 ine hexl ; YBeyMuMBaeM CUeTuMK nelenus Ha 1
000057 <001 rimp HB2

HB1:

000058 5f36 subi tmpl,-10 ; BeIIONHAeM OCPATHYID NDPCBEPKY

HB2:

000059 952a dec cnt 7 HexpeMeHTHRPpYEeM CUETUHMK pa3spaics
00005a f7bl brne Locpl0 ; Hepexon, ecnM e He BCEe paspAIb

00005b 5508 ret
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Mullo: ; YmmioxeHue "hexH:hexL" (abcd) na 10
00005¢c 2733 clr tmpl ; ... [epencnuenre - B tmpl

000o05d 0£00 1sl hexL ; YmmioxaeM Ha 2

00005e 1f11 rol hexH

00005f 1£33 rol tmpl ; TNepenonxHeuue

000060 2ebl mov cpyL,hexL ; CoxpaHAem B Gydep
000061 Zecl mov cpyH, hexH
000062 2£43 mov tmpZ, tmpl

000063 Ocbb 1sl cpyL ; YmuoxaeM Ha 2 (BCcero - Ha 4)
000064 lcec rol cpyH

Gonoes 1£33 rol tmpl ; llepenonHeHue

000066 Ocbb lsl cpvyL ; YamoxaeMm Ha 2 {Bcero - uHa 8)
000067 lccco rol cpyH

000068 1£33 rol tmpl ; TNepenonHeHue

00QU0es 0dob add hexl,cpylL : lpubasnaeM nNpoMEXYTOUHEI! pesyrneTaTr ( 2 2)
00006a ldlc adc hexH, cpyH

00006k 1f34 adc tmpl, tmp2 ; Tepencnremuwe 0...9 - B tmpl

000d6c 9508 ret

MuiAddH: ; hexH:hexL*10 + crapumit nonySaitr (Digt)
00C0ed 9552 swap Digt ; Menmgem MecTaMy CTapUMMM M MIADUMM NOIYSANTE
MulAddL: ; hexB:hexL*10 + muammsit nonyGSaiT (Digt)

00006e dfed rcall MullQ ; YmHoxaem Ha 10
0000&ef 705f andi Digt,0x0f ; COuyndem cTapumit nonyGawT
000070 0f05 add hexL,Digt ; [IpubaBifeM Mnammit rostySalT

000071 £408 brec MAL ; llepexon, ecim nepenosHeHMe
000072 9513 inc hexH ; VHKpeMeHTHMpyeM CTapmmit SaiT
MAL:

000073 9508 ret

Haupt:

000074 032 1di tmpl, High (RamEnd}

000075 bile out sph, tmpl

000076 eb3f 1di tmpl, Low (RamRnd}

000077 bf3d cut spl, tmpl

000078 efle 1di hexH, $FE

000079 edCc 1di hexl, $DC

Hl:

00007a df92 rcall HbruchD : rl7:ri6, $0,FEDC = (,99554
00007b efle 1di hexH, SFE

00007c edOc 1di hexL, 3DC

00007d df83 rcall HexBCD ; rl7:rl6, $FEDC = 65244

000072 dfSe rcall BCDHex ; BCD2:BCD!:BCDO, 65244 = S$FEDC
00007f 968 1di BCDa, 598

000080 eB77 1di BCDb, $87

000081 dfast rcall BCDadd ; BCDb:BCDa = 01:85

000082 966 1di BCDa, 596

000083 e575 1di BCDb, $55

000084 dfb4 rcall BCDsub ; BCDb:BCDa
000085 e565 1di BCDa, $55

000086 €976 1di BCDb, 396

000087 dfbl rcall BCDsub  ; BCDb:BCDa = 01:59 (-41)
000088 cffl rijmp HL

000089 0600 nop

]

00;41
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Npeobpasosanue wecmraduamepuuHozo Yucna & BCD-yucno

[ToanporpamMma HexBCD BBINOIHAET Tpeodpa3oBbiBaHHe |6-pa3paaHOro LIeCTHa-
AUATEPUYHOrO HHCIA, XPaHUMOTO B peructpopoif mape hexH:hexl., B nsrupaspsanoe
ynakosaHioe BCD-uucno, coxpansemoe 8 peructpax BCD2:BCD1:BCDA{).

[peobpa3oBanne 3aKINOUAETCA B HECKOBKHX ONEPALMAX ACSJIEHUSIX C OCTATKOM.
Yueno B lecTHAALATEPHYHON CHCTEME CUMCHEHHS MOXKET ObITh NMEepere/ieHO B IBOUY-
HO-AECATHYHBIR 3KBUBANCHT NOCPEACTEOM €ro HOCHEACBATENLHOrC JCNEHRS HA OCHO-
BAHHE HOBOH CHUCTeMBI cuHenenus (To ecth, Ha $0A). YacTHoe OT Tekyulero aeneHHs
ABNAETCS ACMUMBIM NS CAEAYIOWEH ONepaluH AeNEHHS, a COOTBETCTBYIOLHE OCTAaTKH
dhopmupyior otaensusie uidpsl BCD-uncna: by, ..., by, by. [lpeoGpazosanue zapepiua-
€TCs, EC/IH Pe3ybTAT JeTeHUs PaBeH HYRO.

[pumep: 1By Ap=2 Ocratok 7 => by =7
2, Ah=10 OcTtarok 2 => by =2
1By, =274

lpeobpasoearnue npocmoll dsoudroil 8pobu e BCD-3p0bs

IMoanporpaMma XBruchD BhinosHdgeT npeobpasosaHue npoctoli 16-paspgaHoil
ABONUHOH Apobu “0,wxyz” (4 WecTHaAUATEPHYHBIX 3HAKA NOCHe 3aiIAToH), XpaHuMoit
B pervcTposoil nape hexH:hexL, B wecTupaspaanyro ynakoeanHyio BCD-mpobs
“0,6543217, coxpanseMyo B pervctpax BCD2:BCD2:BCDO.

IpeobpazoBaHHe BBIMONHACTCA COMNACHO NPUHLMIY AOCIEAOBATCNLHOID YMHOMNKE-
vus. [lpocTas npode B LIECTHAAUATEPHUHOH CHCTEMe CUUCISHUS MOXKeT ObITH Mepese-
JleHa 8 JBOHYHO-AECSTHYHBI IKBHBANESHT NOCPEACTBOM MOCIEAOBATEABHOID YMHOMKE-
HHA Ha OCHOBAaHHE HOBOH CUcTeMBl cuucheHus (1o ects, Ha $0A). CoorBeTcTBYlOMIME
NEPENONHEHN, TIOTYYEHHblE B PE3y/bTare onepauuii yMHOXKeHHA, (GopMHpYOT OT-
aenbHbte tHdpel BCD-apotu: by, by, by, ... . OcraBusifcs ocraTtok NpousBeIeHHS
ABNAETCA MHOKHMMbBIM U clefylolleil onepauun yMmuosxkeuus. Ilpeofpazopanune 3a-
BEPIUAETCA, €CAH JOCTHIHYTO KEe1aeMoe KONHYECTBO 3HAKOB mocie zamatoi B BCD-
napoGu.

Mpumep: 0,18, x A, = 1,0E Tlepenonnenne 1| —b_ =1
0,0E, x A, = 0,8C [Tepenoanenwe 0 = b, =0

0,8C, x A, = 5,78 Tlepenonvenne 5 = by =35
0,78, x A, = 4,B0 [lepenonnenue 4 = b =4
0,1B,=0,1054,

lpeobpasosanue BCD-yucna e wecmHaduamepudHoe Yucio

IognporpaMma BECDHex BBINOAHAET 1peobpaszoBadue nsatupaspaauore BCD-uucna
n < 65535, xpanumoro B perkcrpax. BCD2:BCD1:BCDO, B YeTbIpeX3HaKOBOE 1IECTHA-
AlATepHYHOE YHCI0, coXpaHseMoe B peructporoii nape hexH:hexL.
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Jlng Toro 4yTobkl ONpEenenuTL COOTBETCTRYOLIEE YMCTO, Kaxk/as nuppa BCD-uucna
YMHOKAeTCcA Ha BeC ¢¢ pa3psjia B HOBOH CHCTEME CHHCHEHMsA, M BCE MPOU3BEACHHS
CKJIAJBIBAIOTCS:

11 = (b by Bra -2 by bl = (b x $OAN + by, x $0A™N! + ...+ by, x $O0A' + by),.
Ipumep: 12345 =1x $3E§ + 2 x $64 + 3 x $0A + 4 =$4D2,

Boinoca $0A 3a ckobku, nomyuaem:

n=(by x $0A + by ;) x $0A + bya) x $OA ...+ b;) x $0A + by),.

Taxkwm obpazom, B noAnporpaMme BCOHex K MPOU3BEAEHUI0 cTapiuedl tudpst. ym-
HoskerHoH ua $0A, mpubasngerca cneaylowmas miaaawad uddipa, 3aTeM dTa CyMMa
onaTe yMHoxkaeTcs Ha $OA, W Kk Helt npudaenaeTed cneayromas Mianuas uudpa v T.14.

Cnoxenue BCD-qucen

B noanporpaMmMe BCDAJd HarisAHO BMAHA pasHHLA Mexay apxurekrypamu CISC
1 RISC. Hecmotps na To, uro cucteMa komanj MukpokoHTposuiepos AVR ne yverynaer
no o0beMy cHcTeMe KoMaH Jitoboro MukpokoHtpomiepa CISC Toro xe wiacca, B Hel,
OJIHAKO, OTCYTCTBYET KOMaHAa da, Hcnonb3yeMas B Oonbwunctee CISC-mukpo-
KOHTPOIJIEPOB 1S ACCATUUHON xoppekuuM nocne cnokerns Aapyx BCD-uncen. Tak, B
mukpokoHTpostepe 8051 onepauus BCD-cnoxeHus BBIMOMHAETCA € [TOMOLUBIO ABYX
KOMaHa: DD A, Rr ¥ DA A. Pasmep obeux komanz cocTarngeT oaud Oalit, 1 Ha nx
BBINOIHEHWE B CyMME 3aTPavMBAETCs JBA MAIFMHHBIX TaKTa, TO €CTh, — 24 TAKTOBLIX
UMEJIA, 4TO NPH YacToTe ocuunasropa 12 Ml'u coorBeTcTayeT BpeMeHH 2 Mc.

IloanporpaMma BCDAdd, peanq3oBaHHAA B CUCTEME KOMAHJ MUKPOKOHTPOLICPOR
AVR, coctout uz 17 komann. Fpu vactote cucteMnoli cuHxponnsaunu 8 MI'y na sel-
nosinenue 31ux 17 xomaup noTpebyercd B cyMMe Beero numb 1,375-1,75 me. Komanaa
DA A -— 9T0 KpalHuit cnyyvad, MOCKONbKY, dpPeKTHRHOCTE GONBUIMHCTEBA APYIHX KO-
man]l pacnpocrtpancHHbX CISC-mukpokonTpoanepos enle MeHnile 3(heKTHBHOCTH
COOTBETCTBYIOLLMX HM KOMaH,, IPHCYTCTRYIOIIHX B cHcTeMe AVR.

Annaparras peanusauns BCD-koppexkuun oaHol umdpel noxazana Ha puc. 16.1,
PaccMoTpenHas noanporpaMmma BCDAA SBISETCH aHAJIOTOM 3TOW CXeMabl.

w04
b3 —] oA > 0 —— b3 4
. —f
bl — E L bl g
b0 —f g :LEJ__ 00— o "é
al—m = 3 a3 2. = =3
22—l 5 82 g2 © - 52
al — 51 al —» s1
a0 ——m | a0 —m sl

Puc. 16.1. AnnapaTHan peanuIauna QecaTHYHOR Koppekuun nocne BCD-cnoxeHun
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Boiqumanue BCD-yucen

[oxnporpamma BCDSub BRIIONTHAET NeHCTBIE, OOPATHOR JECHTUUHOMY CROMKEHRIO.
Owua puiypraet BCDb u3 BCDa u BLITIONHACT COOTBETCTBYIOLLYIO KOPPEKIHMIO pe3ynb-
tara, coxpaHeHHore B BCDa. Ecnu pe3ynsraT oTpuuarensHelid, TO BHIMOAHNETCH 10-
nonxeHue Ha ocHose 10, u B pe3ynbTaTe YCTAHOBKM Majuuero paspsfa B perucrpe
BCDb eosnukaer “zaem” w3 Omkaiiinedi crapineli nosMuuu (CM. npuMep B ClasHoi
nporpamme: 55 — 96 = 01:59, uro cooreercTByeT —49). bnarogapa 3TOMy, BO3MOMCHO
BCD-puiuuTanue, BEINOMHAEMOE HAZl HECKOIBKUMY Oaiitamu (155 — 96 = 59).

Ha npunaraeMom K KHHTe KOMMAKT-AMCKe B nanke \Atmel\Software ecTh elle
HECKOITEKO WHTEPECHBIX, ApU(METHUCCKHUX TOAIPOrpaMM:

* avr200.exe — YMHOKEHHE H TeeHHE MHOTOOAHTOBBIX 3HAUSHHH,

* avr202.asm— 16-pazpsaHas apugimervka;

"= avrl0Z.asm— pabora c ykalaTeasamMu (KONUpoBaHKe OJIOKOB HaHHBIX).

Bce onn MoTyT ObITE DecnnarHo sarpyxensl ¢ Web-calita komnanun Atmel.

basoBble onepaliun BBO4a/BRIBOSA

B 3TOM pa3jene paccMATPUBAIOTCS HEKOTOPEIE NOAIPOrPAaMMEl BBO/1A/BBHIBOAA 114
Habopa STK200, ¢ NOMOIUBIO KOTOPbIX HOBHUOK CMOMET OAHOBPEMEHHO TTO3HAKOMHTD-
cg kak ¢ STK200, Tak 1 ¢ mopTaMyl MUKPOKOHTPOANEPOB cemelicTea AVR.

Kraceragckum “nepieiM mpUMepoM” NPH MPOTPaMMHPOBAHUKN HOBBIX MHKPOKOH-
TPONIEPOB ABIASTCA BKIOYeHHe JlaMnoukH. He SymeM oTcTynare oT 9T0# TpajluMu 1
PaccMOTPHM CHEAYIOIMH NpUMEp: NPY HAKATHEA ONPEAENIEHHOR KHONKH MORYIs
STK200 Ha HeM AOMXKHEI 3aropaTecsi CBETOOHOAHBIE HHAMKATOPEl (BCET0 BOCEMb) CO-
rIacHo HeKoTopoMy WabIoHy, co3nasas cBoeobpasHoe “ceeToBOe IOY.

Kak onpoc KHOTKH, TaK M BblIAYA pAa3THYHBIX WaGloHOB HHIHWKALUMH PEryIHpYyeTcs
¢ nnomowbto nipepsieanug T/CO, koropoe unxInueckn BosHMKaeT kaxasie 20 Mc. [ocne
BEX0Aa B moanporpaMmy oGpaboTKH npepblBaHHs (J1arn COCTOSHES IMIABHOH Nporpam-
MbI cOpaceiBaroTed, a TAMep nepelarpyRaercs.

Flocme 3roro BIMOMHAETCS ONMPOC KHOTIOK, NMOAKMIOYEHHBIX K NIopTy D). Anropurs
OMpoca KHOTMIOK NoKa3aH Ha puc. 16.2,

[py KakNOM IIpepEIBAHUN CUHTHIBASTCA COCTOAHUE BOCBMH KHOMOK, TIOAKITIOUEH-
HEIX K nopty D. @aar “Haxkara™ w3seulaer 0 Tom, Oba v HaskaTa B MOMEHT NOCIIE-
HEro MpephiBaHUA Kakaa-THGo kHOTKa. Eciau oToT diar ycTaHOBNIEH, TO TeKyLlee cHu-
TAHHOE COCTOSHUE KHOTIOK COTIOCTABNIASTCH C TeM, KOTOpoe ObUTO COXpaHeHO MpH Mpe-
AbLAYLIEM NpepbiBaHny. ECIH COCTORHUE HE M3MEHMIIOCH, TO OLEHUBAETCH 3HAYEHHE
(pnara “Tlorrop™. EcaW 3ToT Juar ycTaHOBIEH, TO PACMO3HACTCA HaKaTHe TOH ke
KHOMKU, YTC ¥ [IpH NpeAbULylieM npepoiBanuu. B ToM citydae, xorna quar “Tosrop”
cOpoueH, KHOOKA pacno3HAETCA HAXATOH B FEPBBIH pas, MPOHCXOAUT NMEPeXo B PeHM
UHAWKALMHY, ¥ COOTBETCTRYHILAT YACTE MOANPOrPAMMEl YKA3HIBAET Ha CMEHY peXHMa
nocpeacTBOM ycraHoskd ¢aara “Homeiit”. HdonmonnuTensHO ycranapnueaercs duiar
“TlosTop™, uToObl MPK CNESIYIONMIEM MPEPLIBAHHH CHTHATH3IHPOBATh O TOM, YTO JaHHOE
COCTOSIHHE KHOMOK YiKe OBbUI0 IIPOYUTAHO paHee.
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Onpoc kHonnk

CumuTEIBaHKE
{nopT D)

Hat

Dakr. coeT, = Har

npeisid. ?

Het
Qpar "MNoetap”
cBpowex?
na
TI2: ¥
o - Npeasia. coeT. = Copoc dnara
Pexum = “Kuonxa TEKyULea COCT. "Hawata"
YeTaHoska Yetanoeka dnara CBpoc dnara
tnara "Hoewi "Haara” "TMoeTop”
YreTaHoRe: GRara CHpoc pnara
"MoeTop” "NosTop”
1

¥

Maguksyna

Puc. 16.2. Onpoc COCTORHUA KHONOYHOFO BhlkniovaTens moayns STK200 v ero oueHka

Ecny dnary “Haskara” cOOTRETCTRYET YPOBEHD JIOT. (0, TO 3T0 YKa3LIBACT HA TO, UTO
OpK 1ocKeHeM MPEPEIBAHWK HH OJTHA KHOMKA HAKaTa He ObTa, ¥ (IPOUCXOIUT Nepexon
K Touke anroputma TI1, rae npopepsercs, Haxara ¢ HA 9TOT pa3 Kakasg-1Mb0 KHOMKA.
Ecan kakag-nH60 KHOMKA HAXKATA, TO HA COOTBETCTBYHOLLEM BBIBOJE YCTaHABIMBAETCA
yposedb qor. O (apyrumu cnoeamu, coctosHne $FF ykaspipaeT Ha To, 4TO HM OAHa
KHOnKa HaxaTta He Obpma). Ecrm 6bno onpeneneno coctoanue $FF, To nocne cHpoca
¢dnaros “Haxxata” u “Tlorrop” onpoc MOMKHO 3aBEpIlUHTE.
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Cocrosune, orauuboe of $FF, ykaswlBaeT Ha TO, uT0 Oblla HAXKATA KAK MHHHMYM
OAHa KHOTKa, B 3TOM ciyuae Tekylee CUMTAHHOE COCTOSHHE COXpaHseTcs Ais TOro,
4TOHbl OBITH pacnO3HAHHBIM NMPH NOCHeAYOWEM ApepbiBanul. Taloke B ciyuae obHa-
PY:KEHHS HAKATHA KaKOH-TUOO KHOMKY ycTaHaBnusaercs {aar “Haxara”, a duar “ITo-
BTOP” cOpachiBacTed, MOCKONBKY JaHHAA KHOMKA OblNa HAXATA BIIEPEBEIE.

YacTs noanporpammel oGpaboTke npepeiBadua, obosHadendas kak “‘HMunukaums®,
BLINOMHAETCS TOJNIBKO KKIbIM JBEHAZUATBHIM MpepblBaHieM, 4To6bl YacToTa MHAMKA-
uuu cocrarnana 1/240 mc = 4,17 I'u. B Hauane 370ro nporpaMMHOre (parMeHTa Bhi-
nongeTcs BLIGOP PeXKUMA HHUKALMH M ONpPEeAc/ISeTcs COOTBETCTRYIOUIAS YacTh TIPO-
rpaMMbi, K KOTOpo#l cneayeT nepeitu. J{nsa kakaoro oTAENbHOrO pexxUMa B pe3ybTate
obpaboriu dnara “Hosrifi” onpeaensercs, yMena Ik MECTO CMEHa pexumMa (TO ecTs,
ABASTCS W TEKYLIHH pexuM HOBbiM). B crnyuae cMeHbl PEKMMAa, HHUUMATHIUPYETCS
wabnon uuaukaunu, v quar “Hoswuiit” cOpaceiBacTes. Ecnm pesknm He M3MeHMACS, TO
HOBBIH 11a6A0H MHAKWKALMY QOPMUPYETCA HAa OCHOBAHUM CTAPOTO. 3aTeM IOJyHEHHBbIH
wabnon oToGpaxkaeTes ¢ MOMOILbLIO CBETOAHOAHBIX HWHAHKATOPOB, H NMOC/AE BOCCTAHOB-
sieHus GINAros COCTOSHUS NoAnporpamMa 00padoTkM NpEpLIBAHKS 3aBEPILIAETCA.

[Mocae nocTynneHHs cHruana copoca BLINOMHEHHE NPOTPaMMbl HAYMHAETCS C aape-
ca $000 (dparment, obo3zHaueHHBI Kak Initial). 3aech npexkae BCEro MHULHUATH3HU-
pyeTcs ykasaTenb cTeka, a 3atem — nopte! B u D mukpokontpomepa AVR. o ymon-
YaHUIO, MPH 3aMycke [IporpaMMsl BeIOpaH pexxHM 7, MosToMy B OOpT B sarpyxaetcs
3Havenne $F0, a nocpencTBOM 3aMucd B PerucTp HamlpaBieHs Mepetayud JaHHBIX
DDRB 3nauedns $FF aToT nopt onpenensercss kak Beixon. 3uaueHue $F0 B mopty B
noposiciaeT Hu3kui yposers Ha Bhisodax PB(...PB3 u TeM cambiM BKItOUAET COOTBET-
CTBYIOIIHE CBETOMHANKATOPLI.

Pernctp DDRD nopra D mununanusnpyercs asroMaTiueckd sravendem $00 mpu
MOCTYIUIEHHK CHPHaNa cfpoca Mo BKITIOUEHUIO MUTAHKA M, TAKUM obpaiom, roprt D on-
pedeneH Kak BXOA.

Mocne c6poca Beex duaros noanporpaMmet ob6padoTke npepseieadus T/CO u ycra-
HOBKH BbIOpAHHOrO MO YMONYaHHIO peXHMa 7, HHHUHANKW3HPYETCH CHETYHK TipepblBa-
Huit ICnt. Ero HasznageHuwe — obecneuuts obOHoBAeHHe mA0A0HA MHAMKALMHA TONBKO
yepes kaxable 12 npepsiBAHKIL

Korga noctynaer curuan cbpoca, B perctp TCCRO aBTOMaTHUYECKH 3arpy»aeTcs
suadenne $00, u Tem cambiM ocTanaBnueaerca Taimep/cueryuk T/C0. [lng paspewenus
npepbizanna oT T/CO yeranarnusaetcs paspas 2 (TOIEQ) 8 peructpe TIMSK.

Hanee B cuetneiii pervctp TCNTO 3arpyxaetca OTpHUATENBHOE 3HAYEHUE JIW-
TEALHOCTH HHTEPBANA. 3TOT HHTEPBAN, NPEACTABJCHHBIH KOHCTAaHTOH Time, JO/DKEH
ObITh OTPHULIATENBHBIM, NockoNbKY T/CO pabGoTaeT Kak CyMMHUPYIOLUKEH CHETHHK.

Ha cnemyromem ware ¢ moMowbio MyNeTUIIEKCOPA TAKT CHCTEMHOH CHHXPOHU3a-
uuu aenuTea Ha 1024 o tem campiv BhIOHpaeTcs BXoaHo#H Takr ana T/CO. Kpome Toro,
B perucTp TCCRO zanuceiBaeTca 3HadeHue $05 (cm. tabn. 4.2), u T/CO nauunaer cuer.

B 3aBepuienne yacTd HHHLMAAH3AUHH 1A TOTO, YTOOK pa3pelliuTh BCe NpephiBa-
Hus, yetanagiupaetca ¢uar | B peructpe cocroanua SREG.

B rnasHoO# wacTH nNporpamMMsbl, KOTOpas HauMHAaeTCs ¢ MeTKU Wailt, pealH3oBaHO
TOJILKO OkHAaHHe npepuisanuii ot T/CO. Jna toro urofel B 3TOT NEPHOA MUKPOKOH-
TpoOJiep HUYEro He fenas, OH NepeBONHTCH B XAYIUWil pexxum (pazpan SM B peructpe



Basoeste pnepauuy esoda/esieoda 337

MCUCR = 0) nocpencrBom ycTanoBku paspsana SE & perucrpe MCUCR u mocneayio-
{IIETO BLI30BA KOMaHAB! sleeap. H3 “ciimero” pexuma MUKPOKOHTPOIIEP BBIXQAUT 110
npepbiBaHuto oT T/CO.

Wms cdaitna Ha npynaraeMom K KHAre KoMnaxr-gucke: \Programm\162inout.asm

;**** Honnpoppm BBOI[a/BbIBO,Ha 9 DVR *ddxkdkdkhhhhddbdhbbhhdbdkdbhrddddnks

*

* [lognporpamMdl BBOOA/BHBOIA L4 MoIynda STK200, memcHcrpupyouye padcty

¥ ¢ NopTraMM MUKDOKOHTDOITEPOE ceMeicra AVR. TPy HaXaTkM HeKOTOPOW KHOMKM Ha
;% STK200 saropanrcs CReTOIMOIN B COOTBETCTEMM CO CHelyIOUPM MAGTOHOM:

* KHonka PDO: Ceersuwasica '"Touxa" NepedemaeTcd CreBa HAIPABO

;* Khonka PDl: Ceeramasca "Touxa" repemenaeTcd CrpaBa HAJIEBO

;¥ Kuonka PDZ: CeeTAnanacs "rouka" nepeMemaeTca TyIa-Cona

;* KHonka PD3: Ceeramascsa "mIonocka”™ ODepeMemasTcda CIIeBa HalpaBo

;* Knonka PD4: CeeTamadca "nonocka™ MepeMemlacTca CNpabea HaJleBo

;* Kuonxka PD5: Iee ceersmmecsa "ToukM" [EpPEMENAITCH CJIEBA HalpRabBo

#*

;* Kuonka PD6: [pe cBeTAumMecHd "TOUxkM" NepeMeliginTCs CIIPABA HANEBO

;* Kuomnka PD7: [lonepeMeHHO MEPLAKRT 3HAUSHWA CTaplero M MIAMUErS NoJayDaiTa
H (peXximM, BLIOPAHHEBI [0 YMOIUaHUD)

. *

:

;* TaxToBaA 4YacToTa MWUKPOKOHTpoMIepes AVR: 4 MMy {(craHmapr STK200}.

-k
:.**k************-k*-k****-k**************************************************
nolist

.include "8515def.inc"

.list

.def Last = rl4 ; llpemminyllee COCTOAHME KHOTIOK

.def Stat = rl15 ; Bydep ONA BpeMeHHOTO XpaHeHUs CcolepxmMoro SREG
.def tmpi = rl6 ; Pafoumit perucTp NpepeBaHMs O TalMepa

.def ICnt = rl7 ; CusTuMK NpPepHBAHMI

.def Flg = rl8 ; dmarM npoDpaMMul

def tmph = rl8 ; PaBounit peDMCTP I'NABHOM IPOTPaMME

.def Mode = r20 ; Pexund MHOMKALMNM

.equ Dwn = O ; dxar 0 ("Haxara") = Geyla HakaTa HeKOTOpPad KHOMKA
.equ Rpt =1 ; dmar 1 ("llorTop") = kHONKa OIATL HakaTa

.equ New = 2 ; dmar 2 ("Hommit")} = CcMeHa pexMMa MHIOMKALFMM

-equ Dir = 3 ®nar 3 = Hanpaeneuue (QO=ejlemo, l=mnpaso)

.equ  Time = 80000 / 1024

.cseq
000000 <086 rijmp Initial ; Iocne cBpoca ~ K IVIABHOM NpPorpaMde

000001 9518 reti ; BrewHee npepsiBanMe 0 He MCNOAbL3YETCS

000002 9518 reti ; BHewnee npepmBaHue 1 He MCNOIb3YETCH

000003 9518 reti ; Dpeprmanme T/C1 Capture He MCIONL3yeTCa

000004 9518 reti ; Tpepsmanme T/C1l Comp. A He MCRONL3YETCA

000005 9518 reti } Npepueanue T/C1 Comp. B He MCNOONLI3YRTCS

000006 9518 reti ; NpepwBaHue no nepenoinernuio T/ClL He MonomszyeTcs
Timero: ; Npepemanme no nepenofiHeHnn TO (kaxgme 20 Mc)

000007 bheff in Stat,3SREG ; CoxpaHsaem dnaru DjaBHOM MPOIpPaMMEl
000008 ebl2 1di tmpi,-Time

000009 bf02 cut TCNTO, tmpi ; Illepesarpyxaem T/CO

KeyScan:

22 —5-2384
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00000a k300 in tmpi,PinD ; CumTHBaenM COCTOAHME KHOMOK
00000k ££20 sbrs Flg,Dwn ; Hponyckaemd CIeIyROUYC KOMAHDY, SCJIM NpU NPeIblily-—
; wleM OpepblBaHMM ObUIE HaXaTa Kakas~To KHOMKA
00000c <G07 rimp TI1 ; Tlepexold, eClM HM OOHa KHOIIKA He Haxara
00000d 12e0 cpse Last,tmpl; lponyckaeM CHeIyllyn KOMaHOY, eCly Bce ele
; HA¥ATa Ta Xe KHOMKA
00000e c00S5 rjmp TI1 ; [lepexcn, eciM He COBNAHJAST COCTOSHME KHOMNOK
00000f fdzl sbrc Flg,Rpt ; IponycxkaeM CHeIyilylw KOMaHAOY, €ciIM frar
; "MNoeTop" cOpouweH
000010 c00a rimp Display ; Tllepexon, ecrmu ¢mar "MoeTop" yCTaHOBIEH
Q00011 2f40 mov Mode, tmpl ; YCTAHOBKAE PEXMMA
0ooelz 6026 shr Flg,l<<New | 1<<Rpt ; VYcraHoBxa $maros "Hoeest" u "losTop"
000013 c007 rimp Display
TIl:
000014 3£0f cpi tmpi, $FF  ; Kuonka HaxaTa?
Q0001s f411 brne TI2 ; Hepexon, ecnmM Kaxad-TC KHONKA HaXATA
00Q01e 7f2c cbr Flg,l<<Dwn |} 1l<<Rpt ; C@poc gmarcr "Haxara" u "Nosrop”
000017 <003 rimp Display
TIZ:
000018 Z2eel mov Last, tmpil ; CoxpaHeHVe COCTOSHWA KHOIOK
000019 7f2d chr Flg,1<<Rpt ; Copoc fuara "TobTop"
00001la 6021 sbr Flg, 1<<Dwn ; Yerpanoepwxa doara "HaxaTa"
Display:
00001k S5la dec Icnt ; Cueruyr — 1
00001c £009 breq D1 ; TNepexon, eCcnM PABHC HYIWD
£0001d <067 rijmp IntEnd ; Samepmenne oOpaboTkM NpephBAHWUS
Dl:
00001e el0lc 1di ICnt,12 ; HoBas MHMUMANMM3AUMA CUSTUWKA
00001f b308 in tmpi, PortB ; CUMTHBAHME COCTOAHWUS CBELTOMHIMKATODOR
000020 f£40 sbrs Mode, 0 ; [ponycraeM CIEIYKUYIO0 KOMaHOy,ecnm Burl=]1
000021 cO5a rjmp Model
000022 f£f41 sbrs Mode, 1 ; ponyckaeM CIeIyERUy® KOMaHIOY,ecny BuTl=1
000023 c0de rimp Model
000024 ff42 sbrs Mode, 2 ; lponycxaeM CIeOyollyly KOMAHMY,ecss Burl2=1
000025 033 rimp ModeZ
000026 ££43 sbrs Mode, 3 ; TNpomyckaeM clelybiyr KOMAHIY,eCImM Buri=l
000027 028 rijmp Mcde3
000028 £rf44 sbrs Mcde, 4 ; TlponyckasM CHeOVIOIYId KOMAHIY, eCnu BuTi=]1
000025 c0ld rimp Moded
00002a ff45 sbrs Mode, 5 ; [lponyckaeM Clelyoly® KOMAHIY,ecau BurS=)
00002k <012 rimp ModeS
00002c ff4ae sbrs Mode, 6 7 [ponycrasM Clielyolyn KOMAHIY, SCM BuTH=]
00002d <007 rjmp Modeé
Mode?7:
00002e ff22 sbrs Flg,New i Ecmr ¢nar "Hoewdi"=1, TO — HOBHE pexsM
00002f c002 rimp M7
000030 ef00 1d4i tropi, $70 ¢ MavuuanuMeanmsa wabnoHa MHIMKALMHM
000031 7f2b chr Flg,l<<New ; COpoc ¢mara "Homemr™
M7:
000032 8500 com tmpi ; Hononuernme mo 1
000033 bbk08 ocut PortRB, tmpi ; Bxinouaem CBeTOIMOIE!
000034 cQ50 rijmp IntEnd ; Torcmo
Mode6:
000035 ff22 sbxs Flg,New ; Eciu quar "HoBeEt"=1, TO - HOBEI pexuM
000036 <002 rjmp M6
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000037
000038
M6
000039
00003a
000030
MoA:
00003¢
00003d
Mode5:
00003e
00003f
000040
000041
M5:
000042
000043
000044
MSA:
000045
000046
Moded :
000047
000048
000049
00004a
M4 :
00004b
00004c
00004¢
MAA;
00004e
00004f
Mede3:
000050
000051
000052
000053
M3:
000054
000055
000056
M3A:
ao00o57
000058
Mode?2:
000059
00005a
00005k
00005¢
M2:
00005d
00005e
00005f
000060
000061

e303
7f2b

0£00
f£408
6001

bk08
c047

££22
c002
eclc
Tf2b

4506
£408
6800

bb08
c03e

f£22
c002
ef0f
7f2b

0fa0
fao8
6001

bb(8
c035

frze
c002
of0f
TE£2b

9506
f£008
6800

bk08
cO2c

ffz2
<002
ef07
T£2b

9408
8507
£d23
clCa
1100

1di tmpi, $33
cbr Flg, 1<<New

1sl tmpi
brcc MeA
ori twpi,$0L

out PortRB, tmpi
rijmp IntEnd

sbrs Flg,New
rijmp M5

1di tmpi, $CC
cbr Flg,1l<<New

lsr tmpi
brcc M5A
ori tmpi,$80

out PortRB,tmpl
rjmp IntEnd

sbrs Flg,New
rimp M4

ser tmpil

cbr Flg, 1<<New

1sl tmpi
brcs M4A
ori tmpi,$01

cut PortRB, tmpl
rjmp IntEnd

sbrs Flg, New
rimp M3

ser tmpi

chr Flg, L<<New

Isr tmpi
bres M3A
ori tmpi, $80

out PortRB, tmpi
rijmp IntEnd

sbrs Flg,New
rjmp M2

1di tmpi, $F7
cbr Flg, l<<New

sec
ror tmpi
sbrc Flg,Dir
rijmp M2B
rol tmpi

; MHnpyanuzanmmA wablioHa MHIMKALMHM
; CBpoc ¢nara “"Hoempt"

; COBuUD BIIEBO

; [lepexon, ecymm He "CTCIKRHOBeHMe"

; Bwouaem cBeTOIMOIOE

; Toropo

; Ecm dmar "HoeeBi"=1, T0 — HOBBI pexim

; MEstnaimMaauus watnoHa MHIMKALMMI
; CBpoc dpmara "Hobsnt"

; CoBUT BOpPaBO

; Ilepexcnm, ecnu He "CTONKHOBEHME™

; Brumdaem cBeToOIMOIE

; ToToBO

; Boypr dmar "HopeEi"=1, TO - HOBRI pexim

; MHMupMamMzarms wabnmodHa MHOUKAaLM
: Cbpoc dmara "Hoesot"

; CHBMID BISBO

; Nepexon, ecmm He "CTonkHOBeHMe"
; BrIYaeM CBeTONMOIE

; ToTomo

; Ecym pmar "Hoeeit''=1l, TO — HOBRI DexumM

; MAaMnyanusaima wadiioHa MHIMKALMM
; COpoc dmara "Homwm™

; COBUI' BIPABO

; Mepexon, ecnu He “cronkHOBerRue"

; BruouaeM CReTOIMONB

; Toroso

; BEcom dnar "Hosmmt"=1, TO — HOBEE! DeXxMM

; VHMUMAMM3aUMs WASIToHa HMHIMKAIIM
; Copoc dmara "HoBedi™

; YcTraHap/mMBaeM Pnar nepexHoca
; COBUT BOparRo
; BEcau dmar Dir=0, TO cIsmur BJIERO

; Mensaem HaMpapJI&eHME Ha CHOBUT BIEBO

22%
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000062
000063
000064
(00065
000068
0oo06e7
000068
M2A:
000069
000062
M2B:
Q0006b
00006C
0oC0ed
00006e
00006t
M2C:
¢00070
000071
Model:
000072
000073
000074
000075
M1:
000076
000077
000078
go0o79
M1A:
00007a
onoo07h
Mode(:
C0007¢
000074
00007e
00007£
MO :
000080
000081
goQos2
0o0083
MOA:
000084

IntEnd:

000085
000086

2408
1£00
£020
6028
9507
9408
93507

bb08
cOla

£020
TE27
1f00
9408
1£00

bb08
c013

ff22
<002
ef Q7
7f2b

9408
1£00
£008
efle

bb08
c00%

f£22
c002
e70f
7£2b

9408
9507
£008
2T0f

eb08

beff
9518

Initial:

000087
000088
000089
00008a
00008b
00008c
00008d

e(032
bfle
eb3f
hf3d
ef30
bb38
ef3f

sac
rol tmpi

brcs M2A

sbr Flg,l<<Dir
ror tmpi

sec

ror tmpi

out PorthB, tmpi
rijmp IntEnd

bres M2C

cbhr Flg,1<<Dir
rol tmpi

sec

rol tmpi

out PortB, tmpi
rimp IntEnd

sbrs Flg,New
rimp M1

1di tmpi, $F7
cbr Flg, l<<New

sec
rol tmpi
bres M1A

1di tmpi, $FE

out PortB, tmpi
rjmp IntEnd

sbrs Flg,New
rimp MO

1di tmpi, $7F
cbr Flyg, 1<<New

sec

ror tmpi
brcs MOA

1di tmpi, 37F

out PortB, tmpi

out SREG, Stat
reti

1di tmph, High (RamEnd)

ocut sph, tmph

1di tmph, Low (RamEnd)

out spl, tmph
1di tmph, $FO
out PortB, tmph
1di tmph, $FF

; YCoraHaenMBaeM @QUIAr NepeHOoCa

; CIOBHUT BJIEBO

; llepexon, ecm He "CTONKHOBEHMAR"

; YoraHoBRa fuiara Dir: cOsuT BRpaBo
; Mewsaem HarpaBjeHMe Ha CHBUT BADPAEO
; YceraHapmmBaceM duiar nepenoca

s CABMT BOPABO

; BroouaeMm CBEeTOIMONE

I'oToBO

; Hepexon, ecmmu He "CToIKHOBeHME

; CoHpoc duiara Dir: cosMr BJIEBO

; MeHgem HalpaBJieHMe Ha CIOBUI' BIIEBO
; YcrmaHarmMBaeM Grar nepexHoca

; CIBMD BIERO

; BKRIOUAeM CBeTOMAOIk
; ToOTOBO

; Ecom dnar "Hoewli''=1l, TO — HOBRII peXMM

; Mamuranmsaumsa wadioHa UMHIMKE MY
; Cépoc tdnara "Hoswit"

; Ycradaempaem dular nepeHoca

; COBMD BJIEBO

; [lepexcn, eciu dnar nepedoca C=1
; HaumHaeM cHauamna

; Briowaem CBeTOIMOIE
; BaBepueHue oEpaboTKM NpeprBaHMS

Ecru ¢mar "Hoeeit"=1, T0 — HOBRIA pexMM

7 MEmumamsaums mabroHa MuMKalyA
; COpoc dmara "Hoeept"

; YcoraHasmuBaeM (uiar nepeHocs
; CrEMI BOpABO
; [lepexon, ecym dmnar nepencca C=1

HauMraeM cHadarna

; BriouaeMm CBETOMMCOEL

; BoccTaHABIMBaeM PerMcTp CCCTOAHUA

; MHMOManmszauma crexa
; BrumouaeMm ceerommMomd O. .3
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00008e bb37 out DDRB, tmph ; Bce paspams nopra B - Bexon

00008t 2733 clr tmph ; 3TY KOMAHIE — He ODASATEeNBHE, [LOCKONLKY
000090 bb31 out DDRD, tamph ; nopT D ABNASTCA BXCHCM M0 YMOTUAHWI
000091 2722 clr Flg ; CEpacupasM Bce dnaru

000092 e74f 1di Mode, $7F 7 [o ymonmgaHur BHGpadH wWabIoH MHIMEKaMs 7
000093 ellc ldi Itnt,12 i MHMimamsanys cueTuMKa NpephBaHMi
000094 e032 1di tmph, $02 ¢ C nosmouein paspsna TOIEC pazpemaen
000095 bif39 out TIMSK, tmph : OpepeBaHMe 110 nepenonHenus T/C0
000096 ebl2 1di tmph, -Time ; MepenaeM HavanbLHOE 3HAYEHME IJIA

000097 b3z out TCNT(Q, tmph ; Talimepa O

000088 «035 1di tmph, $05 ; YcraHaenmBaeM xooddMLMent mescHmA
000099 bf33 out. TCCRQ, tmph ; U TeM CaMuM 2amyckaem T/C0O

0000%a 9478 sei ; OBuwee paspelleHME NPEPsBaHMHT

Wait:

0000%b 230 1di tmph, $20 ; Bufupaem xIynmii pesum

0000%¢ bf35 out MCUCR, tmph ; ¥ paspemaeM [nepexch B "commpst” pex
00009d 9588 sleep ; OmnaeMm npepriBakus or T/CO

J0009%e 0000 nop
00009t cffb rjmp Wait

Mopkntoverne XK-mogynein

HecmoTpa Ha HAaCTOHYHBBIE IMOTBITKY PazHYHBIX MPOU3IBOAMTENEH KOHTPONIEPOB
skuarokpuctanmieckux (JKK) Moayneit mepexBaTHTL NatkMY MEPBEHCTBA, HECMEHHEIM
nuaepoM u"a poirke aewesslx KK-momynell no-mpexHemy ocraeTcs KOHTpoAEp
HD44780 ot xomnanuu Hitachi. 3To ssngerca JOCTATOMHBIM OCHOBAHHEM A TOFO,
uTobbl M30paTL ero B KauecTRE NpHUMEpa Ui W3yueHHs npollecca ynpasnenus K-
MOZYJAMH ¢ TIOMOLIBIO MHKPOKCHTpoanepoB AVR. Ha mpusaraeMoM k KHMre Komnakr-
aucke B daiiae \daten\hd44780 . pdf HaXoguTed TEXHAYECKOE OfIMCAHKE MTOCEHETO
BapHaHTa 3Tora kouTtpoanepa: HD44780U.

H3-3a HeqocTaTka MecTa Mbl HE CMOKEM 371€Ch PACCMOTPETH Bee TEXHHHECKHE Xa-
paKTepHCTHKH, NapaMeTpbl # BpeMeHHsie auarpamMmbl HD44780, oinako dyHKUMH BbI-
BOJOB B pazbeMme OoamoueHun (puc. 16.3), a Taroke OCHOBHBIE CBOHCTBA H KOMaHIbI
9TOTO MOY/A BCE e PaccMOTPHM.

Buson | 1 2 3 4 5 6 7 3 9 |10 | 11 |12 |13 | 14
®yuk. {Gnd | Vee | Vo | RSIR'W| E | DO DI D2 | D3| D4|[D5]| D6 D7

Puc. 16.3. CTanAapTHOR PACNANONKEHHEe BeIEOAOR TUNUYHOrO XKK-Moayns

ModkmoveHue modyna HD44780

[Muratouee HanpsokeHue coctapnsger +5 B + 10%. Ha BeiBoA Vo Ans peryimpoBku
KoHTpacTHoetd Tabno g GonpmuncTee XKK-momyneit nomkHO nmogaBaTecs HAIIPKEHHE
0...+5 B. Dro HanpsxkeHHe JIEMKO MONYYMTh € MOMOLIBIO MOACTPOEUHOTO Pe3HCTOpa
(06b1un0 conporeieHremM 10 kOm), BRIOMEHHOTO MEXTY “3eMJIeH” H BEIBOJIOM Vic.
CriesyeT yuuTbiBaTh, ¥TO B Oonree craphix JKK-rabio Ha BeIBOA Vo NomkHO O30 NojAa-
BATHLCA OTPHIATENbHOE HanpskeHye 0...—5 B, nogromy and onpeleneHUs NpaBHILHON

NONSPHOCTH B CAIYUasX, BLI3BIBAIOIIMX COMHEHHE, 00pallaiTech K CNENHGHKaLAIM.
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Peructp moayns HD44780, B koToperii 6yAyT 3aIUCEIBATECS 3HAYEHHUS, BRIGHPAIOT
¢ nomoiusio BeiBoaa RS (Register Select). Eciu B pexume AocTyna Ha 3aMnch Ha 3TOT
BLIBOJ] TIOJlAH CHTHAN HW3KOTO YPOBHA, TO 3alHCBIBaeTCi KOMaHOa, B MPOTHBHOM Cily-
yae MPOHUCXOIMT 3aMHCh B PEFUCTpP JaHHBIX. B pexxHMMe 10oCTyna Ha 4TeHHe COCTOSHUIO
RS = 0 cooTBercTRyeT KoMOuHaLMs (rara 3anaTocTd (Busy) U cyeTyrka anpeca, a co-
croatnio RS = | — yTeHHe U3 perucTpa JaHHbIX.

Pexxum uTeHHA WM 3allACH ONpedenAeTcd MO YPOBHIO CHTHafla Ha BuiBoge R/W
(estBop 5). Jlor. 0 cooTReTcTRYET 2anucH, a jor. 1 — yreduro. Takum obpazom, nony-
qaeM KoMmMOuHaumio curHanoe gna  jocryna kK JKK-monymo, mpenctaenennyro
B Tabn. 16.1.

Tabnuua 16.1. KomBunauwmn curHanos AnA goctyna k XK-monynio

i I

3anmch komaHabl (Tabno racHeT, Kypcop cMemaeTcs...) 0 0
Urenne dara 3aHATOCTH (pa3pan 7) v cMeTUHKa agpeca (paspaiast 6...0) 0 1
3anucs Baiita B naMATh 0TOBpaKAEMbBIX JAHHBIX WIH 3HAKOTEHEpaTOpa 1 0
Ytenue 6aitra M3 MamMaTH OTOOP@KAEMBIX AaHHLIX WIH 3HEKOreHepaTopa 0 0

Ilocne Toro kak ynpasnaiommue curaansl RS u R/W crabunbHo yctaHOBNEHBI Ha
IpoTakeHUH kak MuEMMYM 140 He, mukporoHTponep AVR nonaer Ha seisoa 6 (E —
Enable) Monyns cTpoG-HMITynbC TONOKHTENLHOM MOMAPHOCTH AJIMTEIBHOCTBIO MHHH-
MyM 450 He, o koTopoMmy B koHTpomaep HD44780 samiceiBaroTcss GUTHI AaHHBIX, BBI-
CTaBjleHHbIE MUKPOKOHTponepoM AVR Ha Beigoael DO0...D7, unu ke, HaobopoT, —
MHKpOKOHTpoANep AVR cunrbiBaer 6urhl JaHHBIX, BRICTARIEHHEBIC HA TEX KE BbIBOAAX
koutponsiepom HD44780. o nosenenns Ha seiBoae E nucmanarouero gpponra naHHeie
JOSKHBI ObITh CTa0MBHLI HA NPOTAXKEHHK MUHUMYM 195 He.

Peaucmpsi modyns HD44780

Mogyse HD44780 cogep:xut nBa perucrpa, ¢ NOMOLIBE KOTOPBIX H IPOMCXOOMT
B3aHMOIeHCTBHE CO BHELTHUM MHPOM:
= perueTp xoMaug IR (Instruction Register);

* peructp aaHubix DR (Data Register).

B peructp IR xourponnep HD44780 npHHUMAaeT kKOMaHIBI OT MHKPOKOHTPOJIEpA
AVR, onpeaensiolye cMellleHde Kypeopa, raliedye Tabilo WIH YCTAHOBKY anpeca MH-
AHKATOpa, B TO BpeM:A Kak peructp DR cinyKMT U1 MPOMEXYTOYHOrO XpaHeHHa JaH-
HEIX, KOTOPBIE 3aTEM C ITOMOILUbI0 BHYTPEHHHMX Onepaudii aBTOMaTHUYECKH TepeaaroTcs
B aMaTh oTobpaxkaeMblx naHHbIX (DD — Display Data) uny B namMaTs 3HAKOTEHEPATO-
pa (CG — Character Generator).

Conepxumoe peructpa IR He MoxeT GvITh IPOYHTAHO MUKPOKOHTpOMIepoM AVR.
Bo3moxHO yTeHHe TONBKO ¢ara 3aHATOCTH (paspAd 7) M TeKYUIEro COCTOAHKA BHYT-
penHero cyetunka agpeca AC (Address Counter) (paspsast 6...0).

YcranoBnenHwi dar 3anatoctd (nor. 1) ozHavaer, yro moayns HD44780 saHsr
BBINIONIHEHHEM BHYTPEHHEH oNepauii U B AaHBbIH MOMeHT K npuemy ue rotos. Coor-
BETCTBEHHO, ¢ NOMoILBo Jor. { (aar 3aHATOCTH CHrHaNM3UpyeT O TOM, YTO MOAY.Ib TO-
TOB K MPHEMY.
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Tiapenada o 8 HDAATE0 S 7a7 mowenr. Xorma yeranamnen dnar samrocrin, o woxoTopN
Chnyyasx MOMET Aae NPUBECTU K NOBPexAeHW MOAYNA, NO3ITOMY Nepel A0CTYnOM Ha 3anuch
; Tlornb3osatens AOMKeH 0BAIATENLHO OMPALLMBATL dinar 3aHATOCTU B OXUAAHUK NosEnenwA nor. 0.

CunteiBanue AanHbix #3 naMatH DD unu CG eeimonnserca uepes peructp DR,
IMocne Toro kax MEKpokoHTposuiep AVR samuceiBaeT HekoTOpEIH anpec B peructp IR,
faliT MaHHBIX, PACTIONOKEHHBIH B TAMATH 1O 3TOMY aipecy, ¢ NOMOLULIO BHYTpeHHeH
onepaumy nepemicriraetca B peruetp DR, Tlpouece yTeHna 3apepiuagTes CUMTBIBAHM-
em GalitTa naHHBIX M3 sToro perderpa. Korga texyuan onepaunvs uTeHWs 3aBepuieHa,
¢ NOMOLLIBK GYHKUMM aBTOMHKpeMeHTa B pervcTp DR 3anuchisaercs 6adT ZaHHBIX, W3-
BNEYEeHHbIH W3 MaMaTH 10 CheAylolleMy aapecy, KoTopeiii GyaeT Hemonb3oBaHd TMpd
OYEPEITHOM CUHTBIBAHUH,

CueTuuk ajgpeca, 00 CYTH, COCTOWUT H3 [IBYX 4acTel M COAEPMUT TeKyllUW# aapec
Kak 8 namsiry DD, tak 71 8 namatu CG. Tlocne Tore kak 8 perucrp IR 3anvcana komau-
na yeradoskd aapeca DD unn CG, 3ToT agpec ¢ moMoubd BHYTPEHHER Onlepally aB-
TOMATHUYECKH MEPEHOCHTCH B COOTBETCTBYHOLIME cueTunk. Koraa zanuck B NaMsaThb
DD/CG (unu uTeHMs U3 HEE) 3aBEpIIEHA, COOTBETCTBYIOWMI CUETYHK aBTOMATHUYECKH
MHKpeMeHTHpyeTcs (MM JeKpeMeHTHpYeTCs, eclii Takoil peskuMm Obln BhiOpaH paHee
C NOMOLLIO CIelManbHOH KOMAHILI).

MNamame modyna HD44780

B monyne HD44780 ucnone3yeTcs ABE pa3sHble NaMAaTH:
= DD-RAM — nng xpaHeHHs oTOOPBKAEMBIX JaHHEIX,

= CG-RAM — nng xpateHds OHTOBBIX KOMOMHALIHH, KOTOPEIE COOTBETCTBYIOT
matpuue pazmepoM 5x8 unu 5x10 (onpenenser gopMy cHMBoIa).

HocTtyn kak Kk 0 HOM, TaK H K APYTOH MaMATH OCYLUECTBAAETCS MO TEKYUIEMY alpe-
CY, XPAHUMOMY B CHETUHKE aJpeca.

Emxocte mamata DD cocranser 80 3makoB, npeAcTaBNCHHBIX B 8-paspaaHo
ASCII-xoanpopxe. M3 HUX Ha oOHOCTpoYHOM Tabne MoryT GbiTh OAHOBPEMEHHO OTO-
OpaxeHb! TONIBKO BOCeMb CHMBOINOB (pHc. 16.4), 0AHAaKO ¢ MOMOHIBIO ONEpallMK C/ABHIa
HOCASAYIOLIHE CHMBOMNbI TAKXKE MOI'YT 0Ka3aThesi B oToOpaskaeMoi 001acTH.

1 2 3 4 5 6 7 3 9 79 80 TIloaunua Ha Tabao
FooTor [02]035104]05]06107]08] — |4 4F | Anpec DD-RAM

Puc. 16.4. Ha tabno XK-moayna moryt otofpaxaTteca Tonbko 8 anakos na 80

Bun tabno, coorsercTeiomere puc. 16.4, nocne oaHOM onepauMH CABWra BIEBO
MoKasaH Ha puc. 16.5 BBepXy, a Mocse oAHOMH OrepalliH CIBHra BIIpaBo — Ha pHc. 16.5
BHHIY.

[or o027 035] 04 050607 0809~ |4F]| 00| Anpec DD-RAM

[4rTooJo1 0203 04]05]06)07]-—14D] 4E | Anpec DD-RAM

Puec. 16.5. Tabno nocne caevra Eneeo (BBepxy) 4 Bnpasa (BHK3Y)
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BeposaTHo, B Gyaywiem SyayT, B OCHOBHOM, MIPHMEHSETCA ARYXCTPouHbIe Tabllo 110
16 cuMBONIOR B Kax/I0# cTpoke. B 3TOM ciyvae pacripene/ieHHe aqpecoB MamMaTH COOT-
BETCTBYET pHc. 16.6.

I 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 39 40 [ITo3wiumna wva tabno

00{01102)103]04]05|06|07[08]09]0A[0B[0C|OD|OE OF§10(---126|27| Anpec DD-RAM
40(41[42143[44145/46,47|48149]4A[4B[4C|4D{4E 4F]50|---|66{67| Anpec DD-RAM

Puc. 16.6. [leyxcTpounoe Tabro no 16 CUMBONOR B KaXA 0 CTpoKe

[Tepsas cTpoka HauMHaercs ¢ afpeca 00, a sropas — ¢ anpeca 40, (64y). [amars
pa3duTa Ha nBe nonopuusl no 40, (28,,) Gaiit kaxaas, TpHUeM MeXAY NoceqHUM aape-
COM NEPBO¥ CTPOKY U MEPBLIM AAPECOM BTOPOH CTPOKH ecTh pazpeis B 24, Gaiira.

Ilocne casura BReRC repBad CTpOKa HauHHaeTca ¢ aapeca $01, a Bropast ctpoka —
c agpeca $41, a nocne caBura Bnpapo nepeas cTpoka HauwHaetrced ¢ agpeca $27, a sro-
pas crpoka — ¢ aapeca $67.

3uakozenepamop Modyns HD44780

3HakoreHepaTop — 3T0 namath THna ROM, nmpeauazHauenHas Ans XpaHeHHA OH-
TOBBIX KOMOMWHAUMM, COOTBETCTBYIOIMX MaTpuLe pazMepamu 5x8 mnu 5x10. B aToi
NaMATH MOXHO XpaHuTb WHPopmammio o 208 (B cmywae matpuupl 5x8) wmmu 32
{8 cayuae marpuus 5x10} cumBonos. Pacnpefenenue 3HAKOB fTokazano Ha puc. 16.7,
TIPHYEM YeThIpe CTapLIHX pa3psaa CHMEONA ONMPEaeNnsioT ero pasMelleHHe 10 FOPH30H-
TaNK, 8 YSTLIPE MJIAALIUX — T0 BEPTHKATH (Hanpumep, “A” = $41).

Pa3spabomra cobcmaeHHbIX CUMS0N0Ea

V none3oBatens TakkKe €CTh BOZMOXKHOCTb CO371aBaTh COOCTBEHHbIC CUMBOJILI AT
orobpaxeHus Ha Tabno. [{ng storo cayxur namats CG-RAM, B KOTOPYIO MOMKHO 3aMH-
carb 6GMTOBBIA WablIoH A4 BOCBMM (B crydae MaTpHIlL! 5X8) win ueTnipex (B ciayuae
MaTtpulel 5x10) pasubix 3nakos. [Ina otodpaskenud coOCTBEHHMX CHMBOIOR BOIB30BA-
Tens sapesepeuposansl ASCIl-rogpl $00-$07 (MeToouka cozaanns CHMBONOB /U MAT-
puubl 5X8 MpoMNmMoOCTPUpORaHa Ha puc. 16.8).

[ockonbky paspax 3 B kode M0BOro 3Haka He MCTIONB3YETCH, TAKIKE CTAHOBATCH
AocynHbl cuMeoensl ¢ koflamu $08-$0F. Kak nokazaHo Ha puc. 16.7, Bce 3TH Koawl cOOT-
BeTCTBYIOT NaMaT ROM snakoreneparopa.

Jlepbiii ctonGen wa puc. 16.8 comeprkntr ASCll-kon cumronoe. Crapiinit nosy-
bajit, Mo onpeneneHHIO, A BCEX 3HAKOB COAepkUT Hynb. Paspanm 0...2 ASCll-xona
COOTBeTCTBYIOT paspanam 3...5 agpeca CG-RAM, nokazanuoro B cpelHem crosbiie.
Pazpanm 0...2 agpeca CG-RAM 3anaor aapec cTpokH B GHTOBOH komOuHalmu (npa-
BBl cTOMCEW). .

Cam cumMBOJ 331a€TCA NOCTPOUHO. BOCHMOH CTPOKEe COOTBETCTBYET [O3ULMA KYp-
copa. Tolt nosuuMy B MaTpHIle, B KOTOPOH KOMKHA 0TOOpaXaThea TOYKa Ha Tabno, Ha-
sHaqaerca 1. Takum obpaszom, undopMauusa o cuMmeone Xpanures B paspsnax 0...4
BOCBMM OaiToR nanublx. Hanmpumep, cumsony “R” coorsetcrsytor Bocemb OaifTos,
pacnonoxendslX B CG-namatv no aapecam $00-$07, koropsie conepxkar 3naueHus
$1E, $11, $11, SIE, $14, $12, $11 u $00 (cm. puc. 16.8).
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Cépoc mabno

B moayne HD}44780 ucrnons3yercs BCTPOeHHas cxeMa cOpoca Mo BKIFOUEHHIO ITH-
Tanud. [Ipn HTOM peanusyioTes ClleayoLHe HyHKLHH:
* HauansHas HHMLManu3auus: DL = | — 8-paspsauniii uarepdeiic; N =0 — on-
HocTpounoe Tadie; F = 0 — matpuua 5x8;
* ynpasnedue Tabno: D = (0 — Tabno oTwiodeHo; C = ( — Kypcop OTKIOYeH,
B = (0 -— MepliaHHe OTKITHOYEHO;
*  puucTKa Tadito;

*  pexuM BROAA AaHHBIX: I/D = 1 — uHKkpemenT Ba 1; S = 0 — net capura Tabno.
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Puc. 18.7. HaBop cumeonos moayna HD44780 — zrakoreHepaTop
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Kogk! CMMBONMOB Aapec UlaBnoMbl cUMBONOE
{raHHkie DD-RAM) CG-RAM {parHble CG-RAM)
765 432 10 5 4 3210 7 6543210
CrT. M. Cr. Mn Cr. M.
000 ' )
00
‘g : ? i Wabnon
# : CaMEONE (1)
G 0 090 g 0G0 000 100
10 1
110
111 ? Mosuuns kypeepa
000 i)
0001
R B
;0 11 Wabnon
h > E
* 1 ; chuMBONa (2)
o800 00 001 oo
10
110 )
119 + Moamups kypcopa
00 0
] ‘0C 1
‘wﬁ N
N .
00001 11 P10t
51 00
101
11 0
11

* = HE ACNONB3VETCH

Pue. 16.8. Cospanune cobereenHoro wabnoHa cumeona

OnHako, ec/ii nuTaloulee HanpsxeHre B Tedenne 0,1,..10 Mc He JOCTUIHET YPOBHS
4,5 B, BHYTpeHHSAS KHULHMANU3ALUA HE CMOXKET OBIThb BhIFIONHEHA KOPPeKTHO. B 3ToM
cnyuae HeoOXOAMMO CNeRORaTh MPOLELYPe MHULMANH3AUMH, NTOKA3aHHOH Ha pue. 16.9
(nocne):[HHe YE€ThIpE KOMaHAbI atoii npoueaAypel HACHTHYHBI TEM, KOTOPLIE BhINOJIHAIOT-
¢4 MpH HHRLIHATTM3ALIMA TIO BKJTIOYEHHIO TUTaHHA).

Kax ckazano B onucanuy KoMaHzap! “YcraHoBka OyHKUHHM (cMm. Tabn. 16.2), mns
3KOHOMHHM KOHTAKTOB BBOJA/BBIBO/Ia MOMKHO BOCIOJIB30BATBCA 4-XPazpiagHOH IIHHOH
IJaHHBIX. B 3TOM cnyuae Kak[as KOMaHIa W KaKAB 0aiT OaHHBIX NOMKHBI Niepena-
BaThCA B JiBa 3Tana 4epes paspsaael D7...D4 (BHauage — cTapliMid, a 3aTeM — Mnan-
i nosyGaitr), a paspaael D3...D0 He ucnoneayioTes.

l'locko.nblcy B TAKOM BapHaHTe nonyDafTeI IIepealoTes HEMOCPEACTBEHHO ApYT 3a
APYroM, (hyar 3aHATOCTH MOKET ObITh ONPOIIEH TOABKO NOC/E Nepefain Beel KoMaH-
Awl. TIpoueaypa naMUManU3alMK A7 TAKOTO Cilydas nokasaHa va puc. 16.10.
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Cucmema koMaHd HD44780

Bee dyHKuMM ynpasieHus Tabio peaMsyoTes ¢ NOMOIbID KOMAH/, IIepeYHcaeH-
Heix B Tabn. 16.2. CnemyeT yuects, uTo noCKe 3aNMMACH MITH YTeHHs Gaiita JaHHBIX apec
naMatd DD unmu CG apTOMaTHUeCKH MHKPEMEHTHPYETCH HIIH JEKPEMEHTHPYETCA MO
HUCTaaomeMy GpOHTY CHIHATA 3aHATOCTH. ONHAKO HOBOE 3HAYEHHE B CHETHMK a/1pe-
ca AC zanuchIBaeTCH TONRKQ CHyeTa BpeMa tapp = 1,5/ fose, rae fosc — Takrosag yac-
tora HD44780.

BkoYeHue
MUTAHKA

CRALAHME MWHUMYN 15 MC,
B TEMEHME KOTOPbIX Vo
AOCTWAET vpoBHA 4.8 B

*] HE MEnoNb3yoTCA

YCTaHOBKE dyHEL MM

RS RAW D7 Db D& D4 D3 D2 D1 DO (B-paspaaHsIR nHTepdieRc)
¢ 0o 00 11 Cnar sanaTocTH (BF) ewe
HE MOKET SbiTb NpOREPEH

b anie MuHEMyM 4,1 Mc

c o oo 11 = * * * ®nar sanAToCcTH (BF) ewe

YOTAROBKE diyHKLMK
RS Rav D7 06 D5 D4 D3 D2 D1 D r (8-pazpAgHLIA uHTepdIRIEC)
He MoeT BbiTh nposepex

Cmnare MrHesmym 100 muc

— YLTaHOBKA (yHKL MM

RS RAMW D7 D6 D5 D4 D3 D2 D1 D (B-pazpAnHLIA MHT2ptheR)
0 0 0 0 1 T |  ®narasnaTocTy (BF) 2we
“—  He MOXeT GkiTb NDOBEREH
RS RAW D7 D6 D5 D4 D3 D2 D1 DO B Teneps hnar BF yKasblBaeT Ha
c o 0o Q0 1t 1 N F ¥ * OKOHYEHWE BRITONHEHMA KOMaHA.
c 0 00 00100090 Ecnu thnar BF He onpalueasTos,
c o o o000 0 01 TO A0 EbINORHEHKMA CABSYHILEH
o o0 0o 0 OO0 1 DS

KOMaHAE! CREAYET BbIKAATE
BpemM#A, yrasanHoe g Tabn. 182

Puc. 16.9. Mnuymannzauns moayna HD44780 gna 8-paspagHoro uHTepdeiica
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BrmodeHwe
FUTEHWA

CHMA2HWME MEHIMYM T mc,
E TE4SHWE KOTOPBIX VCC
pocturaer ypogHa 4 5 B

RS RMW D7 DE D5 D4
o o o o 11

Coxmzanye Manamym 4,1 mc

RS RAW D7 DB D5 D4
D0 o0 0 1 1

Oxraarve muHamym 100 mic

l

RS R/MW D7 DB D5 D4
o 0o 0 o0 1 1

RS RW D7 D6 D5 D4
o o 0 0 140
o o 0 0 10
0o 0 NF =~ *
g 8 0 0 0 C
o 9 1 0 6 @
0 0 0 0 0 G0
o o0 0.0 G 1"
0 0 0D OO
0 0 O 1 IS

il it Bl e - 9

"1 HE MCMOALSYIOTCA

YCTaHosKs PYHKUHKM
(B-pazpaanelt uHTeptEfs)

Mnar zauatocT (BF) ewys
K@ MIKeT BkiTh NpOBEpEH

YeTaHoeka fryHELMA
(B-pazpAnHeli wrTepdenc)

@nar zanaroctd {EF) ewe
HE MOKeT BeITe MpOBEpEH

YCTaHeaka PyHKUMN
(B-paapagHeii nkrepdelic)

Teneps dnar BF moxeT Beme npoeepen
ficche chnefyrow e KoMaHa sl

YevaHoeka ByHKUAKW
(4-xpazpagreli uHTEpGOAC]

@GyHRUMA (4-xpazpARHBIA WHTEpDERAC)
yCTAHOBKA 4ACna cTok N u marpuyk F

Otknoyende Tabno

OyueTka Tabno

YCTaHOEKA DEXMME BEOAS JaHHLIX

Puc. 16.10. Mnuyuanuaayus Mmopyna HD44780 ana 4-xpaapsaHoero nHTepdeica
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Tabnuua 16.2. CucteMa komana HD44780

QuicTka Ounutaer mamare DD nocpeacrseM 3a- | 4.9/ 1,64/
Tabno nuce $20 (3nax npofena) ¥ ycTaHABKH
0 0 0101010 cyeTunKa namath DD B 3nauenne $00 1,52 me
(Havano)

Kypcop B Ycranasnusaer kypcop Ha aapec $00 | 49/1.64/
HAYAI0 0 0 010|0](0 (nauano). Bee cmBuru Texcra oTMens- 1,52 Mc
[} oF
PexuM BBO- Huxpement (/D = 1) unu nekpement 120/ 40/
I3 JaHHBIX (VD = 0) cuetynka agpeca Ha 1 mocne 37 MKC

onepauuH 3andcy B namats DD/CG wnm
0 0 o(ofol1 YTEHHUA M3 HeS. AXTHBH3HPYETCHA Kyp-
D cop H dpyakuns mepoanua. Ecan S5 = 1.
TO COOepkHMOe Tabno  CHBMPAETCH
Brpasg (I/D = 1) uau Bagso (/D = 0)
Hactpoiika Bumouenne (D = 1) umn BetxmoueHye 120740/
Tabno {D = 0} Tabno. OrobGpamenne (C = 1) 37 MK
0 0 0/0(1|D|C unH cokphitie {C = §) kypcopa. Ecmu
B =1, To CUMBON, Ha KOTOPHIA Ykashl-
BACT KYPCOp. MEpLIAeT
Casur tabao §/C=0, R/L=0 -— xypcop casuraerca| [20/40/
HITH KYpcopa S{R Bnene {AC=AC-}), S/C=0, R/L=1— 17 MKC
0 0 ol1l/1; Kypcop casaraetca snpaso (AC=ACHI).
S/C=1, R/L=0 — TekcT Ha Tabno capu-
c raerca Bneso; S/C=1, R/L=1 — tekcT Ha
TabNo CABHIAETCS BIPABO
Yeranoska DL = | - 8-paspsaHas [WIKMHA JaHHBIX; 120/ 40/
PyHKUHH D DL = 0 — 4-xpazpaasas wKHa JaHHBIX. 17 MK
{(uHunuanu- | 0 0 1 NIF N = 1 — geyxerpounoe Tabno;
3allHa) L N = 0 — onnoerpounoe Tabno, MaTpua
5x8 (F=0) wmut 5x10(F=1)
Yeranosxa YeranoBka cueTyrka aapeca namatd CG| 120/ 40/
agpeca na-|( 0 ACG B O-paspaausii apec “ACG” 17 MKc
mara CG
YeTauonka YcraHoBka cueTuuka anpeca naMatd DD 120/40/
azpeca na-| 0 1 ADD B 7-paszpaasmit anpec “ADD” 37 MK
matd DD
Yrenue gua- Cuuteisaer §nar 3aHATOCTH H colepk-| 0/0/0
% 34HATOCTH B Moe cuetuuka aapeca AC. THM cuHTHI- MKC
M anpeca 0 AC Baemoro anpeca (DD unu CG) onpene-
F RAETCA TPEARLAYUIEH KOMAaHIOR yCTa-
HOBKH aJpeca
3anuce Gal- 3anucwibaeT GaliT gaHHBIX B mamate DD|  120/40/
Ta B namsTs| | BaliT naHHBIX wm CG, uto onpenengercd npeabiay- 37 MKC
DD wau CG (el KOMAHIOH YCTAHOBKH anpeca
Yrenne Gaki- CunrniBaeT GaifT gaHHbIX M3 namMatu DD 120740/
Ta M3 namaTti | 1 BaiiT paHumIx unn CG, 4To enpeaenaeTca NMpeIklay- 37 MKke
DD wnu CG el koMaHaoi YCTAHOBKH aapeca

*) He HCHONB3YIOTCA
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Mpumep dns nodxkmoueHus dayxempoyrHozo mabno no 16 3Hakos e cmpoke

HMoakmounm Tabno k XKK-uurepdeiicy mogyns STK200 8 cranaapTHoM pexume
BBO/A/BBIBOJA. B HEM LONB30BATEMO MPEIOCTARNSETCS BOZMOKHOCTE HE TONMBKO 00bEY-
HOrO BBIBOJAA TEKCTA, HO TAKKE OMpeeNeHUs BOCBMHM COOCTBEHHBIX 3HAKOB, C/IBMTa
Kypcopa # peanuzaudd GYHKUHH “MepuaHus’. OnUcaHHbIe HHWKE MOANPOrPaMMBI MON-
HOCTBIO MOTYT OBIThH MCHIONBL3OBAHBI UHTATEREM NPU pazpaboTke cOOCTBEHHBIX MPOCK-

TOB.

WUma caiina Ha npunaraeMom K KHUre KoMNakT-aucke: \Programm\163LCD . asm

jR¥*x ynpapneHne MK-momyreM C NOMOEKR MAKDOKOHTDOILIEPOB

Ynpaenenne NBYxCTpCuHeM XKK-Tabmno(lé sHAKOR B CTRCOKE,
TMN xoHTponnepa - HD44780) gepes KK-uHTepdenc momyss
Taxrosas dagrora AVR: 4 MIa (crammapr STK200) .
[§isYisatelel yort Y ¥ A H

InitLCD: Mumumanmsauuma XK-uurepdelica mna 8-paspanHex
SendCom: [lepenaeT KOMAHLOY Ha XK-MOOYJE

SendDat: llepenaet CumMBON Ha KK-MOOoyne

OntText: IepepaeT TeEKCTOBYER CTPOKY Ha AR-MOnyIh
DefChar: QOnpenmender NONbL30BATENECKUE CHMMBON

N ome N e e ma e e
# 4 £ K %+ R F F F *

’

AVR *kdedededr s kkde oo o o

STK200.

CIMBOJIOB

'-***‘k***********************************************************************

.nolist

.include "8515def.inc"

Jlist

jRFFRY PanpgoTDOBHE [I€DEeMEHHES

.def tmpl = rlé ; PaBboumit perucTp 1

.def tmp2 = rl7 ; Pabowmt perncTp 2

.def prml = ril8 ; llepenapaeMell napameTp

.def timl = rl9 ; Cuertumk nmina 1

.def tim2 = r20 ; CueTurk ImMKma 2

.def Cnt = r2l ; BCNOMOTATEINbHRM CULTUMK

.equ RS =6 ; Register Select = paspan 6 nopta C (Al4)
.equ Ena =7 ; Enable Impuls = paspsg 7 nopra C (Al5)
.equ RW = 6 ; R/W = paspan 6 nopra D {/WR)

.equ RD =7 ; /RD = paspan 7 nopra D

.equ  BF =7 ; ®nar 3aHATOCTH = paspsAn 7 nopra A

.cseqg

Q00000 c0Déc rjmg Initial ; TMocne cfpoca — K IVIABHOH INpoTpaMMe
InitLCD:

000001 d05c¢ rcall waitbms
000002 do5b rcall waits5ms

000003 d0ba rcall waitbms ; Samepxka Ha 15 MC nocrme nomauM OMTAHKUA
600004 320 1di prml, $30 ; 530: ycraHoBka QyHKUMM, 8 paspAncB
000005 dols rcall SendCom ; Orapapka KOMAHIE Ha XK-MOIyAb

000006 4057 rcall waitbms ; Bamepxka Ha 5 Mmc

000007 e320 1di prml, $30 ; $30: ycranoBxa QyHRLMM, 8 paspAmos
000008 d0lsb rcall SendCom ; lloBTopAeM KOMAHIY

000009 d054 rcall waitbms ; Samepxka Ha 5 mMmc

00000a e320 1di prml, 330 j $30: ycrmaHoBxa QyHXIDM, 8 pazpAmcB
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00000b dol2
30000c dO51
000004 d038
0000Ce <328
00000t d00e
000010 4049
000011 do34
000012 e028
000013 d00a
000014 d045
000015 4030
000016 021
000017 d006
000018 do45
000019 doz2c
30001la e026
(0001b dooz
00001c d03d
00001d 9508

SendCor:

00001le 9Bae
00001f 4004
000020 9508

SendDat:

000021 %aze
000022 dool
Q00023 9508

Ausgabe:

000024 bb2b
000025 Yaaft
000026 0000
000027 0000
000028 98atf
000029 9508

QutText:
00002a Ofee
00002b 1fff
OT1:

00002¢c 95¢8
00002d 2420
00002e 4017
00002f dffl
000030 9631
000031 955a
000032 £7c9
Q00033 9508

DefChazr:

000034 0f22
000035 0fz22
000036 e0f4
000037 Qf22

rcall SendCcm
rcall waltbms
rcall WaitBusy
1di prml, $38
rcall SendCom
rcall waitlS50us
rcall WaitBusy
1di prml, $08
rcall SendCom
rcall waitlS50us
rcall WaitBusy
1di prmi, S0l
rcall SendCom
rcall waltims
rcall WaitBusy
1di prml, $06
rcall SendCom
rcall waitlS5Cus
ret

cbi PortC,RS
rcall Ausgabe
ret

sbhi Port(C,RS
rcall Ausgabe
ret

out PortA, prml
sbi PortC,Ena
nep
nep
cbi Port(,Ena
ret

1sl 2L
rel ZH

lpm

mov prml, x0
rcall WaitBusy
rcall SendDat
adiw 2L,1

dec cnt

brne OT1

ret

1sl prml
1sl prml

idi ZH,high{CharTab)}

1sl prml

; HosTopAeM KOMaHIY

; Banepxka Ha 5 mMc

; OmmpaenM rOTOBHOCTH XK-MOINYNS K mApHeMy

; $38: dyHruMA = 8 paspAnoB, 2 CTPokM, 5x8
; OrnpaenasgeM KOMaHoy

; SBamepxxa Ha 150 Mxc

i Ompaes DOTOBHOCTH KK-MOOYNS kK OpHMeMy

; $08: oTmouenye Tadio, KYpoopa, MeplaHMs
; TlepenaeM KOMaHIy

; 3anmepxkxa Ha 150 mMrc

i Oxrpaes IOTOBHOCTHM RK-MONYIIa x OpMemMy

501: oumcTka Tanno

; TlepemaeM KoMaHIy
; Bagepxra Ha 5 MC
;o Ompaer DOTOBHOCTHM KK-MOOYyIA K NRMeMy

506: pexiM MHKpPEMeHTa anpeca, 0es CuBMIa

¢ Hepenaem KOMaHITY

Bamepxxa Ha 150 mxc

; Hepenauda B XKK-MCOynbt KOMaHIEL
; Register Select = xomManza

; Hepepada B ¥K-monyne ©SafiTa OaHHBIR
; Register Select = 8alT IaHHEX

; ipHa AaHHEX = 8 Sur
; Boimaua KOMaHIb/ NaBHEX Ha NOpT A
; NlopmaeM MMOYIILC paspeieHus

¢ IMMTeNerEOCTE MMIIVIILCA -~ MyHMMyM 450 HC
; ChynaeM MMIIYILC paspeneHus

; Bemop cumMBona <cnit> ma rabno
; Yraszarens Z — Ha 1 NOSHMIMK BISBO

; BarpyxaeM Kom cumMmposia B r(

; KommpyeMm xom cMeona B prmi

s OmpaeM TOTOBHOCTH XK-MOOYIIA K OpUedMy
; Ilepenaem CMMBOJ, aBTOMHKPEMEHT ampeca
; VHKpeMeHTHMpYEeM yKasaTelb 2

¢ Cuerumx — 1

} BEROIMM BCe CHMMBOIE Ha KK-Tabno

r Onpeﬂeﬂeﬂme NOJIB30BRATENECKMX CHMBCJIIOB
; YmHOXaeM prml Ha 2

; YMHOXaem prml Ha 4

; Ampec crapmerc GaklTa patioHa CUMBOJA
; prml x 8
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000038 2fe?
000039 1fff
00003a 6420
00003b dila
(00003c dfel
00003d 058
DC1:

00003e 95c8
Q0003£ 2d20
000040 d00S
000041 dfdf
000042 9631
000043 3955a
000044 £7¢9
000045 9508
WaitBusy:
000046 2700
000047 bbla
000048 9Bae
000049 9a9%6
WBL1:

00004a %aaf
60004b 0000
00004c 0000
Q0004d b309
000042 98af
000041 0000
000050 £do7

000051 cff8
000052 9896
000053 ef0f
000054 bkbkla
000055 9508

Wait50us:
000056 e431
Waithl:
000057 953a
000058 £7f1
000058 9508

Waitlb0us:

00005a dffb
00005b dffa
00005¢c dff9
000054 9508

Waitbms:

00005e e644
Wailt501:

00005E dffe
000060 954a
0000el £7e9
000062 9508

mov ZL, prml
rcl ZH

sbr prml, 1<<§
rcall waitBusy
rcall SendCom
ldi cnt,8

lpm

mov prml, r0
rcall WaitBusy
rcall SendDat
adiw ZL,1

dec cnt

brne DC1

ret

clr tmpl

out DDRA, tmpl
chi Port(,RS
sbi PortD,RW

sbi PortC,Ena
nop
nop
in tmpl, PinA
cbi PortC,Ena
nop
sbrc tmpl,BF

rimp WBL

cbi PortD,RW
ser tmpl

out DDRA, tmpl
ret

1¢i timl, 65

dec timl
brne Wait5l
ret

rcall wait50us
rcall wait50us
reall wait50us
ret

1di timz,100

reall waitS50us
dec tim2

brne Wait501
ret

:

7 -> ampec CUMBONA

Ykazarens 72 - Ha 1 nosuumio BISBO
Pazpan & = 1 -> apgpec B nametr CG
CrmOaeM roToBROCTH KK-Monylis K npremMy
YecranapmsaeM cuUeTdHKK agpeca rnauaTtu CG

SarpyxaeM B r matioH cumMboida
KommpyeM mabjioH cyMBOIa B prml
OxmaaeM roToBHOCTH XK-MoOOyna ¥ NpHeMy
[MepenaeM wabrioH, aBTOMHKPEMEHT aapeca
HaxkpemeuT yrasarensa 2

CueTwik — 1

Kommpyem BCe 8 CMMBOJIOB B namsaTs CG

OFufiaHre TOTOBHOCTH KK-MONYIAA K OpHemMy
[lopT A = BXOA

Register Select = xomaupma

HanpasneHue = uyTeHMe M3 KK-Momyns
llopaemM JMNynbeC paspelleHus

flocne Maxc, 320 HC CTASUNBHOCTU JTAHHBIX
CuU/THBaeM BEF M 2HaueHue cueTduka allpeca

CHMMAEM MMOYNEC PaspeleHus

lponycrkaem CASOyICWYIC KOMaHOy, SCIB
¥K-monyvis poros (BE=0)

HamnpagiieHue =anuMcu = B KK-MOIyJb

MopT A = BLXOQn

TakT CHCTEMHON CHHXpOHMzauum = 4 MI'u
2arpysxka CUeTUMKa
TaxT CUCTEeMHON CHHXpOHM3aumy = 4 MI'y

Tarkr CHMCTEeMHOW CHMHXPpOHW3aumm = 4 MIg
Sarpyska CcueTdrKa
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Walt3Bms:

000063 =040
Wait3sl:

000064 dffh
(00065 954a
000068 £7e9
C000e7 9508

Waitbhs:

0600068 «852
Waithsl:

000069 dff9o
000064 955a
00006k f7ed
00006z 9508

Initial:
00006d 002
00006e bfle
00006f e50f
000070 bfod
000071 =30f
000072 bb02
000073 bb05
000074 2c00
000075 bb01l
000076 bk04
000077 efOf
000078 bbla
000079 df87?
00007a 2711
Inil:
00007 2£21
00007 dib7
00007aQ 9513
00007e 2018
00007£ £7d49

Haupt:

000080 el2c¢
000081 dfc4d
0o0082 dfob
000083 =021
000084 dfcl
000085 df9g
000086 =0£f4
Q00087 e3e0
000088 elb0
000089 dfal

TestBlinken:

00008a e420
00008k 6820
00008c dfbg
00008d df30
00008e 0f4

1d: timz, G

rcall waitlb0us

dec tim2
brne Wait381
ret

1di c¢nt, 130

rcall wait38ms

dec cnt
brne Waitbsl
ret

1ldi tmpl,Bigh (RamEnd)

out sph, tmpl

ldi tmpl, Low {RamEnd)

out. spl, tmpl
1di tmpl, $3F
ocut PortD,tmpl
out PortC, tmpl
ldi tmpl, $CO
out: DDRD, tmpl
out DDRC, tmpl
ser tmpl

out DDRA, tmpl
rcail InitLCD
clr tmp2

mov prml, tmp?
rcall DefChar
inc tmp2

cpi tmpz, 8
brne Inil

1di prmi, $0C
rcall WaitBusy
rcall SendCom

1dil prmil, 501
rcall WaitBusy
rcall SendCom

1di ZH,high (Text3)
1di ZL, low(Text3)
1di cnt,ié

rcall OutText

1di prml, 64

sbr prml, l<<7
rcall WaitBusy
rcall SendCom

1di ZH,high (Textd)

; TakT CHMCTEeMHONM CHUHXpCOHMSBalmMM = 4 MO
;7 Zarpyska CUeTuMKd

; TaxT CHCTEMHON CHHXpPOHM3aLMM = 4 My

3arpyzra cHUeTuuKa

¢ MMMLMAmManpyeM CTek

Paspaml 7..6 = 0, ocranbuue = 1
/RD, /WR = 0, ocTansHEEe paspAne nopra D=1

; Ena, RS = 0, ccransHee paspam nopra C=1

Pazpag 7 = 1, paspsng 6 = 1

; Paspamer 7..6 - BHXOIE, OCTAJIBEHEE — BXOIE

Paspanel 7..6 - BLIXOIH, OCTaJbHBE — BXOOb

7 YoradasimpeaeMm tmpl

; Tlopr A ~ BREXOI

; MHuMpuamrsypyeM KK-MODyIs
; CUeTuMK CUMEOJIOB

- MepeHOCHM KakK KOJ 3Haka

; OﬂpeﬂeHQEM CHMMBON JIA 3TOTC KORA

;= 87

; Tlepexorn, ecnu Her

; Bruouaem Talino, oTKI. KypCoop M MeplaHue
; OxMOaeM FOTOBHCOCTE KK-MOIYIIA K OpHeMy

i TlepepaeM XOMaHOY

; CummjaeMm Tafino, Kypcop — B HAYano

; OxmpoaeM FOTOBHOCTbL XK-MOIYJNIA K OpMebsy

; llepenmaeM KOMAHTY

; 7 YKABREBaAET HA HAUAJIO TEeKCTa
; TexcT cocTOMT M2 16 CUMEBOJIOB
; BuBomas Text3

; Alpec = Hadalo BTOPOM CTDPOKY

; YcTaHamRmBaeMm paspan 7 ->» namaTs DD

; ORMpaeM TOTOBHOCTE AK-MOOYNS K NIpMeMy

; YCranaBmMBaeM yKaszarenk aijpeca B DD-RAM

23— 5-2384
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oocosft
000090
000091
000092
Q00093
000094
000095
000096
600097
000098
0C00ss
0000%a
0000%h
00005c
0000%d
0000%e
00009t
0000a0
0000al

ele8
al50
dfog
ed25
6820
dfbl
df8sg
dtaf
el2d
dfss
dfce
el24
dfaa
dfsl
dfca
el?2q
dfaé
df7d
dfce

TestCursor:
0000a2 e02e
g000a3 dfaz
g000a4 df79
Q000as 420
0000a6 6820
0000a7 df%e
0000a8 dfis
0000a9 e(f4
0000aa edel
0000ab €150
0000ac df7d
0000ad e421
0000ae 6820
0000af dAf9s
(000b0 dfed
0000bl dfbe

Sonderzeichen:
0000b2 493
0000b3 eD21
0000b4 dfés
0000b5 df90
0000b6 el2Zc
00007 dfée
0000b8 e0f4
0000bS e2el
0000ba els0
0000bb dfée
0000bc e420
0000bd 6820
0000be dE£87
0000bf dfbe
0000c0 <0f£4
0000cl e2e8
0000c2 150

1di ZL,low({Textd}
1di cnt, 16
rcall OutText
1di prml, 64+5
sbr prml, 1<<7
rcall WaitBusy
rcall SendCom
rcall WaitBusy
1di prmi, $0D
rcall SendCom
rcall Waitbs
1di prmi,$14
rcall WaitBusy
rcall SendCom
rcall WaitsSs
1di prml, $14
rcall WaitBusy
rcall SendCom
rcall Waiths

1di prml, S0E
rcall WaitBusy
rcall SendCom
1di prml, 64

sbr prml, 1<<7
rcall WaitBusy
rcall SendCom
1di ZH,high(Text5)
1di 2L, low(Text5)
1di ¢nt, 16

rcall OutText
1di prml, 64+1
sbr prml, 1<<7
rcall WaltBusy
rcall SendCom
rcall Waitss

rcall WaitBusy
1di prml,$01
rcall SendCom
rcall WaitBusy
1di prml, 30C
rcall SendCom

1di ZH,high (Textl)
1di 2L, low(Textl)
1di cnt, 16

rcall OutText

1di prml, 64

sbr prml, 1<<7
rcall WaitBusy
rcall SendCom

1di ZH,high (Text2)
1di ZL, low{Text2)
1di ent, 16

’

7 yKaseHBaeT Ha HauaNnc TeKcTa

TeKCT COCTOMT M3 16 CYMBGIIOB

Brmomm Textd

Ampec 6-T0 CHMMBONA BO BTODOH CTpoxe
YoeranaeamsBaeM paspay 7 -> nadAaTs DD
Omoaes TOTCORROCTE HK-MonyvRA K Opuany
YoraHaBAMBaeM YKABZATEIs anpeca B DD-RAM
Omgipacy roTosHocTE HK-mMonynA k lpuenty
BrmwuaeM Tabno, Mepllanwme, OTKI. KypCop
[lepenaeM KOMaHTY

Sapepxxa Ha 5 coxyHA

CMellaceM Kypcop BIPaBO

OrpOoaeM roTOBHOCTE XK-MOIDYIIA K IpUEMy
fMlepenaeM KOMAHIY

3afjepXKa Ha D CeKyHIO

CMenaeM xypcop BIIRABoO

OxptOaeM DOTOBHOCTE XK-MOAYTA K IPHeMy
NepenaeM KOMAaHIy

Banepkka Ha 5 CexyHQ

Tadno U Kypcop — BRII., MEepUaHU& - OTKI.
OxuiaeM TOTOBHOCTE XK-MOOYNS K IIpHeMy
TMepenaeM KOMAHITY

Anpec = Hadallo BTOPOH CTPOKK
Ycoranmasimpaem paspan 7 -> namATe DD
OpnacM IrOTOBHOCTE XK-MOOVIIS K IIpUeMy
YcraHaepIMBaaM yYKA3ATamne agpecda B DD-RAM

4 YKABBIBaeT Ha Hadallo TeKcTa

TeKCT COCTOMT M3 16 CIMBONOE

Beeomm Text5

Anpec 2-ro CHUMBOJA BO BTOPOM CTPOKe
YCTaHABAMBAaeM paspAan 7 —-> namATs DD
OCxpaeM TOTOBHOCTE XAK-MOOYNa K OpieMy
YoraHaBAuBaeM yxazaTellr anpeca B DD-RAM
3amepkka Ha 5 CexyHR

OxuMnzaeM COTOBHOCTR XKK-MOOYIS K ApuemMy
Owimaem Tabno

MepenaeM xoOMaHOY

OsmgaeM DOTCBHOCTE KK-MOOVIIS K NpHeMy
Tafnoc — BRI., KYPCCOP M MEpRLaHME — OTKI.
TMepenaeM KOMAHIY

Z YKABLIBAAT HA HAYANIO TeKCTa

TexkcT cocTouT U3 16 CYMBOJIOR

BrmBomm Textl

Appec = ”Hauanc BTOROM CTPOKHM
YoTadHarmMsaeM paspan 7 -> namMATe DD
OmrpaeM TOTOBHOCTE XK-MOOVIIA K OpHemMy
YcTaHaBnMBacM yrRa3zaTelbh agpeca B DD-RAM

Z YKA3EBAaeT HA HAYAJNO TeKcTa
TexcT cocTouT M3 16 cUMBOIOBR




Oodynvuenue Waeduged, 188,

0000c3 dfes
0000cd dfa3
0000c5 dfa?
0000cE cfbd

.org $400
CharTzab:

.db $04,504,81F, $04, 04,500, $1F, $00

000400 0404
000401 041Lf
000402 0004
000403 001f

.db $0C, $02, 304, $08, $0E, 500,400, 500

000404 020c
000405 0804
000406 000e
0co407 0000

.db $0C, $02, $0C, $02,80C, $00,800, $00

000408 020c
000409 020c
00040a 000c
00040k 0000

.db $18,506,501,506,518,500,51F, 300 ;

00040c 0618
00040d 0801
00040e 0018
00040f 001f

.db $03, $0C, $10, 30C, $03, 300, $1F, 500

000410 0c03
000411 0cl0
000412 0003
000413 001f

.dbo $04,504,51F, $04,$1F, $04, 504, 500

000414 0404
000415 041fF
000416 041f
000417 0004

.db $00, $1F, $00, $1F, $00,%1F, $00, 800

000418 1£00
000419 1£00
00041a 1£00
00041k 0000

.db $15, %15, $15,515,515,515,%815, 500

00041c 1515
goc41d 1515
00041e 1515
00041f 0015
Textl:

rcall CutText
rcall Waiths
rcall Waitbs
rjmp Haupt

.db "Sonderzeichen: "

000420 6£53
000421 646e
000422 7265
000423 657a
000424 6368
000425 6568
000426 3ate

; Bumomm Text?2
; SazepKra Ha
; 3amepiKa Ha
; BeckoHeuHLt

: Kon cumMBona

; Konl cumMmBona

; Kog cmumpBona

Kon cuMpBona

; Kom cmuMBona

; Kon cumMBONIA

; Koo cmmBomna

: Konm cmmBorna

5 CekyHI
5 cexkyHn

LMt

$00:

501:

$02:

$03:

$04:

505:

$06:

506:

CHMBOIT

CHMBOJT

CIHMBOTT

CHUMBOJL

CHMBOIT

CHMBOJI

CHMBCIT

CHMBOJT

(8 cnyseOHEX 3HAKCB)

AR

nAm

A

LU

ne=1

"HepabBro"

"paBHo"

"3 mrpmxa'

23
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000427 2020

Text2:

L O, ° Y1, T2, 3T At 0T e T
Text3:

.db " Display-Test "

Textd:

.db "Char 6-8 biinken"

Text5:

.db "Cursor—-Pos. = 65"

OnwucaHWe nognporpamm

HMoanporpamma InitLCD uHHuHanusupyeT uaTepdedic ¢ JKK-Moaynem ang obme-
Ha 8-paspsaHbIMH naHHBIMH. [IpuHUMEI cooTBercTByer puc. 16.9. /s nepectpaxosku
nepel nepenaqeil KaKIOH M3 HETHIpEX MOCAeNHUX KOMaHI BLDKHaeTcs Tpebyemoe
BpeMs H OMpaliHBaeTCcs COCTOsHHE (rara 3aHATOCTH.

IoanporpamMel SendCom ¥ SendDat nepegaror Ha JKK-momyns uepez noanpo-
rpaMMmy Ausgabe KOMaHay Wi 6aiT JaHHBIX cooTBeTcTBeHHO. TIpH 3TOM 10 TOTO, KaK
mukpoxonTponiep AVR cMoikeT BoiBecTd BoceMb OUT Uyepes mopT A, nobken ObiTh 10-
Aan cooTeeTcTBYromMH curHan RS. Tlepuon cnenomaHus MMnynbcoe paspeineHus E
B HOANPOTpaMME Ausgabe OTPEIENAETCA AN HacTOThl TAKTA CUCTEMHOH CHHXPOHM3A-
tun 4 MI'u. TIpu Honee BBICOKOH YacToTe HEOGXOAWMO C LEIBIO 3aJepXkKH BCTABHTEL
COOTBETCTBYIOLLEE KOMMYECTBO AGTONHUTENBHBIX KOMAH nop.

Hoanporpamma OutText BBLIBOAWT Ha TabJ0 KOMHMYECTBO CHMBOIOB, 3a/laHHOE
CYETUMKOM cnt. AJAPEC NMEPBOTO CHMBONA OTIPEJIENIAETCs ¢ MOMOIbLIO yKasaTtens Z. Ca-
MH TEKCTEI, PA3MeLleHtble B naMsTH KoMana B BUAe ASCII-koHCTaHT, ¢ NOMOLUEBHY KO-
Mangsl Lpm 3arpy»xaroTcs B peructp r0 W BeiBoasres B XKK-monyiib.

IMomnporpamma DefChar AaeT UONb3OBATENI0 BO3MOXKHOCTH OrpeefMuTs cofCT-
BeHHBbIE CmykeOHble 3Haku. [1labnon cumeona (cM. nogpaspen “Paspaborka cobcTreH-
HbiX CUMBONOB” M pHc. 16.8) nomieH OBITh ONpeeneH B HCXOOHOM KO/E C [IOMOLLBED
nupexTHBbl accembaepa . do. ASCII-kon onpenenertbIx Takum 00pazoM CryxeOHbIX
3HakoB ($00...307) nmepenaerca B moanporpammy DefChar ¢ MOMOUIBKO Rapamerpa
prml. [Moanporpamma De £Char Ha OCHOBaHHRM afapeca TAOTHUBI CiyKeGHBIX CHMBOIOB
CharTab u ASCII-Kofa BEIMUCASET CMEIIEHWE BHYTPH CharTab — CMEIHEHue apeca
B [1AMATH 3HaKoreyeparopa KK-momyis, o kOTepoMy NODKHB! ObITE 3aTTHCANL] BOCEME
crpok wabnoHa. [lanee B LMKIIE Bce BOCEMB CTPOK KOJa CUMBOJIA [IEPEARIOTCH B NAMSATE
CG. Vxazatens Z, onpenensomnit cMeuieHne agpeca 8 Tabaule ChatTab, AOMKEH
LIMKTHUECKH YBEIHIUBATECA Ha 1. Anpec B namatH CG yReTMUHMBAETCH aBTOMAaTHYECKH,
Gnaroaaps (hyHKIIMM aBTOHHKpeMeHTa Moayas HD44780.

[ognporpaMMa WaitBusy CYMTBIBAET COCTOAHME (pilara 3aHATOCTH M OKH[AET,
MOKa OHO He NPUMET ypoBeHb Nnor. 0, YKasHBAIOWHUA HA FOTOBHOCTE MOAYIS K NPUEMY.
[lo ymomanuio, nna KK-Momyns ycTanopaed pexxum JocTyna “3anmch”, nOCKONbLKY
BCe NOAMPOrpaMMBI, KpOME WaitBusy, BHIIOMHAIOT 3anuck B Hero. o 3Tod npuumne
B Hauaie TMOAMPOrpaMMel WaitBusy HamnpaBlIeHHE fepeiaiu NaHHBIX AN Hopra A
IOJKHO OBITh U3MEHEHO Ha “Bxon”, a curnan Ha Brixoge R/W — ua “YUrenne” (nor. 1).
IlockoMeky JIOTKCH YHMTATBCA PETHCTP KOMAH[, JMOMOMHMTENBHO AO/DKEeH ObiTh ycTa-
Hoeaen B jor. O eexox RS, 3arem cocrosHue MOIyis CHMTHIBAETCA [0 TEX M10p, [1OKa
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(nar 3aHATOCTH HE IpUMET yposeHs nor. 0. B zasepiueHse noanporpaMMel WaitBusy
BOCCTAHABIMBAETCH 3HAYEHMS [0 YMOMYAHMIO s nopra A u Aisf Beloja R/W (“3a-
HCh ).

MoanporpaMMel Wait50us, Waitl50us, Waitbms, Wait38ms M Waiths BRMON-
HAKOT 3aJePXKKY ONpPeACNeHHON AMUTENIBHOCTH HAa OCHOBAHMH “aCTOTHl TaKTA CHCTEM-
HOR cuuxpoHuzalud 4 MI'n. Kna apyrux 3HayeHHH 4aCTOTBl B 3TH (0J0POTPAMMEL
IOTDKHBI ObITH BHECEHBI COOTBETCTYIOMME KOPPEKTHBI

OnucaHdue rNasHon NporpaMmmbl

TMocne cbpoca Mo BIIIOYEHHIO NHUTaHWA MPOUCXOAWT BETBIeHHe 10 aapecy $000,
KOTOPOMY COOTBETCTBYET KOMAaHAa Mepexofa k MeTke Initial. [loc/le MHHUMATHIA-
LIMA CTeka cpasy ke BRIMOTHAETCA KOHOUTYPHPOBaHYe BCEX MOPTOB BBOAA/BBHIBOAA AN
nogrmodenns JKK-mogyna, a Takke HanpaBneHHe nepefayd JaHHBIX MO YMOAYAHHMIO.
3atem JKK-Moxayne HacTpauBaeTcs Ha obMen 1o §-paspaHOH LIMHE NaHHbIX, H OfIpeae-
ACHHBIC NOTH30RATENEM CTykeOHbIe CUMBONE! TIepefaoTes B 3HAKOreHEpaTop (NaMaTh
CG).

Cama riasnas nporpamma pabotaet B OeckoHevHOM 1THKNe. BHavane oHa BKMOHa-
eT Tabno, OTKAOYAET Kypcop W GYHKUMIO MepuaHHs U cOpacbiBaeT WHAMKkauuio. [Ipu
3TOM KYPCOP YCTAHAB/IHBACTCA B “HAYAIBHYIO  MO3UUHIO (AApec NEPBOro CHMBONA IIEp-
BOH cTpoKH). 3aTeM noANporpaMMa OutText BBIBOIMT CTPOKY Text 3, ONIPEAENEHHYIO
B IAMATH KOMaH/I C HOMOIILIO IMpeKTUBL accemGnepa . db.

[anee cneayer yacTe NPOrpaMMbl NOA HazpaHueMm TestBlinken, B KOTOpoil Ha
Tab/io BHIBOAMTCA PadbsACHAIOLLAA CTPOKA Text4, [OCAE YEro B TEYEHHC MATH CEKYHIL
MEpUAET M0C/1CIOBATEIILHOCTE H3 LIECTOrO, CeIbLMOr0 H BOCBMOTO CHMBOJIOB BTOpOH
cTpokn Tabno. Ilo cyTH, HemocpeacTBeHHBIH onpoc duiara 3aHATOCTH MNocne MATHCE-
KYHIHOW 3ajepkkd He obsf3aTeneH, W 37ech OH HCIONB3YETCS TOTBKO AAA IMOMHOTBI
npuMepa.

B uwacTu mporpammel, HazBaHHOH TestCursor, oToOpaXaercs Kypcop, Ha Tabino
BRIBOJMTCA UndopMaunonnas cTpoka TextS, W Kypcop Ha NfTh CEKYH/L YCTAaHaBIMBaA-
eTes B MO3HIMK BTOPOrO CUMRBOMA BTOROH CTPOKH.

B uactu mporpamMmbl nox HalBaHHeM Sonderzeichen Ha Tablo BHadasle BbIBO-
AMTCA  COODIIEHME ©  TOM, YTO Jalee [OCHSAYIOT —CIyxeOHble  CHMBOJIbI
(“Sonderzeichen™), a zaTemM HabmromaTento MpeAOCTARASETCA BO3IMOKHOCTE NOMOO0-
BATLCA 3THMH CHMBOJIAMH B TE€UEHHE JIeCATH ceKyHa. Ha 3ToM OecKoHeuHBIH LMK 33-
BEPILAETCA, W BBINOHEHHE MPOrpaMMb! Ha'THHASTCS CHAYANA.

GopMUpOBaAHUE UMMYNLCOB ONPEaeneHHon ANWHbI ¢ noMoLwslo T/CO

B nporpamme nas mukporoHTpoiepa AT9051200 na seieoge PDO, nogwouek-
HOM K BHELUIHEMY YCTPOHCTBY, YPOBEHL JOT. | [IOMKEH COXPAHATECH Ha TPOTHKEHHH
20 mMc, nocne yero 3TOT BLIBOA ONATH MOMET nepedtTH B cocrosnve sor. 0. Takr chc-
TeMAOH cHHXpoHU3auHH P coctasaseT 12 MI'w, u, ciaemoBaTenbHO, AJMTETBHOCTE IE-
pucfa cocrapnser 83 1/3 ue. daza nor. 1 ua spsone PD0 jomyckaer HezHauuTensHoe
otiinoHedue B 0,5%.



358 rpumenenue mukpoxormponnepos cemeldcmea AVR

paHTMpOBaTL, YTO ANMTENBHOCTE NEPBOro TAKTOBOrD wMnyneca Gyaet nonwol! B xyawem criyvae
ANWTENLHOCTL TAKTOBOrO CHIHANE AENNTENA Npu 3anycke TaiMepa T/CO nony4yaeTcA MeHswe Anu-
TENLHOCTH NEpUMOAA UMNyNbCa. B TakoM chyyae nepssiil TAKTOBRIA CUrHAN NPaKTWHECKW HE OKa3ki-
GyAET NOKA3EHO HIDKE B NPUMEe

V Jenutens 4actoTel NpKW YCTaHOBKe MynbTUnnekcopa Mux0 He cOpacbisaeTcs, NOTOMY Henwss ra-

Ina peanusauuu noctTapaeHHoM 3agauy B cueTHbIH peructp TCNTO nHeobxomumo
3arpy3uTh 3Havenue $15 (-235,), a 3aTeM ¢ noMowbio MyneTHIIekcopa Mux0 Betbpats
Gonbwui koaddmurent aenenuns (P/1024). Takum obpasom, Bxon T/CO 6yner pabo-
TaTh HA TaXTOROI yactore 12 M/ 1024 = 11,719 KI'u. Hocne 235-ro uMmyianca Bo3-
HHKaeT nepenosiHeHde cuetyrka u3 SFF B $00, B pesynetaTe uero B peructpe TIFR yc-
taHaBausaetcs daar TOVO. Dro cooTBeTcTBYET OTpe3Ky BpeMeHH B 83 1/3 He - 1024 -
235 = 20,053 mc. Ecny B XyaiueMm cayyae MepBoIid TaKTOBbIH CHIHAK JEAHTENS YaCTOTH!
He 3GhbeKTUBeH, TO ITUTEBHOCTE BMITYIBCA ¢ocTaBuT nulib 83 1/3 He - 1024 - 234 =
19,968 mc. O6a pesynbrata mHaxomaTcs B npenesnax aomycka 0,5% (+0,27% unm
-0,16%).

Ecnu Gvl mogobHOe OTKNIOHEHHE HE AOIYCKANOCh, TO A NEPEKIIIOYEHHA CUETYHKa
NpULTOCE GBI OXKHAATH HAPACTAROILEro (PPOHTA HMITY/IBCA, MOCKOALKY B 3TOM CITydae
HAYHHAETCSA HOBBIA NEPHO/ TAKTA ACNHTENS HaCTOTHL.

Onucanue npoepamms!

ITpu noctynnenun curHdana cbpoca peructp TCCRO aBToMarHyecKd MHHHHANIU3K-
pyetcs 3nadenuem $00, B pezynbraTte yero T/CO ocranaBnmeaercs. Flocne cOpoca no
BIJIFOUEHHIO IHTAHUA NPOMCXOHT BeTBNeHue Mo anpecy $000, rae Haxonurea koMaHaa
nepexoaa k MeTke Initial (ofo3znavaeT YyacTs HHHUManH3auKK). B yacTu nporpammel,
BBITIONHAICWEH HHULKHATIN3aLMI0, B IEPBYI0 QUEPEAb ONPEACIIAETCA KaK BaIXoA paspan 0
nopra D. Jing 3TOro B COOTBETCTBYIOWMHA pa3pia perucTpa HAIOpaBleHHs lepenadu
Aasnelx DDRD sanuceisaetes jor. 1. OcTanbHele paspaabl nopTa D nedcTeyor xak
BXOJIBI, FOCKOIBKY NpPH NMOCTYILIEHUH CATHama ¢cOpoca no BKIUYEHHIO MUTAHKA BO BCEX
HHX YiKe Obln 3amHcaH Jior. 0.

Ha 3ToM uMHHOMANW3ALMA UCTIONE3YEMOrO B Z2aHHOM MPUMEpE perucTpa 3aBeplieHa.
['nasHas yacTs mporpaMmsel (MeTKa Haupt) HAYWHAETCA ¢ LUK, CHMBOIH3UPYIOUIETO
BPEMEHHYIO 3aJepyKKy Mepeld BBINOIHEHHMEM nochemyromux koMana. On HeolOxomum
AN Toro, 4rofbl KOppekTHO ofpaboTaTh pasnuuHe B UIHTETBHOCTH WMITYJBLCOB, M0-
CKONbKY focie cOpoca No BKIKOYEHHIO MATaHWA HAYKHHAaeT paboTaTh AenuTe/lb YacToThl,
dopMHUpYIOLIHIt BXOIHOM TaKT TalMepa.

[Mocne Beixoaa M3 aToro HMKna B cyeTHblid perneTp TCNTO 3arpyxkaetca oTpHlia-
TEAbHOE 3HAYEHHE AJIMTENBHOCTU MHTEPBAIA. DTOT WHTEpRAN, NPEACTABISHHBIHR KOH-
CTaHTOH Time, AODKEH OBITH OTPHLATENBHBIM, MockonbKy T/CO paboraer xak cymmu-
PYIOLIMIT cueTquK. 3aTeM, B COOTBETCTBHH ¢ NMOCTABIEHHOH 3ajaueii, paspaa 0 nopra D
ycranarnHBaercd B Jor. 1 (HapacTarolui GpoHT MMITynbCa).

B cneaytoweit yacTi nporpaMmmel ¢ NOMOLUBKO MYNBTHIUIEKCOPA BBIGHpaeTCd BXO-
Ho#t TakT ang T/CO — TakT cHcTeMHO cuuXxpoHHzalul @, geneHueiil Ha 1024, 3atem
8 peructp TCCRO 3anuceiBaeTed 3Hauenne $05 (cm. tabn. 4.2), u T/CO naqunaer cuer.

Harnee, Ha4HHasA ¢ METKH Wa i1, PACTIONOMEH HHUKI, B KOTOPOM C MOMOIILIO Orpoca
dnara TOVQ peanq3osaHo oKHIAHHE NEPenonHenua cueTHrka. Kak Toanko stor duiar
Oyaer ycranoeneH, paspsn 0 nopra D cGpaceipaetca B nor. 0 (HHcnapawouwmit GpoHT
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uMnynesca). B 3aBepinenne dnar TOVQ cGpaceiBaercs, 4ToOBl ONATE CHEIATh BOIMONK-
HBIM OkHAaHHe nepenonHenus T/CO.
WUmMa chaitna Ha NpUNaraemMom K KHUre KOMNakT-gucke: \Programm\164TCO . asm

;**** COBﬂaHHe I/{:MnyJ'[bCOB C MOMOHLK T/CO hhkk bk bk hhrke kbbb bbbk bbbkt db vt

- %
v

;* dopmmpoBaHMe Ha BuBome (0 mopra D mMinymnscoR (nor. 1) mIMTenbROCTRO 20 MC
;¥ ¢ nomompl T/CO MmMxpoxoHTposepa AT9031200.

-
’

;* TaxkToBasS HacTOTa MUKPOKOHTDOMIepa: 12 MIM.

s K
v

ek kT hkhkdk ko hhkhhkdr kb hdhbrdrhkrhhhbdhbdhdrrrkhkhrthkd b drrrrddrbrrrbhrrdrhrdd b hrhrk
’

.nolist

.include "1200def.inc"

Llist

.def Workl = rlé ; PaBoumit perucTp

L e Time = 235 ; KomMuecTBO TAKTOBHX MMIYIIECOB TakMepa

.equ Mux = 5 ; Mux0 = 5 nns penenmda wacroTs Ha 1024

Reset: ; COpoc Mo BRIDOWEHMY NMTaHMA

000000 <003 rjmp Initial ; Amgpec 00C - nepexod Kk YacTM MHMUMAIIA3aLAM
000001 9518 reti ; Ampeca 001 - 003 -~ npepslBadma {He MCNOIb3yeMm)

000002 9518 retl

000003 9518 reti

Initial:

000004 e001 1di Workl,$0l ; Sarpyska HANDABIEHMA NEPSIAUNM TAHHBIX

000005 bbl cut DDRD,Workl ; Iopr D: paspan 0 - BRXOO, OCTAILHEE - BXOMIE
Haupt:

000006 ef(a 1di Workl, 250

Schleife:

000007 0000 nop

000008 850a dec Workl

000009 £7e9 brne Schleife ; CvMBONUUYECKM HMKIT BagSDwKM
Impuls:
00000a =105 1di Workl,-Time ; 3arpy®aeM MHTEpPRAN ONA TaliMepa
00000b bfo2 out TCNTO, Workl ; MHMumanuaupyem CueTuMk
00000c 9390 sbi PortD, PDO ; YcranapmBaem paspAn 0 rnopra D B sor. 1
Beginn:
00000d =005 1di Workl,Mux ; YcrarapmmeaeMm agpec Mux0
00000e bf03 out TCCRO,Workl ; Zanyckaem rTadiMep, kosd. IJenemma = 1024
Wait:
00000f b708 in Workl,TIFR ; WsBnexaem comepsumoe peructpa TIFR
000010 f£01 sbrs Workl, TCV(Q ; [ponyckaeM CrIeyRllyl KOMAaHOY, =CHK

; BOZHUKIIC [EepelCo/HeHUe TauMepa
000011 cffd rjmp Wailt ' ; JanbHelmes OXMIAHWE TIepelOJIHEeHMs
000012 9890 cbi PortD, O ; Topt D: paspan 0 cBpacoeaem B ncr. O
Ende:
000013 e002 1di Workl, (1<<TOVQ) ; ZarpyxkacM SuroByk nosmpm dnara TOVO
000014 bf(s out TIFR, Workl ; Copacosaem gnar TCVO
Q00CLS 0000 nop 7 CvMBoimMyecKoe I[IPOIONACHME NPOTPAMMEL

Ha puc. 16.11 nokazavo okuo AVR-Studio, B KOTOPOM 3MYJIMPOBAK X0/ BLITIONHE-
HHg OporpaMMs! Ha 250-M Mpoxoae HaYATEHOTO LMKIIA 3aIEPKKH.
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sfer 100000 T
in Horkl, TIFR = jste :Elxnllﬂn L
sbrs Workl, TOVU : R T Y R
cimp  Wait : welter i
cbi  PortD, 0 ; FortDh: ]??-EMHE-

ol Asefns
e

) ot D SR
£ pPotUUata TTOTT I (b aitsh 43

® DataDrecti. TFFCTFER 0xl1, bit543_1
Input Ping PETCETR b1g ot 43 v

Gamil [EEO T  -
out TIFR, Workl i
nop ; oynbolisch fur

-

]

: C:\Eigene Dateie

e300

E R0 = (xD0R8B = OxO0RI1E Ix02Z R24 = B : .

iR1 = [xDQRY9 = 0x00RL7 = JIxQ0R25 = 0x00 3 . : : T

L {F? = (x00P10 = 0200 R1E = Jx0G0 R26 = 0z00 %mér}munt l‘{g}l.lé .!L(}Cﬁhnh :
R3 = (x00R11 = 0xQO0R1S = )x02 R27 = 0x00 @Ti'nar}fﬁﬁur;" Cxti b32 e
N4 = Cx01R12 - 0xz01R2C - Ix00 R28 - Ox00 i Presca et Ow0E K33 bit 21.8 _“_j

"{ES = (x0DR13 = 0z00R21 = Jx00 R29 = 0200 v lnmuptBn. T 39 bt -
R& = (X01R14 = 0xD1R2Z = JX0: R30 = 040 " st et B bl
HR7 = [xDOR1S = = Jx00 R3! = T A S

0x00 R2Z

L

Puc. 16.11. ImMynauus xo4a BbINONHEHUA NPOrpamMmMbl HA 250-M NPOXOAE HAYANBHETO LUWMKNA 3a4E0MKHN

[To HapacTalomemMy GpoHTY WMImynbca (MeTka Beginn) cekyHaomep (none Stop-
Watch) B okHe Processor Obi1 cOpoilien B Hysib, [0 MOMEHTA ZOCTHMKEHHUA METKH Ende
(Hucnagaowero ¢gpoHTa MMNyasca) npourno 19,97 mc. Takum obpaszom, JIHTENLHOCTS
HMAYJIbCA EXUT B JIONYCTHMEIX npeaenax 19,9...20,1 mc.

BbInoanuM BTOpo#H TeCTOBBIH NPOTOH, NPEABAPUTENBHO BHECH KOPPEKTHBbBI B IPO-
rpaMmy, 4ToOB! U1 MHULHATH3ALMU NepeMeHHOH Workl noclie MeTkH Haupt MChoib-
soBanoch 3HadeHue 1, a He 250. 3azepikka, COOTBETCTBYIOWAA 3HaveHuto 250, cocras-
A47a NMOYTH MOAHEIA MEPHOA TakTa ASMUTENS YaCTOThI, H MOTOMY, COTNACHO H3MEPEHH-
am cekyHaoMepa AVR-Studio Mexy MeTkaMe Beginn n Ende, Oblia ronyveHa anu-
TENMBHOCTE MMMyNbea 19,97 mc. Kak u cneaosano oxupars, ATUTENLHOCTL MMITYAbCA
HpH BTOPOM fporone cocraeuna 20,05 Mc, MocKobKY B BeIYMCNEHUAX Ohina 3afeicT-
BOBAHA MOUTH MOJMHAR J/THTENLHOCTE NEpBOro TAKTOBONO CHIHANA.

MNporpaMMHas peanusauus asToMaTudeckon nepesarpyskm T/CO

B 6azoBo# cepun MukpokoHTpoanepor AVR apToMaTudeckas nepesarpyska T/CO
He NpelycMOTPEeHa. JTO 03HAYAET, YTO B PE3YNbLTATE NEPEnoAHeHUs (BOZHUKACT NIPH
NOCTYFUIEHUH OYEPENHOrO TaKTOBOMO MMMYITbCA, KOrJA CHETHBIH PErvCTp COACPHKHT
3Hauenne $FF) cocTosHue cuerumka Beerga nepexoaut B $00, # HUKakoe Apyroe 3Ha-
YeHHE aNNapaTHO B CYETHBIH PErHCTP aBTOMATHUECKH He 3arpyxaercs. Tem He meHee,
3T0 MOKHO BRITIOJIHUTE TIPOIPaMMHO, Kak OYIeT [I0K43aHO B CASOYIOUEM MPHUMeEpe Npo-
rpaMmel A7 MUKpokorTpoinepa AT90S1200.
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B s1om npumepe Ha BeisoAax PD4, PD3 u PD6 nopra D gomskHel BeIpabaTeIBATECS
umITyabckl ¢ yactotoi 50, 25 m 12,5 xI'n cooteetcTBenHo. [lepnoa ana uauboneliei
yacToThl cocTasiser 1/50 k't = 20 mke. TakuM ofpazom, a1s NEpektoUeHns YPOBHA
na suisosie 4 nopra D npepeiBanyde ot Tamepa/cuetunka T/CO A0mKHO BOZHMKATDL Ka-
waste 10 mxe. Crapuinii nony6aiir nopra D kaxavie 10 Mke nexpeMmenTHpyeTtcd Ha 1,
MOTOMY H3MEHEHHEe JIOTHYECKOTO YPOBHA Ha BbLIBOAE 4 ropta [ NpoHCXoaHT NpH Kax-
0M NPEPBIBAHHH, HA BBIBOJE 5 — MPH KaXKI0M BTOPOM, a Ha BBIBOJE 6 — [IPU KAX/I0M
YCTBEPTOM NPEPbIRAHUH. :

Bpesmennaa guarpamma ypoBHei nHanpsbxenns na eeixogax PD4, PD5 n PDé nopra
D npeacrapieHa na puc. 16.12.

777777 § _TZED MKC
PD4 || ’_ 50 kly
PD5 ] . 25 KFL\
PD6 _: 12,5 klMy
4 1[ ' 1!; f 1\ wl I N I f 4 1[ ) nr 'l
MNpepoeaHns ot T/CO .

Puc. 16.12. BpeMenHan gnarpaMma yposHel HanpAXeHUA Ha Beixojax nopta D

[TpomexyTOk BPEMEHH OT TIOSTBNEHWA 3anpoca Ha TNpephiBaHNue /10 BhIBOAA HOROTO
COCTOAHHA ¢HeTHHKa B nopT [ cumBonnydecku obo3nadeH Ha puc. 16.12 kak t1 u oby-
C/IOBNGH BPEMEHHBIMH 3aTPaTaMH Ha BRIMONHEHHe koMmawn mo aapecam $002-3008, a
TAXKe BPEMEHEM, 3aTpaydBaeMbiM Ha repexoj K noanporpamme obpaloTKH npepeiBa-
HUS.

UmA harna Ha npunaraeMoM K KHUTe KOMNaKT-aucKe: \Programm\165TCO . asm

;%% % fpoTpaMMHas PealiM3aluda aBTOMATHMYECKOR Nepesarpysky T/CH > kxxxksrk

%
’

;* Thpu kaxooM OpepblBadmi or T/C0 B CueTHER perMcTp MUKDOKOHTROIUIEPA
;* AT90S51200 nporpaMMHO 2JAIPYXACTCA BHAUEHHE ABTONepe3alpy3KA.

.
r

;* TakToBaA 4YacToTa MMKPOKQHTpOLIEpa: 12 MI'u.
[

’

B A EEE LSRR SRS A SRS SRS SRR SRS SR E Rl iR R AT EERE LR R R XSRS
r

.nolist

.include "1200def.inc™

.list

.def STAT = rl5 ¢ PerucCTp INA XPAHEHMA COCTOHHMA IVIABHON APOIDAMME
.def WorkI = ri6 ; Paboumit permcerp noxiporpamMMel oGpabOoTKM NpepEBaHUA

.def WorkH = rl7 ; PaGouMit perMcTp IMIABHON MNROTPDAMME
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.def Count rig ; CHeTUME rpepHBAHWMIA

. equ Time 120 ; KomuecTso TaKTOBLN MMIYILCOB OO CHSOVIOLeDs [IPEePHBaHMA
; 120 mmymecoB opu F = 12 MPy -> uaTepran 10 mxc

Reset:

000000 <00b rjmp Initial ; Hepexol x 4HacTH MHULUMATMBALIMN

000001 9518 reti ; BoHemHee ppepesaHue 0 (He MCOONb3IYETCS)

Timer Int:

; TipepemaHne oT Takmepa O e AT9051200

GO0002 beff in STAT, SREG ; Coxpandem @Iary PIAaBHOM IpPOTPAMME

000003 b702 in WorkI, TCNTQO ; UsBnexaem Tekylee COIEPRMMOE CUETUMKA

000004 5705 subi WorkI,Time-3 } YCoTaHaBRNIMBaeM TalMep IO-HOBOMY !

000005 bEf02 out TCNTO,WorkI IJIMTENEHOCTE MHTEPRANA MMHYC EBEpPemMs
BETIOJIHEHMA [EPBEX TPREeX KOMAHI

000006 b302 in WorkI, Porth ; Mzmnexaem comepimmMoe nopTa D

000007 5100 subl WorkI,$10 ; JekpeMeHnTHpyeM CTapunii nonySant Ha 1

000008 bb02 out PortD,WorkIl ; BupomnM HOBOE comdepiimoe nopra D

000009 952a dec Count i HexpeMeHTUpyeM CHeTUMK MHTEPBaJIOB

00000a beff out SREG, STAT ; BoccTaHapnupaen cTaptle quiarm

00000b 9518 reti ; Komeu nopnporpamsl OOpaboTKM NPEPHEBAHNMA

Initial: ; MEMuMarmMzanus perucTpa BBofa/BeIBOMNA

00000¢c 010 1di WorkH, s00 ; Ha Bcex BuBopax ncopra D - mor. O

00000d bbl2 out PortD,WorkH ; BuBOm B mOpT D

00000e e71f 1di Workll, $7F i Sarpyfaem HaIpapeleHMe Nepedadl IaHHHX

00000f bbll out DDRD, WorkH ; NlopT D: BCe paspamsl - BHXODH

000010 =818 ldi WorkH, -Time ; Barpy®aeM MHTepPERall (OTPMUATEIIbLHH,
NOTOMY UTO CUETUMK — CYyMMMPYIOUMH)

000011 bfl2 out TCNTO,WorkH ; VMHMLpdammsupyenm taivep, T=10Mxc mpm 12MIy

000012 011 1di WorkH,1

000013 bfl3 out TCCRQ, WorkH ; BanyckaeM TaMep (C TAKTOM CHMCT. CHMHXP. )

000014 012 1di WorkH, 2

000015 bfl9 out TIMSK,WorkH PazpemaeM NpepwBaHMe OT TaiMepa

000016 =f2b 1di Count, 251 ; MHmuManusupyeM CYUeTUMK MHTepRBaliCh

000017 5478 sel ; Obmee paspeliende IpepemBaHui (paspan 1)

Haupt:

000018 cfff rjmp Haupt ; I'vlamuas noporpaMva; ORMIAHMS NDepPHBAaHMA

Onucarue nodnpozpammsl 06pabomku Npepsisarus

Tepenonnenue cuettuka w3 $FF B $00 ycranasmusaer dnar TOV0, u npoucxonur
nepexon K mojnporpaMMe ofpafoTkd npepwiBanna no anpecy 3$002  (merka
Timer Int). Hpu stom duar TOV(} aBromaruuecku cOpacbipaercs. [lepsast komaHna
B poanporpaMme oBpaboTKH NMPephIBAHMS COXPAHIET PEFUCTP COCTOSHUS, COACPH allni
(hJ1ard raBHOA NporpaMmel,

Cuerunk TCNTO nocne Bxona B nognporpammy oOpadOTKM ApepbBAHUA TPHHU-
MaeT HauaneHoe cocrosHue $04 wmn $05, 8 3aBUCHMOCTH OT TOrO, CKONMBKO TAKTOBBIX
HMITYJIbCOB TpeOyeTcs A/ BBITIONHEHHA KOMaHIb! B MOMEHT BO3HHKHOBEHHS TIeperno-
HEHMs: OAMH UMK fea. Takoe HaUANBHOE 3HAYEHUE OOYCIIOBICHO TEM, UTO /IS Peakiun
Ha 3a0pOC HA NpephiBatie TpeOyeTea YeTEIPe TAKTOBbIX HMITYILCR.

Jnsg Toro 4roOkl 3arpy3uTh TOYHOE 3HAYSHUE MHTEPBAIA, M3 TeKYIIero COmepiKu-
moro perictpa TCNTO, koTopoe A0 3TOro MOMEHTA XpaHUIOck B paGoyeM perucrpe
Wor kT, BEIMUTAETCH NPEYCTAHORICHHAS BEAMHYHHA JIMTENRHOCTH Time, [IpyHnMas BO
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BHHMAHHE BPSMA BBLIIOTHEHHA TPeX KOMaH[, pacTIONoKeHHbIX No aapecam $002-$004,
3HAYEHWE WHTEPBAJA, IPSACTABICHAOE KOHCTAHTOH Time, MpeXkae, UeM OHO OyAeT Bbl-
YTEHO W3 TEKYMIETO COCTOSHMA CUETYMKA M 3arpy:KEHO B CHETHLIH PEervcTp, JOMONIHK-
TeNbHO YMEHBIIAETCA Ha 3.

Alanee BrIYHCIAETCA HOBOE COCTOAHHE CHETUHKA, KOTOPOE 3aTEM BBIBORHTCA B NOPT
D. Cueruuk wHTEpBaNOB Count, KOTOPLIA MOCTOAHHO AEKPEMEHTUPYETCH, HCNOIB3YET-
¢ B MIPOrpaMMe TOJBKC JUIH IPOBEPKH TOUHOCTH CHEIOBAHUY HMHTEPBAIIOB B CpPeae
AVR-Studio. Ilepen BozBpaiieHHeM B MIABHYIO IPOrpaMMY BOCCTaHABAWBAaIOTCA (aa-
TW, a TaKXKe BHOBb YCTaHaB/IMBaeTcd obllee paspelieHHe NPePhIBAHHN ¢ [IOMOLLBIO KO-
MaHAbl reti.

Bpewms suinonHerus nodnpoepammet 06pabomku npepsieanus maimepa 0

Ha BbinonHeHue AEBITH KOMaHR noanporpammel (6e3 reti) tpedyercs neBsThb
TaKTOBLIX 1HKJIOB. KpoMe Toro, cneflyeT yuecTs BpeMs Ha MEPEXOi K MOANpOTpaMMe H
BpEMSs, 3aTpauMBacMoe Ha BHIMOJIHCHHE KOMAaHABl reti (ueTelpe Takta). B pesynerate
noanporpaMma oOpaboTKY TipepbiBaHHA 2aHWMaeT B oOmed cnoxdocTh 17 TakToBBIX
UMMYNBCOB, 4TO TPH TakTe CHUCTeMHOH cHHXpoHm3auuu ® = 12 MI'u cocraenser
1,417 mxc. Tlockonwbky noanporpamMma obpaloTKE TIPepbIBAHUA BBI3BIBAETCH TOILKO
Kaxabie [0 MKC, Ha BBITIOJIHEHME OCTaBIUEHCA 9acTH mporpaMmel octaeTcs 85,8% a¢-
(heKTUBHOrO BpeMeHH paboThl CHCTEMEL.

Oniucarue 2nagHoll npozpamMme!

[pu nocryrinenun curiana cGpoca peructp TCCRO aBToMaTHuecKH HHHULMAIU3H-
pyerca 3xadeHueM 300, Tem cambim octananuBas T/C0O. B pesynstate cbpoca no
BIJIIOYEHHIO [IMTAHWA TPOMCXOIHT BeTBNeHHe 1o aapecy $000, rae pacnonosxkeHa Ko-
MaHaa repexoja K MeTke Initial. B HacTH uHHMUIHANTU3ALME B TIEPRYIO oUepens cOpa-
coiBaloTes B aor. 0 Bce pa3paabl BRIBOAOB nopta D, a 3ateM Bee paspaawl nmopra D onl-
PeAeNAOTCA KaK BBIXOAB] TIOCPEACTRBOM 3aMuey Jor. | B perHcTp HaNpaBNeHus nepea-
un gaueix DDRD. Hanee cuetnswifi peructp TCNTO uHMManM3MpyeTcs OTPHIATEb-
HbIM 3HA4EHHUEM (ATUTEABHOCTb HHTEPBANA, TIPESACTABIEHHAN KOHCTAHTOR Time, A0JK-
Ha ObITh OTpHLATENBHOH, nockoAbky T/C0 paboTaeT Kak cyMMUPYIOINIF CHETUMK),

B crnenyrolnef yacti B kadecTBe BXOAHOTO Takra ans T/CO ¢ moMoLIblo MyIbLTHII-
JleKcopa BeI0HpaeTCa HEIIOCPEACTBEHHO 3HAYGHUE TAKTA CHCTEMHON cuuxpoHusanuu P,
nocne vero B pervctp TCCRO zanuceiraetes suavenre $01 (em. Tabn. 4.2), u T/CO na-
qyunaer cueT. Jns toro urolel pazpewnts npepsieanug ot T/C0, gomkeH OBITH ycTa-
roBaed paspaa TOIEO s perdctpe TIMSK, a gns obiiero paspelieHus NpepblBaHuil —
tnar I B pernctpe cocrosnns SREG.

Eme no 3aBepuieHuss HHHUMAIH3AUUH PECHCTPA, HUCMOIL3YEMOr0 B JaHHOM Ipo-
rPaMMHOM NPHMEPE, MEPEMEHHAA-CUETYHK Count, KOTOpas NMpeHa3sHaueHa MCKIToHH-
TEABHO IJIS OTAANKH, UHHITHAIM3UPYETCA 3HaueHHeM 251, [1aBHas 9acTb NpOTPaMMBL,
KOTOpas HAYUHAETCS C METKM Haupt, NpeacTasiseT coboii OecKoHeuHbIH LMK B OXKH-
JaHuu nipepeiBadug ot T/CO.

Ha puc. 16.13 npeacrarnedo okno AVR-Studio, B K0TOPOM 3MYNHPOBAH X0 Bbi-
TIONHEHUA NPOrpaMMBl.
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At AV

22}

B C\Figene Dateien\AVI_BUCH\

C:\Eijene Dateien\Ay
subi Work_,l'ime-3
out TCNTO,WorklI ;
in Work”, PortD ;
subi Work_, 510 : high nibble
. out PortD,WorklI P oneue
v dec Count
fos s ; alte rlags
cetl ; Rickkehr aus Timer-:

Initial: ; Initialisier
ldi workH.s500 ; alle rins v - -
~out PortD, WorkH i Aus(w B Timer o Bras
e o = Prascaler Ux33 bnd1n
: @ infernpten. Uy, b1
[[RO = tx0ORB = 0XOORIE = Jx50 R2d = ~ et Flog oo, bl
{[Rt = Cx00R9 = 0xDOR17 = JIx02 RZ5 = DxU0 L L
{[R2 = (xODR10 = 0xO0RILE = IxD0R26 = Ox20 Lide i —
{R3 = (=z00R11 = 0x0CR1E = Ix02R27 = 0x20 f3 : Port
R4 = (xD1RI12 = DxO1R2{ = Jx00R28 = 0x32 {7 3 90 opewe  FEBFCFT pos biG54s
:jRS = [x00R13 = 0x00R21 = Jx00R29 = 0x32 4 2 Cetalirech . - FRFREFFR b1 bth5 43 o
JR6 = [x01R14 = 0x01R2: = Ix0> R30 = 0x40 % gl Pins BRI 010 L6611 w
:JR7 = Cx00R15 = 0x00R2Z = 3x00R3! = Ox00 e ol Lot )i“““

Puc. 16.13. ImynAuMA x0da BLINONHBHWA nparpammel 8 AVR-Studio

TTpu nepsom BbI3OBE MoAMporpaMmbl 06paboTku mpepeiBaHUd cekyHaomep (nose
StopWatch) B okHe Processor Mocfie BbINOMHEHHS KOMAHAR dec Count Obul cOpolieH
B Hynb. K MoMeHTY, NoKa3aHHOMY Ha pHc. 16,13, Owue nogeuurado 250 BEI30BOB npe-
prisanud (r18 =0), Ha yro ymno 2,5 Mc — Bpems, KOTOPOS COOTBETCTBYET 3aAaHHOMY
TIEpHOIY cledOBaHNS NpepbiBaHuii 10 Mxc.

JanHas nporpamMma ¢ noMoisto Habopa STK200 Gblna BeeeHa B MHKPOKOHTpPO-
aep AT9081200, nocrne dero GbUIH 3aMepeHbl 4acTOThl Ha Bhixoaax PD6, PDS5S u PD4.
[MonyuenHsle pe3ynsTaThl B TOUHOCTH COOTBETCTBOBAIM MOCTAHOBKE 3aa4H.

BeipaboTka ¢ nomouibo T/C1 umnynecos ¢ yactoton 50 Ny
1 K03t huLmeHToM 3anonHenunn 0,025

MuxpokonTtponnep AT90S8515, paGoTarowuii Ha 4acToTe CHUCTEMHON CHHXPOHH-
zaunu @ = 4 MT'u, nosmkeH coznasate Ha cBoeM Breixone OC1A MMIYTBCH € HacTOTOH
50 Tu u koapduumentom 3anonnenus g = 0,025, TpeOyemas BpeMeHHas AMarpaMma
ypoeHs Hanpsxesus Ha Beixoae OC1A nokasaHa va puc. 16.14,

HenocpeacTseHHo ¢ nomolusto Taftmepa/cueruuxa T/C1 nonyuurs uwacrory 50 [y
€ TaKHM KO3 HULHEHTOM 3alIONHEHNUS U3 TAKTA CUCTEMHOM chHXpoHusaunn 4 MI'y ne-
BO3MOAKHO. O1HAKO ¢ IoMolUubkio paspatos CS10...CS12 peructpa TCCRIB B xauecrse
pxonHoro Takta Ans T/C1 MoxkHO BRIOpaTh TAKT CHCTEMHOH CHHXPOHH3AUMH, AeNEHHBIH
Ha 8. Takum 00pa3zoM, MOCKONBKY YacTOTa BXOAHbBIX TAKTHPYIOLIMX HMITYILCOB COCTAR-
aset 500 k['n, ana T/C1 nocrarouno koadduumenta aenenus 10000, Ina Toro urodsl
nobureca tpebyemoro koadduunenTa sanondenus g = 0,025, OpoAOIKHTENLHOCTD Bbi-
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COKOrO YPOBHS BHIXOJHOTO CMIHala A0MKHA coctasiarh 250 TakTOB, a HU3KOTO YpOB-
ua — 9750 TakToR.

U
Uy 1
UL T T T T T T T T T T ] T T T T T T T T I] T T t
t t
Bk L Mepuvop, = tu+ t,
T Koahb@uunmeHT 3anonHenua g =tx / T

Puc. 16.14. TpeGyeman BpEMeHHAR ANarpaMma yPOBHR HANRAXEHUA Ha seixoae OC1A

Ans pelnenya 3Toil 334244 Bocnons3yemes perncetpoM cpapHenns OCR1A Taiime-
pa‘cuetuuka T/C1. B noanporpamme oOpaboTKu NpepbIBaHMA, KOTOPas BbI3bIBAETCHA
NpH ¢oBNaneHuy cocTodanns cueTunka T/Cl ¢ conepkMMBIM pervcTpa cpaBHeHHA A, K
tekyiemMy cogepaumomy peructpa OCRIA npubasnserca nonepemenno 250 u 9750, u
COOTBETCTRYIOIIHM  00pa3soM MeHAeTcd ypoBeHk CcHrHana Ha seixofge QCITA
{puc. 16.15).

@ @ A B nogrnporparme
0LpaboTrM NPEoLIBaHKA
* ‘ K TEKYILEMY COOBRRMMOLY
pemcTpa QCRTA
nprbasnaeTeA 250, 1
COMIAT COMIAD
YCTAHIBAMBANTCA R T 1nK [

B B nopnpomamme
06pabnTrY NPEPLIBAHIA

1 H TEKYLEMY COAEIKAMORY
r— 7/ PA— perncTpa QUR1A
r T npubaenaeTes 9750, u
COMIAL, COMIAD
@ yoTaHABAMBAKTER E 1 1

Puc. 16.15. YcranoBka aHaueHwnna pernctpa OCR1A, a Take COM1A1, COM1AD B npouecce BbNONHEHUA
nognporpammel 06paGoTin npepbiBadus CompareA
[lepenonnenne, BOZHAKAIOLEE BO BpeMSA NMpHOaBNeHHS KOHCTAHTHI K TEKYLIEMY ¢O-
aemxrmMomy peructpa OCR1A, Ha 9Ty OYHKIMIO HHKAK HE BIIMAET, TOCKOILKY COAep-
sxumoe cuetHoro peructpa TCNT1 rawke nepenonnsercs w3 $FFFF 8 $0000.
Wma chaiina Ha NpunaraeMoMm K KHUre KOMNaKkT-gUCKe: \Programm\166TC1l . asm

pewrx Yacrora 50 Th, g=0,025 ¢ nomompm T/CL vedtkdiokdorsokdonbosok ok eowoeiok ok ko
3

;* Ha eBexome OCLlA MMRpOKOHTpOUIepda ATS0S8515 noimydyaeM BeIXOOHBE MMITYITLCE

;* ¢ wacroror 50 I'l m kosbdmumsHTOM 3anondenns g = 0,025

.
;

;* TaxToBaA WacTOTa MMKPOKOHTpOAnNepoB AVR: 4 MMy {CraHmapr STK200)

«
.

;**********i—************************************************************-A—
.nolist

.include "8515def.inc"

.list
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.def STAT = rlb ; Permcrp wiA XpaHeHMA COCTOAHMA IVIABHOM OPOIPAMMEL
.def WorkH = rlé ; Pabouuii peruMcTp WA IVIABHOM NpOIpaMMED
.def WorkI = rl17 ; PaBoumit perMcTp 1A NpPephBaHMA OT TarMepa
.def AddLo = xl18 ; BcnomorareneHedl perMcTp A8 HpUOARIEHMA KOHCTAHTH
.equ Impuls = 250 ; UMCIIo TaxKTOBRX CUDHAJIOR, COOTBETCTBYKIEE MMIIYNILCY
L equ Pause = 89750 ; 4McrNo TAKTOBRX CUTHANOER, COOTBETCTBYOMES aysze
Reset:
000000 <018 rimp Initial ; llepexold K 4YaCTHM MHMLMAIN38LMK
000001 29518 reti ; BHemmee mnpeprnsadue 0 (He HCTIONL3YeTCH)
000Ca2 9518 reti ; BHemHee npepuEaHme 1 (He MCINOSLAYSTCH)
000003 9518 reti ; lpepwBaHMe NG 3aXBaTY (HE MCHOONL3YeTCA)
TimerlCompA: ; IpepeBanve CompareA nna AT20S8515
000004 be6ff in STAT, SREG ; CoxpadsaeMm ¢Jary IVIABHOM IIpOTpanMvBl
000005 b51f in WorkI,TCCR1A ; Pepucrp ynpasnesHus A cuerumxa T/CL
000006 ffle sbrs WorkI,COMLAD ; TNponyckaeM ClelylUyKX KOMAHLY, E&CIK
; ComlAQ = 1
000007 c007 rjmp TCL ; [MponyckaeM CAeOyoIyd KOMAHLIY, ECIU
; ComlAQ = O

000008 7blf cbr WorkI,1<<COMIAQ ; Ipr clemyioweMm npepemammd OClA -> 0
000009 bdif out TCCRI1A,WorkI ; CoxpaHseMm HOBoE 3HaveHue
g0000a b52a in AddLo,OCR1AL ; Mnamusai Sairt OCR1A
00000h 5026 subi AddLo,Low (-Impuls) ; IpuGabiseM wMiIamunmi SafT 3HaueHMA

7 IUIMTENEHOCTH MMIYIIECA
00000¢ bsSlb in Workl,OCR1AH ; Crapumii Gadir QCR1A
00000d 4f1f sbci WorkI,High(-Impuls) ; IpmGapisdeMm crapumii CAafT 3HaAUYEHMA

; OMUTENLHOCTH MMIYIECE
00000e c006 rimp IntEnde
TCl:
00000f &410 sbr WorkI,1<<CCM1AO0 ; IpM cremyoueM Opepmeadit OCLA -> 1
00001GC bdif out TCCRI1A, WorkI ; CoxpaHseM HOBOE BHaueHMe
000011 bS52a in AddLo, OCR1AL ; Mnammit GaiT QCR1A
000012 5e2a subl AddLo, Low(-Pause) ; [pubaBpdaeM MIamundi GayiT sHaYeHMA

7 IIMTENBHOCTY MMILyJIbCa
000013 bb51lb in WorkI, OCR1AH ; Crapumii Gair OCRLA
000014 4419 sbci WorkI,High (~Pause} ; [IpuSaBnaeM crapupti Sair 3HAUCHUA

7 OMMTeNEHOCTY MMIIYJIbCa
IntEnde:
000015 hdlb out OCR1AH,WorkI ; Hazanm - crapunit 6alT HOBODO RHAUEHUA
000016 bd2a cut OCRI1AL, AddLo ; Hazanm - mnazomit 68afiT HOBRODO 3HAUGHUS
000017 beff out SREG, STAT ; BoccTanapnusaeM crapele Giarm
000018 9518 reti ; Bemon w3 ofpaboTky npepsiBaHMA Comparel
Initial: ; MmMuMaumaauys peDPHcTpa BROOA/BHEBOOA
000019 eQ02 1di WorkH,High {RamEnd}
00001la bfle out sph, WorkH
00001b &50£ ldi WorkH,Low{RamEnd)
000C0ic bfod out spl,WorkH ; Vamumanusupyem crex
000014 2700 clr WorkH ; Bce pazpaml = 0
00001le bb0d2 out PortD,WorkH ; Bemopm B nopT D
00001f 2200 1ldi WorkH, $20 ; Pazpsm 5 - B 1, ocraneHee ~ B O
000020 bb0l out DDRD, WorkH ; OClA (PD5) - BRXON, OCTANEHEE — BXONE
000021 e206 ldi WorkH,High(Pause) ; Crapupit GaiT 3HAUSHMSA TAYS3IEH
000022 pbd0b out OCRLAH,WorkH ; B cTapumit GaiT perucTpa CpaBHERUA A
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300023 =106 1di WorkH, Low(Pause) ; Miammil GaiT 3HAYSHMA Nay3h

000024 bdoa out OCR1AL,WorkH H B MIampi BalT perMcTpa CpaBHeHVA A
000025 ec00 1di WorkH, $C0 ; ocla -> 1

000026 bdOf out TCCR1A, WorkH ; CoxpaHgem HOBOE 3HaUeHUE

000027 e002 1di WorkH, $02 ; Bxopuo#t makt T/Cl = TakT CUMCT. CHHXD. /8
000028 bdle out TCCR1B, WorkH ; Sanyckaem T/C1

000029 2400 1di WorkH, $40 .

00002a bfong out TIMSK,WorkH ; PazspemaeM rpepmiBaHue Comparel

0oCc2b 9478 sei ; Ofmee paspeuwcHwe npepebBaHuir {(pazpAn 1)
Haupt:

00002¢c cfff rinp Haupt ; TrnaBHasd €acTh OporpaMdsl: OXMEASM

; BOBHVMKHOBEHMA IIPEPBIB&HUA

Onucanue nodnpozspammsi 06pabomKu npepbieaxust

Ilpu coBnageHn coOAEPKUMOro CHETHOTO PErucTpa M PEerucTpa CPaBHCHUS A BEhI-
MOJIHEHHE TIPOrpaMMBl MEPEXOAHT K MeTke TimerlCompA no aapecy $004 (noanpo-
rpaMme o06paboTku npepuiBaHus). Ilpd 3ToM arroMaTHuYecku cOpaceiBacTca ¢uar
OCFI1A B pernctpe TIFR, u Brixog OC1A nepewnrouaeTcs B COOTBETCTBUM ¢ paspana-
M COM1AT u COMI1AQ peructpa TCCR1A.

Ilepras xKoMmanaga B TIOANPOrpaMMe COXPAHAET PETHCTP COCTOAHMA, KOTOPLIH
B JJaHHBLIT MOMEHT coaepxuT ¢qnaru rnaeHoil nporpammel. Janee npopepsaeTcs Tekyuas
thaza: ummynsc v naysa. Ecniu COMI1AO cooTBeTCTBYET HH3KHH YPOBEHB, TO MOCTE
BXOJIa B NOANPOrpaMMy cpasy ke ycTanasiupaetcs B or. 0 Beixon OC1A. B stom cny-
yae TekylleH ABnserca (haza Mayssl, M COAEPKUMOE PerucTpa cpaBHeHus A HeoOxoau-
MO YBEMHUIHTL HA ATHTENLHOCTD May3bl, IPHOARME K HEMY KOHCTaHTY Pause. [lockorns-
KY B CUCTeME KOMaH[ OTCYTCTBYET kKoMaHJa rnpudaBieHs KOHCTAHTBI, 3TO CHOKEHHE
peanu3OBaHC YEPE3 BblUMTAHHE OTPHUATENbHOrO 3HaueHua. Kpome toro, COMIAD ne-
PEXOIMT B COCTOSHHUE BRICOKOIO YPOBHS, TOCKOJBKY [PH CIEAYIOUIEM CONOCTABNEHHH
COACPHMMOTO CHETHOTO PETHCTPA M PETHCTPA CPABHEHUA A B MOMEHT 32BEPINCHUS TTay-
3b] IOJKEH MOC/NE0BATE HAPACTAKOIIMH POHT UMITYJIBCA.

Ecau sxe COMI1AQ, naoGopoT, cOOTBETCTBYET BLICOKHI YpOREHb, TO nocje BXoa
B noanporpammMy obpaborki npepeiganus Beixoa OClA nepexmouaercs B sor. 1.
B s1oM cnyuae Tekyluel aangertca daza Umnyabca, U COAEPIKUMOE PErHCTpa CpaBHEHHS
A HEoOXONMMO YBENUYUTH HA ANMTENBHOCTE MMITY/NLCA, MPUOABKE K HEMY KOHCTAHTY
Impulse. Kpome Tore, COMITAQ nepexoZHT B COCTOSHHE HU3KOTO YPORHS, NOCKOILKY
TIPY CHEAYIOIEM CONOCTARACHUH COAEPIKHMOTO CUETHOMO PErHCTpa H perucTpa cpan-
HeHHs A B MOMEHT 3aBepuleHus UMNYAbca JO/DKEH 1T0CIeA0BATL HHCTIAAAI0MHHE BpoHT
Nay3bl.

Haunpas ¢ smeTky IntEnde, HOBOE BLIUMCICHHOE 3HAYEHME 3ANHCHIBAETCA
B PETHCTP CTPABHEHHS A, M BOCCTAHABJIHBAIOTCA (naru rmapHoi nporpamMmel. Hakoweu,
N0 KOMaHJe reti BHOBL aKTHBU3MpyeTcs oOllee paspellicHHe TIPepLIBAHUIN, W npomnc-
XOJIMT BO3BPAT K MABHOH MporpamMme.

Onucariue 2nagHol npoepammbi

IIpu nocTymienun curuana copoca peructp TCCRIB aBroMaTHyecky MHHLHANIM-
supyetcs sunaveHuem $00, ocranasnueas tem cambiM cuetunk T/Cl. [Mo cOpocy npu
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BKJIFOUEHHH MHTAHUA TPOoUCXoauT nepexon no aapecy $000 k qacTy uHHLHANM3aLHH,
oboznateHHoM MeTKoM Initial. Ilocne uHALHAaNM3alKK cTEKa B TIEPBYIO Oo4epeih yo-
TaHaBAMBaiOTCA B Jlor, 0 Bee paspsabl Bbixonos nopra D. 3atem soison OCIA, koTopo-
My cooTBeTCTBYeT paspsaa 5 nopta D, c moMolnbio 3aliMcy B PerHcTp HANpaB/icHUs fe-
peaaud JaHHelXx DDRD suauenns $20 onpepensercs kak BIXOA.

BoixOAHOHW CHIrHan JOMKeH HaYWHATBCS ¢ Nay3dbl, N03TOMY PErucTp cpaBHeHus A
UMHHIHATH3HPYETCA KOHCTAHTOH Pause, a paspaasl COMIAL u COMIAQ g perucrpe
TCCRI1A ycraHaBnuBaroTes B Jior. 1, 4To0bl NpH CPaBHEHUU COAEPAKHMOr0 CUETHOTO
pervcTpa U perueTpa cpaBHEHHA A B MOMEHT OKOHuaHmMs naysst Ha Beixoae OC1A 6bin
YCTAHOBJIEH BLICOKUE YPOBEHL CHTHANA (HAYa/10 UMITYNIBCA).

B cheayiomeil yacty mporpaMMel B KauecTse BxogHoro takra T/Cl ¢ noMoiupio
MYJbTUINIEKCOpA BLIGHPAETCH TAKT CHCTeMHO# cunxponuzaumu @, nenennwiil Ha BO-
ceMs. JIng storo B peructp TCCRIB zanucbiBaerca 3Hauenue $02 (cm. Tadn. 4.2), u
T/C1 waumnaer cuer. JInga Toro 4todsl paspemruts npepbisanue oT T/C1 mo coemaae-
HHIO C PErHCTPOM cpaBHEHMA A, No/KeH ObITh ycTanosieH B nor. 1 paspag OCIETA
B peructpe TIMSK, a Takke ¢nar obuiero paspelienns npepbiBatuil [ B perucrpe co-
croauua SREG.

Cama rnasHas niporpamma MpeicrasiseT coboll Tonbko OeckOHeUHbIH MK, no-
CKONhKY B 3TOM TIpHMeEpe Hac HHTepecyeT TONbLKO noanporpamMMa obpaboTky npepbiBa-

HHAL.
DMySUMA BRITIOAHeHUS nporpamumsel B AVR-Studio nokazaHa Ha puc. 16.16.

“JcAEizene Dateien\ Ay ¥ Sh
: .edqu Pause = 0750
Reset: . .
: =gmp Init-al : Springe zup
seti ; Bxt. Interruptld (n:
i zeti ; BExt. Interruptl (n:
Ty retl ! Capture Interrupt s
W
TimerlCompA: ;oG 500045, -
L #prg ; Flags des 1 {f J e jj
in Work:, TrCR1A i 3 Time-/Cown, oxet el
shrs WorkZ,COM1AD ; 8k & Tims/Coun... 0x10 W2
T R B praruptMa., DR T Uxdy b £ 5,59 :
R — B e R @ moperrupt Fla. BT A0 0x38, bil 7.5,5 3% ]
{R0 = O0x00R8 =~ OxOOR16 = Ox40R24 = 0x0C 4 Tanty FOTS <0 Gk b ’
R1 = 0z00R9 = Ox00R17 = 0x27 RZ5 = Oxz0C Cordral Freg., T8 Trer ook,
R2 = 0x00R10 = Ox0BR18 = Oxi0R26 = 0xBC Jompare . 0x27 0xZ8
13 = 0200R11 = Ox00R1S = 0x02B27 = Dx4C L Owin oA N
P4 = 0xDIR1Z = Ox0LR20 = 0xQO0R28 = 0x87 LS R W ap
RS = 0x00R13 = Ox00R21 ~ 0xD0R29 = 0x0OC % @ PonDDats FPEERET R Uxs ]
R = Jx01R14 = Ox01RZZ2 = 0x01R30 = {x4( i 2 Dag Jirech., CITFCTTT ey P
R7 = 0x00RI1S = OxD2R23 = 0xGO0R31 = 0x0C A 22 o Fing FErrrrrr g -
R
[ 2
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Puc. 16.16.

OMynauus ebinonkeHns nporpaMmMel 8 AVR-Studio
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flpu nepeom BXoAe B NOANporpaMMmy o6pabOTKM MpepbiBaHHA BBIXOZHOH CHCHan,
B COOTBeTCTBHH ¢ HHuuManusaumeii COMIA1l w COM1AQ, nepewnouaercs B 0T, .
B 3T0T MOMEHT BpEeMEHH cnenyeT ¢Opoc cekynaoMepa B OkHe Processor. Puc. 16.16 co-
OTBETCTBYET BTOPOMY BXOAy B moianporpammy obpaoTku mpepeiBaHdd. HMmmynne 3a-
pepiue (pazpan PDS onaTe ycranoened B nor. 0), u B none StopWatch orofpaxkaercs
ero aavrensHocts: 500 mkc. B none Cycle Counter oTobpakaetca 3HaueHue 80022, co-
OTBETCTBYIOLLEE KOMHYECTBY TAKTOBBIX CUMHXPOMMIYJIBCOB, NPOLIEIINX ¢ MOMEHTa 3a-
nycxa nporpaMuel. TTockoneky 22 n3 80022 uMmyneCOB YIUIO Ha HHHLMANK3ALMIO, Ne-
pHOI CIEQOBAHHA HAUIMX BBIXOAHBIX CHTHaIoB cocTaBnfeT poexo 80000 TakToB wnvu
8000 /4 MI'u = 20 mc.

PaccmoTpeHnad nporpamMma Owsina ¢ mnomombid Habopa STK200 BBeaena
B MukpokouTponiep AT90S8515, W 3Hauenus, uvabmopaemble Ha Bhixcge OClLA,
B TOYHOCTH COBNAMANH ¢ MoayueHHBMHE B AVR-Studio.

TpexkaHanbHbI LIATT ¢ paspewseHvem 10 paspagos

PaccMOTpuM afbTepHaTHBHLIN BapuauT dopmuposanua 11IHM-curnana c nomo-
Wb MUKpokoHTpoanepa AT9051200, He ocHallleHHoro TaiiMepom/cueTunkom T/C1
¢ BoamoxkHocThiO IHTHM, a Taroxe ¢ 11OMOLLBIO OCTaNbHBIX MpeacTaBuTeiel cemeldcTra
AVR, y kotopeix T/C] B TOM HIH HHOM Cllyyae TPHMEHEHHA HUCTIONE3YeTCA A pete-
HUg Apyrux 3agadq. Ecam He TpeDyercd BhICOKad CKOPOCTh MpeoOpazoBaHMs, TO Takoi
BAPHAHT NPEKPACHO MOAXOANT AJIA PEANU3alivY npocTeiX, Ho TouHeX LIATL C artoil ue-
Abl0 A OPMHpOBAHMA YCpeaHeHHore 3HaveHus Ha HIMM-eeixone BKAIOYawoT
¢uneTp HKHUX YactoT (OHY) Barrepropra (puc, 16.17) Broporo nopsaxa ¢ MHOro-
netiesoit OTPULIATENBHOM 06paTHOH CBA3BIO.

J— Yeunaxure:
R2 C1 An = =Rl Ry

R1 R3

[pesensHan YacToTa:
—0 Ua  f2 = 1/{d4x2Cy G RaRa)

Ug

o R4 Yenosue:

I Ce =2 4C,

Puc. 16.17. QUnuTp HWKHUX YACTOT BTOPOra NOPAAKA ANA HOPMUPOBAHUA YCPEAHEHHOMD IHAYEHNS

[Npenenvhyto wactory f, ®HY BEIGHPAIOT 3HAYUTENBHO MEHBIIE YACOTHI CE0BA-
uusg HTUM-uMnynbscos, 4ToObt NOAABHTE OCHOBHYIO TADMOHHKY W TAPMOHUKH BBICLLIErO
MOpsAAKa, BHOCUMBIE B NIPAMOYTOLHBIH CHIHAN, H MOMYYHTH TOALKO XOPOIIO OTHGHILT-
POBaHHYIO COCTABIAOILYIO NOCTOAHHOrO Hanpskenud. Jlna OHY Barrepsopra BTOpOro
nopsika BXoAHas 4acToTa f, nofapnserca Ha |A|/ Ao =40 ab nnsa f, = 0,1.f. u na |A| /
Ay =-80 ab nnn f,=0,01.f,.

24 — 5-2384
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OnHako BLIGHPATH CAMUIKOM HU3KYHO NpelenbHyI0o YacToTy TaKkKe He CAieayerT, no-
CKOJILKY 3TO M3IHMUIHE YBEIMUMT BpeMs YCTAHOBJIeHWs KoneGaHui B HOBOC BbIXOAHOE
3HaueHue. Ha npaxtrke suibupator f, = fingg / (10...1000).

[apMOHMYECKUH aHATM3 CHIHANA Uy, NPeACTABIEHHOro Ha puc. 16.18, naet cie-

aywmuii paa @ypue:
wt)y=04-ty/ T+248/n(sin wty2 - cos wt
+ 1/28in 2m ty/2 - cos 2ot +
+1/3sin 30 ty/2 - cos 3ot +
+1/asin 4 ty/2 - cos dat + ... )

TT)

/f
0 i/
1HJ’2 T-in2
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Puc. 16.18. WWAM-curian npu undpo-aHanorosom npeobpasosaHmm

AMMOINTYAa OCHOBHOMH U NEpBOH TAPMOHUKH 3aBHCHT OT 3HaYeHHa ty (pHc. 16.19).
MaxkcumanbHas aMIUTHTYAR 8 e OCHOBHOH FapMOHHKH JOCTHIaeTCq Npw ty = T/2 1 co-
crasnser oxono 0,64 {i, a MaxcUManbHas AMIUTHTY/IA 83 o IEPBOH TAPMOHHKH 1OCTHI A~
erca npu ty = T/4 u ty = % T # coctaBmaer okono 0,32 0,

0

Pue. 16.19. AMNnuTyna a; 0CHOBHO rapMOHUKY (CNEBa) U 3; NEPBO rapMOoHUKKM {CNPaBa) B 3aBUCHMOSTH OT 1y

C nomoweto 10 GUT MOXKHO npeacTaBuTs AuanazoH uucen (...1023 (000,...3FF,).
Taxum obpazom, mnaamemy pazpsany B LIIMM-cHrHane COOTBETCTBYE. TTHTENLHOCTD
HMmyasca ty =T/ 1024,
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Ipu onopHom HanpsxkeHud —2,048 B Ha oauH mnaamuit paspsaa npuxoaured 2 mB,
a JManasoH BeIXOAHLIX Hanmps:keHuil coctaraser 0,,.2,046 B. B pezyaeTarte BhILIEYIO-
Manytoro pasnokedus Pypee nonyyaem T Miajulero pa3psaaa: cocTaBIgOMAan o~
CTOAHHOTO HanpskeHus ag = 1/ 1024 = 0,000977 0.

AMTIIMTY/1a NepBOH rapMoHHYEcKOH cocTarasoler (OCHOBHOH rapMOHUKH):

a==20/mesinoty2=20/n)+sin2n/ T (T/2048)=(2 4/ x) « 0,00307
= 0,00195 0.

AMIINTY1a BTOPOH rapMOHH4ECKOH COCTARIAIOLIEH:

a=20/n)*%sin20ty/2=C 0/ w) Vasindn/ T (T/2048) = (2 i / w) = 0,00307
= 0,00195 0,

[

AMIUIATY A ABaILIATOH rapMOHHWYECKOH COCTARIIAIOLIEH!
ayp = (2 0/ m e« 1/20 » sin 200 tw/2 = (2 0/ ©) = 1/20 « sin 40%/ T (T/2048)
=20/ m)=0,00307 = 0,00195 0.

TaxkuM o6pa3oM, aMIIHTYE] OTOEMbHBIX TAPMOHHUYECKHX COCTABJIANILMX, KOTO-
pble HaKJAABIBAIOTCA HA COCTABMAIOLLYIO MOCTOSHHOIO HAMPSKEHUS ag, AT MIaquero
pa3psifa He3HAUMTENbHEI, HO MPH 3TOM NPAKTHUECKH HE YIANAIOTCA.

AMIUTHTYA OCHOBHOU rapMOHHKH cocTasnser a; = 0,00195 ( u, cnenoparensHo,
nouTd B ABA paza Goneuie mnammero paspsaa. Oauako, eci uactora UMM g
B flecaTb pas foablue mpeaensHoit uactote! f; @HY, o ora amnantyna noaaengercs Ha
40 nb v 8 pesynsTaTe cocTaBut Beero 1/50 yacts mnamero paspsaa.

Bce ocTanbHble BRICIUHE MAPMOHWKM MAAAINErQ paspafa MOAARAIOTCA €Il CHIlb-
Hee, MO3TOMY CYMMAapHas NOrpelIHOCTh HAXOrda He MpPeBkiiaeT Y2 Maaalero paspsia.

Huaue oGcTout geno ans Gonee BHICOKUX AMTUTHTYA — 0CO0EHHO B CIyUae MaKCH-
MabHOM aMIIHTYIbI OCHOBHOH rapMOHMKH, BO3HUKAIOLEH npu ty = T/2 (kak mokasaHo
ehitte, oHa coctasnget 0,64 (). [lpu ycTaHOBNeHHOM paHee NOAABNEHHH 119 MAALIISTO
paspana 40 ab ona noaaengerca npubnuzuTtensuo Ha 0,0064  n, cneaoraTenbHO, BCe-
raa B 6,5 pa3s Hosbliie Mnaawero paspaja. Takum oOpa3oM, OHEBHMHO, UTO AN AOCTH-
JKEHWs TIOTPeLHOCTH < 2 MAaajulero paspsaia TpedyeTcs MeHbluee 3HAYEHWE Npefeb-
Hoit yactorel GHY.

C noMolIBK HCMOJIB30BAHHOTO 3/1€Ch METOAA LHPOTHO-UMITYJIBCHON MOAYNALMH
hopMupyrOTCes He (hasbl BLICOKOTO H HH3KOTO YPOBHA ANMMTEIbHOCTBIS MOATICPHOIA, KAK
NOKa3aHo Ha puc. 16.20 BHU3Y, & UMNYILCh], PACMpEIeieHHbIE PABHOMEPHO Ha NPOTH-
senny neprona LIMM-curuana {puc. 16.20 seepxy).

0O6a IIHUM-curnana, nokasaHbeie Ha prac. 16.20, HMeIOT OOHHAKOBYIO COCTARIISIO-
YK NOCTOAHHOIG HAMNPSHKEHHA, OJHAKD HaCTOTa CAE/I0BAHUA HMITYJILCOR A BepxHe-
ro ciyvas B YeThlpeé paiza ebille (B cayvae TpexpazpagHod HIMM). EctecTeenHo, 114
ty =T/2 B cnyqae 10-pa3paaHoii WIKPOTHO-UMITYNLCHOH MOOYITALHH, paccMaTPHBAEMOdH
B HAIllEM MpHMepe, OHa etie Sonsire 1 B 512 pa3 npeesilraeT yactoTy LIMM.

Ewe oaud ueroudnk ommbok nas [AIl — uudposoit BRIXOAHOH cHrHAN nopra
mukpokontponnepa AVR. Kak 6vino nmokazaHo B riaee 4, cpennee apudiMeTnueckoe
3dadenue Uuy npamoyronsHoro cursana cocraenseT Usy = (Ug <ty + U x t0)/ T, rae
Uy — HanpsxeHHe CHMTHAIA BBICOKOFO YPOBHA, Uy — HanmpMHKEHUE CHrHAia HH3KOTO
YPOBHS, a ty M t;, — ANUTENLHOCTH COOTBETCTBYIOWMX a3 (puc. 16.21).

24*
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U .
TLUHM 2 Tumm
U i
D ——
0 | —ie
t
i T wim 2 Timm

Pue. 16.20. fiBa paznvuHbix Boixoa Helx WWM-curdana ¢ 04MHAKOBOW COCTABAAIOWEA NROCTOAHHOTD HANPSKEHWA

U
Un

P

Uav
UL

T T T T T T f —r 1t r .1 r tr 1 1 1 1T t

Nepuwog T =tr+ 1t
KoadcpuumeHT sanonHeHus g =tn / T
CpeaHee Uay = (Unxtg+ U xt)/ T

tH t

T

Puc. 16.21. Onpegenenne neproga T, koadbuLmeHTa 2aNONHEHUA g U cpeaHero apupmeTuyeckoro Usy AnA
NPAMOYrONbHBIX MMNYNBCOB HANDAXEHUA U

Ecnu 61 B kauecTse BxoAHOro HanpsokeHus OHY uenoins3osanca HanpaMyro Lud-
POBOH BLIXOJHOH CHIHAJ, TO MO MPHYHHE MOTPEIIHOCTH HU(POBOrO HANPSKEHUA ObLT
ont nonyuen L[ATI ouyenn manoit rourocrd. Ha Brixoge MuxpokoHTponstepa AVR ue
fbiBaeT HH MOMHOTC 3HaueHHs pabouero HanpskeHud Uy, vy 3Havenna Up = 0 B. Tlo-
CKOJIbKY BBIXOJAHOE HANPIOKEHHE 3aBHCUT OT CBOHCTB MaTepHana, TEMIIEpPATYpPH U Ha-
rpY3kH, €ro 3HAUSHHE MOXKHO CMECTHTh B OTHOCHTENIBHO Doltee BBICOKYEO obnacte. [na
3TOr0 MOSKHO BOCIOJIB3OBATRCA CXEMOH, NoKa3aHHOH Ha puc. 16.22.

VYceunenue ool cxemel ®HY coctasnser Ay = — R; / R;. OHo orpruarensuoe, mo-
CKOJIbKY OCHOBAHO HAa HHBEPTHPYIOIUCH NPHHLMITHAIBHON CXEME ONepallHOHHOTO YCH-
Jarens. Io oTof npHyHie, VIS TOTO, 4TOOB! MOMYHHTE MTONOXKHUTENBHOE HATIPAKEHHE Ha
ebixone LIAIL ¢ nomoupio KMOIT-kmoua opraHi3oraHo NepekioyeHne MEXLY YPOB-
HeM 0 B 1 oTpHLIATENBHBIM ONOPHBIM HANPSKEHHEM.
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AVYRPort »
O_. _____
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Uret

Puc. 16.22. ®HY BTOPOro NOpPAAKA ¢ ONEPALNOHHEIM YCUITUTENEM, MCNONL3YeMblf
B kadecTee LIAMN B pexume LLAM

Hcnonw3oeanue onepaudoOHHOTO YCHAMTENA AT CXEMY COBEPLIEHHO HE3aBHCH-
Mot oT HarpyzkH. BHyTpenHee conporHenenne KMOII-kio4a, KoTopoe OGBIYHO CO-
cranser 60...100 Om, coenuHeHO MOCNEIOBATENRHO C PE3UCTOPOM R H TakKe NpHHH-
MaeT y4acTHe B ycuneHHH. Tem He MeHee, NpH JaHHOM COOTHOLUSHHH CONPOTUBIEHUH
R, v R; HM MOxkHO nipeHeSpeyb.

Obuas cxema TpexkaHansHoro [IAIT noxazana Ha puc. 16.23.

OnopHoe HampsyKeHHe TOTYYaloT € TOMOLIBIC OMopHoro auoaa LM336.
C nomomsio TpumMMepa R; conporusnedueM 2,7 kOM MOXHO KHOpoBaTh BBIXOAHOE
HanpsHKEHWE MCTOYHHMKA ONOPHOTO HANPAKEHMA B HEKOTOPOH ofnacT ais koMneHca-
UMK COMPOTHBIEHHA KIOYa M JOMycKa OMOpHOrC HamnpskeHus. ComnpoTHeieHHe Ry
CYIKMT IJ11 KOMIIEHCALIMH TOKAa CMeIleHHs1 H JOKHO COOTBETCTBOBATH 3HAYEHHIO fIa-
paniensHOTO BRIOHEHUA R B (R7 + Rg).

Bce yeTslpe onepauMoHHBIX yeunuTens Vi,... Vg Tuna TL084 3axmoueHs! B ogHOM
koprivee DIP14. HMx nonoxuTensHoe MMTAKOLEe HAnpsieHHe AOMMKHO COCTaBIATH
Vce- =+ 5 B, a otpunarensioe — Ve = —5 B. [IuTaroinee HanpsiKeHHe LIyHTHPYETCH
HEeTOCPEACTBEHHO Ha BRIBONE kopryca Ve (Ha puc. 16.23 He nmoka3saH) o6eluHBIM cno-
coboM ¢ MOMOLIBIO KOHAeHcAaTopa eMKocThio 100 HD.

KMOIT-xnmouu Sy,...Sqc Tina 74HC4053 sakmouensl B ognoM kopryce DIP16. Mx
NONOAKUTENBHOE TIHTAIOLIEE HanpAXKEeHUe OOKHO COCTABNATE Voo = + 5 B, a oTpHua-
TensHoe — Vg = =5 B. [luTarmowee HanpsxkeHWe WYHTHPYETCS HEMOCPEACTBEHHO Ha
BLIBOAS Kopmyca Ve (Ha pHc, 16,23 He mokaszaH) oORUHEIM CMIOCOOOM ¢ NMOMOLUBID
KoHAeHcatopa eMkoeThio 100 HO. :

Hna tpex ®HC no/pKHEI HCMONB30BRATHECS BRICOKOKAUECTBEHHBIE MICHOYHRIE KOH-
JeHcaTopbl, 3HaueHusa conpoTturneHuid R,...R; u emxoctei C,...Cy ana npenenbHbIx
uactot f; =2 T'u n f; = 20 'u npeacrasnens! B Tabn. 16.3.

Tabnuua 16.3. ConpoTuenenna Ri...R; u emkocTu C4...C2 dmnbTpa ANA NpepenbHbix YacTor f; =2 My u
fy = 20 Ty, npun yeunenun Ag = -1

2T 130 kOmMm 130 xOm 510 kOM 100 v 1 Mxd
20T 59 kOm 59 kOM 233 kOm 22 udP 220 u@
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Puc. 16.23. OB1yan cxema TpexkaransHoro LIAMN
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Jns apyrux npeaenbHbIX HacTOT HPH 3aJaHHOM 3HaueHHH eMkocted C, u C; co-
npotueaenud ¢unstpa R;... R; paccunTeIBaoTes N0 CIEAYIOWHM BEIPAKEHUSAM:

o L 0GNaCG-4CChHA-4) R, b
: 4nf.C,C, : b4, YAnfCCR,

roe Ay — TpebyeMoe ycHieHHe (OTPULATENBHOE BCIEACTEBME MHBEPTHPYIOLIEH TIPHH-
UMAMATEHOH CXeMbl YCHIHTENR); a1 H by — koadpunmenTel Gpunerpa. B cnydae puist-
pa barrepeopTa a; = 1,4142, b) = 1 (koachpHUMEHT a; He HMEET HUKAKOrO OTHOMCHHA
K 3HAYEHUIO aMIIUTYIbl a; M3 MPEACTaBAECHHOTO BhILLE pa3oxenns Dypobe; coBnaze-
HHe 0003HAYEHUH — YHCTO cyuaiiHoe).
[Tpu BeiGOpe KOHAEHCATOPOB (QHIBTPA AOMKHO BBITTOMHATLCA CNEAYIOLIEE YCIOBHE:
>

G, 4b{(1-4)
C, - at

Hns ynpoineHHs cxeMbl, OpeicTaBieHHol Ha puc. 16.23, B Heidl oTka3zanuch OT
KOMTEHCAIIMH HATIPSIKEHHUA CMEUIEHHS ONEPALIMOHHOTO YOUITUTENA, TEM HE MEHEEe 3THUM
HAMPKEHUEM HE ClIeflyeT npexedperars, MOCKONLKY €ro NOPAA0K MOKET COOTBETCTBO-
BATh MAAAMeMy pa3psazy. Jnsd peinenus aroif mpoGiaeMbl MOMKHO BOCIONB30BATLCS YCH-
TMTENeM B KOpNyce, CHaOKEHHOM BBIBOJAMHK KOMMNEHCAUMH HANpPSKEHHUA CMELUSHHUS.
Ewe oanuM uHTepecHBIM pelleHMeM saBngeTca nporpammuas kanubposka HAIL npu
KOTOpO#i B BHJAE YMCNOBBIX 3HaueHHWi BO BHyTpeHHeH nmamatd EEPROM coxpansetcs
3HAYEeHWe KOppeKUMd O HY/IeBOH TOYKM U ycHIIeHHd. B aToM cnyyae, nepel Tem Kak
OynyT BLIBEIEHB! 3HAYEHUS, C NOMOILBIO IPOTPAMMbl KOPPEXTUPYHOTCS OLIMOKH ycune-
HUS U HYNEBOH TOUKH, BOHHUKAIOIUIME B CXEME.

PaccmatpuBaeMas cxema ¢ UeNbl0 TECTUPOBaHMA OblNa pealM3oBaHa Ha MEYaTHOM
nnaTe ¥ nodwmodeHa K nopty D moayns STK200. Ilpu TecTHpoBaHWU NO HAKATHIO
kHormku PDO nocriefoBaTensHo 0OMY4alOT YETHIPE pasTMUHBIX 3HAYEHHSA HANpBKEHHS
Ha Beixogax tpex AIL O HaxaTHM KHONKH CHrHANW3UPYET NEPeKIOYEHHE CBETOIHO-
na PB7 moayns STK200.

BeixonHomy nanpsikenuio U, COOTBETCTBYIOT 1ECTHAMLATEPHHHBIE 3HAYEHHA
$OFF, $1FF, $2FF, $3FF, $OFF u 1.1. Beixoanomy Hanpsxenuo U,y COOTBETCTBYIOT
HecTHaIIaTepHyHble 3HaueHus $001, $301, $201, $101, $001 u 1.0, BeixoaHomy Ha-
npsokennio U, COOTBETCTBYIOT WeCTHAAUATEPHYHbIE 3Hauenus $001, $201, $001, $201,
$001 v 1.1 INporpamma, peanusyromas 3Ty hyHKLHIO, TPEACTABAEHA HHXKE.

Wmna chavina Ha NpunaracMoM K KHUre KOMNakT-aucke: \Programm\167DA . asm

;******4{* lO—paSpFlI{HbIﬁ L[AH RS AR A RS SN EEEEEREEEEEEEEEEEEEEEEEESEEEEEEESSEEES]

%
'

% Tpy IMM-cuetumka B nogoporpamde oSpaboTkM OpephbEAHUS KaX[Ee 5 MKC
;¥ YBEIMUMBAIOTCA HA COOTBeTCTBYKUEE BHXOITHOE 2Hauerue. Paspsall NepenosiHeHys

;* BelDaeTcA Kak UMM«cHMrIHan.

. &
!

;* TaxkToBasd HACTOTAa MUMKDOKOHTDOIIEpoR AVR: -§ MI,

-k
’

;**************************************‘k‘k**************‘k*******‘k‘ir*********

.nolist
.include "1200def. inc"
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.list

Jdef
.def
.def
.def
.def
.def
.def
.def
.def
.def
.def
.def
.def
.def
.def
.def
.def

.equ
.equ
.equ
.equ
.equ

Reset:
00000
c00001

acll, =

aceL
a3l
rlllL
rl2L
r13L
STAT
Workl

WorkH

aclH
aczH
ac3H
rilH

rl?H =

r13H
timl
Tim2

1

r9 ;  Mia mmat
rl0 ; Mnaounit
rll 7 Mia g
rl2 ; Mnammmt
rl3 ; Mnammit

Sair Texymero COCTOAHMA CUeTYMKAa kKaHanma 1
$afT TEeKYHUEDO COCTOSHMA CUeTuMKa KaHamna 2
SalT Texkywmero COCTOSHMA CUYeTUMKa KaHana 3
DalT 3HAYEHUA [epe3arpyskM kadana 1
SalfT 3HaueHMA Nepesarpysxu xaHana 2

rl4 ; Mnammi Ca¥T 3HAUYEHMA Nepesarpysry xaHana 3

rib ; Bydbep mna xpaHeHMA QIATOR COCTOAHMA TJIABHOW NROCTDAMME
= rlé6 ; PaGowrit perucTp A [pepHBaHMA OT TaiiMepa

rl7 ; PaBoumit perucTp OIA IJIABHON NpOTPaMMbl

rl8 ; Crapuptii BalT TeRyUEIs COCTOSHMA CUOTUMKA kaHama 1
rl9 ; Crapumit SafiT Texkywel'c COCTOAHMA CUSTYMKA KaHala 2
r20 ; Crapumi SalT TEKYWeTs COCTOAHMA CUeTdMKa KaHamna 3
r2l ; Crapimmit GaltT sHaueHWs nNepesarpy3xM KaHana 1

r22 ; Crapumit Ca¥T 3HadeHMs Nepesarpys3KM KaHamla 2

r23 ; Crapumt CakT 3HaWeHMA Iepesarpy3KM KaHana 3

r24 ; CYUeTuMK BHYTPEHHeDD LMKIIA

r25 ; CueTuMr BHEUHEDO LMKIIa

OFL =

PWM1
PWM2
PWM3
Time

c020
9518

Timer(0_Int:

000002
0CC003
000004

000005
000006
000007
000008

0000089
00000a
00000k
00000c
00000d
00000e
00000Ef
000010
000011
000012
000013

000014

b6ff
b702
5205

bf02
959a
b302
0c%9c

1£25
fb22
£902
7023
Ocad
1f36
fb32
£903
7033
Ocbe
1£47

fdz

; llepencrnHeHMe NpPM CIOXeHMM B paspane 2

= PD2 ; Paspan 2 nopra D - BrXod ONA xaHana 1
PD3 ; Paspsang 3 rnopra D - BEXOD I xaHana 2
PD4 ; Paspanm 4 nopra D - BHXOO IVIA xaHana 3
40 ; UMCnC TAKTOBRBIX UMNYILCOB OO CHENyUeDs [NPRphHBAHNA

; 40 mdnyascos npn £ = 8 MI'u -> 5 Mmre

rimp Initial
reti

in STAT, SREG
in WorkI, TCNTO
subi WorkI, Time-3

out TCNTO,Workl
dec tim2

in WorkI, PortD
add aclL,rllL

adc aclH,rllH
bst aclH,OFL
bld WorkI, PWML1
andi aclH, %03
add ac2L,rlZzL
adc acZH,rl2H
bst aczH,CFL
bld Workl, PWM2
andi ac2H, $03
add ac3L,rl3L
adc ac3H,rl3H

bst ac3H,0OFL

; llepexon k wacTu MHMUMAIMBALUM

; Buemnee npeprBauve {0 (HE KMCOONL3YeTCs)
; lpepeBaHne oT TaiMdepa O (ona ATS0S51200)
; CoxpaHAsM ¢rnary DIABHOW [TPOTPaAMME

; M3BexaeM TEKYIES COCTOAHME CUeTUMKAa

; YcradaBiMBaeMm TafimMep: ONMMTeNbHOCTH

H MHTepBalla MUHYC BPEMA BHIICIHEHUS

H TPeX KOMaHI

; JexpeMeHTHDYEeM CUeTUMK BHYTPeHHeDo LMKNRa
; V3mpexkaeM mexympe LIM-cocToaHMA

; IpufasngemM Mnamt GaMT 3HAUECHWA

; IEepesarpyski
; TNpuCapiaeM crapiusdt SalT 3HAYCHUA

; nepesarpysku

; Nepenonseume (paspsag 2 } - B dgmap T

; HepenonHenme Ha IMM-sexope KaHana 1
; ObuynseMm pazpsams 2. .7

; llpuBabriAeM MIammii SalT 3HaUyeHUSA

; Nepelarpy3kM

; TipubBaesnsgem CTapumil BaiT SHAUEHMS

7 nepeszarpyaku

; NepenonHenwe (paspAan 2 ) - B ¢mar T
¢ TlepenosHeHue Ha IHMM-BEXOIE Kanana 2
i OCHyIseM palpamu 2..7

; NpubabpnAaeM Mnammear SaiT SHAUEHWMA

; NepesarpyskKu

i llpubapnacM cTapui GalT 3HaYeHUA

; nepesarpysku

; TepenonHeume {(paszpsag 2 ) — B ¢mar T




Tpexxaransrpil AT ¢ paspewsnuesm 10 paspsdos 377

000015 £904
(000016 7043
000017 bb02
000018 beff
000019 9518

Walt20ms:
00001la 180
Ll:

00001b ef9a
LZ2:

00001c 2389
00001d £7£1
0000le S58a
00001f £74S
000020 2508

Taste:
000021 8980

000022 cffe
000023 dffe
000024 9980

000025 cffb
T1:
000026 Sb80

000027 cffe
000028 dffl
000029 9b80

00002a cffh
00002k Sbbf

00002c c002
00002d 98bf
00002e <001
T2:

00002f 9abf
T3:

000030 92508

Initial:

Q00031 «010
000032 bbl8
000033 bbl7
000034 kbl2
000035 ellc
000036 bbll
600037 2722
000038 2499
000039 2733
00003a 24aa
00003k 2744
00003c Zdbb

bld WorkI, PWM3
andi ac3H,$03
out PortD,WorkI
out SREG, STAT
reti

1di timl, 16
1di tim2, 250

tst tim2
brne 12
dec timl
brne L1
ret

sbic PinD,0

rinp Taste
rcall wait20ms
shic PinD,{

rjmp Taste
sbis PinDk,0

rimp T1
rcall wait20ms
sbis PinD, 0

rimp T1
sbis LDDRB,7

rimp T2
cbli DDRB,7
rjmp T3

sbi DDRB,7

ret

1di WorkH, $00
out PortB,WorkH
out DDRB, WorkH
out PortD,WorkH
1di WorkH, 31C
ut DDRD, WorkH
clr aclH

clr aclL

clr ac2H

clr ac2L

clr ac3H

clr ac3L

’
’

I

Nepenondenne Ka IMM-BexOze kadana 3
OfHynAeM Paspamsl 2..7

BeBomMM HoBeie UMM-COCTOSHMA B IOPT D
BoccTaHaBIMBaENM CTapee Grarm

BhxOZ M3 OpepulBadMa or TajiMepa O

Kaxmele 5 MxC npr npepmmadmy oT T/CO
3arpyRaeM CUETUMK BHEWHETO LMKIA

Barpyxaem CUYeTUMK BHYTPCHHCIO LMKIIA

Cuyerunk = 0 ?
EciM HeT, TC CRMIAEM Ianbhe

Oxg1taeM HaRaTHUA KHOINKK

[lponyckaeM CHeOyollyld KOMaHIY, €CHM
HaxaTa kHonka 0

OinaeM gasnele

Maysa ona ydera mpefesla KOHTAaKTa

[IpomyckraeM CReNYRIYD KOMAHOY, €CNH
KHOMKA BCE Slie HaXATa

CaainaemM masbme

MponyCKaeM CHenyolyid KOMAROY, eCJiM
KHOonKa (0 oTnymeHa

CroiJaeM Nafible

Naysza mna ydeTa gpeCesra KOHTaKTa
[lponyckaeM CIedylollylo KOMAHIY, SCIM
KHOMKA BCe elle OTIyueHa

CxupaeM Hanwiie

[IponycxaeMm Crlelylouylo KOMAHOY, ©CM
CBETCHMOHO BRIKDYEH

Bromouaem CBETOmMOR

Bewnodaem cBeTCIMOD

MHMLMAIMBa IS PerMcTpoB BBOIA/ BEBONA
YoradaBmMBaEeM BCe Paspamd B nor, 0

Bemon B nopT B

BXolpl - B BEICOKQOMHOE COCTOAHUE

Bemon B nopr D

3arpy®aeM HamnpaBlIeHMEe NepeladM JAHHBX
Pazpam 2..4 — BHXOIE, OCTAJLHHE - BXOIL

COpaceBaeM TeKylMe COCTOAHMA CUETYUMKOE
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00003d 24cc ¢lr rllL
00003a 2755 clr rllH
00003f 24dd ¢clr ri2L
000040 2766 clr r12H
000041 2dee clr rl3L

Qo042 2777 clr rl13H ; COpaceBaemM 3HAYCHMA [lepe3alDy 3Ky
000043 Y4cza dec rllL ; JexpemerTypyem Ha 1 ($EF)
000044 394d3 inc rlzL ; WHKpemeHTHMpyeMm Ha 1 (501)
000045 24e3 inc r13L ; WHrpeMeHTHMpyeM Ha 1 (501)
000046 edlB 1di WorkH,-Time ; SBarpyxaeM MHTEPEBEAN (OTPMLATEIELHEH,
; IOTOMyY YTO CUESTYMK — CyMMYIPYIOUMA )
000047 bfl2 out TCHTO,WorkH ; MHMumanmsmpyed Taimep, T = 5 mxce (8 MIu)
000048 e011 1di WorkH,1
000049 bfl3 cut TCCRO, WorkH ; BanyckaeM TaliMep, TAaxT = TaKT CHCTEMHON
; CHMHXDOHWM3AaLMM
00004a e0l12 1di WorkH, 2
00004b brls out TIMSK,WorkH ; PaspemaeM npepsBaHMe OT TalMepa
00004c 2478 set ; Ofilee pazpemeHve npepuBaHMit (paspan I)
Haupt:
00004d dfd3 rcall Taste ; IO HaXaTUIO KHONKM BHBOOWM CJefN. 3HaueHUs
00004e 9418 cli ; BanpeT npepeBaHuit
00004f 5£5f subli rllH, %01 ; 3HadeHue nepe3aTpy3kn 1 =
; SnaueHKe nepesarpysiu 1+ $0100
000050 7053 andi rllH,$03 ; CoOuynaeM paspaml 2..7
000051 5061 subi rl2H, 301 ; BHaueHWe NepesaTrpyaky 2 =
H BHavcHMa nepesarpysku 2 - $0100
Q00052 70863 andi rl2H,$03 ; COHynAeM paspam 2. .7
000053 5f7e subli rl3H,-502 ; 3HaueHue nepesarpyskmM 3 =
; BuaueHue nepesarpysxu 3 + 30200
000054 7073 andi ri3H, 3503 ; OBHynAeM paspAmm 2..7
000055 9478 sei ; OnATE paspenmaeM NpephEEAHUE
000056 cffe rimp Haupt ; [pomongacM UMK

Onucarue nodnpozpammer 0bpabomku npepsisanus om T/CO

ITepenonnenne cueTunka u3 $FF 8 $00 yeranarnupaet dnar TOVO, v BeinonHenye
NPOTpaMMel MPOJOIIKAETCS ¢ METKH Timer Int mo afpecy $002 (noanporpamma ob-
paboTku npepetganui), nocie yero daar TOV( onarh apTOMaTHUECKH YCTAHABIHBACT-
ca. Ileppad KoMaHaa DOANPOrPaMMbl COXPAHIET PErUcTp COCTOSHMS, KOTOpLId B AaH-
HbIIl MOMEHT COREPMUT (h1aru riapHoil NporpaMMel.

Y4HTHIBAA BPEMS OTBETA Ha 3allpOc HA MPepBIBAHME (YETHIPE TAKTOBLIX UMITYNHCa),
nocie Bxoja B nojanporpamMmy obpaborku npepbiBanua cuetduk TCNTO copepxur
3HadeHHe oT $04 1o $06 B 3aBHCHMOCTH OT TOro, KAKOW JTHHE! KOMAH/I4 BBIIONHAIACE
B MOMEHT BOSHHUKHOBEHMS NEPCNONHCHHA: 3aHUMAIOLLAA OfHH, IBA HIM TPH (ret) Tak-
TOBBIX UMKIA. st Toro uTobel 3arpy3uTh TOYHOE 3HAYCHHE HHTCPBANA, H3 TEKYLIEro
conepxkumoro pernerpa TCNTO, kotopoe npeskze Obmo zanmucano B pabouuit peructp
WorkI, BEluUTACTCA TPeOyeMoe BBIXOJHOS 3HAYIEHHE JINTHTENLHOCTH HHTEepBaia Time,

Jna Toro 4robsl ywecTh BpeMs BBINOQIHEHHA TpeX KoMaHI no aapecam ¢ $002 nio
$004, VHTEPBA, NPe/ICTAaBICHHBI KOHCTAHTOH Time, Mepea TeM Kak oH OyjleT BhIUTCH
W3 TEKYLIETO COCTOSIHHA cHeTYMKAa WorkI M 3arpy’KeH B CHETHbIA peructp, MOMOITHH-
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TeNBHO YMenbwaeTed Ha 3. CueTYdK LMKAa tim2, KOTOPBIH HCIONbL3YETCH B MOAMPO-
rpaMme Wait20ms, IPH KaXKIOM NPEPbLIBAHUH YMEHbIIACTCH Ha 1.

3ateM, NprbaBHBE K COCTOAHHIO CHSTYUKOB COOTBETCTRYIOLIME 3HAYEHHS nepesa-
rpy3kH, nony4vaem TpH Hosble IIMM-cocTosHus, u BeliaeM B nopT D paspaast nepe-
nondedns. Ilepex BO3BpaTOM B MAaBHYK MPOrpaMmy BOCCTAHABIWBAOTCA (hrnark <o-
CTOSHHA, H 10 KoMaHae reti BHOBL yCTaHaBMMRaerca ofimee paspelieHWe TpepbiBa-
HHH.

Bpewms ebinonHeruss nodnpozpammsr 06pabomxu npepkigaHust om
maimepa 0

Ha seinonnenne 23 koMada (Oe3 reti) yxomuT 23 TaKTOBBIX LMKITA, K KOTOPBIM
npubaengeTcs BpeMsa Ha Mepexol K MOANporpaMMe U BpeMs Ha BBLIIOJHEHHE KOMAHIbI
reti (no uetelpe TakTa). Takum odpazom, B oOLuel cNOKHOCTH AN BBIMTONHEHHS T1OJ-
nporpammbl 06paboTky npepsieanus Tpedyercd 31 TakToBBIA WMnyiase. [Ipu vactore
CHCTeMHOM cHHXpoHMzaUKHK @ = § MI'L aT0 cooTBETCTBYET BpeMeHH 3,875 MKc.

[Mockonbky noanporpamMma obpadoTKH TPepBIBAHHS BBIZLIBACTCS TONLKO KakK7Ible
5 MKC, B pacfopsKE€HHH OCTaNBHOH HacTH MporpaMmel octaeTcd 22,5% cucreMHoi
nponyckHoi cnocobHocTH. Ecau dynkuna ALl gomkHa uenonb3oBaThed B KaKoii-
mubo apyroli mporpamme, B KOTOpOH Ha BBIMONMHEHHe Apyrux ¢yHkuuii tpebyeTcs
OONbllle BpeMEHH, MOMKHO YBETHUMTH TEPHO/ BBLI3OBOB MNpepbIBAHHA (pazyMmeercs,
c yueToM npefienbHoi vactorel [ITMM).

TloanporpamMa Wait20ms peanusyer 3anepkky Ha 20 Mc. [ng 3TOro HCnonb3yer-
€3l CHETHMK 1IMKIA tim2, KOTOPLIM JeKpeMeHTHPYeTCs uepes Kax/sle 5 MKC B HOINPO-
rpamme obpaboTku npepsianug ot T/CO. BHemnwii uukn BeimonHseTcs 16 pas, 3a Ko-
TOpHIE tim2 1Py TaKTe 5 MKC ymeHbliaetTesa oT 250 no 0. Takum obpa3oM, obiias omu-
TENBHOCTh BBIMOHEHHU Wait20ms cocrasnger 16 x 250 x 5 mre = 20 Mmc.

TNoanporpaMma Taste oXHAaeT Haxarua kKHormku PDO ans nocnepoeaTenbHOro
nepexnroueHna BuiXoAHRIX 3HaueHuM 1[ATl. Koraa Ha shieoge PDO paciiozHaeTcs Hus-
KHH YPOBEHL CHIHana (HaXKAaTHe KHOTKH), HAaYMHAET BHIMOTHATHECS MOANPOrpaMMma
Wait20ms. Ecnu no ucteuennn 20 mc Ha Buiroge PDO Bce Tak ke pacrnosHaeTtcst Cur-
Hall HU3KOTO YPOBHA, TO JTO YKalblBAeT HA TO, YTO KHONKA AEHCTBUTENBLHO HAMKATA.
B npoTusHOM cliydae, CHTYALHA paclicHURAETEA NPOCTO Kak Apedesr KOHTAKTa, i KHOM-
Ka cuMTaeTcd He HaxkaToi (puc. 16.24).

+——20mc——| ‘4—20MC—J

Puc. 16.24. YueT apebeara KOHTaKTa kHOMKK Ha BblBoge PDO ¢ NOMOLWBID NPOrPAMMHCRE 334EPKKH

B Tom cnyudae, eciM KHOMKA HaXkaTa, OKHEAETCH MOMEHT, KOHa ond GyaeT oTmy-
meHa. Kak Toneko Ha Beisoge PDO nossuTcs BRICOKHHA ypoBeHb CHrHajla (KHONKa oT-
MyleHa), HAYWHAET BHINOJHAThCS NOANpPOrpaMMa Wait20ms. Ecnu no wuctedeHnn
20 mc Ha BeiBoAe PDO Bce Tak xe paciio3HAaeTCHA CHrHAN BBICOKOIO YPOBHSA, TO 3TO yKa-
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3bIBAET HA TO, YTO KHOMKA JeHCTBHTENBHO OTNYLIeHa. B MpoTHBHOM cny4ae, cuTyauus
pacLieHWMBaeTCA NPOCTO Kak Apedesr KOHTAKTa, M KHOMKA CYHTAETCH HaXXaTowH.

Jna onTHYecKoH CHIHAJIM3alMy O HAXKATHH KHOMKH 110 OKOHYaHWH MOATPOrpaMMBI
Taste BKIIOMaeTes ceetoauon PB7.

Onucarue anagHoll Npozpammel

Koraa noctynaet curnan cbpoca, peructp TCCRO apTomMaTHiecKkH MHHLHATH3HPY-
ercs 3Hayenuem 300, ocranasnusas tem cameiM T/CO. Tlo cOpocy npu BKIIOMEHUN ITH-
TaHuA BbIMORHAETCs nepexon no aapecy $000 x yacTH MHHLMANK3aUMH, 0603HaYeHHOH
MeTkoi Initial. [lopr B tpebyercs TONBKO ANA CHrHAMH3ALUMM © HAMATUM KHOITKW
¢ nomoipo ceetoauona PB7, u notoMy koHbuUrypHpyercs kak TpucTabUAbHBINA BXOA,
NOCKONLKY BBIBOA cBeToAnoAa PB7 peanuzoBaH Mo TEXHONOTHH OTKPHITCTO KOJLUIEKTOPA
yepes NeperIio¥eH e perucTpa HanpaeneHus nepefadd naHuelx DDRB (em. rnasy 10).

Bee BeIxoaHBIE pa3psaabl nopra D yeraHapnuBatoTes B Jior. O, ¥ paspsasl 2...4 on-
pefenstoTCa Kak BbIXOAbl MOCPEACTBOM 3aIIHCH JIOT. 1 B PETHCTP HAMPABJICHHA Nepena-
uy ganHbix DDRD. Tem cambiM Bbigoa PDO onpeaensercsd kak BXOI LA MOAKTOUEHUS
kHomkH, B moayne STK200 nns pabotel cBeToanona no seiBogy PB7 u KHONKK 10 BbI-
eoay PDO nomskHa ObITE yCTaHOBNEHA COOTBETCTRYIOLIAS TIEPEMbIUKA.

Tekyluee COCTOTHHE CUSTYHKOB HHHLIHATH3HpYeTCA ¢ moMoluso $000, a 3HayeHUA
nepe3arpy3ky — ¢ MOMOLIBIO PECHCTPORBIX Map rllH:rl11lL = $00FF, r12H:rl2L =
$0001 » r13H:r13L = 30001. [Mocne aroro B cuerHsld peructp TCNTO 3arpysaercs
OTPHUATENBHOE 3HAUEHHE IMTEIbHOCTH MHTepBaia. llpeacrapieHHas KOHTCTaHTOH
Time QAWTETLHOCTE MHTEPRAAA A07KHA OLITH OTpHUATeNbHOH, nockoasky T/CO pabo-
TaeT KaK CYMMHPYIOWHH CHETHHK.

B crepyroweli yacTd nporpaMMbl ¢ IOMOIMIBIO MYJBTHIUIEKCOpPA B KauecTBE BXOA-
Horo Takta g8 T/CO eIOMpaeTca HEMOCPEACTREHHO TAKT CHCTEMHOM CHHXPOHH3ALHH
@. 3atem B pernctp TCCRO 3amuceiBaercd 3navenue $01 (cMm. Tabn. 4.2), n T/CO Hauu-
HaeT c4eT. JIng Toro utobet paspemwnts npepsiBabue oT T/C0, ycraHaBnUBaeTcs paspan
TOIEOQ B pernctpe TIMSK, a Tawoke ¢dnar obuwero paszpeiteHns npepeiBanuii | B peru-
cTpe coctoaHud SREG.

Cama rnaexad nporpaMma npeactabidger co0oif GeckoHEUHBIH LMK B O3KHAAHMH
HaKaTHA KHONKWA Ha BeiBojge PDO. Kak TOMBKO 3TO NMpPOMCXOMMT, BBIMHCIAKTCA Clie-
AyHollMe 3HAYeHHs Nepe3arpy3kd B YIIOMSHYTOH Bbillle nocneqoaTensHocTH. Ha Bpems
3THX BbIMHcNeHHH npepoiBadue or T/CO 3anpellieHo, MOCKOAbKY B TIPOTHBHOM Clyyae
MOTYT OBITh NOMYYEHBI HEKOPPEKTHBIE 3HAUESHHS CUETYHKA.

HamepeHun

B nabopaTopHbix ycioBHax Oblia 3aMepeHa Mynbcailds BIXOJHOrO HANpPDKEHUS
NanHo# cxeMbl. Bo Beex cnyvaax >pdexTHBHOE 3HAYEHHE HAXOAWIOCH B npeaenax oj-
HOTO MWIUTHBOBTA. [IpH 9TOM NpH NepernoHeHHH Ha LH(BPOBLIX BLIXOAAX ObITH 0TME-
YeHbl HPOCKH HaNpsKeHHS, MOKalaHHbe Ha puc. 16.25, 0QHAKO UX MOMKHO JIerko ycTpa-
HWTb C HOMOLIBKO KOMIIAKTHOTO MOHTaXKa H JIOTOJTHHUTENLHBIX Mep ralli¢HHA.
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o ropuzonrani: 1 mec/asnenwve. Mo seprukann: 2 MB/nenenne

Pue. 16.25. Nynscaumn BeIXOAHOTO HANPKEHUA

YeTeipexkananbHbeid AL ¢ BOAHBIM UHTErpUpOBaHUEM 1
paspelwleHuem 11 paspagoe

Peanusyem ¢ nomotipio TaliMepa/cuerynka T/C1 ALl ¢ ABOHHBIM MHTerpupoBa-
HHEM, TIOKa3aHHeIH Ha puc. 16.26. Hupeprupyromuii sxon AIN! HHTerpHpoBaHHOTO
AHATTOrOBOI'O KOMIAPATOPa MHKPOKOHTpoMIepa AVR noakmoved Ha “3eMmo”, a na He-
uHBepTupyowii Bxox AINO noxgano Brixoanoe Hanpsikende uHTerparopa V1. duoa
D2 smecte ¢ peaucropoM R6 zaummmaet Bxox AINO oT CIMIUKOM BbICOKHX YPOBHEH OT-
PHUATEILHOIC BXOJHOMO HANPAXKEHHS.

[Tpeobpasopanue BLINIOJIHACTCA B TPW 3Tama. Ha mepRoM »Tame ycTauaBnuBaeTcs
B HYJIb BRIXOJHOE HANpPS:KEHUE HHTErpatopa, cocrosulero H3 anementor VI, R3 u Cl.
Ecmu tekywee nanpsxende Uapg Gonbire, wem Uanw, TO Ha BXOT WHTErpaTOpa
¢ MOMOWSBIY koMMyTaTopa S| nogaerca HanpskeHue Uyr,. Ecnu ske Uppo MeHBIUE, UeM
Uaini, TO Ha WHTerpatop noaaetcs vanpmkenue U B 310 Bpems unTerpartop 8 Hyse-
BOH TOYKE NOCTOSHHO cpaBHUBAET HANpKeHUI Uano W Uang, B B TOT MOMEHT, KOrjia
BBIXOJ KOMMApaTopa MEHAET COCTOSHHUE, IOCTHIaeTCs HYJIeBAs TOUKA HHTErpUPOBaHHS,
M HaUuMHAeTca BTOpOiH 2Tan ananoro-uudipororo npeobpasoBaHus: W3MeEpPAEMOe Hanpsa-
kenue Uy uan Uy (Ury unu Ugy — 3aBHcHT ot nepeMbiuky J1) ¢ moMouibio KoMMyTa-
Topa 5] nofaeTcs Ha BXO/ MHTErpaTopa Ha Bpems Ty, Ecny B kauecTse BXOMHOTO TaKTa
ana T/C1 sribpan peneHHblit Ha 64 TakT cucTeMHOM cunxponusauud ® = 4 MI'y, To
riofcuery 4096 TakTOBLIX UMITY/ILCOB COOTBETCTBYET Bpems Ty = 65,536 mc.

Ha puc. 16.27 npouamocTpHpoBaH cieyromuii npouecc. B Havane BEIXOAHOE Ha-
npsbkenue wurerparopa U; MMeeTe HeKoTOpoe NMPOM3BOJNLHOE 3HaYeHHe. B AaHHOM
MpUMEPE OHO OTPHIATENLHOE, MOITOMY Ha STane S| HMHTerpUpYeTCs OTOpHOE Hanps-
#xerue Upr 110 Tex nop, noka Hanpsskenue U He HOCTUrHeT Moporoeoro ypoeds 0 B. B
3TOT MOMEHT HAYHHAETCH 3Tan S2, Ha NMpPOTAKEHHH KOTOPOro B TeueHHe BpeMenu Ty
HHTEMPHPYETCS NOJIOKUTEIbHOe Hanpsxernde Uly.
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Ha puc. 16.27 auuus U; nokasaHa Ans AByX pa3/IMYHBIX 3HaueHHi: a v b. 1o ucte-
UeHWH BPeMEHU HHTerpupoBanus Ty Haunmnaercs sran S3, B TeYEHHE KOTOPOro COAep-
xHuMoe cuerunka T/Cl yBeMuMBaeTed, HAYMHAA ¢ HCXOAHOTO 3HadeHHs 0, H HHTErpH-
pyercd onopHoe vanpskedue Uye A0 Tex nop, NoKa BHOBbL He OYAET nepeceyeHa TMHus
Hyns fu19 HaripsaskeHus U,

Ha srane S3 xoMmnapatop MukpokodTponiepa AVR cpapHMBaeT HanpsKeHHe Ha
HeHHBepTHpYIOUieM Bxone AINO ¢ Hanps:keHueM Ha vuBeprHpylotlem bBxome AINI.
Kax Tostko Uamo cTanoBuTes Sonpiie Uap, COCTOAHEE HA BBIXOAE KOMIADATOPa Me-
Hsetes ¢ nor. 0 va stor. 1. Ilo stomy HapacTatomieMy HpoOHTY TEKYLlee COIEPKHMOE pe-
rucTpa TCNT1 nepeHOCHTCA B PErUCTp 3aBaTa Ha BXOIE.

Ilocne BOZHMKHOBEHHA 3aXBaTa [POLECC UHTEIPUPOBAHMA MPOJO/LKACTCS CUIE He-
KOTOpOe Bpemsd, ofHako, Ouarodaps auody D1, ypoBeHb BBIXOJHOTO HANpMKeHHA V]
OrpaHWIHUEAeTCs. 3aTeM BHOBE CJIEIYET 3Tan S1, Ha NPOTAXKEHHH KOTOPOro AOCTHraeTcs
KoppekTHoe 3Havenue nanpsskenus Uy = 0 B s Hauana ovepeaHoro usMepesHs.

3a BpeMs MHTerpHpoBaHMa Ty AoCTHUraeTcd ClefyIoliee 3HAHCHHE BBIXOAHOIO Ha-
npaxenus ueTerparopa Uy

Uprg=—Us- Ty /1, rme Uy, 2 0B; T=RaCy; Ty = 65,536 mc.
OrpuuarensHoe 3Havenve Uyry, NocTuraemoe 1pu Uy pa, = 2,047 B, cocraenser
UI(Tx) min = 1,973 B.
Bpemst unTerpapoBanis Tr, HeoOX0aAUMOE T JOCTIGKEHH MOpora 3axeara W me-
peHOCA COCTOAHUS CHETHHKA B PETHCTD 3aXBaTa, NPAME [IPOTIOPLHOHANRHO H3MEPHEMO-
MY BXOJHOMY HaNpsXKeHHo U,

Te=t-(~Uir) / (V) ipu 1= R3Cy; Upere = —1,024 B 1 Uy = U, - Tx/ 15
Te=Tx U,/ |Uel npar U, 20 u U e <0.
Orctona nonyuaem ang Hanpsokenus Uy
U, = |Usee! - To / Ty,

Takum ofpazom, TOUHOCTE PE3YIILTATA 3ABUCHT TONLKO OT fAomtycka and U | co-
ordouwenus Tg / Tx, H HUKOHM 0Dpa3’soM —— OT MacCHBHBIX 3nemeHToB R; u C). Tio-
ckoneky Tx u T nonyuator ¢ nomowsto cuetynka T/C1 ot ogHOH ¥ Tol e cTabumu-
3MPOBAHHONI TaKTOBOH YACTOTHI, MX COOTHOLUEHHE B MPOAO/DKEHHE OTHOCHTENBHO Ma-
700 BPeMEHH W3IMEPEHUs MOKHO PaccMaTPUBaThL Kak KOHCTAHTY, W MOTOMY pelatoliiee
3HAYEHUE N TOWHOCTH U3MEPEHHI HMEET HCKNFOUMHMTENLHO TOUHOCTD U,

Tpebyemvie onopuble HAnpsKeHUA Uee U Uygp, 00AYHAIOT ¢ NOMOLLLI) OTIOPHOrO
avoaa LM336 ¢ TeMmnepaTypHOH KOMTEHCANWEH M JBYX ONEpallMOHHLIX YCHIHTENCH
V2a n V2b. OrpuuarensHoe onopuoe HanpskeHue Uy,r vCTAHABIHRAETCH B 3HAUEHME
-1,024 B ¢ nomouisto Tpummepa Ry conporuenenuem 10 xOm. Pesucrop Ry; npeana-
3HAYECH 1 KOMMEHCALWH TOKA CMEIUEHWA W MMEET COMPOTHUBRICHHE TapailensHOro
BKJTIOUCHKS pe3ucTopoB Ry u Ry,

Onepaniodublil yeunutens V1 UMeeT TaKHUe e BbICOKOOMHBIE BXOB! HA [1OICBLIX,
TPaH3HCTOPaX, UTO M ONEPAUMOHHBIE YCHANTeNW V2a M V2b. Ero nanpsxedue cMelile-
HUA MOXKHO YCTAHOBUTD C TIOMOLIBLIO TpuMMepa Rs. Yeunurenu V2a u V2b tana TLO82
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sakmioueHbl B ofwui koprmye DIP8. Mx nojoxuTenpHOE TNUTaKOLIEe HANpsKEHUE
Vees = +5 B, a orpuuareasHoe — Vee = -5 B.

Henonvayeres KMOIT-kommyTaTop S1 tuna 74HC4051 B kopnycke DIP16. Ero
NONIOXKHUTENILHOE TIHTAIOIIEe HanpskeHHe Ve =+ 5 B, a otpuuarensioe — Vg = -5 B,

[TuTarolIMe HAMPSHKEHWA MHTErPabHOM CXEeMBI OOBIMHO LYHTHPOBAHLI Ha BHIBOJ,
kopnyca Voo ¢ nOMOWBK KoHgeHcaropa eMkocTbio 100 H® (¢ wenbio ynpoluenus Ba
puc. 16.16 He nokazaHo).

B kadecTBe TakTOBOH uYacTOTHl AN MHKpokoHTposnepa AT90S8515 Beibupaem
sHauenne 4 MINu, koropoe nna nonyyenus BXxonHoro takta T/C1 penurca Ha 64. Co-
nepykumoe cuetyuka T/C1 MHKpeMEHTHpyeTcda Kaxkable 16 MKC, W, TakdM o0pa3oM,
BpemeHH HHTerpHporanms Ty = 65,536 mMc cooTBeTcTBYET 4096 TAKTORBIX HMNYIILCOB.

WMa channa va NpUNaragMom K KHUre KOMNakT-AucKe: \Programm\168AD . asm

;**%* Peammsaupa ANl ¢ OROVHEM HMHTeDDPMROBAHMEM C IOMOMEK T/CL****#tskkek

.k
r

;% MUKporoHTponnep AT90S8515 npeobpasyeT AHANMOTOBCS BXOUHOS HaNpsSXeHMe

;* B WECTHAOLATEPHUYHOE YHMCIIO.

;* Pazpewenus - 11 paspspoe ($000..57FF).

;* dnar T cnpefenseT, Kakoe HanpaxeHue usmepsaercs: Ux0 (T=0) wm Uxl (T=1),.

. W
r

;* TarToBad 4YacTOTa MMKROKOHTPOIIepa AVR: 4 MIn (crawpapr STK200)

-k
’

;**************'k**'k***********‘k*******************ﬁ***W*****************

nolist
.include "8515def.inc"

Jlist

Ldef tmpl = rle ; PaGoumit perucTp 1

.def tmp2 = rl7 ; PaBowmit peructp 2

.def prml = rl8 ; Nepermapaemelt napaMeTp 1

.def timl = rl9 ; Cuerumx umkna 1

Jdef tim2 = rzQ ; CueTumr uyxa 2

.def Cnt = r21 ; CueTuMK CTPOK

.def Ergl = r22 ; PaSowmit permcTp

.def ErgE = r23 ; PaBownit permncrp

.def WorkL = r24 ; PaGoumf perMcTp

.def  WorkH = r25 ; Pafouuit perucTp

.equ  Tx = $1000 ; 409¢ raxroB TajMepa InA Tx=85,536 Mmc
.equ  Max = 32000 7 Maxkc. NpomOmFMTEeNbHOCTE MHTerpupoBakus Uref-
.equ a = FBO ; Paspap 0 nopra B, nuuMA a Ha 3Tane S1
.equ b = FBl i Paspan 1 mopra B, nuHma b Ha aTtane Sl
Reset:

rjmp Initial ; Tlepexon K YACTM MHMLMANMIALMM

;*‘k***‘k********t**t***************************1{*************************

;* TlommporpamMMa M OOBABISHMA IUTA ynpabBneHma KK-MOOymeM MOSHTHYHEL
LAl

;¥ paccMOTpeHHEM B pasiene "Tomxnoderue XK-momyrneft” u noTomMy

;* 30ech [NOBTORPHO HE PACCMATPMEAKNTCH.
'-****Y**********\llilirilﬁ****************************\k‘#***'&*****************

HexAscii: ; Dpeofpas3cBanKe WECTHAMUATEDMYHODC B Ascii
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000050
000051
000052
000053
HAL:

000054
000055

Sethdr:

000056
000057
000058
0000s9
00005a
00005k
Uxl:

00005¢
00005d
00005%e
N0005E
000060

302a
£410
5d20
49508

5¢29
4508

£f02e
ed2l
6R20
dfed
dfcf
9508

ed?29
6820
dfel
dfeca
9508

DispErg:

00008l
000062

000063
000064
0C0065
000066
ooooe?
0oo0oes

000069
00006a
00006k
00006c
00006d

00006e
0000&ef
000070

2£279
dfed

dfdc
dfe8
2f26
4522
702
dfe?

dfdeé
dfc2
2f2¢
702f
dfe2

dfdl
dfbd
9508

DispOFL:

000071
000072
0000732
000074
300075
000076
000077
000078
000079
00C07a

ed2f
dfed
dfbo
2426
dfca
dfbé
ed2c
dfc?
dfb3
9508

Initial:

000092

2092

cpl prml, SOA
brsh HAIl

subi prml,-5%30
ret

subi prml,-$37
ret

brts Uxl

1di prml, 64+1

sbr prml, 1<<7

rcall WaitBusy
rcall SendCom

ret

1di prmi, 64+9

sbxy prml, 1<<7

rcall WaitBusy
rcall SendCeom

ret

mov prml, ErgH
rcall HexAscii

rcall WaitBusy
rcall SendDat

mev prml, ErgL

swap prml

andi prml, $0F

rcall HexAscii

rcall WaitBusy
rcall SendDat
mov prml, ExrgL
andi prml, $0F
rcall HexAscii

rcall WaitBusy
rcall SendDat
ret

1di prml, 'O’
rcall WaitBusy
rcall SendDat
1di prml, 'F!'
rcall WaitBusy
rcall SendDat
1di prml, 'L’
rcall WaitBusy
rcall SendDat
ret

1di WorkH, High (RamEnd)

:

r

Bonmemwe 9 2
[lepexon, ecima > 9
MpucaBngem $30

lpuBarnaeM $37

YeraHoBka ajpeca MHOMKATOpa mia Ux
Mepexorn, ecmm dutar T = 1 (Ux1)

Anpec = 2-i cuMBoa 2-1 CTDOKM
YcrauvaBnMBaeM paspan 7 —-> cTpoka DD-RAM
OmpaeM TOTORHOCTH KHK-MOOYNS kK Opueny
YeTaHarmmBaeM ykazaTens anpeca B DD-RAM

MaMepAeMoe axHauveHue Uxi

Ampec = 10-# cumBON 2-1M CTPOKH
YcTaKaBsnmMeaseMm paspsan 7 —> cTpoka DD-RAM
OrmpaeM DOTOBHOCTM KK-MOIVIIA K HpUeMy
YoraHaBMBaeM yKasaTeler anpeca B DD-RAM

BeBOn pe3yneTaTa Ha Tabio

Crapunti SaiT pesynsTara
LHeCTHam_laTequHoe BHAUSHME B MNamneMm
nonydaire -> Ascii

CxmflaeM roOToOBHOCTH XK-MCHOYIIA K IPUEMY
MepepaeM CMBOJ, ABTOMHKDEMEHT anpeca
Mianuns SadnT pezysibTara

Menaem MecTaMy CTapll. M MRan. DOIYySaiTe
COHynAeM cTapuMii noTySanT
llecTHARLATEPMYHOS BHaUeHWe B MIaIueM
nonySante -> Ascii

OxunaeM roToBHOCTHM XKK-MOOyns K npueMy
llepenaeM CHMBON, ABTOUHKDEMEHT AJpeca
Mnamm# GafT pesyILTaTa

OBHYTISeM cTaplmi nonysaiT
llecrHaguATEPMYHOS 3HaUEHME B MIAOUeEM
nosaytaiire -> Ascii

OsupaeMm DOTCOBHoCOTH XK-MOOVIIA kK npuemMy
NepenaemM CHMMBOJ, ABTCOMHKPEMEHT aipeca

Brimaua coofueHUA © NepelOoiIHeHMH

OsmpaeM TOTCBHOCTKM KK-MOIyNA K Opuemy
[lepenaeM CHMMBORN, aBTOMHKPEMEHT aapeca

CUsmpaeM roroBHocTyr KK-MOOynA x npuemy
[lepenaeM CHMMBOJ, aBTOMHKPEMEHT alpeca
"OFL" = "OverFLow" (nepenoiHeHue)

CGsminaeM DOTOBHOCTKH KK-MONYJIIA K [NpUEeMy
TNlepenaem CHMMBOI, ABTOMHXPEMEHT aipeca

7 MHMumamzauma PETHCTPOR Baona/Bstona

25— 5-2384
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000083
000094
000085
000098
000097
0000898
000099
00009%
00009h
00008¢
000084
0000%e
00008t
0000a0
0000al
0000az
0000a3
0000a4
0000a5
0000a6
0000a7
0000a8
0000a%
0000aa
0000ab
0000ac
0000ad
0000ae
0000af
0000b0
0000bl
0000b2
000003
0000b4
0000bs
0000bé

bf%
e59f
bf9d
230f
bb(2
kb5
ac0
bb01
bb4
efQf
bbla
e092
bh98
093
bb97
2097
bh998
dfes
e02¢c
dfos
afsz
e(21
dfde
df7f
e0f4
el=0
els0
dfs’7
2420
6820
df8e
A£77
eQf4
ele8
elb0
df7f

Messung:

0000b7
0000b8
0000b9
0000ba

efo0
bdad
2080
bd&c

Schrittl:

0000EL
0000kc

0000khd
0000ke
S11:

0000Lf

00000
0000c1.
312:
00002
513:

9acl
9945

cQ04
88¢0

Sb45

cffe
c003

9ac0

out sph,WorkH

1di WorkH, Low {RamEnd)

out spl,WorkH
idi tmpl, $3F
out PortD, tmpl
out PortC, tmpl
1di tmpl, $CO
out DDRD, tmpl
out DDRC, tmpl
ser tmpl

out DDRA, tmpl
ldi WorkH,s02
out PortB,WorkH
1di WorkH, 503
out DDRB,WorkH
1di WorkH,$07
out ACSR,WorkH
rcall InitLCD
1di prml, $0C
rcall WaitBusy
rcall SendCom
1di prml, $01
reall WailtBusy
rcall SendCom

ldi ZH,high ({Textl)
1di 2L, low{Textl}

ldi cnt, 16
rcall QutText
ldi prmi, 64
sbr Prml, 1<<7
rcall WaitBusy
rcall SendCom

1di ZH,high(Text2)
1di ZL,low(Text2)

1di cnt, 16
rcall OutText

1di
out
1di
out

sbi

WorkH, high (~Tx)
TCNT1H, WorkH
WorkL, low (-Tx)
TCNT1L, WorkL

PortB,b

sbic acsr,aco

rijmp S12

chi

PortB,a

sbis acsr,aco

rjmp S11
rimp Schritt2

sbi

PortB,a

;

WMHMLMAITMBALMA CTEeKA

Paspsaml 7..6 = 0, ocranehee = 1
/RD, /WR = 0, ocT. pazpamu nopra D =
Ena, RS = 0, ocT, paspsm rnopra C =
Paspanm 7 = 1, pas3pan 6 = 1

Pazpanel 7..6 — BRIXOIB, OCTallbHEE — BXOIE
Paspsaml 7..6 — BHIXOIB, OCTaMBHEE ~ BXOHH
MHMLIAAITMSE UM tmpl
llcpT A -~ BBIXOO

bk (pazpag 1) - B 1,
Britmpaem Uref-
Paspams 0..1,4..7 - = 1,
b (PBl) w a (PBO) - Bemon
3axBaT o HAD. QPOHTY Ha BHXGCIES KOMIEP.
PerMcTp yOpaBleHMA KOMIApaTopa
MHMnuamzrpyeM 8-paszpansent KK-Momymb
Tatno - BRI., KypCcop, MepuaHue - OTKII.
OioafiaeM DOTOBHOCTM MK-MOIOYIS K npuemy
lepemaeM KOMaHOY

Tacm raGno, xypcop - B Hadalo

Osnaen TOTOBHOCTH XK-MODyIMa K Opmemy
[lepenaem xoMaHAY

[
e~

oCcTanekEEe — B 0

OCTANlbHEE — B 0

Yxasarajb 7 YKASHBAST Ha HAYAN0O TekCTa
TercT - M3 16-TH CUMBOIOB

Bemomm Textl

Anpec = Hadaro BTOPOH CTPOMM
YcradHaBnmeaeM pas3pan 7 ->» crpoka DD-RAM
CmaeM TOTOBHOCTH XK-MoIyns K IpHUemy
YeTaHaBmMBaeM vKaszaTen: ampeca B DD-RAM

Yxazarenk 2 YKASHBAeT HA HAUYANC TercTa
Texkcr - M2 16-TH CUMBOIIOB
Bumommd Text2

Crapuniit DafiT BpeMeHM MHTerpUpeBaHMA Tx -
B CUETHRIA DEerMcTp

Mraousmt SallT BpeMeHM MHTerpupoBaHMA Tx —
B CUETHEM peTMcTp

YCTaHOBKA HYJEBOM TOUKM MHTETPUPDORAHUA

b=1

ponycxaeM CIeyIUyD KOMaHDY, ecin

AINO < AIN1 (aco=0)

llepexom, ecnm AINC > AINI

a = 0 ~> prSupaem Uref-

(aco=1)

MponyckaeM CASnyiOUyd KOMAHIY,
ATINO > AIN1 {(aco=1)

eCcIm

JocTHuDaeM HYHeBOl TOUKY

a =1 -> subupaem Uref+
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Q000c3 9945 sbic acsr,aco ; MponyckaeM CIedyilyr: KOMAaHOY, SCHK
; AIND < AIN1 (aco=0}

0000c4 cffe rijmp S13

Schritt2: ; Hauamo T¥ npM MHTerpupoRaHmm Ux

0000¢c5 b398 in WorkH, PortB

00006 £590 bld WorkH,a ; T-Flag ->» a {Ux0 wmm Ux1)

0000c7 7fed ¢cbr WorkH, l<<b i b=20

3000c8 bbs8 cut PortB,WorkH ; HepewxmouaeM Ux0 mnmu Uxl

0000c9 483 1di WorkH, $43 ; ICNC1=0, ICES1=1, CTCl=0

0000ca bd%e cut TCCRLB, WorkH ; Banycxaem T/Cl, TaxT CHCT. CHHXP. /64

521:

0000ck b58c in WorkL, TCNT1L ; AncTepHaTvea gns OCRIA-Int.

0000cc b9 in WorkH, TCNT1H ; CuMThBaeM CONEpAMMOS CuUeTuMKa

0000cd 5fBf subi WorkL, $FF ; OmnaesM, KOTHAa CUeTUMK [epelner

0000ce 4£89fF sbhei WorkH, $FF ; B COCmoAaHUe SEFFFF

0000cf £3d8 brlo 3521 ; Mepexon, eciM eme He OOCTMIHYTO

£000d0 b398 in WorkH, PortB ; T'oroEmm nomgwrupenue Uref-

000041 7f%e cbr WorkH, l<<a ;a=0,

00004z &Q%2 sbr WorkH, 1<<b ; b =1 -> puBpanc Uref-

s22:

0000d3 b788 in WorkL, TIFR ; Vsenekaem dmaru T/C1

0000d4 f££87 sbrs WorkL, TOV1 ; [ponyckaeM CIenyoUy KOMaHIY, €CIHM
; nepenonHedue 2 $0000

000045 cffd rijmp S22 ; [lepexon, ecmn Tx elle He BaBepleHO

Schritt3: ; Onpernenenue TR npu uHTEerpHpoBaHuM Uref-

0000d6 bb9s out PortB,WorkH ; Hopano Uref-

0000d7 6888 sbr WorkL,1<<TOV1l | 1<<ICF1l ; ICF1,TOV1 =1

0000d8 bf88 out TIFR,WorkL ; CBpacuBaem ICF1 1 TOV1

WaitCapt: ; OsumaHMe 2axsata

gonod9 b788 in WorkL,TIFR ; Uzenexaem ¢maru T/C1

0000da ££83 sbrs WorkL, ICF1 ; [ponyckaeM Crlemyouylw KOMaHIy, eCiIu
; MMEeeT MeCTO =BaxBar

0000dh <012 rjmp CheckOFL ; lleperiondesne cUeTUMKA?

MessEnde:

0000de b5e4 in ErgL, ICRIL ; PezymeTaT - M3 perMcTRa 3axearta

0000dd b575 in ErgH, ICR1H

WaitTime: ; CaMOaHMe OKOHYAHMA MeMepeHUA

0000de b58c in WorkL, TCNT1L

0000df b5%d in WorkH, TCNT1H ; CuMThHBaEM COOEPRMMOS CUSTUUKA

0000el 5080 subi WorkL, low{Max) ; JOCTHUDHYTO JM

0000el 4280 sbei WorkH,high{Max} MAKCHUMANEHOE COCTOSHME CUeTuMKa?

0000e2 £3d8 brlo WaitTime ; Tlepexcn, €M elle HeT

0000e3 9576 lsr ErgH
0000eq 9567 ror ErgL
0000e5 9576 lsr ExgH

0000es 9587 ror ErgL ; HenvM perynsTat Ha 4

Display:

000Ce7 dfée rcall Setadr ; YcraHoBka ampeca MHAMKaTopa onA Ux
0000e8 £d73 sbrc Ergh, 3 ; Ecom pazpan 11 = 0, To HeT nepenolHeHusa
000028 <002 rijmp OFlow ; lMepexcon, ecnM NepenoyHeHUe

0000ea df76 rcall DispErg ; BeBOIMM pe3yJETAT Ha Tadio

0000eb <008 rijmp Next

OFlow:

0000ec dfad rcall DispCFL ; BeBOmMMM coofUeHHe O NePenaTHeHWUM

0000ed c007 rijmp Next

a5
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CheckOFL:

0000ee b58c¢c in WorkL, TCNT1L

0000ef bbed in WorkH, TCNT1H ; CuMToBaeM colepfimMoe CuUeTUMKa
0000£0 5080 subi WorkL, low {Max) ; MpesslieHo JmM

0000f1 4290 sbci WorkH, high{Max) - MAKCHMAJILHOE COCTOAHME CHeTYMKa?
0000£2 £330 brlo WaitCapt ; Tlepexom, ecnu efile HeT

Q000£3 dfez rcall SetAdr ; YeraHoeka ampeca uMHIMKaTopa mna Ux
0000£4 cf£7 rijmp OFlow ; BO3mHMKIIO NepenciiHeHMe

Next:

C000f5 e490 ldi WorkH, $40 ; ICNCl=0, ICESl=l, CTCl=0
0000f6 bdde out TCCR1E, WorkH ; QOcranasmmpaem T/C1

0000£7 fOle brts N1 ; Nepexon, ecrmm dquiap T=l

0000£8 %468 set ; YcraHammueaem guiar T -> (Uxl
0000f9 cfbd rimp Messung ¢ Crnemyowee u3MepeHMe

Nl:

0000fa %S4e8 clt ;i COpacspaem pnar T -> Ux0
0000fL cfbb rjmp Messung ; Crnegyouee M3MEepeHHe

.org $400

Textl:

.db "Ux0: Uxl: "

Text2:

.db "$--- §——— "

Onucarue nodnpozpamm

[Noanporpamma HexAscii npeofpa3oBbiBaeT LIECTHAAUATEPHYHBIA noNyOadT
B auanazode 0...9 u nonybadiT B gHanazone A...F B ASCII-3KBUBATeHT ¢ MOMOINLIO
ripubasnenus 30, u 37, COOTBETCTBEHHO.

[ToanporpamMma SetAdr yCTAHABIHBAET afpec HMHAHWKATOPa BO BTOPYIO MO3MLUIO
BTOPOH CTPOKHM 118 BbiBoga 3HaueHHs Uy 1 B 10-10 NO3HUMIO TOH e CTPOKH ANA Bbi-
BOAa 3HaYeHus Uy,

ITonstporpamMma DispErg BEIBOAWT TPH 1IHGPL] H3MEPEHHOTO 3HAYEHUS TI0 ANPECY
UHIHKATOPa, MPERBAPHTENLHO YCTAHOBIEHHOMY NOANPOrpaMMON SetAdr.

Moanporpamma DispOFL BeBOAHT Tpu ASCII-cumeona “OFL”, cHrHaTH3UpYIO-
1iKe O MEPEnoIHEHHN U3MEPEHHOrO 3HAYEHHA, 10 anpecy UHAMKATOPA, MpeaBapuTEib-
HO YCTAHOBJIEHHOMY TIOATIPOTPAMMOil SetAdr.

Onucarue anasHoll npozpamma!

Koraa nocrynaer carnan c6poca, peructp TCCR1B aBTOMaTHuYeCKH HHHLMATH3U-
pyetca 3Hauenuem $00, ocranaenueas Tem cambiM T/C1. Ilo cBpocy npu BKIOUEHHH
NUTAHHA TPOHCXOANT mepexoa no aapecy $000, KOTOPOMY COOTBETCTBYET YacTh MHH-
UHanuzauHu, obosHavednas Metkol Initial. [Tocne HHULMANH3ALMHK YKa3arend cTeka
AOMKHBL ObITh HHUUKMANM3UPOBAHE! KAK BBIXOAE Paspsibl OPTOB, MCTIONL3YEMbIE MO-
aynem STK200 npu ynpasnenuu tabno: A15 u A14 — ans nopra C; /RD, /WR — ana
nopTa D, a Takke wuna gaHHBIX nopra A. Paspaaet 0...1 nopra B ynpaenaioT aHanoro-
BBIM MYTbTHmnekcopoM S1 (cM. pue. 16.26), v Tawxe onpeneneHsl Kak BbIX0b. Bxoaw
AINO u AINI koMnapaTtopa BHYTpeHHE COSIHHEHE! ¢ paspafamMH 2...3 nopra B, # 00b-
ABJIEHBI KAK BXO0ObI.
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HHTerpupoBaHHBIH aHANOTOBBIH KOMNAPATOP ¢ MOMOLLBIO CBoero perucrpa ACSR
HACTPOSH TakuM 00pa3oM, 4ToOb! HapacTalowuil GPOHT Ha ero BHIXOAE NPUBOIMA K 3a-
XBaTy (TO €CTh, K NEPEHOCY TEKYLUEr0 COCTOSHHSA CHETHHKA B PEFUCTP 3aXBATa).

[Nocne unuumanusauuu JKK-moayns v Beieosa B nepsoit cTpoke 3aronoska “Ux(;
Uxl: 7, a o Bropoii — wabnoda “$---  $--- 7, HaunHaeTca npouece uaMepenus,
KOTOpPbIH B OECKOHEYHOM UMKIIE BBIMOTHAET NPUMEPHO YETHIPE H3IMEPEHHS B CEKYHAY.
WNamepenna apoucxonsar nonepemendo ang Uy, U Uy, mo3ToMy Kakloe H3 3HadeHUH
BLIBOJHTCA HA Tabno OBa pa3a B CEKYHRY.

B Havane uzmepenus cueTyuk T/Cl MHHUMATH3UPYETCA OTPHLATENBHOH KOHCTaH-
TOU Tx, KOTOPOH COOTBETCTBYET BpeMs MHTErpUpoBaHHA 65,536 mc. [lockonsky T/CI
paboTaeT KaKk CyMMHPYIOUIHH CHETMHK, OH BHITIONHAET cueT 3a 4096 waros ot (-Tx) 1o
$0000.

[Tocne onucanyore paxHee nepeoro 3Tafa YCTaHOBKY HYJIEBOH TOUKH ClieAyeT BTOpoii
3Tan WHTErPHPOBAHHA A1 W3MepeHHoro HanpsokeHHs Uy (um Uyy). Tlockombky Uy
Uy H3MEPAIOTCH MOMEPEMEHHO, TOCIE KAKAOTO H3MEPEHHA B HacTH NPOrpaMMbl Next
nepewnouaercs $nar T, onpeaensroluit HANPKEHHE A3 CREAYIOHIENO N3MEPEHHUA,

B Hauane sTOpoOro 3Tana c MOMOUIBI KOMMYTatopa S1 Ha BXOA HHTerpatopa noaa-
eTcsl BXOMHOE HAaINpskeHue, cooTseTcTByroumlee duary T. 3arem cuetunk T/CI ¢ nomo-
weio perverpa ynpasneHus TCCRIB xoHburypupyercs Tak, 4ToGsl ObIIQ OTKIOYEHO
nogaBneHHe noMex Ind QyHKUMY 3aXBaTa, HapacTaroImuil GPOHT Ha BBIXOJE AHAMOTO-
BOrO KOMNApaTOpa BuidbiBaN cpabatbiBatue (hyHKIMM 32XBaTa, a 2AMyCK OCYHIeCTBAACT-
cA Mo KaXkaAoMy 64-My TaKTy CHCTEMHOH CHHXPOHH3ALMH HA TAKTOBOM BXO/JE.

He3anonro no 3aBeplueHus BpeMedH HaMepenns (npH cocToaHuM cuetynka SFFFF)
Ha MOpT B BeiAatoTCs YNpaBNAOMKE CUTHANBI a H b AHANOTOBONO KoMMyTaTopa S1 mia
NoAroTOBKH K GBICTPOMY NepeiItoueHHIO Ha HHTerpupoBaiie Uy HacTynaer tpernii
3jTan, koraa coctosuue cueruuka T/C1 nepexoaur 8 $0000.

[Tocne cbpoca dnara nepenonueHus cueturka TOV1 u dnara 3axsara ICF] B uac-
TH NporpaMmel, 0bo3HaueHHOH MeTKol WaitCapt, pealu30BaHO OXHIAHHE HACTYIIe-
HUS 3aXBaTa MK BO3MOXKHOTO MpeBbILIEHHS AnanaszoHa uamepedns. dnar ICF1 ykasbi-
BAET HA TO, HTO COAEPKUMOE CUETHUHKA OBIIO MEpeHeceHO B PETHCTP 3aXBaTa, W IIPOUC-
XOJUT BETBIEHUE K YaCTH NporpaMMel MessEnde. B 3T0if yacTH OKHMAAeTCA OKOHYAHKE
NOAHOIC BPeMEeHH H3MepeHHs, uToObl NPOAOMKHTENLHOCTh BCEX LMKIOB H3MEPEHHA
GblTa NPHMEPHO OAMHAKOBA, HECMOTPA HA padTMuMs BO BPEMEHH, 3aTpavyeHHOM Ha
YIIpaBaeHHEe B Hy1E€BOI TOUKE HHTETPUPOBAHHS Ha [TEPBOM 3TAlle.

Korpa opuuuansHoe BpeMs M3MEpeHHA HCTEKNIO, PE3YNbTAT CUETA JENHTCA HA ue-
Tbipe, MNOCKONbKY 4096 uMnynncaM BpeMeHH HMHTerpupoBaHMsa Tx COOTBETCTBYET Ha-
npsokenne 1,024 B, u nomyueHHoe TakiM 00pa3oM COCTOAHME CUETYHKA N1aeT 3HAYEHHE
H3MepeHHoro Hanpsxkenus Uy,

Hepen BHIBOZOM H3MEPEHHBIX 3HAYEHHH B YACTH MporpaMMsl Display BBIMORHS-
€TCH NPOBEPKA Ha NPEAMET BRIXOJA 33 NPEAebl JHama3oHa H3MEPEHUH, H, eC/H TAKOro
BbIXOHA HE OOHapy»KeHo, peaynbraT oToOpaxkaerca Ha talno. Eciu npousolen snixon
3a Mpejesibl U3MEPEHHA (KaK B Ciywae TPEBBILIEHHA BEPXHErO COCTOSHUA CUETHHMKA
B YACTH fIporpaMMbl WaitCapt eule 10 BOSHHKHOBEHMA 3aXBATA), O NEPENONHEHHH U3-
pernaeT Haan#ucey “OFL”, seiBesenHas Ha Tabno.
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B nocnenueii yacTi nporpamMmel Next cueTunk T/Cl ocTaHaBnUBaeTCs, U ¢ NOMO-
Weko nepernodedns duara T roTOBHTCA U3MEPEHHE APYroro BXOAHOMO HAINIPAKEHMS,
noche yero OecKOHEUHBIH LN TPOJOIKAETCH IEPEXOA0M K METKE Messung.

C nomotttbio nepeMeiyku J1 {cM. puc. 16.26) none3oratens BuiOMpaeT, Kakoe Ha-
npaxeHHe oH OyaeT uzmepsTs B KadecTe Uy U Uy, Mcnone3yemble Ha mnare Hanps-
skenns Ugp u Ugs {Mepembluka NMoMelneHa) UIH BHELIHME BXOJHbIe HampmkeHus Uy,
Uyx: (nepembliuka u3sneveHa). Camo coboil pasymeercs, NpH ApYroM NpHMEHEHHH CXe-
Mbl BMECTO repembiuki J1 Ha BXoa ¢ koMmyTaropa S1 moxeT 6bITh nonaH UMppoBoii
YNparnsoWUi curaan. B aTom cnyuae nonb30BaTesib MOKET YNPABIATL BHIOOPOM Me-
aay Ugy 1 Uy (Uyx; 1 Uy;z) npamo U3 nporpammel. Eciiy M3 cxeMbl yAANHTL 3I€MEHTHI
R1 4 R2 v oceoboauTL BIBOAR ( 41 | KOMMYTATOPA, TO MOKHO PEATTH3ORATL M3MEPEHHE
cpa3y 4eTbIpeX BHEIIHUX HanpaKeHu.

Paspewenye 1] pa3psaoe He 03HavaeT TOHHOCTH 11 pazpsanos. IIpu TecThpoBanuy
paccMOTPeHHOME cxembl B N1abopaTOpHBIX YCAOBMSAX ¢ NoMoLbd Moayns STK200 npu
NMOCTOAHHOM BXOAHOM Hanpsb>keHnu Oblia nokazaHa sthpekTHBHAA TodHOCTL 8...9 pas-
PAACE NPY ROCPEIHOCTH PRIYIILTATOB U3MepeHus £5...8.

370, B MepsyH o4epelb, 00YCNOBICHO HCTIONB30ORAHHEM MHTErPUPOBAHHONO aHa-
JOTOBOTO KOMITApaTtopa MHKpOKOHTpo/tepoR AVR, KoTopelil crneuMbHLppoBaH a1
BxogHoro avanazcHa (... Ug v npu cpasnennu paboTaer y HUxXHeH rpanuue 0 B ceoero
JWanazoHa. YXyOllleHHe XapaKTepUCTHKH ¢ NpHONMMXKEHHEM K HYNEBOH TOUKE MOXKHO
4ETKO NPOCIeNThL ¢ HOMOUIBIO rpadiKa, MPeACTaBIeHHOTO Ha puc. 16.28.

3aBMCHMOCTE HaNPAKEHUN CMELLEHUA aHaIOroBOro KOMnaparopa
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HanprieHne cuHgaaHoro curnana (B)

Puc. 16.28. HanpaxeHne cMeLLeHNA aHaNOroBoro KOMNapaTopa

Hcnonp3osanHe BMECTO BCTPOEHHOrO KOMIIApaTopa MMKPOKGHTpoiepor AVR
BHeIHero kommnaparopa LM311 (puc. 16.29) no3ronser YMEHbLINTL NTOTPEIHOCT pe-
3ynbTaTa M3mepenna po +2...3. Ecnu ke 3amenuTs nabopatopHyro cbopxy nedyatHol
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M3

nIaToH © pazdefleHUeM aHANOroBbIX W LUM(POBBIX COEIHHEHHI C “3eMNeH”, TO MOXKHO
JOCTMYbL TOYHOCTH B AHMaNa3oHe pa3pelleHHs.
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Pue. 16.29. Peanusauma dyHKUMM 3aXBaTa C NOMOLLBIO BHELUHEFO KoMnapaTtopa

Ha cxeMe, nokasauHoi Ha puc. 16.29, nucnanatomuit GpoHT curaana na eeixone
K1 akTusmaupyer dpyHkuuio 3axsara Ha eeisoge ICP B TOT MOMEHT, KOTAA BLIXCOHOE
HanpsxkeHuve HTerparopa Uy iMeeT nonoxkurensHoe 3Havenue. Kpome Toro, coctosHue
BbIXO/Ia KOMIIapaTopa MOXET OBITh OMpOLIeHo Yepes BeIBo PB2 (AINO), koTopbIi Te-
nepb PacLEHHBAETCH KAK OObIMHBIA BXOJ, IOCKONIBKY aHATOrOBBIH kKoMnapaTtop Oonbuie
HE UCTIONb3YeTCH.

B 3ToM cnydae HeoOX0OAHMMO BHECTH HE3HAYHTENLHBIE M3MEHEHHS B TMPOrPaMMy
(M3MEHEHHAd BEPCHA MPOTPaMMBl HAXOJMTCH Ha TIPWIATAeMOM K KHUI€ KOMNAaKT-IMCKe
8 akne \Programm\168LM311, asm):

® peructp ACSR B yacTH Initial AoMKeH ObITh HHHLIMATIM3UPOBAH 3HAYEHHEM

$00 (reneps 3axeaT cpabatbipaet no HucnagawmeMy Gpouty Ha exoae ICP);

* qnpu onpoce koMrapaTopa BMecto ACO 8 ACSR Teneps onpaiineaercs paspai
PB2,

* Bcyerurk T/C1 B wacTu Schritt2 Tenephb 3arpy»aeTca CTAPTOBOE 3HAYEHHE
$03 emecto $43 (3axeat no HUcnanawoleMy GponTy Ha Bxoae ICP),

* c¢yetynk T/C1 Tenepb ocTaHaBMMBACTCA NIPH JOCTHXEHIH 3HAUeHUs $00, a e
$40 (uacTb Next).



392 pumenenue MukpoxoHMpannepos cemedemsa AVR

MporpamMmyan peanusauva npuemonepegativka UART ana
MukpokoHTponnepa AT9051200

B ortnuune or Beex OCTaNbHBIX MpeactaBuTencii 6a3zoBoil cepuu cemelicta AVR,
mukpoxoHTponnep ATY90S1200 He ocHalueH BCTPOEHHBIM ArMapaTHLIM MPHEMomnepe-
aaraukom UART. Tem He Mmenee, Obuo Obl HEIUIOXO MNOMYYHTL BO3IMOXKHOCTE 0Opa-
HIATHCA K HeMy uepe3 nocieaoeatensHbiid uxTepdeic [1K, ecau B HekotopoM npuiio-
*enuu moaens AT90S2313 MeHee npeanoUTHTETEHA C TOYKH 3PEHHS UEHBL.

B paznuuHpIX U3maHKMAX BCTPEYAETCS HECKO/IBKO Pa3HbiX IPUMEPOR “NporpaMMHO-
ro” UART ans muxpokonTponnepa AT90S1200, onHako Bce M3BECTHbIE peanv3aLiHd
ApeaycMaTPUEAlOT ROTHbIA Npuem Gaiira 3a pas, 6e3 octanoBkM. [lpu ckopocTn mepe-
gaud 2600 6oa aTo GnokupyeT paloTy MUKPOKOHTPOMASPA NPHMEPHO Ha OQHY MU~
CeKyHIy — MPOMEeXYTOK BpeMeHH, 3a koTopblii AT9081200 ne moxkeT oTperanpoBats
Ha HEeCKONbKO Ba)KHbIX COOBITHI, a OpH TakToBOH yacToTe 12 MI'L MOr Gbl BBINOMHHTD
ao 12000 komana.

Ilo sToill npuuuHe npelnaraeM BHUMAHMIO UYUTATENS peanu3alHwd wHTepdeiica
RS232 ana nondoaynnexkcHod nepejadu Ge3 KOHTPONA 1O YETHOCTH C MOCTOSHHO
ckopocTbio 9600 6on — npuemonepenarunk UART B dopme “koHeyHoro asromara”,
ApepbiBaroIKi BEINOIHEHHE IporpamMmbl kaxIbie 20,833 mkc. [lpu 310M ocHOBHBIE cO-
GbITHA FaBHOR MpOrpaMMbl MOTYT RO-TIPEXKHEMY 00CHyYKHBATLCA.

Yepez kaxasie 20,833 mrc nognporpamMma UART onpaiunsaeT cOCTOSHHE JIMHMIA
npuema/nepeaayuy. Ecnp ofe TuHUY NpU npelbiaylieM NMpepbiBaH|U OT TaiiMepa Haxo-
JHJIHCH B KAYLUEM PEXKHME H O CHX NOP M3 HErO HE BBHILLUTH, TO ¢pa3y dKe MPOHUCXOIHT
BbLIXOJ W3 NOANPOrpamMMbl, H TMPOAOIDKAET BLINONHATLES IMaBHas nporpamma. OaHako,
€C/1M MOANpOTpaMMa 0OHAPYKHUT CTapT-OUT B IHHHHK NIpHeMa MK YCTAHOBIEHHbI dnar
nepeiavy, TO 3TO YKa3blBAET Ha TO, YTO [VIaBHAA TporpaMma JOMKHA 3aTHCaTh OTHpaB-
naseMblil Gaitt B 6ydep nepenaun TBuf, u3mMeHHB TeM caMbiM OpexHee COCTOSHUE JKAY-
uiero pexxrdMa Ha “Hauasno npueMa” vnu “Tlepenaqa ura”.

Ilepyon mosTopeHns npepsiBatuii oT TajiMepa BeibupaeM pasHbiM 20,833 Mkc, mo-
CKONBKY 3TO — POBHO IATaA YacTk JAIMTENLHOCTH Nepenaqu Outa rnpu ckopoctd 9600
6071, KOTOPYIO JIErKO NOAYUHTH, PA3Ie/IHE YACTOTY CHCTEMHOI CHMHXpOHU3aLuu 12 MM
Ha 250. Takum oOpa3oM, JTHHUS [IpHEeMa 3a BpeMs npHema oAHoro GHTa onpauMsaeTes
NAT Pas, YTC rapaHTUpPYeT AOCTABKY 3TOro Outa. Jad Toro 4tobsl onpenenurs, o
npuauMaetcs: 0 uan 1 — ucnonesyerca meTon “Maxopuposanns”. Ilpu Takom cnocoGe
TAKKE YCTPaHAETCA BAMAHUE UMITYILCHBIX TTOMEX, NOCKONbLKY 3HAYEHHE MPHHHMAEMOro
6uta nposepserca B NATh pas vaime (puc. 16.30).

PesyneTar naru onpocos Gura cymmupyertca. [IpH 5TOM HH3KUH ypoBeHb curHana
NPUHHMAIOT 3a +1, a BLICOKMH — 3a —1. Ha noruyeckuii ypoBeHs pUHUMAEMOTO OGUTA
YKa3biBaeT CTapuMil paspaa Noay4eHHON cyMMBbl.

OrnipaBuTeNb HauMHAET Nepeaayy GaiiTa aCMHXPOHHO K MHTEpPBAIaM OMpOca (10 Npe-
PrIBAHUAM OT TaHMepa, nepeaasad crapr-Our. Ha puc. 16.30 suano, uto crapr-6uT ono-
3HAETCA 110 HU3KOMY YPOBHIO CHIHama B JIMHHM [IPHEMA TIOCNE TOTO KaK MPH [peibliy-
imem onpoce Obli NPOYHTAH BBHICOKUH ypoBeHb (KIYIIMI peskum). Takas cMeHa YpOBHA
pacleHHBaeTCa Kak Havano cTapT-Outa, H cymma onpoca (RSum) cGpackiaercs B 0.
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Hauano Hzvano repsoro
cTapT-Guta QuTa AaHHb
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Puc. 16.30. Onpoc Buta Ha nuHun npuema

Ilpu cneayrolleM npepbiBaHWH, KOTOpoe BO3HMKaeT ueped 20,833 Mkc, B IHHMHK
npuema NOABJIAETCS HMITY/bC TOMEXH, H MOTOMY CHHTHIBAaETCH 1, @ CyMMa [eKpeMeHTH-
pyetca B $FF. Tpertuit onpoc ongrs paer 0, u cyMma MHKpemenTupyetca B $00. [Tpu
CIEYIOUINX JBYX OMpOCax ONATeh paciosHaetca 0, ¥ cyMMa B KOHLE KOHIIOB TPUHUMA-
er 3naveHue $02. Craplinit pazpsax CyMMbI, HECMOTPS HA TO, UTO B MOMEHT TICpeaaun
BO3HHMK/IA MOMEXA, /IACT KOPPEKTHOE 3HaueHWe cTapT-6nta 0.

Tocne npoxoxenus nogoOHOH cxeMbi BHIMONHAETCA OMPOC BOChMM GHTOB AaH-
HBIX, TNIOCNENOBATEILHG COXpaHAeMblX BO BpeMeHHoM Oydepe npuema RTMP. Kax
TONBLKO NPOYMTaHbl Bee BoceMb OMTOB, copepxkumoe Gydepa RTMP mepenuchiacres
B nocTosHHbI Oytep nprema RBuf, o yem rnasuas nporpamma u3seuaercs yCTaHOB-
xo#i dnara RRdy. Ilocne atoro 6ydep RTMP cpasy ke oceoboxmaeTcs and npuema
CNENYIOWKX CHMBONIOB, CUUTBLIBAHWE CHMBONA MAABHON DporpaMMoil onpeaensercd 1o
cOpocy nara RRdy.

Koraa rnaenas nmporpamma coSHpaeTtes nepenars GaiT Mo nocneA0BaTe/lbHOMY HH-
tepdeiicy, ona sanuceisaeT ero B Oydep TBuf n ycranasnmsaet nar nepeaaun TBusy,
uToBbl nosaTs curean nognporpamme obpaborku npepeiganng UART. Tocne nepenauu
HaiiTa, KOppekTHO CHAGKEHHOTO CTapT- M cTON-OMTamu, moanporpamma obpaborxu
npepbiBanyva onaTs copackiaet Gnar TBusy, 4ToObl H3BECTHTh TNIABHYIO MPOrpamMMy o
HAYAIE HOBOH NepefayH,

Koraa nepeaaercsa Oaiit, B nuuuio TxD cHavana BblgaeTcs CTapT-OHMT, 3aHUMAKO-
WU naTh MHTEPBATOB Nepefauu. [focie noacuera natu npepbiBauunii B aunHo TxD
BBIJAETCH 11epBBIH OUT JaHHBIX (HAUHHAS ¢ MITAAUIETO), 3aTEM CIIENYET NATh LIMKIIOB Me-
peaayy nocnenyloilero dwra ¥ T JTa NPOLEAYPa BLIMIONHAETCA 10 TEX TOP, TOKA HE
BynyT nepepasl BCE BOCeMb OMTOB AaHHBLIX, M 3aBEpIUacTca Nepejayedl crom-6wmra,
TaKKE 3aHHMAIOLIEr0 TO JUTUTENLHOCTH HATh MPEPHIBAHH.

Brok-cxema nporpammHoii peanuzanuu UART nokasana na puc. 16.31.
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Npeprearnve UART

CoxpareHds thnaros,
nepezarpyaka T/C0

Maver Daiita

“reque fAHTa;

L2TapT-0uT.

RSum = REBum - 1

Her '

RSum = RS%um + 1

[

RSum:= RSum- 1

Coctoaune "= RStn

RSuUmM = RSum +1

Y

RICnt = RICnt - 1

+ -+ Her
k] RICnt = 07
Cymma onpoca
RSum =0 RiCnt = Ritnt- 1 Na
CueTynK 0RpoCoB RiCnt = 5
RiCrt =0 v
Ent 7 (RSum) caewra-
eTcA Bripago g RFTMP
RSum:=0 J
BepHbif cTapT-8uT: +
RICnt = 5 RBCnt = RACnt -1
RSUm =0
CorToaHue = RBit
Her
¥ - RBCnt= 0?7 ==
CyeTunk butos Ha
RECHt =8
RBUf <— RTHP
¥ ;
HesaepHriit crapT-6ur
Cactoauie = Ridle Cocroanue = Rldie

RRdy =1

-l ¥ Y y ]

Y

Puc. 16.31 {(Havana). Bnok-cxema nporpaMmmuoil peanwiaynn UART Ana MukpokokTponnepa AT90S1200
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Nepegava Baits

Cocroanss =
TGit?

r
TICnt =TICnt - 1
Cocranande =
TStop?
Her
Mepeaan
cron-GuT: Het
¥
TiCot =TICh1 -1 Ha
TiCnt =5
H” ¥
—
TBCnt =TBCnt - 1
[a

Goctoanag = Tidle

Cron-Gur:
v Y
nar TRusy = 0 TuD =1
Hayugm
S, | CocToAmua =
Mepenan crapr-Gar TStop
TxD =D

CuBTYMK BHTOR
TBCnt =3

T TxD =0

C.NETYHK DNPOCOB
TICnt :=5

' ,

Coctosmue = TBit Cagnr bydepa nepe-
nzuu THuf anpasc
-l y ' ¥
¥
Bocoramoenenna
BAFMOE COCTIAHWA
Y

Puc. 16.31 (okoHuYanue)
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WUnrepdeitic RS232 u annapartHslii npuemonepegarunk UART 6eiin noapo6o
paccmotpeHbl B rase 6. Mo cytu, nporpammubiit UART nocrpoex no Tofi e cxeme.
Mockonsky otcyrereyeT dunar FE, koroperit yeranagnusaetcs npH obHapy>KEHHH OLIK-
Bok xampuposanus, U Guar OR, koTOpbIH ycTaHaRnuBaeTcA MpH OOHApYXKEHHH Nepe-
nonueHns Sydepa, npu npueMe OaiiTa HeT OXKUIAHHA cTON-6KMTA, TAK KaK B 3TOM OTHO-
LIEHHH TIpUeM Bcernza koppekted. Eciiu ke noabzoBarenb MpeabABAseT NOBbILEHHbIE
TpeGOBaHHA K HafEXHOCTH MEpelayn, TO MOXKHO JIErKO JAOTIONHUTENBHO pealn30BaTh
onpoc cron-0ura, ¢Iarcs ¥ OUTa YETHOCTH.

Ecan ang kaxoro-nubo criyyas NnpuMEHeHHa ckopocTb nepeaays 9600 Gut/c cnyw-
KOM BbICOKA, €€ MOYKHO JIETKO TIOHH3WThL IIPH COBCEM HE3HAYMTEALHBIX UIMEHEHUAX
B NporpamMme.

WUmna cdaitna Ha npunaraeMom K KHUre Komnakr-gucke: \Programm\169UART . asm

;¥¥ % [IporpamMEas peantzaumda UART DA MUKDOKOHTRONEpa ATO0S120(0 #k*kkwiix

=%
I

;* Bxopuol cuDHan RxD NpHMHMMASTCS CO ckopocTsi 9600 Gom.
;* BrXomHOM cmrHasa TxD nepenaseTcs ¢ Takol xe CKOPOCTHR.
;* B TnaBROW [pOoTrpaMMe B KadveCTEe IpMMepa MPUHATEN GakT nepejaeTca obpaTHO.

;* TakToRad 4YacTOTa MMKPOKOHTDOMIepa AVR: 12 MI'u

. %
'

’.ir***-)r********************************************************************

.nolist
.include "1200def.inc”
.list

JRFEEE ONpeNeneHus PETUCTPOB:

.def Save = rl2 ; Bygep U4 BPEMEHHODO XpaHeHWA comepsmoro SREG
.def RTmp = rl3 ; BpemenHrl Oybep npuema

.def RBuf = rl4 ; Bybep npuema

.def  TBuf = rl5 ; Bydep nepenaum

.def Stat = rlé ; Cocroaume UART (T _BUSY, T Stop, T_Bit, T_Idle,

; R _RDY, R Bit, R Start, R Idle}
.def tmpl rl? ; OBupot paaoqmﬁ pgrmcmp 1

.def tmp2 = rig ; Ofupdt paGounit peructp 2

.def TBCnt = rl9 ; CueTuMx OUTOBR [IpM NeperRade

.def TICnt = r20 ; CueTuMx MHTEPBAJIOB OOpOCa NpHM IHepenaue

Jdef RBCnt = r2l ; Cuerunx SUTOB IIpM OpMeMe

.def  RICnt = r22 ; CUeTuMK MHTEPBANCB ORPOCAa NOpPWM DpMeMe

.def RSum = r23 ; Cymma npuema

; Onucauua:

.equ Time = 250 ; KomMuecTBO TAKTOBHX IMOYIILCCB OC CASHYIOWETO [IPEpHBAHMA
.equ RxD = PDO ; Paspan 0 nopra D = RxD

.equ TxD = PD1 ; Pazspan 1 nopra D = TxD

.equ RIdle = O ; Paspanm 0 = xmyumii pexom Npy OpMenme

.equ RStrt =1 ; Paspan 1 = Hauwanoc npueMa

.equ RBit = 2 ; Paapan 2 = onpoc GMTOR IPM NpUeMe

. equ RRdy = 3 ; Paspsng 3 = B Oydep npuema NoayyeH HOBLUI GaiT
.equ TIdle = 4 } PaspsAd 4 = ROyIMH pexM IIpM nepegade

.equ TBit = 5 ; Paspan 5 = nHauano Nepepaun

.equ TStop = & ; Pazpsag 6 = conpec OMTOR MpM Nepelaude

.equ TBusy = 7 i Paspsan 7 = B NAMHEIY MOMEHT BREIQJIHASTCA Nepemaua
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RESTART:

000000
000001

c(50
9518

rimp Initial
reti

I3

’

{lepexon K 4YacTH MHMLMATIA3ALUMM
BHemHee ripepbBaHMe (H2 UCOCNBSYETCH)

;*********************i****-lr*******i**********i************i—**&***********

;* NpepuBanme oT Taivepa 0

;% 3Tra nomnporpamMa BHSHBASTCA Kakmpe 20,833 MKs
;¥ TaMMepa NpM €acrtore Keapua 1z MIn) .,

{250 TaxTCBbIX MMIYILCA

;* B Hadane oBpaboTKM IPepuiBaHMus COXPaHATCs QUIATM IIaBHOH NpoTpadMuel,
¥ a TaiMep Nocle ero NepernoiHeHMA MHMUMANIMIMPYEeTCA [NO-HOBOMY.

;* Hanee peamusyeTrcs UART.
;* B korue oOpaGoTKu IIPEPRBAHWA BOCCTAHaBAWBAKTCA (QNarM INAaBHOW NPOTPaMMEl,

P* M ¢ noMompl KOMaHmW reti cnaTe pazpelanTcA NpephiBaAHMA .
oKk ek e e ok ek sk ok ke ok e ok ok sk ke sk ok ke ok ok ke ok ek ok ok ke ke ok ke ek e ek ek Sk ke ek

Timer0 Int:

000002
000003
000004
000005

UARTIn:

000006
000007
000008
000008

béct
p712
5£17
bfl2

£302
c019
£d01
c007

UldleIn:

00000a

00000b
00000c
gooood
00000e
00000=f
¢ggol10

9980

c023
T£08
6002
e0€5
2777
clle

UStrtIn:

0coo11
000012
0000613
000014
000015
000016
000017
000018
000019
00001a
UIs3:

00001b
00001c
0oo01a
00001e
00001f
000020

UBitIn:

000021
0ooc2z

9573
9980
5072
956a
fico
£f£77
c003
T£08
6001
c01l4

e065
2058
27717
7F08
6004
c00e

9573
9980

; [pepuBanHne oT

in Save, SREG

in tmpl, TCNTO
subi tmpl, Time-3
out TCNTO, tmpl

sbre Stat,RBit;
rjmp UBitIn
sbrc Stat,RStrt
rimp UStrtIn

sbic PinD,RxD

rijmp UARTCut

cbr Stat, $07

sbr Stat, 1<<RStrt
1di RICnt,S

clr RSum

rjmp UARTOut

inc RSum

sbic PinD,RxD
subi RSum, $02

dec RICnt

brne URRTOut

sbrs RSum,?

rjmp UIS3

cbr Stat,$07

sbr Stat, l<<RIdle
rjmp UARTCut

ldi RICnt,>5

1di RBCnt, 8

clr RSum

chr Stat, $07

sbr Stat, 1<<RBit
rimp UARTOUT

inc RSum
sbic PinD,RxD

rTaimepa 0, obcnyxmBanwe: 13 TaxToB
CoxpaxdeM ¢oard PIABHOM IDOTIDAMMB
Texkyluee comepsuMoe TalMepa - B tmpl
MuTepBall MMHYC BPEeMA BHIOJHEHUA
Tpex KOMAHI MHMUMAIII3ALMA
USTartIn: 20 rakroB, UBitIn:
ClenyioiMi nepexof BRIIOJHAETCH,
UART - B pexave onpoca SHUTOB
Cnemymommit nepexofi BRIIQIHASTCHA, CIAd
UART - B pexMMe Hauana repenavu
UART — B XIOVIIEM pPeXxIMMe MM IpHMeMe
[ponyckaeM CICOYOLYID KOMaHMy, ©Cim
RxD=0 (crapr-Gur)
He crapr-6ur, UART - elle B KIVINEM DOXMME
CpacemaeM ¢pnarn coctoaHwsa UART 0..2
Bxosnoe cocroamme UART = R_Strt
MHMnMarmisypyeM CUeTUMK MHTEePBATOR CIpoca
OfrynaeM CcyMMy npoMeMa

19 TakToB
e

YBeIMUMBAEM CyMMy [IpMeMa Ha 1
[IponyckaeM CleyiRuyld KOMaHIY,
YMeHbIIAeM CYMMY [IpMeMa Ha 2
Y¥MeHbwaeM CUeTUMK OIpPOCOB Ha 1
Tlepexon, ecimu cTapT-OMT He 3aBepiNEH
Ecm pazpsan 7 = 1, TO HeBepHEM crapT-our
NepexolH, €CIM KOPPEeKTHEIT cTapT-GuT
CopacosaeM dnarm cocrosnma URRT 0..2
Bxognoe cocroanme UART = R _Idle

ecim RxD=0

> MHTEPRAJIOB ONPOCa& HA OOMH OHT
CunTeBacM 8 OUTOB

OOHYIIHeM CyMMy [IpHEMa

CopacupaeM DUTR cocToAxHus UART 0..2
Bxomnoe cocroanme UART = R Bit

YEeIMuUMBaeM CyMMy npMema Ha 1

IIponycraeM Clemylouyld KOMaHIy, ecnu RxD=0
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000023 5072 subi RSum, $02 ; YMeHkllaeM cyMMy OpMema Ha 2

000024 9562 dec RICnt ; YMeHbmaem CYeTUMK ONDOCOB Ha 1

000025 £449 brne UARTCut ; Tlepexon, ecnu CUT elie He 3apeplied

000026 €065 1di RICnt,S ; MHMLMAIM3MPpYeM CUeTUMK MHTERBAJIOB Orpoca
000027 Q77 1s1l R&Sum ; Pampsn 7 - B dmar nepeHoca

000028 94d7 ror RTmp ; DHAr nepeHoca BMOPABO BO BPeMedHml Oydep
000028 2777 clr RSum 7 OBHynAem Cyraqy OpHeMa

00002a 955a dec RBCnt ; YMeHbDaeM cUeTuMK SMTOB Ha 1

00002b £419 brne UARTOut ; Nepexom, ecmm eme He Bce 8 GUTOB
00002c Zced mov RBuf, RTmp ; Konupyem cumrasHest OaitT & Oydep npuema
go002d 7£08 cbr Stat, $07 ; CGpacuEaem drarm coctosuus UART 0..2

00002e 6009 sbr Stat,1<<RIdle | 1<<RRdy ; Bxomuoe coc¢roanme UART = R_Idle

; R_RDY=1: Gair cumrTad

UARTOuUt:

00C02f ££07 sbrs Stat, TBusy ; Crnenysountit NMepexofn BHMOIHASTCA, €C)M
000030 clle rjmp IntEnde ; UART - HE B pexMME Nepenauy

000031 £d05 sbrc Stat,TBit ; Clemyoumid NMepexon BENORHASTCH, €CIM
000032 <008 rijmp UBitCut ; UART B pesyme onpoca GCuta

000033 fdoe sbrc Stat, TStop ; Crenmyioupii NMEpPExon BENICIHSSTCd, eCHH
000034 c01é rimp UStopOut H UART B pexuMe IpeKpalleHus repeiiadn
UIdleCut: ; UART — B xOyileM pekiMe NpM nepenaue
000035 8881 cki PortD,TxD ; Buolmaem crapT-SMT (TxD=0)

000036 045 1ldi TICnt, 5 ; 9 onpocoB Ha GHT

000037 032 1di TBCnt, 3 ; Buimaem cTapT-6uT M 8 BMTOB IaHHBIX
000038 780f cbhr Stat, $70 ; COpacrBaeM ¢marm cocToguMs UART 4. .6
000039 6200 sbr Stat, 1<<TBit ; Bemomuoe coctosnme UART = T Bit
00003a <014 rimp IntEnde

UBitOut:

00003b 954a dec TICnt ; YMeHpIlAaeM CUSTUMK OINPOCOB Ha 1
00003c f481 brne IntEnde ; Tepexon, ecy BRBON OMTa He SaBeplieH
00003d 045 1di TICnt,S ; MHoMumanmsmpyem CUeTHMK OIIPOCOR
G0003e 953a dec TBCnt ; YMeHbaeM cHUeTuuk OUTOR Ha 1

00003f f039

000040 fcofld '

000041 <002
Qoeo04z 9891
000043 001
Uol:

000044 %a%l
uoz:

000045 94f¢
000046 cC08
StopRit:
000047 %a%1
000048 780f
000049 6400
00004a c0C4
UStopCut:
00004b 954a
00004¢ f411
Qo004d 700£
00004e 6100

IntEnde:
00004f bectf

breg StopBit
sbrc TBuf, 0

rijmp UOL

cbi PortD, TxD

rimp U02

sbi PortD,TxD

1lsr TBuf
rimp IntEnde

sbi PortD,TxD

cbr Stat,$70

sbr Stat, 1<<TStop

rimp IntEnde

dec TICnt
brne IntEnde
cbr Stat, $E0

sbr Stat, 1<<TIdle

out. SReq, Save

Nlepexon, ©CnM NepefaHE BCe OMTH
MponyckaeM CleOyRUyR KOMaHOy, eCcnu
mameit paspAn = 0

Bexon TxD=0

Bexon TxD=1

Coeuraem BpemeHHsll Oydep Ha 1 BhOpaso
[lepexol, ©CAM He BCe SMTH NepeIaHs

[lepenaem cron-tur {(TxD=1}
COpaceBeaeM draru cocTossus UART 4., .6
BexopHee cocToadue UART = T Stop

YMeHBIIEeM CUSTUMK ONpPOCOB Ha 1
Mepexon, €ClIM CTON-0OMT He 3aBeplieH
COpaceBaeM GIarM COCTCRHUMA UART 4, .7
Buxomuoe cocroanue URRT = T Idle
dnar T Busy = 0

YcraHaBiIMBaeM CTapHe Qraru
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J00050 9518 reti ; Bexon M3 HNoanporp. OCpaboTkM NpephBaHMA
Initial:

(00051 =012 1di tmpl, 2

000052 bbl2 out PortD, tmpl ; PDI= 1

000033 bbll cut DDRD, tmpl ; Paspan 1 = BeIXCH, OCTaNbHBIE — BXOIH
000054 101 ldi Stat, 511 ; BxXomHoe M BHXOIHOE COCToAHMe UART = Idle
J00055 eele 1di tmpl, -20 ; YcraHarmMBaeM QUKTMBHBEIA WHTEDRBAT

000056 bfl2 out TCNTO, tmpl ; MHMUManusmupyemM Tarmep

000057 011 1di tmpl,1

000058 bfl3 out TCCRO, tmpl } Banyckaem TaiMep, OesMTels = 1

00059 012 1di tmpl, 2

0000%a bfls out TIMSK, tmpl ; PaspeuiaeM TpepLBaHve OT TauMepa

00005b 9478 sei ; Ofuee pazpelleHMe [IDephiBanmi

Haupt :

00005c 103 shrs Stat,RRdy ; [ponyckaeM CHEIYIOUYIC KOMAHNY, eCcln

; BanT NpHMEAT
00005d cffe rijmp Haupt

Hl:

00005e f£do7 sbre Stat, TBusy ; lponyckaeM CHeOyRIYyI0 KOMAHIY, €CIKM
; Oybep nepenadM yCT

00005f cffe rijmp HL ; O®MpacM OKOHYAHMA MNepernaun

C00060 2cfe mov TBuf, RBuf ; Kommpyem 6anT B Sydep nepemaum

00006l &BOCO sbr Stat, 1<<TBusy ; drar ykasbBaeT Ha nepejavy Ganra

000062 7£07 cbr Stat, 1<<RRdy ; CBpaceBaeT ¢nar npremMa

000063 <c££8 rimp Haupt ; Omupnaem cnemyiouero Sahra

I'narnas nporpaMma BLINONHAET WHWLMAIMZALMIO NOpTa M Tadimepa B OeckoHed-
HOM LIHMKJIE, B KOTOPOM TOILKO YTO NPHHATHIH SalT cpasy e nepenaetcst oOpaTHO oT-
MPaBUTENI (3X0).

[Ipu TecTuposaHuM 3Toli mporpammsl ¢ noMoukko Habopa STK200 B cnyxeGHofi
nporpamme Hyper-Terminal (8 Windows 93} Hukakux npo6riem He BOIHHMKIIO.

Nopxniowernve k mukpokoHTponniepy AT90S8515 mukpocxemsl LIAN
MAX5154 yepes nHTepdeiic SPI

Hycte k Mukpokontponnepy AT90S8515 tpebyerca noakmouuts MHKpoOcxemy
LIATT (nudppo-ananorosetii npeotpasorarens) MAXS5154 or komnanud Maxim. Dra
muKkpocxeMa conepaur asa LIAIL ¢ paspewienneM 12 6MT, a Takoke UMeeT BCTPOEHHbIHA
uHrepdesic SPI. Mukpokontponnep AT90S8515 koHdurypupyercs kak Beayiilee ycT-
poiicTeo, MUKpocxeMa MAXS5154 — BeaoMoe YCTpOHCTBO H3HAYATBHO, N0 CBOEH CyTH.

Kaxpablf n3 apyX npeobpazoparteneil uMeer cTpykTypy THna R-2R, paspewenue 12
pa3paIoB H BbIBOA ¢ BHYTPEHHUMM OMEPALHOHHBIM YCHITUTE/IeM /TIS TIOJAYN HanpsKe-
Hus (ycunenue nanpsokenus 2 B/B). Ilomwmouenne MAXS154 k MukpokoHTpoepy
ATI088515 nowazano Ha puc. 16.32.

Bpems yCTAHOBACHHS BLIXOAHOIO HANPMKEHHA HOBOTO YPOBHS € TOUHOCTHIO +[.SB
nocae wiMeHeHus Ha 4 B obsriHO cocrasnser |5 MKC MpH CKOPOCTH HApPACTAHHS Bbi-
XOAHOro HanpspkeHus ycunutess 0,75 B/Mke. YporeHb omopHbIX HanpskeHuit RefA u
RefB mokeT HaxoauTses B auanasore 0...(Vee—1,4) B, 2 BHIXOAHBLIX aHANOTOBLIX Ha-
npsokennit OutA u OutB — B auanazone Gnd... Ve, Tluraowee wanpskenue Ve
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MoxeT konebaTeea B guarazone 4,5...5,5 B. MakcumannHoe noTpefneHue ToKa co-
crapaser 650 mxA (Tunnunoe — 500 MkA). Berpoennas cxema cbpoca no BTIOUEHHIO
nUTanud, He TpeOyiolas HHKAKOro BHELIHEro MOHTAKA, NpH nojaue pabodere Hanps-
JeHHs OGHYJISeT BCe BHYTPEHHUE PETHCTPLL.

Hb HJb +HJb MAX5154

AT9058515 MAX5154 TI2 TS T15 acnd [ 1 ~ 16 ] vee
POL fCL Vel ) Uyt outa [_] 1 ouwB

el Upo Rt WQQ osa [ 1 osa

(sci Pe7 2 gk o0 2__831 RetA [ Y
(VISO} PED e et DT ous ?L?a? el L L oL
Mos) PEs [ o Oud 3_0 rea ] ™ uea
(S PEA [ — s g:’; 0 DN [ .1 pout
DGnd AGnd sck (8 ¢ [] pond

EJ_ 1‘47 Fopnye DIFI6
{7 = ANanoropas "3emna’ (BWa cEEPRY)

Puc. $6.32. MoaxnioueHne mukpocxembl LIAFR MAX5154 k muxkpokoHTponnepy AT30S8515 yepea SPI

Kak mokazano Ha dyHKuHoHATBHOK cxeme MAXS154 (puc. 16.33), kaxmsiii npe-
oGpasoparens COACPKHT CABOeHHLIA Oydepy30BaHHEIH BX0A, OPraHU30BaHHLIT B BUOS
12-pa3panHoro BXOAHOTO PerucTpa, 3a KOTOPEIM ciieayeT 12-pazpanustii peructp LLATI
#, "Hexouell, cxema R-2R. CosepkuMoe Beex PerucTpoB MOKeT OOHOBIATECH (Kak MO
OTAENLHOCTH, T2aK W GHOBPEMEHHO) ¢ IIOMOLLBI OIHOH U3 16-pazpsafHbIX KOMaH, Tie-
peuncienHbIx B Tabn. 16.4.

DOUT 2L JPDL 0Gnd AGnd  wee RefA
4 [ | [ | MAXS5154
Y — OSA
o R l
Pexogupana- MKCELPA
HUE KOMAHA
F § 3 "’ HI
_ [Srogwsit | fPervemp! » o )1 0
| ner-p A o UAn AL T LIATLA . OSE
hJ
16-pAZPALH. R I
CABUMOE0R
perueTp
‘ l |
) A n
“ il : Ot
Wwrepdehc Toruyeckui B xoaHOs Perucrp » -
SPI BRIXDA, Bl perp Bl T LAME LAnB
4 4 4 I
 }
03 DN BCK UFO RefB

Puc. 16.33. OyHkynoHanbHas cxema Mukpocxemsl LLAM MAX5154
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B neeoli uyacTH puc. 16.34 nokasaHa cTaHAapTHas KOHQMrypalis MHKPOCXEMbl
MAXS5154 B yHUnongpHoM pexume pabotel. Ecou TpebyeTcs cMELIeHHe BBIXOTHOTO
Hanpsbkenus, To Mexny BeiBogoM OSX u ananorosoll “semneii” AGnd MokHO BKJTFO-
4WTh UCTOYHMK HamnpsokeHua Up (kak mokasaHo B nparo# yactu puc. 16.34).

RefX +Uhb osx RefX +n osx

S S

Puc. 16.34. Cxema Beixoga mukpocxemer MAXS5415 co cMelerneM HanpaxeHus ¥ Hes Hero

O6b1yHo BbBOA OSX BLIXOMHOTO YCHIHTENs KakAoro us npeobpasosareneii co-
enviHeH ¢ BeiBoAoM AGnd. B atom cnyuae seixoaHoe nanpsxende OutX npeoGpasosa-
tena X (X = A unu B):

OutX =2 RefX - Z/1000,=2 - RefX - Z / 40964,

1 LSB =2 RefX /1000, =2 - RefX / 4096,

rae Z — sLIpOKAECMOE B HANPHKEHUH 4ucho, a RefX —— onopHoe HanpmxeHUe, no4aK-
HOE Ha COOTBETCTRYIOWMIT MpeoGpa3oBaTes.

MakcHmanbHEIH BOBMOXKHBIH YPOBEHL BHIXOAHOIO HANPOKEHHS ANS HauboJibuiero
WECTHAAUATEPHUHOTO Zpyy, KOTOPOE MOMKHO NPeACTABHTL C [TOMOMIBIO ABEHALATH
JABOWYHBIX Pa3psfiOB, COCTABNAET:

OutXyax = 2 - RefX - FFF,, / 1000y, = 2 - RefX - 4095,/ 4096,

Ang Toro urobsl NOAYUMTE CMEHICHHE BLIXOAHOIO HanpsxeHud, svisoa OSX (X =
A nnu B) MoxeT ObITh coeUHEH HE TONMBKO ¢ BRIBOAOM AGnd, HO U €O BHELUHMM HC-
TOYHHKOM HanpsbkeHus Uo. B aToM ciaywae ypoeeHb BhIxoasoro Hanpsmienus Gyaer
HaxoOuThLCA B auanazone —Ug ... 2 - RefX - Z / 4096, — U,.

[TycTnb, K NMpHMepy, onopHoe Hanpsbkenve RefX cocrasnser +2,048 B, a Ha BeiBOA
OSX nopano nanpskenne Up = 0,5 B. B aToM cnyuae fHana3oH 3HAUEHHH 1718 BbI-
XOAHOTO HanpsbkeHHa coctasut +0,5... 4,595 B. Tlpu sTom, caMo coboit pasymeercs,
BEIXO/IHOE HANPKEHME, KOTOPOE€ 3aBHCHT OT OrpaHHYeHHit pafouero HanpsmKeHus,
MOJKET 1€XKaTh TONBKO B npeaenax (... +U,!

C nomoilpio COOTBETCTBYIOIMX KoMaHM M3 tabn. 16.4 o6a LIAII MoryT kak no or-
AeNbHOCTH, TAK U OJTHOBPEMEHHO ObITE NepeBEeHbl B PEIKHM OCTAHOBA, ECJIH Ha BbIBO-
ae /PDL (Power Down Lockout — 610KMpOBKA OTK/IKOYEHHA THTAHUSA) YCTAHORJIEH

26 — 5-2384
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ypoBeHb Jnor. 1. YposeHs jtor. 0 HA 3TOM BHIBO/AE 3aNpellaeT annapaTHOe OTKIIOYEHHE,
H COOTBETCTRYIOLIME KOMAHABI OCTalOTCs Oe3pesy/IbTaTHBIMU.

B pexxume octanoBa NoTpebngeMblif TOK COCTaBIAET B cpeiHeM 2 MKA (MakcUMyMm
10 MkA), a BRIBOJbI ONOPHOTO HATIPIKEHHS W BBIXOAHBIX YCHIHTENIEH NEPEXOaaT B Bbl-
cokooMHoe coctosnue. Hurepdeiic SPI ocTaercs akTHRHBLIM, a JaHHbIE XPaHATCS BO
BXOHBLIX perncTpax. baaropaps sromy, Mukpocxema MAXS5154 npu Bo3spalieHHu
& OOBIUHBIA aKTHBHEIH pexkxum paboThl MOXET NMPHHUMATHL TO K& COCTOSHWE HA BBIXO-
Nax, 4To W 10 ocradoea. IIpu BeIxoAe W3 pexkuma octaHoBa LIAIT moxer Bo3oBHOBUTL
paGoTy vnM ¢ MOMOHIBIO KOMaH/bl, HCIIONB3YIOILICH 3HAYEHHE BO BXOAHOM DEFHCTPE,
HIIH ¢ TTIOMOLIIBIO KOMaHE], 3arpy>KatoLlei Horble AaHHble (cM. Tabn. 16.4).

Jlns Bo3BpaiueHns B akTHBHbIH pexcum LIAIT Tpebyerca oxono 20 Mkc, wrobb! cra-
GuauanpoBanocs HanpsxkeHue ua seixoae. Kpome roro, LIAIT MoxeT BBHITH B3 pesxnma
OCTAHOBA ¥ BEPHYTHCH K AKTUBHOMY COCTOSHMIO B PEIYABTATE H3IMEHEHHS YPOBHH HA
seiBoge /PDL ¢ nor. 1 na nor. 0.

IMocneaosatensHeli HHTepdelic MuKkpocxembl MAXS5154 coBMecTUM ¢ nepBLIM Ba-
pvantom ctannapra SPI (CPHA = nor. 0, CPOL = nor. 0). CooTBeTCTRYIOIIAA BPEMEH-
HaA AWarpaMMa npeactasneHa B riaee 7 Ha puc. 7.4. YactoTa TaktoBeX curHanos SCK
unTepheiica SPI moker coctapnars no 10 MI'u.

KomanaHoe cnoeo aAndHoi 16 GuT cocToUT B3 anpecHoro pazpana (AQ) ans esibopa
mexcay HATT A u B, nByx paspanos ynpasnenus (Cl, CO), nreHanuatH GUTOB JaHHbIX
(D11...DO) u nononnurensioro paspsaaa SO, koropsiit Bcerna copepsxut aor. (. op-
mar gaHHex SPI nokazad Ha puc. 16.35.

16 nocneAosaTensHsIX DUT JaHHLX
Annec vi;::ﬁ:f:ﬁ 12 BUT [aHHEX Hon. Gur
a0 | ¢t | co [on[owfoo[oa|o7]os|os]oe|p3jo2ion[oo] =0

Puc. 16.35. dopmaT nocnegoBaTenbHbiX AaHHBIX MUKpOCcXeMel MAX5154

Ecnu pazpsast A0, C1 1 CO coaepskar nor. 0, To 6utel D11...D8 cTanoestcs pas-
panaMu ynpaeneHus (tadun, 16.4). Yapagasouwee cioBo IAHHOH 16 GUT MOXKeT nepeaa-
BaTHCA LIENIMKOM WIH pazOuBaThCA Ha ABa NakeTa no 8 OMT kaxawil. Ha npoTsskeHuH
Bceit nepenauu Ha auHuM /CS nomkeH OwITh ypoeeus nor. 0. BpemenHas auarpamma
nepenaud AaHHRIX B MUKpocxemy MAXS5154 no wmuarepdeiicy SPI npesacrasnena Ha
puc. 16.36.

Ta6bnuua 16.4. Ob630p komana Mukpocxemsl MAX5154

] 2 g G

0 0 1 | 12 6ur nannex LIATT 0 | Jarpyska Bo BXomHoft perucTp A, copep-
wuMoe peructpa IATT ve uamenserca

1 0 1 | 12 6uT sanswix LIATI 0 | 3arpy3xa Bo BxopHoOl peructp B, comep-
#HMOoe pernctpa LIATT He namensercs

0 1 0 | 12 6ur nannex LIATT 0 | 3arpy3ka Bo BXOMHO#M peructp A, oba pern-
ctpa IJAIT o6BoBNAIOTCA

1 1 0 | 12 6ur naHuex LATI 0 | 3arpyska Bo BxofmHoH peructp B, o6a perp-
ctpa LIAIT obHoBAAIOTCA
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Tabnuua 16.4. OkoH4yaHwre

B i e

¢] 1 1 | 12 64T panseix LLATL 0 | B oba pernctpa LIAII zarpyskaerca coaep-
KHMoe chsurosoro perncrpa (oba LAII
ONHOBPEMEHHO HAYyWHaWT paboTaTh ¢ Ho-
BbIMH JaHHBIMH)

1 0 0 | XXX XXXX XXXX 0 | B oba peructpa LIAII 3arpyxaerca coaep-
HHMOE COOTBETCTBYIOUIHX BXOAHLIX perH-
cTpos (oba LAT] onHOBpeMenHO HaYuHaAKOT
padoTaTh ¢ XPAHUMBIMHK JAHHBIMH)

] 1 1| XXXX XXXX XXXX 0 | Oba LAII nepexonaT B pexuM OCTaHOBA
{ycnosue: /RDL = nor. 1)
0 0 0 | 001x xxxX xxXXX 0 | B peructp IJAIT A 3arpyxaeTca comzepxu-

Moe sxoanoro perncrpa A (LLAIT A Haun-
HaeT paboTaTh ¢ paHee 3aNHCaHHBIMM JaH-
HbIMH)

0 0 0 | 101x xxxx XXXX 0 | B peructp A1 B zarpyxaetca coaepxn-
moe Bxonnoro peructpa B (LIAIl B nauu-
Haet paborarh ¢ panee 3aMMCaHHBIMM NaH-

HbIMH)

0 0 0 1 110x xxxx xxxX 0 | LATI A nepexoauT B pexWM OCTAHOBA (yc-
noeue: /RDL = nor. 1)

0 0 0 | T1Ixxxxx xxxx 0 | LLAIT B nepexonuT B pexxuM OCTAHORA (yc-
nosue: /RDL = sior. 1)

0 0 [ 0 | O10x xxxx xxxx ¢ | Beixox UPO ycranasnusaetcd B nor. 0 (1o
YMOJIHAHHIO)

0 0 ] 0 | 0l1x xxxx Xxxx 0 | Boixog UPO ycTaHagnueaertca B sior. |

0 0 0 | 1000 xxxx xxxx 0 | Pesxum 0: 6urt Ha Brixofe DOUT cngwura-

FOTCA NANblUe [0 HUCMajgawileMy GpoHTY
currasa SCK (no ymonuaHHio)

0 0 0 | 1001 xxxx xxxx 0 | Pexum 1; 6uthl Ha Beixoge DOUT casura-
0TCA JdNbllle 1O HapacTatomeMy (QpoHTY
curuana SCK

0 0 | 0 | 000X XXXX XXXX 0 | Bes yukunu (NOP)

x = moGoe 3HauekHe {nor. 0 wmm nor. 1)

s | [

sck _— [usuode— ooy
DIN A0 Xetfcokononyos{oep7) D6 55 () 1K aF) ap) S0 R

Puc, 16.36. Bpemennad guarpamma nepesadv JanHuix no uitepdency SPI ¢ naysolh nocne nepeoro Gaita

Hucnanatoumii GppoHT curHana Ha BeiBOAe /CS NepeBOOMT MHUKPOCXEMY B PEKUM
npuema nanHbix, [lo HapactatomeMy ponTy ummynabcoB SCK OUTHI DaHHBIX MPUHH-
MarTCq, a f0 HUcnagawweMy — capHratorcs. [lo wapacraouemy $poHTy curnana

26*
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/CS nauHble, B 3aBUCHMOCTH OT 3HAYECHHUA NEPEAaHHBIX Pa3pa/IOB YIIPABICHHA, 3aNHCLI-
BAKOTCA BO BXOAHOH peructp w/umu B peructp LIATL

Brnaropaps apoiiHoR Gydepmzauyn unudposix Bxomos MAXS5154, BosmoxkHo 3a-
rpy:aTh HOBble ZAHHBIE TOJBKO BO BXOAHOH pericTp Ge3 obHosneHusa perdcTpa HATL
unu obnoenars peruetp LIAIT comepkMMbIM BXOIHONO PErdcTpa, WM OLHOBPEMEHHO
obHoBnATs Bxoauoit pervctp H peructp LIAIL

Boixon, BHYTpPEHHETO 16-paspaiHOro CABUTOBOTO PETMCTPa COCAWHEH C BLIBOOM
DOUT — BBIXOJIOM C OTKPBITBIM CTOKCM H BHYTPEHHHM NOATATHBAKUIHM CONPOTHR-
nenneM. [locnenoBatensHo coequuss BeiBogel DOUT mukpocxem MAXS5154 co Bxo-
nom DIN crneaymotiell MUKpPOCXEMbl, MOKHO NOAYUHTh TAK HA3LIBAEMYIO THPIISHAHYIO
uens {puc. 16.37).

MAX5154 MAXG154 MAX5154
SCK SCK SCK
MOSI DIN  DOUT DIN  DOUT DIN - DOUT[—--
/cS 18 iCS
eK———4——m———— e e -
ag — e 4

Puc. 16.37. MpnaniHas Uenb HeCKONBKUX MUKpocxem MAXS5154

B npoTtHBONONmKHOCTL CNOCOOY MOAKNIOYUEHHS, NOKATAHHOMY Ha puc. 7.2, rie He-
CKOIIbKO MUKPOCXeM MNoaxmouatorcs k uurepdeiicy SPI mapannenwso, 3nece ans N
ycTpoiicTe TpeDyeTcsa ToNbKo oAHA TUHUS BRICOPa, YTO MPUBOAMT K 3KOHOMHH (N-1)
auuui /SS. Tpu 3ToM, 0AHAKO, NIPHAETCA CMUPHTBCA C TIOTEPAMH B ObICTPOOCHCTRUM,
NOCKOJIBKY MOCIE]0BATENbHBI [TAKET AaHHLIX BCETAa NOMKEH MpOXOnuTh uepes Bce N
MHKPOCXEM, JaKe €C/TH OH NpelHa3HAuYeH TONBKO AN OAHOH M3 HUX.

HAna nobasneHus MUKpPOCXEM B FTUPNAHAHYEO LeNb, paboTalollyro COracHO BTOPO-
My BapuaHTy npotokona SPI, MAX5154 MoxHO 3anporpaMMHpOBATL TakKHM 06pazom,
yrobbt 6uTEI nepenabatuck Ha Beixon DOUT no HapactatoiueMy ¢poHTy curHata SCK
(rabn. 16.4, pexxnm 1). Ilocne nopayu NMHUTaHHA ABTOMATMYECKY YCTaHABITHBaercs pe-
HUM () (PEXHM M0 YMOTYAHHIO).

B cnyuae ¢ phisogom UPO peus uaer o uMdpoBOM BRIXOZE, KOTOPBIH MpeaocTas-
nseTcA B CBOOOAHOE PACMOpAKEHHE TOMB30BATENA W MOXET C MOMOILUBID COOTBETCT-
BYIOIMMX KOMaHa W3 Tabn. 16.4 yctaHasnupathes B nor. 0 wam nor. 1. 3HadeHdeM no
YMOTHAHHIO, YCTAHABIHBAEMEIM NPH BKITIOYEHHH NIHTAHHA, ABIAeTCA nor. 0,

[logas nor. 0 Ha exoa /CL MOXHO anmnapaTHo OGHYNMTh BCE PErMCTPbl MHKPOCXe-
mbl MAX5154, B aToMm cyuae BeixogHoe HanpmkeHne OutA u OutB npuHMMaer 3Ha-
uenue 0 B.

Hns Gecnepeboiinoi paborel MAXS5154 pexomenayercs orpaHHuuTh pafouce Ha-
MpAXKEHUC HENOCPEACTBCHHO HA BBIBOIC VCC C NOMOLIBKY KOHAEHCATOpPA €MKOCThID
4,7 Mx® W NapanfeNbHO BKTIOHEHHOrO C HUM KSPaMUUECKOTO KOHAEHCATOPA €MKOCTHIO
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0,1 Mmxd. [Ing MUHUMH3ALUYH Napa3sUTHEX HMHIYKTUBHOCTEH MIpOBOALIKMNA MyThL BCEraa
clieayeT BuiGHpaTh Kak MOXHO OoNiee KOPOTKHM. AHamorosas “3emns’” BCerAa A0JDKHA
ObITh cOoeMHeHa ¢ Haubomee KadecTBEHHOM TOUKOH coemmHeHMS ¢ “‘3emneii” CXeMbl.
OnNTUMAaNLHO HCMONB30BATE MEYATHYHO IUIATY, BBIIIOJIHEHHYH) 110 MHOIOCJIOMHOH Tex-
HOJIOTMH C HeNpepbIBHOW MOBEPXHOCTBIO “3eMIH”.

BxonHoe conpoTHBISHWE BXOHOB OMOPHOTO HAMPIKEHHA 3aBHCHT OT W3MEHEHHH
WIECTHAZUATCPHYHBIX 3HaucHKH B peructpe AT, noroMmy BBIXOZHODE CONPOTHBIEHHE
HCTOYHHKA ONOPHOTO HANMPAKEHN JO/DKHO BbITE HEDOABLIUMM.

flpencrasnenHsl HUXe NPUMEP NPOrpaMMbl AEMOHCTPHPYET YTpaB/leHHE MHKPO-
cxemoit MAXS5154 ¢ nomowsto MykpokoHTpoanepa AT90S8515. B uukne yrenuuvsa-
eTea ¥ BuiBoAMTeA B LEATT A 3nauenne ot $000 no $FFF. Curnan BuixogHOro Hampsxe-
aua LAl A uMeer nunoobpaszHyro (GOpPMY ¢ JIMHEHHO HAPACTAIOIIMM [PEPEAHUM
bpourom B avanazode 0 B ... (4095/4096) RefA. AnanoruuHbimM o6pa3oM, yMeHbLIAET-
cq v Boteogurcs B LIAIL B 3nauenre ot $FFF no $000. B pesynbrare curnan Bbixoano-
ro HanpmkeHua LIAIT B umeer nunoobpasuyto dopMy ¢ AHHEAHO HHCTAJAOMMM 3a1-
HuM ¢porToM B puanazone (4095/4096) RefA ... 0 B (puc. 16.38).

OutA

Y

OutB

\

1 - t

Puc. 16.38. MameHeHue auixoaHoro HanprxeHns OutA u OutB B paccMmarpuaaeMom npumepe

Tpy kaxI0oM JIPOXOjIe UMKIA NPEHIE BCErO BBITIOAHAETCA 3arpy3ka BO BXOIHOM
perucTp LIATT A Ge3 BbITauM HOBOrO 3HAMEHHUS HA BRIXOUL.
* dopmar komaHas =001 D11 DIOD9DED7 D6D5D4 D3 D2 DI DO SO.

3aTeM BBITIONIHAETCS 3arpy3ka Bo BxoAHOI peructp LIATT B.
» GopmarkomaHas =1 10DI1 DIODIDE DT D6 DS D4 D3 D2 D1 DO SO.

Haxouern, o6a LHAT] onHoBpeMenHO 0GHOBRSIOT HOBOE BbIXOIHOE 3HAUEHHE.

Hockosibky Mnanmuii 6ut (S0) 16-pazpaaHoro KOMAHAHOIO CIOBa BCETAa COAEp-
HUT NOF, (0, IPH HHKPEMEHTHPOBAHHH/AeKPEMEHTHPOBaHUK GyaeM npuCaBAsTs BbIuK-
TaTh KOHCTAHTY 2.

B Hawem pacrnops:eHHH HeT KomaHAbl THna “ChoKeHHEe C HeroCpeACTBEHHLIM
3Ha4eHHeM”, NodIToMy OyneM NpOCTO BBIMHTATL OTPHUATENBHOE 3HAYEHME KOHCTAHThI
$0002,

Mepenonnenune cuerurka uz $FFF B $000 n #ao0opoT YHHUTOKAET COAEpKUMOE
paspancs koMauael AQ, C1, CO (6urer 13...15), nosTomy rocne KaKAOTo MPOXoaa Hx
COACPIKHMOE CIIeYEeT BOCCTAHAB/IUBATD.
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B noanporpamme Output SPI Mukpocxema MAXS154 akTHBU3MpYeTCs ¢ MOMo-
1IbK) HU3KOTO YPOBHA Ha nuHuM /8S. 3areM B peructp manHeix SPI, kax Tonsko oH oc-
BOOOANTCH, JO/MKHB! OBITE 3arpy’XeHbl HCKTIOUHTENBHO YeThipe BbIBOIHMbIX OaiTa.
O zasepuiensn nepenavn curnanusupyer dnar SPIF, koropslit apromaThuecxu copa-
chigaeTca npH creayoiem noctyne £ SPDR. Ilepen sbixoooM #3 AOANIPOrpaMMb! M-

HKs /SS OMATh JeaKTHBHUPYETCH.

Ha soimosneHde 95ToH MOANPOrpaMMEer fIpW TaKTe CHCTEMHOH CHHXPOHHM3aUWH
8 MI'y rpebyercs kak pa3 20 Mkc, mo3TOMY BbIXOAHBIE 3HayeHHd oboux LIATI naBeprs-
KA IOCTHralT cTabUIBHOrO YPOBHS NPH KAKAOM MPOXOAe LMKIA.
Wma daitna Ha NpuNaraemMom K KHMFe KOMNaKT-gMcKke: \Programm\16105154. asm

XY YrpaBreHMe MUKpOCXeMmMon MAXS5154 depes uHTepdeic SPI #wrvwidwidrsrrirrss

-k
r

;* K vMKpoKOHTposwIepy AT90S8515 no mHrepdelicy SPI oonmmoueHa MUKpPOCYEMa

;* MA¥5154., Ha eoxoge LAIN A nonydaeMm mMIcODPASHOS HaNDAXEHMEe C HapacTamimm
;¥ nepenHMM QPOHTOM, 4 Ha peXoHe LAl B - muiooBpasHoe HANpAXeHHe

;¥ HUCTIAZARUMM 3aJIHMM BPOHTOM.

i* TakTOBAA YacTOTa MMKPOKCHTposmepa AVR: 4 MIy (CradpapT STK200).

sk
’

;***********************‘k*********‘k‘k*‘k************************************

.nolist

.include "8515def.inc”

Llist

.equ DACa = 520 i 3arpyska BXOOHOTO perucrpa A, pervcTp LA A nemameHer
L equ DACh = 3C0 i Sarpyska BXOIOHOT'O peructpa B, oba permcrpa UAN ofroBI.
.equ  nss = PB4 ; /88 = PB4

.def outlL = rl2 7 Mnamwii Gafir nnAa BuBoma uepes SPI

.def CutH = rl3 7 Crapumit Balr nnda BuBoOa uepes SPT

.def InL = rl4 ; Mrapumit SaiT andg Beona uepes SPI

.def InH = rl5 ; Crapuptnr Gafir s eppofda uepes SPI

.def temp = rle ; Paboumit perwcep

.def A lo=1r24 ; Mpammmr Gair LA A

.def A hi = ras ; Crapumin Gajftr LA A

.def B lo = r26 ; Mnammit Baitr LUAIT B

.def B hi = r27 ; Crapumit Gair [AI B

Reset:

000000 cOO0b rijmp Initial

Output SPI: ; 16 our uepes SPI, CPHA=(,CPCL=0
000001 98c4 cbi PortB,nss ;} /88 = awxrtupHeEL (mor. 0)

000002 b8df out SPDR,COutH ; BeromaM cTapunit Gant

spil:

000003 9b77 sbis SPSR, SPIF ; MponyckaeM Cresyouyls KOMAaHIY, eClIu

; nepenaua sapepuieHa
000004 cffe rimp spil

000005 bOff in InH, SPDR ; BanoMmmHaeM NpOUYMTAHHER OanT

(000006 bBcf out SPLR, CutL ; Bemomm mitamupiit GaiT

spi2:

000007 9077 sbis SPSR, SPIF ; lponyckaeM CremylRllyr KOMAaHIY, eCIH

; Oepemayva 3apeplieHa
000008 cffe rimp spi2
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Q00009 blef in InL,SPDR ; 3arnoMMHasM NpOHEMTAHHEI SamnT
0Q0000a 9%ac4 sbi PortB,nss ; /8S = HeaKTHBHEEL (nor. 1)
00000b 9508 rat

Initial: ; HacTe MHMUMAIM3ALIMMA
Q0000c eb0f 1di temp, Low({RAMEND)

00000d bfod out SPL, Temp

00000e 002 1di temp, High (RAMEND)

00000f bfQe cut SPH, Temp ; MHMuManmMsupyeM YKasaTelns CTera
000010 e700 1di temp, $70 ; SCK=0,MISO=PullUp,MOSI=1, /S5=1,ccr.=HiZ
000011 bbls cut PortB, temp ; BHBOMMM COCTOSHME IPOCTOA
000012 eb00 1di temp, $BO ; SCK,MOSI, /SS = BLIXKCH, OCTAJbHBIE = BXONE
000013 bb(7 cut DDRB, temp ; KondurypupyeM HANPABISHME fepenaun
; DOAaHHEX dYepes nopr B
000014 eb00 1di temp, $50 ; SPIE=0, SPE=1, DORD=0, MSTR=1,CPHR=(0,
000015 b90d out SPCR, temp ; CPOL=0, f(SCK)=f{Cmct.) / 4
000016 e080 1ldi A lo, $00
000017 020 1di A hi,$00 ; MHUDMaIMBUpyeM CuaTuMK A Hyem
000018 =0a0 1di B lo, 300
000019 =0b0 ldi B hi, $00 ; MHuIManmMRUpyeM CYeTuuk B HyJeM
Loop:
00001a 9602 adiw A lo,2 ; MHKpEMEHTHDYEM Ha 1 permcTp OBOHHGH
; ONMuEEl A {2 - noTomy uro 50=0)
00001k 719f cbr A hi, 3EO ; OBmyistem paspame 15..13 (nepenconHexue)
00001c 62590 sbr A hi,DACa ; YCTAHABMMBAEM PAa3pAOEl ynpareia-a pgns LA A

00001d ZecB mov OutL,A lo
00001le 2edd mov QutH,A hi

00001f dfel  rcall Output SPI ; Bumomave B UAT A 16 Gur uepes SPI
000020 9712 shiw B lo,2 ; lexpemesTrpyem Ha 1 perucTp IBOWHOM
; ommbsl B (2 - noTomy urc S0=0)
000021 71bf cbr B hi, SEQ ; OBmynaem paspamsl 15..13 (nepenonHeHue)
000022 6ecb0 sbr B hil,DACb 7 YCTAHABAMBAEM DaspAls ynpasili-s mia LAl B

000023 2eca  mov CutL,B_lo

000024 2edb  mov OutH,B _hi

000025 dfdb rcall Output_ 8PI ; Bumomm B UAII B 16 Sur uwepes SPI
(000026 cff3 rjmp Loop

PaclumpeHue noptos Beoga/seiBoga MukpokoHTponnepa AT9054414
C NOMOLLIbIO MHTepdelca SPI

Xota mukpokonTponnepsl AVR, ochameHHble uatepdeticom SPI, U umetoT B cro-
€M PacropsMKEHHH Cpaly YeThIpe BOCbMHUPA3PAAHBIX MOPTA, Yepe3 KOTOPble OHM MOTYT
HanpsaMyo 0OMeHHBAThCS JaHHBIMH CO BHEIUHMM MHPOM, B HEKOTOPBIX Clydasx NpH-
MEHEHMA JaKe WX MOMKET He XBaTHTh, JTa I'1aBa JIEeMOHCTPHPYET, kKak 03 NHIIHHX 3a-
TPaT YBEJMWUMTL YMCI0 BBOAOB/BuIBOAOB. [IpHHLMN pacuIMpeHUs MOPTOB MPOWIROCT-
puposad puc. 16.39,

B kauecTse BXx0J0B MOXHO BOCIONB30BATLCA CABHIOBLIMM pervcTpami Inl ... InN
Tina 74HC165, B KoTopele O KOPOTKOMY HMIY/bCy, CHIHAM3MPYHOLLEMY O Hauane
nepeaaq, napajlesibHO 3arpyxaerca HHQopManus JUis BpeMeHHOro XpaHeHH:A. 3aTteM
HX COMCMKUMOE CABWraeTcs AN TOCAEROBATENBHOH fepeAadd B MHKPOKCHTpONep
AVR no unrepdeiicy SPL
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B kauecTBe BRIXOAOB HCHO/IB3YIOTCH CHABHIORbIC perdcTpel Outl ... OutN THOoa
74HC595, B kOTOpbIe O HapacTarolleMy $poHTy curHana /SS na seigosie PB4 nocne-
AORATENBHO 3AHOCATCA JaHHBIE, MOIYYEHHBIE OT MHKPOKOHTpOJUlepa no MHTepdeiicy

SPI.

B-pazpAakLR BYOL B-paapAgHe sxel 8-pazpAaHel BXOL .-
LR [ B 11431 L T e by €22 4111444 MR f
miso (-9 |11 |-y SER Qs SER f—-— Qy SER
L 4 ALoad Aoad Aovad
In 1 SCH In2  SCK NN SCk«]
ATI0S8515 Ena -—l JEna j.
PB4 -
Ck
161 74HC125
1C2: 74HC165
"o “4e e 1C3; 74HCH95
SPI-Master L 1C3-1 L IC3-2 L IC3-M
Clr Qut 1 Cir h Out M
SCK [» SCK Cut 2 > SCK
RCK RCK RCK
MOS SER QH SER Ay SER Qy —
G G G
ITawaw L v TR
8-pa3paAn bt BEIXOA £-pazpamnsii BEIXOA B-paspagkbii Bbix0g
Puc. 16.39. MNpuHuyn pacwvpeHns NOPTOB ¢ NOMowelo uiTepdcelica SPI
BpemeHHas quarpaMMa nepenadd JaHHbIX okazaHa Ha puc. 16.40.
* Mizster 3armMcEIBaeT GINT QUM 8 PermeTp A 2HHbs: * Qut(M-1) & SPOR
wnrepipelica SPI(SPIIR) u TeM cambiM HauupaeT negesaqy 2 Havano nepepitm
CPHA =0, CPOL =0 [ 2] 3]a]sTs6] 7T 5] (T2 T&]
SR O e I 5 I SO I I S I
PB4 ]——
| g -
A 4
B U

Miso ———(Gnlnl] (WOdY @AY CdXTaX QXX TaX Tulnal [ XTeX " . XEAXGHs)-
X

most . EeE X XX s 55 D G 05

Puc. 16.40. BpemeHHan Anarpamma nepenayn aHHbix uepés uHTepdeiic SPI

Curnan /SS, ceszannetii ¢ Bexostom MISO mukpokontponnepa AVR, nepexmoua-
et BeIxof Apaiisepa 74HC125 u3 TpucTabHILHOTO B AKTHBHOS COCTOAHME. B pesynbrare
Ha sxoa MISO nocrynaer crapunii paspaa 6aiiTa, XpaHHMOTG B 9TOT MOMEHT B perd-
crpe Inl. Ecaw seibpars npotokon SPI suna CPHA=0, CPOL=0, To 6uTk! 6yayT casu-
rarbCs [0 HHCMAAAOINEMY, a4 NPHHUMATLCS — IO HapacTaloumeMy (GpoHTY TaKTOBOro
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curdana. Mukpocxema 74HC165 cpeuraer cBoe COACKKMMOE M0 HApacTadIlemMy
dPOHTY TAKTOBOIrO CHUrHana. 3ajiepikka ty 10 MOCTYTIEHUA ouepelHoro burta, obycnos-
JICHHA BKIKOYEHMEM Mexkny BrixomoM Inl u exoaom MISO mukpokontposmepa AVR
asyx npaiieepos 74HCI125, gocrarouna a1 ofecledeHHs HAAEKHOO [pUeMa No Ha-
pacTatowemMy (BpoHTy.

C ueneko TecTHpoBanna Gea paspaboTaHa M NoAKIOYEHa Yepes nopT B k moxymo
STK.200 nnata, cOOTBETCTBYIONIAA cXeMe, TOKa3aHHOo| Ha puc. 16.41.

B-pa3panHLIA Exoa agn

1c1-1 Ic1-2 peerhiey Ic2 IC1: 74HC 125
MISO [¥1] fo4] Qn SER 41 ICZ 74HE 165
T Aoad ---- IC3 T4HC 535
. I N1 SCKg (C4: 7AHC 595
+Ug /Ena —-L
47p 15
PB4 | Ve[ 19]

IC1-3 Lil-iﬂ-d @ L
S0k T

. wqn
iC4 IC3
L Clr Out 2 L iClr Out 1
> SCK SCK
RCK RCK
MOS! SER Qy SER ay —
G 1G
L v 1 v
B-paspaaHeli Boixog 8-paapAgHLI BbIX0g

Puc. 16.41, Tecrosan cxeMa ANA NpOBePKU B3auMoLeWCTBUA ¢ Mogynem STK200

Jna Toro urobbl MOKHO OBUIO OCYLLECTBIATh (PYHKUHOHANLHBIH KOHTPOJb ¢ MO-
MOILBIO MPEACTABAEHHOH HIBKE Mporpammsl, BeIBoAb Out?2 B TecToBOH cxeme Obuiu Ha-
NpAMYIO coelMHeHbI ¢o Bxodamu Inl. Takum ofpazom, OaiiT, BLIROAHMEI 8 HEKOTOPOM
umnkiie yepes Out2, B caeayloWeM HUKIe OfIATb CUHTHIBAICA Yepes Inl.

KonH4YecTRO BXO/IHBIX CABHIOBBIX PErHCTPOB He 00A3aTeNBLHO AOMKHO COBNajaTh
C KOJIMMECTBOM BBIXOAHBIX CABUFOBEIX perHCTpoB. ExHHCTBeHHOE TpefoBaHHE 3aK110-
4aeTcH TONbKO B TOM, YTO 33 OAMH LMK DO/DKHO NepeaaBaThed konnyecTso HaiiTos, 3a-
JIAHOE MaKCHMAaJIbHBIM KOJHMYECTBOM PEMHCTPOB TOFO HIIH HHOTO BHAA.

Wmna draiina Ha npunaraemMoMm K KHUre KOMMakT-qucke: \Programm\1611shft, asm

;¥*%% PacumMpeHMe NOPTOB AVRE € NOMOWED MHTepdeiica SPI **F*dsiddddtrdrrxxrtx

.k
I3

;% IMpMHa [NOPTOB MMKPOKOHTpoaNepa AT9054414 yeeMuMBASTCH HA
;* 16 BRIXOOOE M 8 BXOMOB.
;* TaxToBa#A w€acToTa MAMKPOKOHTPONnepa AVR: 4 MI'u (Cragmapr STK200).

 x
;

;*+++****+**'k*****************************‘k*******************************
.nolist
.def Last = rl5 i poMexyTOouHElT Bydepd
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.def tmpl = rlé ; PaBouumit perncrp 1

Jdef outl = rl17 ; BexomnHoe =HaueHMe JJIA Bhxona 1

.def out2 = rl8 ; BoxomHoe 3HadeHUe A BRXONA 2

.def Inl = rl$§ ; BxonHoe aHaueHMe A Bxona 1

.equ  nss = PB4 ; /88 = PB4

.equ Latch = PR3 ; Wrynsc duxcauym = PB3

.equ ckay = PBl ; LED]l ona nopra B B CIydae KCOPREKTHOM Nepefaum

.egqu LEDK = PRO ; LEDO mnma nmopra B B ciydas HakaTWMa xHCIKM O

.equ time = 117 ;T = Bpema * 1024 / 4 MI'u = 30 mc

Reset:

000000 <025 rimp Initial

WaltTime: ; Bamepxxa Ha 30 Mc

000001 80b 1d1i tmpl,-time ; BarpyxacM VHTepBaJ Talimepa

000002 pifocz out TCNTO, tmpl ; MAMUManM3npyeM CUYeTUMK

000003 <002 ldi tmpl, 1<<TOVO ; BarpyxaeM BHTOBYO NOBMLMIO Qruara TOVO

000004 bf08 out TIFR, tmpl ; CBpaceiBaeM gmar TOVO

WTl:

000005 k708 in trpl, TIFR ; WsBneraeM comjepmimoe permcerpa TIFR

000006 f££01 shrs tmpl, TOVO ; [ponyckaeM crnemylolyie KOMAHDY, €CM
; BO3HMKaeT nepenoiHedue T/C0

000007 cffd rijmp WT1 7 Hanewe oxMmaeM NepenoiHeHns

0oo008 9508 ret

WaitKey: ; OmiaeM Haga T KHOMKM O

000009 8980 sbic PinD,0 ; MponyckasM cAeMyolyle KOMaHy, eCim
; PDO=0 (Ha®aTa KHONKA)

00000a cffe rjmp WaitKey ; OkMIaeM nanewe

00000b dffS rcall WaitTime ; Bapepxxa Ha 30 Mc (yueT Ipefesra KOHT.)

00000c 9880 sbic PinD, 0 ; lponyckaeM choegyoLyll KOMAHIY, eCiH
; KHOOKa elle HaXama

00000d cffh rimp WaitKey ; OxupaeMm fanblie

WKZ:

000002 9b80 sbis PinD,0 ; IlponyckaeM Clelyllyl KOMaHIy, =CIIu
; PDO=1 (xHCOOKa OTIIYVIWEHAa)

00000f cffe rimp WKZ2 ; OxmMpOaem nambine

000010 dffo rcall WaitTime ; 3anmepxxa Ha 30 Mc (ydeT IOpefeara KouwT, )

000011 9b8o sbls PinD, 0 ; llponyckaeM crnenypuyl KOMaHIy, eCciu
; KHOOKa elle QOTIYIIeHA

000012 cffb rijmp WK2 ;3 OxmupaeM JasLme

000013 9508 ret

ToggleLED: ; HepewwueHne ceeTOomMoOa LEDO

000014 9bb8 sbis DDRB, LEDK ; TponyckaeMm Clelyollyld KOMahny, eCiM
; CRETOmMMCH, COOTE. KHOIKE, BRINCUEH

000015 002 rimp TLL

000016 98bL8 cbi DDRB, LEDK ; OTknIuaeM CReTOIMOI

000017 9508 ret

TL1:

000018 9%ab8 sbi DDRB, LEDK ; BrimpdaeM CBeTOOMOL

000019 9508 ret

SPITransf: ; 16 our uepes SPI, CPHA=0,CPOI=0

00001a 98c4d cbhi PortB,nss ; /88 = axTHBHEIT {morT. O)

00001b 98c3 chi PortB,latch ; Mvnynse duxcawar (mor. 0)
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00001c %ac3
00001d b9zf
spil:

00001e 9b77

J0001f cffe
000020 bl3f
000021 bSlf
spiz:

000022 977

000023 cffe
000024 %ac4d
000025 5508

Initial:

000026 e50f
000027 bfdd
000028 =001
000029 bf0e
00002a &70c
00002b bb08
00002¢c eb08
00002d bb07
000022 000
00002f bb02
000030 b0l
000031 e500
000032 bh9ood
000033 e005
000034 Bf0O3
000035 2722

Haupt:

000036 dfdz
000037 dfdc
(000038 58523
000039 2f12
00003a 9310
00003b dfde

00003¢ 9ab®

00003d 113f

00003e 928b9
00003f 2ef2
000040 cff5

sbi PortB,Latch
out SEDR,Out2

shis SPSR, SPIF
rjmp spil

in Inl, SPDR
out SPDR,Outl
sbis SPSR, SPIF
rijmp spiz

sbi PortB,nss
ret

1di tmpl, Low (RAMEND)

cut SPL, tmpl

1di tmpl, High (RAMEND)
-out SPH, tmpl

1di tmpl, $7C
cut PortB,tmpl
1ldi tmpl, $BS
out DDRE, tmpl
1di tmpl, SO0
out PortD, tmpl
out DDRD, trapl
1di tmpl, 850
out SPCR, tmpl
1di tmpl, o

out TCCRO, tmpl
cly Out2

rcall WaitKey
rcall TogglelED
inc Out2

mov Outl, Out?
com Outl

rcall SPITranst
sbi DDRB, ckay

cpse Inl, Last
cbi DDRB,ckay

mov Last,Cut2
rjmg Haupt

r

; BeBOIMM

BeBOomaM Out2

HpOHchaeM CIle Oy KOoMaHdy, €CIIHM
rnepernada 3aBepmeHa

CunTeRaeM BXon 1
Beimaem Outl

MMponycraesM CIeOyUy: KOMAHIY, ©CNH
nepenada 3anBepucHa

/88 = HeaKTHUBHBEL (nor. 1)

Mauupanusaums yKazarTens CTeka
SCK=0,MISC=rarpys. comp.,M0OSI=1,/S5=1,
duxc.=1,Bur2=Harpys. comp.,LED], LEDG=0
SCK, MOSY, /85, dukcaums

LED1,LEDC = Bexonp,MISQC, paspan 2 = Bxoj
OBHyTsIeM Bce paspan

Bce paspams = HiZ (kHonxu)

Hanpasnenre Nepejaul Ond IopTa D = BXon
SPIE=0, SPE=1, DORD=0, MSTR=1,

CPHA=0, CPOL=0, f(SCK)=f (CucT.) / 4
Hacrpofika nenuTens JacToThH

3anycraeM TanMep, xoad. nenenmd = 1024
HHMIMAMUAKDYEM BRIXOTHOR 3HAaYeHue

OxinaeM HaxaTMA KHonw O
NepekicyaseM ceerommon 0
MHKpeMEHTHPYEM BLIXOOHOS 3HAYEHMS
Konmpyem B Cutl

JononHeHue OC eIMHMIIE

llepemaya wepes SPI: Outl, Out? m Inl
B ciydae KORPPeKTHCOM Nepelaud BRIICUAEM
ceeromuon 1

CpaBHMBaEeM BXOIHONW CalT < DaliToM,
NONMyYeHHEM paHee Ha BeIXOIE

Ecrmu HepaBHO, BRIOYAEM CBeTOIMOI 1
CoxpaEsfeM Tekyllee BHaueHye Out?2

Onucanue nodnpozpammei

HacTs WaitTime peanusyer 3agepskky Ha 30 Mc. 3a aTo spems B TafiMep T/CO 3a-
FpYXaeTcs COOTBETCTBYIOLUEE 3HauyeHMe, W cOpacbiBaetcs duiar nepenonHends. Kak
TONBKO 3TOT ¢iiar OnATh YCTAHABIMBAETCA, TPeOYEMBIH MPOMEKYTOK BpEMEHM HCTEKa-

CeT.
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B yacTH WaitKey PearnioBaHO MKWAAHUE HEKATUA KHOTKH Ha BbiBoge PD0. Kax
TOJBKO KHOMKA GyJeT HaxkaTa Y ONATh OTMYLIeHA, HOCHAeYeT BO3BPAT K BbI3bIBANOLLEH
nporpamme.

Yacte ToggleLED npu xaxaom obpawenud nepewmouaer ceeronuo LEDK Ha
BeiBone PBO, 4ToObl CHrHANH3MPOBATE O TOM, HTO OBIIO PACTIO3ZHAHO HAYKATHE KHOMKH.

YacTe SPITransf nepefaer depez unrtepideiic SPl 16 6ur ganusix. [ocne Toro
KaK no snisoay PB4 aktusupyerca nunua /S8, Ha Boieoa PB3 BoigaeTca uMnyiibe Qux-
calMu, KOTOPbiil MOKHO DbIIO OBl OJAT Ha cABUrOBOI peructp Inl B kKavecTse crpobd-
UMITyJThCa anbTepHATHBRHO AudipepeHnpoBaHHOMY (POHTY curHana /SS (myHKT A Ha
puc. 16.41). B sToM chayyae KOHIEHCATOp, AMOL W JBA Pe3HCTOpa BLINANAIOT.
B TecTOBOW cXeMe TAKHE HMMYNbChl QHUKCALMH HE MCNOAb3YIOTCA.

Hanee Buigaercs meppbiii 6aiT Out2, n oxuaaercs mosaeneHue dnara SPIF, curna-
AN3UPYIOLLEro O 3aBeplueHny nepeaaud. bafit ans zamucu B Inl, cuuTbiBaeMBbIit mapan-
NlensHo npy nepecsuike Out2, MoxeT OBITEH cuuTan U3 Oydepa npuema SPDR u zamucan
B OJIHOMMEHHYto nepeMedHy1o Inl. 3a stum cneayer nepeckiika Outl. OnsTe napan-
AeNLHO CHMTBIBAETCA CABMIOBOW perucTp Inl, oaHako, NOCKOABKY Ha NOCNEIQBATENb-
Hblit Bxon SER mocTosHHO nogaercs jor. 1, B kauecTBe BTOporo Oatita scerna Oyner
noayueHo 3HaueHue $FF. B 3aeepiuenue nepenauy no uurepdeiicy SPI nuuus /SS ne-
peXoAMT B cocTonnMe rokos (or. 1). JIuuus /8S coemnnsetcsa co Bxonom RCK (Regis-
ter Clock — cuHXpOHHM3aUMs peructpa) cABHTOBEIX peructpos IC3 wu IC4. Ilo napac-
TalleMy (POHTY OaiiThl, NPUHATEIE HENOCPEACTBEHHO B CABHIOBbIE PElHCTPBL, NEpe-
JAIOTCS B BEIXOOHOR perucTp.

Onucarue 2nasHol npozpamms!

IMocne cH6poca 10 BRIKOUSHUIO TTHTAHUA IPOUCXOOMT BETBICHHE No agapecy $000 —
K 4acTH WHHLUATHIAUMY, 0003HaueHHOH MeTKOM Initial. [locne ycTaHOBKH yKasaTte-
14 creka paspagsl SCK, MOSI, /SS u Latch untepdeiica SPI nomxuer GeiTh Onpeaene-
Hbl Kak BetxoAbl, a MISO — kak Bxoa. [loprel PBO u PB1, coenuuensble ¢ aByMsa cBe-
TOAHOAAMH, OOBABAAIOTCA KAK BXOABI, MOCKONbLKY B MPOLECCE BHINOMHEHHS MPOTPAMMBI
OH¥ C TMOMOLUBLK) PETHCTPa HanpasneHWs Oepenaudn aaHdbix DDRB HacTpoensl Kak
BXO/Ib! C NIOATATHBAIOLIMM COMPOTUBIEHHEM U OTKPBITHIM KOAIEKTOPOM.

Wnnuwanusaums nopta D BeIOnHAETCS TONLKO A NIOAHOTHE IPUMEPa, NOCKOAbKY
5710T nopt ¥ peructp DDRD B pezy/ipTaTe BHYTPEHHHX NMPOLIECCOB, HMEBLHHX MECTO
TIpH MOCTYMEHHH CUIHAA ¢Opoca Mo BKIIOHMEHHIO MHUTAHHA, YiKe HHULHATHIHPOBAHBI
anaueHuem $00, i, cnepoBatensHo, nopt D 06BABIEH KAk BXOA.

B peructpe ynpasnenus SP1 oGuynsiotes paspsaw SPIE, DORD, CPOL, CPHA,
SPR1 u SPRO, a Taroke ycranasnusatores B nor. | paspans SPE u MSTR. B peaynsta-
Te unTepdeiic CKOHPUIYPHPOBaH Kak Bedyluee yeTpoitetso SPI, u emy paspeiieo ne-
pedaBaTh CBOM JaHHBIE C NOMOLUBK YETBEPTH TAKTA CHCTEMHOH CHMHXPOHH3ALHH B CO-
OTBETCTRUM C FICPBBIM CITy4aeM MPOTOKO/IA Nepeaayud, oikcanHeIM B riase 7. [lpepbira-
nue ot SPI He TpeGyeTcs, U MOTOMY 3aNpelLeHO.

Korga noctynaer curnan c6poca, 8 peructp TCCR(O aBromaTHuecku 3arpyxaercs
3HaueHue $00, TeM cambiM ocTaHasnuBas Taiimep. I{na Toro uTOOBl €ro amyCTHTh,
C TIOMOUIBI0 MYIIBTHIIIEKCOPA B KadecTBe BxoaHoro takta ni1s T/CO BeiGupaetca xo3g-
GHUMeHT NeNeHUd TakTa CHUCTeMHON cuHXpoHH3auud 1024, Ilna aroro B perHctp
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TCCRO zanuchigaercs 3Havende 305 (cm. Tabn. 4.2), u T/CO naunuaer cuer. B 3agep-
LIEHUE HACTH MHULUWATH3A1HK BLIXOOHOE 3HAYeHHE Cut 2 HHHULHANTH3HPYETCA HYTIEM.

B rnaeHoit yacTh nporpaMmsl (MeTka Haupt) 0KHAAETCA OABNEHHE UMIYNLCA OT
xHonku Ha BeiBofie PDO. [Tocne cpabaThiaHya KHOMKK 3aKEFIIMICA CBETOAHOA: LEDK
H3BEINAET TIOAB30BATENA O TOM, YTO HAXKATHE OLLIO PACcro3HAHO. 3aTeM BRIXOAHOE 3Ha-
HYeHHEe Out? MHKPEMEHTHUPYETCH, KONUPYeTes B Outl M TaM WHBepTHpyeTcs. Tenepb
Outl cOmepKHT ACTOJHEHHe OO eOWHHUBI 3HaueHus out2. Jlanee oGa sHaueHus BLIBO-
JUATCA ¢ TIOMOIUBIO NOANPOrpaMMb! SPITransf. OO0 yonemHoM 3apepUIeHUH Mepeaayu
CUTHATTU3HPYET CBETOMHO/ okay. JTO PEallH30BAHO ¢ NOMOLWIBK CPABHEHUA MepeMeH-
HOM Last, XpaHsLLEeH MOCHelHEE BLIBEASHHOE 3HAYEHHE Qut 2, ¢ nepeMeHHoN Inl. Ec-
4 nepenava Obina BHIMONHEHZ KOPPEKTHO, TO CBETOAMON okay MPOAOIIKAET FOPETD,
B [IPOTHUBHOM CNy4ae — racHer.

[Tepoe cpaBHeHHe Inl M Last OyAeT HeonpedeNeHHBIM, MOCKONBKY MO TMEPBOMY
UMITYZIbCY bUKcalmu, nofansoMy Ha Bxod /Load, B Inl sanuceiBaeTca HekoTopoe cny-
yaiiHoe 3HaYeHUE, OJHAKO, Y)KE HAUMHASA CO BTOPOTO HAXXATHA KHOMKH, 3TO CpPaBHeHHe
Hyaer undopmaTusHbiM, [lepen Tem xak HeckOHeUHbIR LMK Oyaer 3aBepuieH nepexo-
JIOM K MeTKe Haupt, TEKyllee 3Ha4eHHE QutZ COXpaHAETCA B NEpPeMEeHHON Last and
NOCHEAYIOUErO TPOX0Aa HHKIA.

IIpy TecTHpOBaHWK nporpaMMel ¢ noMoUlsk Habopa STK200 6bino seibpano us-
MEHEHUE BbIXOJHBIX 3HAUEHUH M0 HAKATHIO KHOMKH, MOCKOABKY TaKMM 0GpazoM B Co-
CTOAHHM MOKOA MOXHO KOHTPONHPOBAaTb YPOBEHb MepeaaBaeMbIX OHTOB Ha BhIBOJAX
IC3 uliC4,

MporpammHasn peanusauun uutepdeinca SPI gna mogenn AT903S1200
npv nogkmoyeHny AL

Monenn AT90S1200 n AT9052313 ne ocHaweusl annapaTHoi peanu3aumneil HH-
Tepdeiica SPl, Tem He MeHee UX TaKoKe MOXKHO UCTIONB30BATh B KAYECTBE BEAYLIHX YCT-
poicTe nepudepHitHbIX MORY./1eH ¢ TOMOLIBIO NPOI'PAMMHOH peanusauyu SPI, kotopas
1 OyneT paccMOTpeHa B TaHHOH rnage.

B kadecTBe mpuMepa paccMOTPHM MOJKJIIOUEHHE aHATOTO-HpPOBOro mpeobpaso-
satens (ALIT) TLV 1572 or komnanuu Texas Instruments paspewmenviem 10 Gur, ocxa-
ILEHHOTO BCTPOEHHBIM HHTepdeicom SPI.

OtoT npeobpasoBaTenb paboTaeT 110 METOY MOCASNOBATCIBHBIX TPHOIHKEHHI,
COMIEPKUT MHTETPHUPOBAHHYID CXEMy BBIDODKHM M XpaHeHUd, a Taioke WHTepdeiic SPI
COOTBETCTBYIOLIMHA TPETbEMY Cilyuary npoTokoia nepenaud (CPHA = nor. 1, CPOL =
sor. 0). YactoTa crenosanvia TakToB SPI Ha BeiBoae SCK MoxeT pocturate 20 M4
npu nuTaolem HanpskeHuu +Up = 5 B unu 10 MI'y opu +Uy, = 3 B. Onopuoe Hanps-
skeHue Uys MOXKET HaXOauTses B Auanazone +3 B ... +Ub, a ouudposeiBacMoe anajio-
rosoe HanpskeHue Ha sxone U, — B auanaszone Gnd. .. Uref.

Moaknrouenve mukpocxemst TLV 1572 k mukpokonTponnepy AT90S1200 nokasa-
HO Ha puc. 16.42.

Bxonam/spixogam SCK, MOSI, MISO u /SS cooreercTsyior o0biylble NOPThI BBO-
Aa/BblBoa MuKpokoHTposnepa AT9081200, a dyuxiuia SPI stux BeIBOgOB BYyaeT cMo-
Aenvposana nporpaMMHo (Habop PD2...PDS euifpas cryuaiiHeiM ofpaszom).
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+Ub +Ub
AT90S1200 T? L TLV1572 TLV1572
’ L
FS Vee Uret s E 1 o :I 0
5 5 2
{SCK) PD2 bt SCK Vref 0 1,27 vMm
V ref I: 2 7 :‘ ra _r
8
(MOSI) PD4 —w-
9 8 L Ux Gnd [13 6 [ ]vec
{MISO) PD3 — DO Ain p—=0C
y Ain I: 4 5 :' SCK
1
1/58) PD3 - iCs
Gnd ManoradapuTHelii kopnye (SCIC),

| 3 BMa CBepxy

Puc. 16.42. Noaxniovenne AL TLV1572 k mukpokoHTponnepy AT20S1200

LlecTHanuatepuinoe uncno Z, xoropoe Oyaer monydeHo Ha Beixome TLVI1572
B pesynbTate npeodpa3oBaHus, HaxoOUTCA B criefyiolel 3aBMCHMOCTH OT Uge u Uy
(ipy pazpewennn 10 6ur):

Z= 400}, ' Ux / U,«efz 1024d ' Ux / Uref,
1 LSB = U/ 400, = U/ 10244

Taknm oOpazom, NepenoiHerRde He Bo3HKKaeT, noka Uy S (Ugr— 1 LSB) unn U, <
(1023/1024) U, Tak, x npumepy, BenuanHam U.e = 5,12 B, 1 LSB = 5 MB, u Han-
Oonpiuemy HanpaxeHuo Ha Bxope Uy = 5,115 B, cOOTReTCTRBYST HMCNOBOE 3HAYEHUE
Z =3FF,=1023,.

Bxoa FS muxpocxemer TLV1572 3anaer nporokon nepenaun: SPI unu DSP. Ecnu
no uucnanatoieMy hpouty curuana /CS Ha exone FS cuMTBIBagTea BbICOKHIH YPOBEHS,
TO nepejava BhINOMHAETCA o npoTokony SPI.

I{uxn npeobpazopanus B 0ObUHOM CiTy4ae 3aHMMaeT 16 TakToB SCK. ¥ HauMHaeTca
10 HapacTatolleMy (QpPOHTY NEpBOro TaKTOBOTC UMIEYNEBCA, MOCTYMHMBLIErO NOCHE HHUC-
nagawouero ¢poHra curdana /CS wnu /8S (puc. 16.43). C 3T0r0 MepBOro TAKTOBOTO
MMNYJbCa HAMHHAETCS 3Tan BBIOOPKH (AMCKpPETH3AlMH), BO BpeMd KOTOPOTO WHTErpH-
PORAHHBIH KOHOEHCATOD BHYTPEHHEH CXeMBl BLIDOPKH H XpaHEHMS 3apaiKaeTca OT aHa-
Jloroeoro nanpsokenvs U,

TakToBbIA LMK L1l 2fs[4]s] ] 7] 8] Ti1s]te]

s« PP
=
b0 ——T 360 e 0 8 e

i H i
i ; i

-a——BbiGopKa——mie—— [peobpa- —
J0BAHUE

Pue. 16.43. NMpuHywn geictewa ALLD TLV15672
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[lepsbie wecTs OUTOB Ha Bhixoae DO, KOTOpbI COOTBETCTBYET BLIXOAY MOAYMHEH-
Horo ycrpolicrea MISO, scerna comepxar jior. 0, a cobersenHo MHbopMauHa colep-
KUTCA B pazpagax 7...16. buthl Ha Beixoa O BeOaOTeA (HauMHAaA €O CTapllero) no
HapacTatomemy ¢pouty curiana SCK, a no HucnajawolleMy QpoHTY NPHHHMAKOTCA
BEOYLLHM YCTPOHCTBOM.

B rom cavuae, ecau TpebyeTcs paspelieHne MeHsie 10 OuT, Beayilee yCTpOHCTBO
BO BpeMd Nepenayvd MOKET BHICTARMTH CHIHAN BhICOKOTO YPOBHA Ha nWRuKe /CS. Ha-
npumep, And soceMupaspagnore ALll nepesaya 3asepiuaercs nocne 14 TakTOBLIX MM-
nynecoB noseneHueM Ha Bxoae /CS nor. 1. CienyrowHid HuciagarowwKit GpoHT cHIrHaia
/CS nepesoauT Mukpocxemy TLV1572 B HexogHOE COCTOAHUE, H HHHLIMATHIMPYET €€
JUTS crefyiowero npecbpa3osanus.

TaxToruifi curHan caepura SCK unrepdefica SPI 0IHORPEMEHHO BBIIQIIHAET PONh
TAKTOBOrO CHMIHaja ais sHyTpeHHero peructpa SAR (Successive Approximation Regis-
ter — pervcTp nocneaoBaTeNbHbIX MPHONWKeHNI1). Pelnente o ToMm, kakol ypoBeHb Ha-
3HaYNThL OUTY B pesyibTaTe npuGimxeHus: nor, O MW nor. | — npudumaertcs 110 Ha-
pacraroulemy ¢pouty curdana SCK. Bo uzbexanue BIHAHHUA MOMEX B TAKTOBOM HM-
ynsee, OUT JaHHBIX noABngeTes Ha Boixoae DO mukpocxembl TLV 1572 ¢ 3anepxxoi
OTHOCUTENBHO HapacTatowero gpoHta curaana SCK.

B o6prynoeM cnyqae npecbpazosanne 2aHnMaeT 16 TakToRbix curHanos SCK. Be-
aAyuiee yctpoiicteo SPI, coenunennoe ¢ ALIT TLV1572, MoxeT 3a pas nepenaraTh
TONLKO BOCEMb OHT, MOYTOMY BHAuYale NepelaloTcs NepBble BOCEMEb pa3psjioB, 4 3a-
TeM — cileayloulMe BoceMb. B aTom cnydae B sivnne /CS Bo BpeMs nepenauu peex 16
OUTOR OMKEH OBITH HH3KMH YPOBEHB CHrHama (pHe, 16.44),

Taxtosoitupkn L 12]3]4fs[s]7[e] [15]te] [1[2]z]a]sTef7]e] [ts]te]
sex UL JULUUIUIL-
po —C AR e & e e e —

oy P U R Sanial-

fpnhal Bl —— e e
BriBopka Mpeofpa- = Pexum ° BpiBopka Mpaotpea- Pexum
NOHMM. NOHWMK.
30BaKKe akepron. 30BEHKS SHEProf,

Puc. 16.44. BpemeHHan AnarpaMmMa AByX NOCNesoBaTenbHbIX @Hanoro-Und poebix npeobpasosanni

C aBTOMAaTHYECKUIM NEPEXOA0M B DEXUM NOHWKERHOMO aHepronoTpebneHua nocne nepegaqu LSB

Ilepepbie MexIy OBYMSt BOCLMMOMTHLIMM MAKeTAMM HE [OMKEH TPEBBIUATh
100 mxe, vHaye ypOBEHb HANPAKEHUS HAa KOHAEHCATOPE CXEMBl BHIOOPKH W XpaHeHus
CTAHET CIMILIKOM HH3KHM.

[Tocse Toro kak no nucnajaroilemy (hpoOHTY TAKTOBOTO MMMYJIBCA NEpPeaaH MNaj-
WU pa3pag, MUKPOCXEMA aBTOMATHUECKH NEPEXOAUT B PEKUM [MOHHKEHHOTO IHEPrO-
noTpebieHHs, 3 KOTOPOro OHa BLIXOIMT MO HAPAcTaroueMy GPOHTY CAENYIOLIErO TAK-
TOBOrO HMIYJbC4. B peskume moHmxeHHOro aHEpronoTpeGieHHs MUKpocxeMa notTped-
nser Tok He Gonee 10 MKA (B AKTHBHOM pexXHMe — MakCHMyM 8,5 MA, obbuHO —
5,5 MA). Koraa B mrund /CS nosensercs nor. 1, a MHKPOCXeMa HaXOAUTCH B PeXHME
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NOHUKEHHOTO 3HepronoTpednenus, Buisoa DO nepexoant B TpHcTabMALHOE COCTON-
HHE.

Js toro utofsl NpeAcTaRNeHHBIH HUXKE APOTPAMMHBIH MpUMEpP MOKHO Oblio He-
NoMb30BATE M AT APYTHX CIyuaes MpUMeHeHH:, Obi peanuzoraH sbixon MOSI geny-
Wero YCTpOHCTBa, XOTA JUTd noanodenys Mukpocxembl TV 1572 atoro ve TpebyeTtca
(1aHHBIE TOMBKO NEPENAOTCA BeAYLIEMY YCTPOHCTBY, 4 0BpaTHO HMYEro He PUHUMA-

ercH).

WUms chaiina Ha NpUNaraeMoMm K KHMre KoMnakT-gucke: \Programm\16121572. asm

rr** [porpaMdHas pean3auma SPI UIA MMKPROKOHTROIIepa ATS0S51200 #hxrxwkxxwxk

- W
’

;* ViHTapdenc SPI pealdlayeTcs nNpolpaMqHO RIA NoIKmoueHms ALl TLV1572.

- %
’

;* TaxroBaA 4HacToTa MMKPOKOHTPOIIEDOE AVR: 4 M

.k
’

{cranmapT STK200)

;*************************‘k‘k*******‘k********‘k*********************i*******

.nolist
.include
.list

.equ sck =
.equ nss =
.equ mosi =
.equ miso =
.def spi_lo =
.def  spi_hi
.def temp =
Reset:

000300 <023

"1200def. inc"

PD2

PD3
PD4
PD5

rl4

= rl5
rle

rimp Init SPI

Read Write SPI:

000001 9893
000002 100
spi loop:
000003 Ocee
d00004 lcff
000005 f410
000006 %a%4
a00007 <002
low mosi:
000008 9894
000009 0000
sck_high:
00000a 9a%92
00000k 0000
sck low:
00000c 9892
00000d Q000
00000e 5885

00000 94e3
000010 350a
000011 £78%

cbi PortD,nss
1di temp,16

151 spi_lo
rol spi_hi
brece low_mosi
sbi PortD,mosi
rjmp sck_high

cbi PortD,mosi
nop

sbi PortD,sck
nop

chi PortD, sck
nop
sbic PinD,miso

inc spi_lo
dec temp
brne spl loop

Shift-Clock = nepr D / paspsag 2
/85 = nopr D / paspag 3

; MOSI = nopr D / paspan 4
; MISO = nopr D / paspsan 5

; Mnammt GanT pelynsTara All npeofpazoBaHus
; Crapumit GafiT pesysierara Al npecfpas’oBaHMA

Pafounii permuctp

; Bammcs/ureume 16 Gur uepes SPI
; /CS AIM 1572 = akTHMBHRIY (J1oT. 0)
¢ MHMOMaIM3MpyeM CUeTUMK UMKIE uMcioM 16

DO=nor.0, D7->C
D15->C
gor. O

: Copyr mnepsc mnan. Bakra,
; Coeur enepo crapwm. BSakra, C->08,
; Tlepexon, eCn“ BHBOIMMBIT DHT =
; MOSI = mor. 1

; Ha »ToMm sapepmaeTcs BecOrmit ypoBeHs SCK

: MOSI = sor. O
; Bagepgka, Moxa OMT He CTAHET CTaOMIIBHEBM

; Hapactamoumi pporT SCK
7 Banepxxa

; Hucnapamnpnit ¢gporT SCK

; Teneps OMT HIaHHEX Ha Bxone MISQ crabuieH
; TlponyckaeM Crenyioylo KOMaHIy, echu

; Bur MISC = jor. 0O

; Kerpa DO=0 (1sl), ycrar. "inc spi_lo" DO
; Cueruuk umxna — 1

; Cnenyioupti OMT, ecin temp He papHo 0
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dogelz
000013
000014

9a94
%a93
9508

Auswertung:

00co1s

000016
060017

000018

000019

94fe

Sde’?
5896

£408

%9as6

Auswertl:

00001a
00001b

00001c

00001d

00001e

bae?
94fe6

88390

£408

9a90

Auswert?:

000011f

9508

Init SPI:

000020
000021
000022
000023
000024
000025
000026
Haupt:
000027
000028
000029
00002a
00002k
00002c

000
bb08
bb07
308
bb02
edOf
bb0l

e605
2eel
2ef0
dfde
dfet
cffa

shi
sbi
ret

lsr

ror
chbi

PortD, mosi
PortD, nss

spi_hi

spi_lo
PortD, 6

brcc Auswertl

shi

out
1sr

chi

porthb, 6

DDRE, spl_lo
spi_hi

PortD,

brcoc Ruswert?2

ski

ret

1di
out
out
1di
out
1di
out

1di
nov
nov

rcall Read Write SPI
rcall Auswertung

PortD, 0

temp, $00
PortB, temp
DDRB, temp
temp, $38
PortD, temp
temp, SDF
DDRI, temp

temp, $65
spi_lo, temp
spi_hi, temp

rijmp Haupt

;

¢

. me

MOSI nepexooMT B COCTORHMe noxes (sor.l)
/SS = BeakTHMBHENT (mor. 1)

BrECH pesynbpTara

Copur BOpaBC CcTapwerc takTa,

D15 = nor.0, D8->»C

CABMT ROPABC MIamu. Ganra, C->D7, DO->C
Mramusgi paspan pesynsTaTa - B nopr D,
paspan 6 = 0

Nepexon, ecnu mlagmit paspan
OeficTBUTENEHC = qorn. O

Mrammii paspal pesynsTaTa — B NORT D,
paspan & = 1

Paspamsl 1...8 pesynsTaTa — B nopr B
COBMI BHRaBO CTapuero HaliTa,

D15 = mor. 0, M8B->C

Crapunti pas3psijd pezynnTaTa — B nopt D,
paspan 0 = 0

llepexcn, eCnM CTapLMil DaZpPAL
DefcTBUMTeNsHO = jor. 0

Crapumii paspAl pesyibTaTa - B OOPT D,
pazpan 0 = 1

CPHA = 1, CPOL = 0

Bce pazpanms = 0

Bce BHBOOE nopTa B - HM3KMI YpOBEHL
BeiBOomEl mpalieepa B — BCe BEICOKOOMHEIE
Paspam 3...5 = 1, ocransHee = 0

/58, M081,MISC = gor.l, SCK,cct. = nor.0
Paspan 5 = 0, ocranewHele = 1

PD5 (MISO) = BXOA, OCTANLHHE = BRXOIE

YCNOBHO ONA BHBOIMMOTO CJIOBA
MHuLMATM3MpYeM Mian. OaiT BEX, DPerucTpa
MEntmarmanpyeM crapm. OaMT BHX. perrucTpa
Beono/BuBom 16 Sur uepes SPI
OfbpabaTnBaeM pesynsrat All NpeofpascBaHMA

[Tockonbky Mukpocxema TLV 1572 npu nutatomwemM Hanpsmkenny U, = +5 B mMoxkeT
paboTaTh Ha MakcUMabHOM TakToBO# yactoTe 20 MI'W, B npencTaBaeHHO Bhille MPO-
rpamMme He TpebyeTcs yUHUTHIBAThL JVIHTENBHOCTb CHIHATIOR BHICOKOIO M HH3KOIO YPOBHA
Ha Bxozie SCK kak B TOM cilydae, KOTr[a B pOJId BedyLIEro YCTPONUCTRA BLICTYIAET MUK-
poxcntponnep AT90S1200 ¢ makcrManbHO#M TakroBO#t uacrorod 12 MIu. Ecau
K PacCMOTPEHHOMY MPOrpaMMHOMY HHTepbeiicy HeoOXoauMO NOAKIIOUMTE Gotee Mex-
JeHnoaeHcTBYoIIee epHbepHiiHOe YCTPOHCTRO, TO MOJKHO YBEJIHYHUTE a3y BEICOKOTO
W HU3kOro yposHed crrHana SCK ¢ noMOIIBIO JOTOMHMTETRHBIX KOMAHI nop WIH
BCTaBKM LHKIIA O;KHIAHHA.
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Onucarue npoaspammel

Iocne c6Gpoca Mo BKAFOUEHUIO TTHTAHHUS CNENYeT HaCTh HHHLUNAN3ALUNH, B KOTOPO#H
33JaeTCA HAMPABNEHHE MEPEAAYH AAHHBIX W HHHLIHAIHIHPYIOTCS HEOOXOMMbIE MOPThI.

B rnaeuoii nporpaMme B GeckOoHeHHOM UMKIE yepes wHTepdeHc SPI suinaetca ye-
ROBHOE 3HaveHWe $6565, W ofHOBpeMeHHO ¢ 3TuM cuMThiBaeTcs |0-paspsaaHoe 3Have-
nue w3 ALIIT TLV1572 (paspaaet 0...7 — B spi_lo, paspaabl 8...9 — B spi hi), Ko-
TOpoe 3aTeM ¢ 1eABKY NMPOBEPKH BBIBOAMUTCH uepez [OPTE MHKPOKOHTpONIEpa
AT9081200. TIpu >TOoM MIaamywi paspsi BelaaeTcd Ha BbIBOA 6 nopta D, paspaaw
]...8 — na Buigoawt 0...7 mopra B, a crapuif pazpsn — wa seizot 0 nopra D.

Flockosbky pa3panam nopta B cooTBETCTBYIOT BBIBO/Ib! € OTKPBITHIM KONEKTOROM
(cMm. puc. 10.3), To ang nomcoenuHeHus cBetonHonoR nepemsruka “JP-PortB™ momynsa
STK200 gomksa ObITh yeTaHOBJIEHA B nosioxerne “Quasi — Pull Ups™. B arom cayuae
CBETOAMOMBI GYNYT OAHOBPEMEHHG CIYXHTh A8 ONTHYECKOTO OTOOpAKEHHS 3HAUEHUH
pazpsazos 1...8. Tlonkmodenue ceeroanooB k nopramM PDO u PD6 & monyne STK200
He TIPenyCMOTPEHO, MO3TOMY JIOrH4eckue YpoBHH paszpagos 0 v 9 pesynbTupylomei
BENIHYHMHBI MOXKHO TIPOBEPHTE TOJBKO C MOMOIUBIY KAKOTO-AH00 H3MEPMTENBHOTC MpH-
Hopa.

MoanporpamMMa Read_Write SPI BbIBOAMT 16 6uT vepes unrtepderic SPI, a zatem
noao0HbIM ke 00pazoM cuHThiBaeT HX. [lpUnsATeIe AaHHBIE MOCKe BBIXOJA W3 MOANPO-
rpamMMbl OCTAIOTCH B pPerucTpax spi lo M spi hi, B KoTopele OHM ObIid 2amucaHbl
npu nepeckiNke, Ecny B HekaTOpoM cnyyae MpUMeHeHHs TpebyeTcd mepenaTh TONLKO
goceMb OUT, NOCTATOUHO OJHOTO perueTpa spi 1o (B 3TOM CAYYAe CUETHHK LUMKAA
temp NOMKeH ObITh HHULHATTHIUPOBaH 2HaueHueM §).

B nauane axrusupyercs aunds /SS (nor. 0). Tlpy kasaoM rpoxode LHKIA GJHH
pa3psn perucTpoBo mapet spi_hi / spi_lo (HauWHas €O CTAapilero) c/IBUraeTcs Bie-
BO, cOXpaHfsach B BuAe ¢uiara mepeHoca, a 3aTeM Bbigaetca Ha Beixox MOSE Tlocne
3TOrO CNeAYeT HapacTarolliit GppoHT curnana SCK, no koTopomy Belomas MUKpocxeMa
TLV 1572 riaaer Texkywnii Out #a Beixoa DO. [lo okonuanuio dhazbl BLICOKONO YPOBHA
curnana SCK (vucnagaroiuid GpoHT) M BHITOMHEHHS (PUKTHRBHOH KOMAHIBI 3aCPkKH
BeAymui mMukpokouTponnep AT9S1200 npuramaeTt 3ToT GHT Ha cBoem Bxoae MISO.

Iockonbky B pesyjbTare onepauMy cIBWra MAadIlHA pa3psl perucTpoBOH Mapbl
spi lo /spi hi (pa3pan 0 spi lo) 3anonuserca nor.{, To fOr. 1, CUHTAHHYIO MO
Hucnaaarouemy ¢ponty curiaia SCK, Moxuo ferko zandcats B MIaauivil pazpsi
¢ MOMOLIBIY KOMAHOB! inc. B Tom cioyuae, ecnim 6bit cuntan nor. 0, Miaawiui paspsq
perucTpoBOH mapsl ocTaeTcs He3 HaMeHeHu,

Hocne wectHaguaTy npoxoaos uvkna oba Hafita 6yayT BelBEASHBI MW MPOUNTA-
ubl, tuHuA MOSI nepeiiner B cocTosHue Mokoa (or. 1), a NUHUA /SS nepewmounTes
B HEAKTHBHOE COCTOAHHUE U TIPOM3OHAET BO3EPAT B RBI3BIBAIOLIYIO TIPOrpamMMy.

3T1a nporpamwma He MoXeT BbiTh NPOBEpEHa B KakoW-NWE0 peanbHOl CxemMe, a TONLKO ¢ NSMOLBK
oBonoukn AVR-Studio, Tak Kak Ha MOMEHT W3AaHUA KHUMK Mukpocxema TLV1572 yxe Bbina cHaTa ¢
NpOW3IBOACTBA. TE€M HE MEeHee, aBTep Pellnn WCAONBIORATE ATOT NPUMEP, NOCKONLKY YMCTO Npo-
rpaMMHan peanusauns witepdeinca SPl, HeCOMHEHHO, GYEET MHTEPECHA MHOMMM YUTATENAM.

T
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Moaxniouenmne k wuHe I°C natunka Temnepatypsl LM75

LLM75 — 3T0 nart4MK TeMnepaTypet, KOTopblii 8 TeueHue 100 MKC ¢ MOMOUIBIO HH-
TerpupoBaHHoro curma-gensta ALIL npeofpazossiBaeT H3MEPEHHYIO TeMIeparypy
B UHM(POBOE NeBATHPA3PAAHOE MpPEACTARICHHe, U 3aTeM BLIBOAMT €ro uepe3 BCTPOEeH-
HBIlT uHTepdeiic 1°C.

Kpome Toro, LM75 uMeeT B cBOeM pacnopsbkeHHM GJIOK KOHTpPOIs 3a Temrepaty-
po#, KoTOpbii yepes BeiBod OS (Overtemperature Shutdown — oTiuniovenHe no nepe-
CPEBY) ¢ NOMOMUISIO TIPEpBIBAHHSA MOKET U3BECTHTH Bedyliee yeTpoiicTeo I'C o mpessI-
IEHHH HEKOTOpOTo 3anporpaMMHUpPOBAHHOIO TeMnepatypHoro nopora Tos.

Bexayulee yeTpoHcTRO MOMKET YCTAHOBHTL Kak 3HaueHHe Tos I8 M3REIIEHUS O ne-
perpeee, Tak ¥ nopor ructepesica Tuyst, IPH TOCTHXEHHH KOTOPOTO CHCTEMA TEMITe-
PATYPHOTO KOHTpORA cOpackIBaeTCA B MCXOAHOS COCTOSHHUE. B clydae cOpoca no RKIKO-
YeHU nUTaHHA s LM75 yCTaHABNHBAIOTCA CNEAYIOUIME 3HAUSHHS MO YMOJYAHHIO:
Tos = 80°C; Tuyst = 75°C. Beayuee yeTpoHCTBO MOKET B 11000 MOMEHT CUMTATH MNO-
porospie BenuuHHbl Tos ¥ Tuyst depes uurepoeiic I’C TouHO Tak e xak u TeKyllee
3HAYEHHUE W3MEPEHHOMN TEMNIEPATYPHI.

Juana3oH AOMyCTHMBIX Temmepatyp Ans LM75 cocrasnser —25..,+100°C mpu
MAaKCHMATbHOM OTKJIOHeHHH £2°C umu —55...+125°C npu MakcuManbHOM OTKJIOHEHHH
£3°C.

Harunk LM75 Beimyckaercs B AByx BapuaHTax: LM75CIM-3 ¢ pafouum nanpsxe-
Huem 3,3 B u LM75CIM-5 ¢ paGounM HanpsbkeHueM 5 B. Mbl He Gynem 3uech pac-
CMATPHBATDL BCEX TEXHHYECKUX NAHHDIX, TAPAMETPOB M BPEMEHHBIX JHArPAMM MUKPO-
cxeMbel LM75, nockonbxy OpHrMHANBHBLIA MACAOPT Ha 3TO YCTpORCTBO KOoMNOaHWW Na-
tional Semiconductor HaxOAUTCA HA NPHUMATaGMOM K KHHMIe KOMMAaKT-aHMcKe B (aiine
Daten\LM75.pdf.

Pazmeulenye BeIBOAOB MUKpocxeMbsl LM75 nokasaHo Ha pHc. 16.45.

+Uo
TS LM75 LM75
<
7 Vs
o—=5 A sca [+ 8| Jvs
6 1,27
o—> a1 :
S
51 4 , a2 7:|Ao—r
3 .
0s b—=o os[|3 5 [ A1
2

——— SCL

1 Gnd [|4 5 | ] a2

Gnd ManorabapuTHei kopmye (SOIC),

| 4 BHA CBEDXY

Puc. 16.45. MoAkrioueHne Aarunka TemnepaTypsl LM?75 k wuke I°C

Beisogy OS (oTrirOUeHHe N0 NeperpeBy) COOTBETCTBYET BbIXOA C OTKPHITHIM KOJ-
nekTopoM 6e3 cofCTBEHHOro TIOATAMMBAOIIErO CONPOTHBICHUSA, W OH MOXeT ObITh NOA-
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KIOUEH K JTHHHKM TPephIBaHMs Bedyuiero yctpoiictea I°C. BHeunee noardrusaioulee
CONPOTHBIECHHE CrefyeT BHIOUPATh Kak MOHO GonbminM (Makcumym 30 xOwm), utobhbl
MHHUMH3UPOBaTh OIKOKY H3MepeHuii, o6yCIoBNIEHHYKO HArPEBOM KPHCTalNa BCAEACT-
BHE HE3HAYMTENBHOIO BBIXOAHOIO TOKA.

Uepes BRIBOABI Ay...A; HOMYYaloT TPH MIaguIMX paspsafa agpeca I'C MHKpOCXeMbI,
a yeThIpe CTApPLIHX paspsia MECTKO 3aianel BHyTpeHHe kak 1 0 0 1. ITonHocTsio dop-
MaT CeMMpa3pAIHOro afpeca BeaoMoro yerpoiictsa I°C ApeacTasien Ha puc. 16.46.

MSB LSB
1 0 0 1 A2 Al AD

Puc. 16.46. Agpec gatyuka temnepatypel LM75

IMonb3oBaTens MOKET 3a3aTb pexuM pabotel LM75 ¢ nomollsio perucTpa KoHOH-
rypauud. K rmpuMepy, MOxHO onpejenits pabory B pekHMe KOMITapaTopa Wik rpephbl-
BaHHA.

B pexume koMnaparopa Mukpocxema LM75 BpICTynaer B Ka4yecTBE TepPMOCTATa:
B C/Ty4ae npeBbliieHHs nopora Tos Beixon OS nepexoauT B akTHBHOE COCTOAHUE, a NTPH
NocTHxkeHrU nopora Tuyyst — B HeakTHBHOe. Kakoll ypoBeHb CUMTAETCd aKTHBHBIM:
nor, 0 unw nor. 1 — TaioKe NMpOrpaMMHPYETCA ¢ TIOMOIULI0 PErHCTpa KOH(HTYPaLyH.
B pexnme komnaparopa garuuk LM75 MOKHO HCMONB30BTH AN YTTPABIEHHs BEHTHISA-
TOpaMH OXJIK/JIEHMS HIIM aBapHIiHBIMH CHIHATH3aTOPaMH.

Ecnu B pexxuMe npepeiBanna OyneT npepbilieH nopor Tos, TO AKTHBHOCTD BBIXOAA
OS coxpanfaercs TONBKO A0 YTeHuR peructpa LM75 BegyuiumM yerpoiicteom I’C. Tocne
nogobHoro cbpoca Bhixod OS onaATh MOXeT nepeliTH B AKTHBHOE COCTOSHHE B Pe3yib-
TATE JOCTHXKEHHS HHXKHETO nopora Thyst (puc. 16.47).

Tos N

Temnepatypa ;

A z
Thver / . \_/ J—\u

08 — .
{pexxum KoMnaparopa) l_...___. -

s
i
H t
€
i

08 - - ;
(pexim npepbiBaHing) U U _I-

[
[ %
L 3

» Bpemn

") Zaeck Boixon OSF NERPEXQAMT B HEGKTUEHOE COCTOAHME TOLKD
B pe3ynsTaTe yTeHUs perucTpa LM 74 unu ocTaHoBa

Puc. 16.47. Noseaenve Boixoqa OS 8 pexnmax KOMNapaTopa ¥ NPEpLIBAHNA, BCMN AKTUBHOMY COCTORHUKD
GOOTBETCTBYET HU3KHA YPOBEHB CArHana
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U onste Takd, BeiBod OS ocTaeTcs B aKTHMBHOM COCTOSHHH A0 TEX MOpP, MOKA HE
6yner mpountan peructp LM75 eayumm yerpoiietrom 1°C WM natduk He npepeiiner
B COCTOSHHE OCTAHOBA.

[lapametpsl, BbIGpaHHbIE IO YMONYAHUIO NPH BKIOUEHUM UTaHus LM75, paccuu-
TaHbl Ha TO, YTOOBI TpH mnojade pabovero HamMpMKSHHS MHKPOCXeMa OKaszanach
B ONpeACNneHHOM COCTOAHHH.

®  DPEXAM KOMIApaTopa;

" Tos= SOOC, Thayst = 750C,
" aKTHBHOMY COCTOsHHIO Bbixoga OS cooTBeTeTBYET HH3KHH YPOBEHbL CHIHANA,
" BHyTpeHHHl yKazaTensb aapeca ycraHoBaeH B $00.

IIpy Takux napamerpax patyuk LM75 moxker paboraTh gaxke B aBTOHOMHOM pe-
*iMe (To ecTb, 53 KaKkoro-muGo coeAnHeHHs no wuHe I°C ¢ BeaywuM yeTpoHcTBOM).

Bo u3bexande norpewiHocTeH cpabaThIBaHHs, B perHCTpPe KOH(UrypauHH MOXHO
3anporpaMMUpOBaTh KOTHUYECTBO TOCASMOBATEIbHBIX 3aMEePOB, NPH KOTOPBIX (IPEBLI-
uaercs nopor Tgs, AOCTATOHHOE I MEPEBOa B aKTHBHOE COCTOsHMe Bhixoaa OS: ot |
{(3HaYeHHe No yMOIYaHHUI0) 1o 6.

PexuM 0CTaHOBA CHIDKAET YPOBEHb MOTpeONseMOro MHKPOCXEMOit TOKa OT THUMHY-
Horo 3HaueHus 250 MkA (MakcuMyMm | MA) B aKTMBHOM COCTOAHMH [0 MeHee, HeM
| MxA. ]9 mepexona B 3TOT PEKHM J0KEH ObITh ycTaHOBNEH B nor. | cooTBercT-
BYIOLUMH pazpad perHcTpa koHburypaund. [Tpu ocTaHoBe B peskHME MPEPLIBAHUS Bbl-
xoa OS nepexodMT B HEAKTHBHOE COCTOAHME, @ B PEXKHME KOMIIAPaTopa ero COCTOSHHE
He onpenenero. Ha Bpema ocTaHoBa MHTepgeitc I°C ocraeTcss aKTHBHBIM, @ PErHCTPI
“Tos”, “Tuysr” ¥ KOHDUTYPALMH DOCTYITHBI AN YTEHHS U 3ATTHCH,

CrpykTypa persctpa koHdurypauuu LM75 nokasana Ha puc. 16.48.

D7 D& D5 D4 D3 D2 D1 Do
Yucno npesbiwe- |MonspH. | Komn./ 0
° 0 0 HWii nopora 0S |npepes. cTanoe

Puc. 16.48. CTpykTypa perucrpa koHburypayun LM75
[Tpy BKAKOHEHHH MTUTAHWR BCE Pa3pA/bl 3TOTO perrcTpa obnynsaioTes, PaccMoTpum
HazHaueHue OTAeNbHbIX PA3PAA0B:

s D7...D5 — 3ape3epBHpoBaHsl, Beerna coneprkar nor. 0;

= D4, D3 — KOMWYECTBO NOCNEAOBATENLHEIX 3aMEPOR, IIPH KOTOPBIX MPERRIIAETCH
nopor Tos, nepesoasiee Beixoa OS B aKTHBHOE cOCTOAHNE (Talbn, 16.5);

* D2 —ecnu D2 =0, To akTHBHOMY cOCTOAHHIO BEIX0Aa OS COOTBETCTRYET HH3-
kuH ypoBeHb cHrHana, ecnu xe D2 = | — pricokuHi ypOBeHE;

® DIl —ecnu D1 = 0 — pexxum koMnapaTopa, ecin e D1 = 1 — pexwum ripepoi-
BaHHA;

= DO — ¢cnu DO = 0 — HopManbHbl# pexnm paborel. ecnd ke D0 = | — pexum
OCTaHOBA.
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Ta6nurua 16.56. Coueranus paspaaos D4 1 D3 peructpa koHdurypauun LM75

0 0 1 (1o ymonuaHuo)
0 1 2
1 0 4
1 1 6
Yerntpe perverpa gatauka LM75: “Tuyst”, “Tos”, “Kondurypauus™ v “Temnepa-
Typa” — QJPECYIOTCA ¢ NOMOLMUIBIO PErMCTpa-yKaiaTens, B KOTOPIH 3anuceiBaeTest co-
OTBETCTBYIOLLMH agpec (pHc. 16.49).
< HauHbie
Aapec
SCL e $03 T
N - HYST <ﬁ;
:% (qTeHMefsanuck)
SDA
- g 502 Toe C:D
E (qTeHMe/3anMcL)
= $01 | Kondpurypauns C:‘D
(MTeHME/3aMMCE)
A, i
Aree FemmcTp-ykaaatens $00 Tewneparypa
(TONBKO 9TEHKE)

Puc. 16.49. BHyTpeHHan perncTpoBan CTPyKTYpa AaTduka LM75

Ipu cHpoce no BKIKOYEHHIO TIHTAHHA PEerHCTP-yKa3aTenb NpHHUMaeT 3Hauenie $00
W YKazblBaeT Ha perucTp TemnepaTypel. Bce perMcTphi OJaHHBIX, 33 HCKIIOMEHHEM
“TemnepaTypa”, IOCTYIIHBI IS YT€HHA U 3aITHCH.

Pernctp ykazarens (puc. 16.50) cogepKuT HenocpeNCTBEHHBIN 1IeCTHAAIIATepHY-

HuIi aapec peructpa ($00...503), B KoTopsilt A0DKHZ OBITH BHINOIHEHA 34MTHCH HIIH U3
KOTOPOTO AOJDKHO OBITH CUMTAHO 3HAYEHHE.

P7 P6 P5 P4 P3 P2 P1 [ PO

0 0 0 0 0 0 Aspec pernctpa

Puc. 16.50. CTpyKTypa perucrpa-ykasarens

QopMaT OCTaNbHLIX PErMCTPOR [I0KA3aH Ha puc, 16.51.

D15 | D141 D13 | 012|011 (D10 DY [ DE (|7 | DE | D5 | D4 | D3 | DZ | D1 | DO

DBe |DB7 | OB8|DBS [DB4 | CB3 | DB2 | DB! |IDBO | X X X X X

Puc. 16.51, dopmat perncTpok “Taver, “Tos” v “TemnepaTypa”

Jepate paspsnos nanaeix DBS...DB0 npexnctakneHs! B $hopMme JOMONHEHHS 10
ABYX; OAMH MRAALIMHA paspaa coorteetcTBYeT Temneparype (,5°C; paspaast D6...DO
Miazmero nonybaiTa He onpegenetel (Taén. 16.6).
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Tabnuua 16.6. CoOTBETCTBNE TEMNEPATYP W BLIXOAHBIX 3HAYEHWA B perncTpe

+123°C 011111010 OFA
+25°C (00110010 032
+1°C 0 0000 0010 002
- 0,5°C 0 0000 0001 001

0°C 0 0000 0000 000
-0,5°C 11118 1111 IFF
-1C L1110 IFE
- 25°C 11100 1110 1CE
- 55°C 1 1001 6010 192

O6MeH 1aHHbIMY Hepes wrHy ['C noapobHo paccMaTpHBAETCS B MaBe 8§, H 0OTOMY
3/leCh Mbl 3aTPOHEM TOIIBKO CBOHCTBA, UMECIOLLIHE OTHOINEHU K aaTuuky LM75.

Hanusie u3 LM75 soryt ObiTb cumradHbsl aByMa cnocobamu. Ecnu perucrp-
yKazarenb YAHE COASpKUT KOPPeKTHBIH afpec, B ofepallid YTEeHHS Y4acTBYeT TOJIBKO
Daiit aapeca, 10 KOTOPOMY J0MXKeH ObITh YCTAHOBIEH B JIOT. | paspil, ¢ NOCIeIYIOLWUM
OaHTOM JTaHHBIX AN 3anucH/uteHns. Ecin ke ykasareis JOKEH OblTh HHUUMRTU3HPO-
BAH 3apaHee, TO NOCIENOBATENBHOCTE COCTONT U3 Galita ajpeca, GaliTa ykasarens, ve-
aoeus ReSTART, eute paz Gaiirta agpeca w 6GaiiTor fanHbIX. [lepebiM nocTynaetr crap-
wuil Bakit gaHeex (D15...D8), naunnag co ctapuiero pazpsia.

Cuurhisadue Gaiita Benylwm yerpolicTeom I°C NOATBEPKNAETCA NONOKUTENEHBIM
(nor. ) MM oTpuuaTenbHbIM (10T, 1) KBUTHpOoBaHHeM. CHrHAI OTPHUATENRHOTO KBU-
THPOBAHM H3BELLAeT Befyliee ycTpoiHcTBO 0 TOM, YTO OHO TOMBKO HTO MPOYUTANIO T10-
cnenHui Galit.

Ecnu n3 16-paspsanoro peructpa 6yaeT o omubke CHUTAHO TOTHKO BOCEME OmT, a
paspan D7 nocnenyromers Gaiira cogepsxur nor. 0, o gatunk LM75 moxer okazaTeca
B TAKOM COCTOSAHHH, B KOTOPOM Ha nvuHuH SDA Hajoaro sagepxures nor. 0. Dro Mmoxer
3abNOKMpoBaTh Nepenaydy no wuye A0 TeX nop, noka no JuHus SCK He Gyner npHHATO
no Medblliel Mepe OeBATh TAaKTOBBIX MMIyAbcoB. KpoMme TOro, eeayliee ycTpolcTBO
MOMET BbIpadaThIBATb TAKTOBbIE MMIIYJECH W N0 KAKJAOMY H3 HHX TMPOBEPATH NMHUIO
SDA fmo Tex nop, noka B Hel onATh He MOSBHTCA BLICOKMEH ypoBeHb curHana. Ilocne-
aviotlee yeaoerie STOP nepesoaut narunk LM75 B vcxoiroe cocTosHme,

BosmosxkHble BapuanThl 06Mena AanHbsIMM ¢ LM75 no mmse I’C mokxazaus Ha
puc. 16.52 — puc. 16.54 (S — ycnosue START; A — nosiomHTEIBHOE KBUTHPOBAHHE
(nor. 0); /A — oTpHuaTesnbHOE KBUTHpORaHUE (Jior. 1); P — ycnosue STOP).

OT EeayiLern OT seaywero
YreHue OT LM7S YCTpOACTRA YCTROACTES

< A:upnlaclaeém:mrb 1{A '(fTaf:umhﬁ'ﬁaﬁT' A 'Mha,ﬁmﬁﬁlﬁal}:r' AP
| 1 L 1 [ ] 1 { L [ i ] [l 1 [ [ 1 1 L 1 1

Puc. 16,62, TunuvHoe yTeHne 16-pa3paaHore PErvcTpa, KOrja yKkasaTeNb yxe COAEpNnT KOpPeKTHBIR agpec
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or Sair or or Qr eefywers 01 BEfYLerD
3anuce  LM7E yiagarena  LM7S ReSTART  UYreuwe LMIS ¥CTpOLTBa FCTRORCTES
Y. 4 } +

8 |Agrec separo s|twee sepouorolta] CrapuwiSair, [a] Mnaguuw b

Puc. 16.53. TunwuHbIi cny4ai yCTAHOBKW yKasaTens, 3a KoTopol chesyeT 40CTyN Ha YTedne 16-Th paapajos
{HanpuMep, TEMNEPaTypPbl, IHAYEHUA Tos UK Tuyar)

Or BafT or Banr o7
3amucs LTS ykasaTens LM74 KOHhUrypagum LhT7E

A ¢ A ’

5| papec eeaonoro o.&[goooooo 1{a[0]o [o|p4|pspofci|ro] 4| P

Puc. 16.54, TunuuHan uxreynanusauun 6ainta koHdurypauum

IpuMep Hcnons30BaHKs AaTanka LM75 B kayecTse BenoMoro ycTpoiictea [°C, ko-
rAa B KauecTBe BeAYLLEro yCTpOHCTBA BLICTYNAeT MUKPOKOHTpoOIep cemeicTra AVR,
paccMaTpMBaeTcsl HKe B pazaene “Hcnons3opaHne MHKpoKoHTposutepa AVR B kadve-
cTBE BeAyIIero yerpoicrea I2C”.

MoakmodeHrue K wune I°C cxembl SAA1064 ynpasneHus
YeTbipexpaspsagHeiM CBETOAMOOHbIM Tabno

SAA1064 — 310 MUKpOCXEMa, NpelHASHAYeHHAS [ YIIPABISHHS HEThIPLMS Cce-
MHCETMEHTHBIMH  MHIAWHKATOpaMH ¢ JecaruyHoit ToukoH W ofwWwmMM  aHomOM
B MY/IBTHILIEKCHOM DEXUME MIH K€ ABYMS HHAMKATOPAMM B CTATHYCCKOM PEKHUME,
B ee coCTaR BXOAMT WHTErpHpoBanubii nurepheiic 1°C, nossonsonimii o6pawmarscs no
YeTHIpeM aapecaM BeIyIvx yeTpokcTs. CHNa BRIXOAHOTO TOKA T OTAEABHBIX CErMEH-
TOB [IOACOE/IMHEHHOIO CBCTOAHOAHOIC HHAKKATOpa A0CTHTaeT 21 MA W nporpaMMupy-
ercd ¢ warom 3 MA. bnaromapsa BcTpoeHHOH perynupoBKe HATPY3KH 10 TOKY B CEKUHH
BLIBOJOB, OTHNAfaeT HeOOXOZMMOCTb BO BHELIHEM COTIPOTMBICHWM NS OTPAHMYCHHS
TOKOB UEpPE3 CErMEHThL.

HonycTiMilii Hanazon MUTAKOILEre HANPSKEHHS MukpocxeMmbl SAA1064 cocras-
ageT +4.5...+18 B npu TUNMYHOM 3HaueHHH moTpebngemoro Toka 8,6 MA, ecnu noa-
KIHOUEHH BCe cerMeHThl, Mul He OyzneM 37iech paccMaTpUBATh BCEX TEXHHYECKHUX AaH-
HBIX, [IAPAMETPOB M BPEMEHH&IX JHArpaMM MHKpocxeMel SAA1064, nockonkky opuri-
HalbHBIA IIACTIOPT Ha 3TO ycrpolcTao komnauu# Philips HaxonuTea Ha mpraaraeMoM
K KHMre KOMMAaKT-JHCcKe B thafine Daten\SARL064 . pdf.

Pasmernenue seiBooB Mukpocxemsl SAA 1064 nokasaHo Ha puc. 16.55.

Mnanue apa paspsaaa Al u AO BeloMOro ycTpodicTRa FC 3a/1a50¢T4 ¢ IOMOLIBIO
sxona ADR (BeiBoz 1 mukpocxemer SAA1064), a cTapluve naTh SKECTKO ONpeneneHbl
kak 0 1 1 1 0. Dopmar ceMMpa3paaHOro ajgpeca BEOOMOro ycTpoiictea SAA 1064 noka-
3aH Ha pHc. 16.56.
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PDIP

ADR 1 LY 24 P scL

Cer O 2 23 H SDA

Pa O] 3 22 B P16

P7 [ 4 2t B P15

Pe O] 5 20 A P4

PE O 6 19 A P13

PpaO 7 18 B P12

P3O s 17 | P11

P2 09 156 H P10

P1 O 10 15 | P9

mx1 O 11 14 B mMx2

Vee O 12 13 B Vee

Bua ceepxy

Puc. 16.55. KoHCTPYKUNA KOpNyca v pasMelleHne BulBO OB MUKpOCXensl SAA1064
MSB L.SB
0 1 1 1 0 A1l Al

Puc. 16.56. dopmar agpeca, Mcnonbayemoro mikpocxemon SAA 10684

YeTbipe paziiMuHbIX agpeca ONpeJenaroTCAd YPOBHEM AHANOrOBOIO HANpIKEHHs
Uapr, Noxatsoro Ha Bmeox ADR (Tadn. 16.7).

Tabnuua 16.7. Beifop 0AHOro U3 YeTeIpEX BO3MOXHBIX aapecos SAA1084 no yposHIo HanpaxeHNa Uaor
€ nomoLeio nepemsidek JPT . JP3 {puc, 16.58).

0B 0 0 BCTABJICHA M3BJIeYeHa W3BAEYEHA
1/3 Ve 0 1 H3BJIeYEHa H3BIeYeHa H3BICYEHA
2/3 Ve | 0 H3RNEYeHa H3BJICYEHA BCTABJIEHA
Vee 1 1 M3BJICYEHA BCTABJIEHA WIBJIEYEHA

TaxuM oBpazom, Mukpocxema SAA 1064 npenocTasaseT B pacnoOpMHKEHUE YEThIPE
anpeca ans foctyna Ha 3anucs (70, 72, 74, v 76,) U 4eTbIpe a,upeca JJIA AOCTYNa Ha
urenue (71, 734, 75, u 774).

ITopri) BBOAa/BRIBOAA SCL 1 SDA cOOTBETCTBYIOT COrAlLEHHAM WHHb 1°C, onu-
caHHbiM B rape 8. Mexny sxoaoM Cexr M “3emieli” BKIIIOYEH KOHIEHCATOP EMKOCTHIO
2,7 u®, nmpegHa3HAYSHHBIA AN PETYIHPOBKH HYaCTOThl MYJTbTHILIEKCHPOBAHHS.

B nunamiueckoM pexcuMe paboTsl BHIXOABI MyabTHIUIeKcopa MX1 u MX2 none-
PEMEHHO AKTHBM3MPYHTCA ¢ YacTOTOMH, BbIJABACMOH CHCTEMHBIM ocuunnsTopoM. B
CTATHYECKOM pexkuMe paboTel MOCTOAHHO BKMOYeH Brixog MXI1. BerxoaHolt kackan
COCTOHT U3 3MUTTEPHOTO MOBTOPHTENA, KOTOPRIH MOXKET HAMPAMYKO YNPABIAThH 001UMM
AHOJAOM CBETOAMCAHOTO HMHIWKATOpa, ecnd MofyyeHHoe mnotpedieHHe MOUIHOCTH
mensbiie npeaena 1000 MBT, nonyctumoro nas mMukpocxemel B kopnyce DIL. Ecnm 3To-
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ro rapaHTHUpOBaTh HEJB3A, TO CACAYET MPHMEHAThL BHCIHHME TPAH3UCTOPLIL, K4AK 3TO MO-

Ka3aHo Ha puc., 16.57.
+Vee +Hice

—— —— |
d dp d dp d dp d dp
Digit4 Digit3 Digit2 Digit1
g1 A8 g1 X'a
SDA +Vee
sSCL ”~ \
24L23 22 21| 20] 19] 18] 37| 16[15]14]13
+H/ee A @ v e o ooy
8aaa§a§aaﬂ§> -
d e c b a 0
R3 ] P g 8
47k LI p cr_'*;dpgfedcba‘_m%
] -—
- P22 pr e ernag 32
T 2] 3] 4] 5] 6] 7] &] 9] 10f 1112
o D ST 4] 51 ] 7] ] 9110
ot
R1
10k 43| -|-2,7nF
——

Puc. 16.57. Cxema cBeTogroAHOro Tabna, NoAKNIOYEHKOTo Yepea urTepdeic 12C, B AMHAMUYECKOM PEXAME

CermenTHbie Bbioabl P1...P16 BLIXOAAT U3 peryaaTopoR ¢cTabMIW3HPOBAHHOTO TO-
Ka, ANS KOTOPBIX CHIZ BLIXOAHOIO TOKA NPOrPAMMMPYETCS C MOMOLILKY Pa3pajios
C4...C6 peruvctpa ynpaBsneHus Mukpocxembl SAAT064 ¢ waroM 3 MA M MOXKET TOCTH-
rats 21 MA.

CerMeHT BKNIOYESH, €CITU B COOTBETCTBYIOLLEM pa3palie perucTpa NaHHbIX YCTaHOB-
Aena nor. | (cm. puc. 16.57). bnaroaapa Tomy, 4T0 BCe CETMEHTHI YNPABIAIOTCSA HE3ABH-
CHMMO JpYr OT ApYra, MOXKHO BKIIKOYATH OTASIbHBIE CBETOAMOAL], CO3AaBad TakuM obpa-
30M pa3/IM4HBIC 3HAKH.

Peructpel nanneix Digitl u Digit2 noctarneHbl B COOTBETCTBHE CETMEHTHBIM Bbl-
xopam P1...P8, a perucrpel Digit3 u Digit4 - sotsopam P9...P16. [1py 3ToM cTapiinm
pazpsazam D17 u D27 peructpos Digit] u Digit2 coorsercthyer oigog P8, a crapuium
paspaaam D37 u D47 peructpos Digit3 u Digit4 ~— BoiBog P16.

B crartuueckom pexxuMe paboTel CerMeHTbl ABYX CBETOAMOAHBIX HWHAMKATOPOB
MOJKMOYAIOTCA HenocpeacTeeHHo k BeiBonaM P1.. P8 (Digitl} unu P9... P16 (Digit2), a
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HA WX O0WKiA aHO) ro/lacTes Hanpskenne Vee. Brisoael MX1 u MX2 ocTarores He-
MOAKIEOYEHHBIMH, 8 BBIBOI Cpxr COCAHHEH ¢ “3eMuei”.

PerucTp ympaBieHus COOepHT ceMb paspsaaos yipasienus C6...CO:

= C6— eciu C6 = 1, TOK 4epe3 CerMeHT MOBBIIAETCS Ha 12 MA;

v C5—ecii C5 = |, TOK Hepes CerMeHT MOBBILIAETCA Ha 6 MA;

* (C4 —ecnu C4 =1, TOK 4epe3 CErMCHT MOBBIIAETCS Ha 3 MA;

» (3 —ecnu C3 =1, To BCe BHIXOABI C HENIBID TECTUPOBAHHSA BBILAIOT TOK, 3a/1aH-
HBIF ¢ MOMOLLEIO paspsgos C4...C6;

= (C2— ecnu C2 =0, To paspank Tabno 2 v 4 oTKIIOYAKOTCA, B MPOTHBHOM CAY-
yae — BKIIOYAKOTCA;

» Cl —ecnu Cl =0, To paspsgel Tabno t v 3 oTkIrO9aIOTCA, B IPOTHBHOM CJTY-
uae — BKJIFOHAIOTCH;

C0 — ecnu CO = 0, To Muxpocxema paboTaeT B CTATHYECKOM PEXUME, H [10CTO-
AHHO BKJIFOUeHb! pazpaasl Tabsno 1w 2. Ecu CO = 1, To MuKkpocxeMa pabGoTaer
B AMHAMHYECKOM PEXKUME, U MYJILTUILIEKCHPYIOTCS (TO €CTh, MONIEPEMEHHO
BIITIOYAOTCH) paspsaasl Tabno 143 u 2+4.

Yernipe perucTpa AamHelx W perucTp ynpaeneHna SAA1064  agpecyiores
C IOMOIIBI0 PerucTpa-ykazaTesd, B KOTOphIH Tpebyembiil aapec 3annchIBACTCA B BUIE
Oaifra-uHTpyKiud (puc. 16.58).

HauHbie
Anpec
O $04
= Digit 4 <',:
" ’% $03
SDA g Dighd (=
£ $02 y
x —— Digit 2 —
01
L pigt 1 K==
Adpec $00 Peructp
Perncrp-yiaaareng yRpasneHis Q:

Puc. 16.58. BHyTpeHHAn perucTpoRas CTpyKTypa MUKpocxeMol SAA 1064

ITocae cOpoca NO BKITIOYEHHIO TUTAHUS 3TOT perHcTp conepkuT $00 (viaspiBaer Ha
peructp ynpaenehud). [locne aocryna Ha 3anuch yKalaTe/lh 2BTOMATHUCCKH YBEJIHYH-
BaeTcsA Ha 1 (ABTOMHKPEMEHT), a BC/IC/ 33 COCTOSHHEM CHETHHKA 7 HIeT cocTonHue 0.

BalT-MHCTPYKLINA COOSPKUT TPH afipecHbix pazpsaa SA...SC, opmupyrommx aa-
pec ykazaTens:

[ o [ o T o T o T o ] sc [ sB [ sAa |
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H3 SAA1064 moxwHO cunTaTh OaliT COCTOAHMA, B KOTOPOM HH(OPMALMOHHYIO Ha-
IPY3Ky HeceT TONbKO celbMOH paspan — dnar copoca nuTanua. Eciau oH ycraHoenen
B for. 1, TO 3TO YKa3bIBAET HA TO, YTO CO BPEMEHH NMOCNEIHero ureHus Gafita cocrosHns
66110 3adpUKcMpoBaHO 3MeHeHHe unu cboil B nofade nuraHui. B pelynbrate cuuThl-
BaHuA 3TOT OaliT obHynsercs.

[Tpy noctynieHMd curHana cbpoca MO BKJIIOYEHHIO ITHTAHHA BCe PErHCTpbI
SAA1064 obnyIa10TCA, 32 MCKTIOUeHHeM dutara c6poca MUTaHHA, KOTOPbIH YCTaHABIN-
saeTcd B JoT. 1.

O6Men gaHHbIMH 10 wrHe 1°C yike 6biT NOAPOGHO PACCMOTPEH B rnase §, U MOTO-
MY 3/IeCh MBI 3ATPOHEM TOMBKO CRONCTBA, XapakTepHble A MHKpocxeMbl SAA1064.

Hoeryn k SAA1064 Ha uTeHHe 3aKTHOYAETCA TOJLKO B flepeiaye BeIyIMM YCTpPO-
CTBOM allpeca, Ha KOTOPbIit BeIoMOe YCTpOHCTBO OTBEHAET OUTOM KBUTHPOBAHHUA, NOCTE
Yero BeAylllee YCTPOHCTBO CHWTBHIBAET NepelaHHbI BeAOMbIM YCTpOHcTBOM OaliT co-
CTOAHHA M TOATBEPHKAACT €ro NOMydeHHE OTPUUATETLHBIM KBHTUPOBaHWEM (nor. 1),
uToG K1 BEAOMOE YCTPOHCTRO PACTIOZHANO 3ABEPILEHHE ONEPaUMH uTeHus (pHc. 16.59).

S - yonoewe START, A - nohoxutensroe kKerTHposaqwe (for, );
fA - oTpuuETENEHOE KBWTMROBEHKME (nor. 1), P - yonosue STOP

OT BegyLWETD
Mrewwe Ot S5AA1084 yeTpoACTRA

N ¥ v

T T T T T L] T l.‘ T T T T T —
§]Aapec eegomoro |4 |Al  Dadt cocToAMnAa  |a|P
LI Lt L1 | S [] L 1

Puc. 16.59. Yrenue segyyum ycrpoincteom BaiTa coCTORHWA

B cnyuae fgocTyna Ha 3amuck NOCAEACBATENbHOCTE Ha4yMHAeTcs ¢ OaiTta ajpeca,
nocne KOTOporo cielyeT HaHT-MHCTPYKUUA AMA HHHULMANM3ailMy yrasarens. Cnenyro-
widH 6afiT 3amHCHIBAETCA MO AAPECY, HA KOTOPLIA YKa3biBAET yKaszaTensb. [locne Kamaok
3aMMCH yKkazaTenb, Omaronapa GyHKUHM ABTOMHKpEMeNTa, yBenuuuBaercs Ha | M, Ta-
KHM 00pa3oM, anpecyeT creayolyo sueiky maMati. 3a 6alToM-HHCTpYKUMel chiemy-
eT OaliT ynparneHns, a 3a HUM — OalTsl AaHHBIX (puc. 16.60).

G- yonoswe START, A - nOROXUTeNLHOS KewTUpoBaMne (nor )
fA - orpruatensHoe kerhpopakke (nor 1) F - ycnoswe STOP

0T Banr oy Or or D7
Urenne SAAI0BSA yrazatena SAAN064 SAA;UE# S#:Aiﬂad SAAI0G]
{sfaarze peaquordo | afofofofofofscisefsala) Bar yrpaesemin [al | oatr, ,  fa| [, geit, , | [a[7]

Puc. 16.60. Tunuusbin cnyyail AocTyna Ha 3anuch 8 SAA1064

Ecnu gonxkHb! GbITh TONBKO BhIBENEHB! LKWGPLI Ha Tabno, 0e3 H3MEHEHHS pekHMa
paboThl, To HaNTHI JaHHBEIX MOTYT CIEI0BATHL Cpa3y XKe nocne GalTa-HHCTPYKUHK.

[pumep paboTel MHKpocxembl SAA1064 B kauecTBe BenoMoro ycrpoiictea 1°C,
KOT/la B POJTH BEAYLIEro BHICTYNAaeT MHKPOKOHTpOiep ceMeicTea AVR, paccmarpusa-
€TCH B CENYIOLIEM pa3aene,
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Ncnons3oeanne MukpokoHTponnepa AVR B KauecTse segyuiero
ycTpoiictea 12C

B 3ToM npumepe JeMOHCTPHpYETCS CUMTHIBAHHE TeMINEPaTyphbl, H3MEpeHHo#H aar-
yukoM LM75 (cM. Buie paizgen “lloaknioueHue K LIHHE ’C narunka TEMIEePaTyphbl
LM757), ee o0paboTka W rMOCNeAYKMIHHE BLIBOA B cXemy ynpapneHuds SAA1064 (oM.
npeabiIy Ui pasaen).

3r1a nporpamMMa Obina BeefleHa B MuKkpokoHTporiep AT90S8515 u nporectuposa-
Ha ¢ noMowwio Moayna STK200. Buieoay PB0O cooreercTeyeT nnang SDA, a BriBOAy
PB1 — nunua SCL, k KOTOPBIM AN JAHHOH UE/IH TIOAKMOYEHB! NIOATATHBAIOUIHE PE3N-
cTophl conpoTurieHneM 4,7 kOM (puc. 16.61).

/oo /oo

ATk 4,7k
PED SDA
PB1 SCL

STK200 ¢
AT9088515

LM75
SAA 1064

Puc. 16.61. Nogkmovenwe moaynei k STK200 no wuHe 12C

Cxema noaxmouenus Moaynsg SAA1064 nokazana Ha puc. 16.57. Ina yeranoeku
aapecoB BcTaBieHa nepemsiuka JP2, uto cooreercTRyer aapecy zanucu $76 W agpecy
uretns $77 (cm. Taba. 16.7). Tok, norpebngemuii SAA1064, He MoxeT GuITh obecre-
ueH mofynem STK200, nosroMy HCIONBL3YETCS BHEIWHNA HCTOYHHK HATIPAKEHUS.

[MpunnMnuaneHag cxema mozyns LM75 nokasana va puc. 16.45, Jlng toro utobsl
nonyunTh anpec 3anucu $90 v anpec yrenns $91 kakauiit 2 Bxonos Beibopa azpeca
(A0...A2) coeguuen ¢ “zemnedi”. Brixoa OS He ucionb3yercs U 0CTaeTes HE NOAKIIO-
YeHHBLIM.

CTpyKkTypa nporpaMMbl COOTBETCTBYET puc. 16.62.

3anuck yepes uHTEpdeiic 1°C Beeraa BEINOIHAETCA TI0 OTHOM H TOM e CXeMe, [10-
ITOMY €€ palMOHANBHO MPe/ICTaBHUTL B BHJEe OfHOR Henoil uacTH, He3 pazbuenuns Ha He-
CKONBKO NOBPOrpaMM, HOCKOJNBKY IIPH KaX(IOM BBI3OEE NO/NPOTPaMMbL TPATHECS 0-
NOTHUTENLHBIX CEMb TAKTOBLIX LMKJIOB Ha BBIMOIHEHHe KOMAaHM call M ret, Takum
o6pa3oMm, OANporpaMMa, coOTBETCTBYIOLNASN MPOLIECCY 3allHCH, DyIeT npoXoauTh Mak-
CHMA/IbHO BO3MOXKHEIH NYTh. NOJHYIO NOCAEAOBATENLHOCTE OT YenoBus ReStart uepea
3anuck OaifTa [0 CYUNTBIBAHKMS OTBETA REJIOMOrQ YCTPOCTBA (KBHTHPOBAHHE ).
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ReStant ) ( ReadByte )

FoToBUM Cuntbigaem Gaiit
yenosue H2 BEAOMOTO
cTapra

( SelAck
( Start

CynTEIBAGM
Mepeaaem yc- KBUTUPOBaKHE
JNoBue cTapTa OT BeAyLlero
( WriteByte )-» l
. ( Beixog,
3anuck Gaita
B BeAOMOSe
( GetAck )—» ( Slopp
¥
CyuTbiBaem
KBUTHpOBAHUE CumreisaeM yc-
OT BOAOMOID NOBVWE OCTaHOBE

(o ) ( ewon )

Puc. 16,62, Bnok-cxeMst NOANPOrRaMM ANA 0BpaLieHus K UnTepdeiicy I°C Ha aanucs u uTeune,
a Taloke ANA yCNoBWA CCTaHCBAa

HOCKOﬂbe npoueccy 3anucu HE NMpeRIHCCTRYCT U3MEHCHHUE HAMNPAaBACHHUA nCpeaa-
yH, koTopoe noTpedorane Okl NOBTOPEHHA YCIOBHA cTapTa (ReStart), To npouenypa Ha-
YHHAETCHA FIPOCTO NEePexoloM K MeTKe Start. AHAIOTMYHO, ecov HeoGxXoauMo nepe-
CAaThk TOABKO oqepem{oﬁ HaiT u3 NocieAO0BATENBEHOCTH HECKOJIBKHX GQﬁTOB, TO A0CTA-
TOUHO MPOCTO TIEPeHTH K METKE WriteByte.

Kaxmaﬂ 3alKCh 3aBCplIaeTCad CHHTRIBAHHEM ouTa KBUTHPOBAHUA, MTOAYYEHHOIO OT
BeoMoro ycrpoiictea. Ecitn aToT OUT coaepxknT sor. 0, To 3TO O3HAYAET, UTO NepelaH-
HuliY GaiiT Gbt1 npHuAT KoppekTHO. Ecnmyu ke Benyuiee ycTpOHCTBO NOAYHaeT B OTBET
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nor, 1, To 3T0 03HAYAET, YTO COOTBETCTRYIONEE BEAOMOE YCTPOHCTBO OTCYTCTBYET HIIH
3AHATO, HJTH XKE YTO Npoxzcwes cOoi Bo BpeMs nepeaayn.

MMocne ycnoeust Start uau ReStart npu nepeaaye uepes UHTepdeHc I’C Bceraa cne-
ayet oSpatieHUe Ha 3alnuck K BEAOMOMY YCTPCHCTBY, AN HErc OTIPABISETCH aapec, U
TONLKO TIOCNE ITOTE MOKeT ObITh OCYINecTBIEH AOCTYN Ha YyTeHue nepeoro Oaiita. to-
ITOMY NOAMPOrpaMMa, KoTopad obpallacTes K BeROMOMY YCTPOMCTRY ANS YTEHWS. Ha-
HUMHAETCS HEMOCPEACTBEeHHO ¢ uTeHHs OailTa, mocnae yero caeayer nepenada OHUTA KBH-
THPOBAHHA BeAYIUM yeTpoideTROM. Eenun nocne ofpallienust Ha yTeHHe Beayluee yoT-
POMCTRO 3aX0OMET OPOYUTATL elle 0AuH DaliT, oHe, Kak NpaBWIo, nepelaet OUT NoNOKN-
TENILHOr0 KBRUTHpOBAHHUA (10T, 0}, ecriy JKe OHO XOUYET 3aBEePLUWTE JOCTYN Ha YTeHHe, TO
nepenaeT OUT OTPULIATEABHOIO KBHTHpOBAHUS (Jor, 1),

[Tepeaava 3arepiiuaercs YCJIOBHEM OCTAHOBA, MEPEBOAAIIAM LIUHY B KIYILAEA pe-
skiM. Tlosubli HCXORHBIH TEKCT NporpaMMel NEepeaavdr A2HHBIX vepe3 WHTepdeiic I’C
MpencTaBiieH B CIEAYIOLLEM JTHCTHHIE.

WmR dpaitna Ha NPUNAraemMom K KHUre KoMnakT-nucke: \Programm\1615MSTR. asm

prrxk Yenone30BaHve ATO0SE8515 B KauecTBe BEIYURTC YOTROMCTBA L2C *xxkxt s

-
r

Uncras nporpaMMHas peanvsalnd Bedyumero yorpoicreo 12C o nomombn ATZ0S8515.
IT0T Master uepes PABHOMEDHHE NPOMEXYTKM BPOMeHM ONpalMEAST TeMNepaTypy C©
NOOKIIOUEHHOTO K IMHe I2C menmoMoro jatumMka LM?S W BLIBOIOUT €2 NO TOW ®e wiHe
Ha BeOoMyl MMKpocxeMy SAALOGA. L HaTVADHOCTM MCIOIbEYeM CHCTEMy ¢ OIHMM
BEOVIMM YCTPCHCTBOM.

DYHKIMO peanrayeM 03 UCNONL30BAHMA TpephsaHmi AVR.

Taw OOpasoM, BCE MPEPRBAHWA MONHC WCNONR3CBATL IAA OPYIHMX USNel.

[lpmep HarmMcad ONIA MMKPOKOHTpomepa ATH0S8515, omHako, nNOCKOABKY, U3 BCeH
annapaTHol nepubepny Mcnonezyetca Tonexko T/CO, OH NPHMMeHMM IUTE BCEX
MUKPOKOHTPONNEDOBR ceMedcTra AVR.

e N e me he e m s
P T

~

;* TaxToBas HaCTOTa MMKPOKOHTpONAepcrk AVR: 4 MIu (CranmapT STK200).

’-*

;* Honoporpatel, KOTOPHE MOTYT ORTE HMCOOAEICBAHE B APYDTHX CIVUAAR ORMMEHEHM :
’-*

;* > ReStart: Cospaer HOBCE yCIIOBMe CTApRTa; INOJMKHA CIeIOBATH HENOCReICTBEeHHO
H neper nognporpaMmol "Start™.

;* > Start: llepenaer yCHOBUE CTapTa M ampecC BeloMOTS YCTROHCTBA, XpaHyMe
Hd 2 "dbyt"; pDomxHa CreOoRaTh HENOCPEOCTBEHHO

i ¥ nepen noanporparaoli "WriteByte".

;* > WriteByte: l[lepemaer BeOoMOMy YCTRCHMCTBY DalT, xpadmderr B "dbyt™;

b IpK CUXTHEBAHMU 3HAYERUA C BRIOMCOTC YCTROWCTBa IOJKHA CHellOBaThH
p HeNoCpencTBeHHO [epen nonnporpamvoir "GetAck™

p* > GetAck: CunthiBaeT CUT KBATMDROBAHMA.

7* > ReadByte: CuurnBaeT 0alT C BeOOMODC YCTPOMCTEA, 3anucHBaeMEl B "dbhyvt™:;
Pl npM Bepaye OMTa KBMTULOBAHMA BeAyliM YyCTRORCTBOM NOJDFHA

H CIlefoBaTh HEeNOCPenCTBEEeHHO nepen noliporpamon "SetAck™

;* > SBetAck: BeBOoOoMT GUT KBUTHURORAHMH OT Benyllenc yoTrpolcTsa.

i* > Stopp: ZapepiiaeT Neperavdy Bruadeil yCIOBMsS SaBepieHus.

.k
;

,-*****************************k******************************kk****k*k****

.nolist
.include "8515def. inc"
Llist

.def tropl = rlé ; Paboumit permcrTp
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.def time = r17 ; CueTuMK UMKIIA SalepKKd

.def dbyt = ril8 ; BalT maHHRIX JUIS Oepenaur o umMHe I12C
.def Flg = rl2 ; OnaT OpOTPaMMED

.def Dig43 = r20 ; Uueper 4 u 3 gns BHBOLA

.def Dig2l = r21 ; Umbpwr 2 M 1 s BeBOHA

; dmaru B permcrpe Flg:

.equ Ack = 0 ; dnmar KEBMTHUpOBaHMA = paspsan 0
.egu DP1 = 4 ; JecATH4dHAas TOukKa LMOPH 1
.equ Dp2 = 5 ; Hecarwynas Touxa wadper 2
.equ DP3 = 6 ; HecaTuunas Touxa rdper 3
.equ DP4 = 7 ; HecaruuHas Touka uudper 4

; Bxromp/Bexom 12C:

.equ ShA = PBO ; 8DA = nopt B / paspsan O

.equ SCL = PRl ; 8CL = nopt B / paspsan 1

; A-peca BeIOMeX YCTpodcTe I12C:

,equ DisphAdr = $£76 ; Anpec SAALQ064 (Bemonm ADR (1) — Veco
.equ TempAdr = $90 ; Ampec IM75

; MaxpoonpeneneHusa:

.macro SCL Up ;
cbi DDRB, SCL ;
.endmacro

.macro SCL Dwn ;

Hapacraoumit ¢poHT SCL
SCL - BHCOKOOMHEIA

Hucrianawups ¢gporT SCL

sbi DDRB, SCL ; SCL = qnor. O
.endmacro

.macro SDA Hi ; Ycranoeska SDA B 1
cbi DDRB, SDA ; SDA - BEICOKOOMHBIA
.endmacro

.macro SDA Lo ; YcraHoexa SDA B O
sbi DDERB, SDA ; SDA = mor. 0
.endmacro

.cseq

000000 chcbh rjmp Initial ; HNocne cBpoca - x ImaBHOl OpoTpamMe

Wait250: } Bapnepwxa Ha 250 Mc
000001 e0QO ldi tmpl, 0 ; 3BarpyxaeM MHTEDPBATN BpEMEHM
000002 bfo2 out. TCNTO, tmpl ; MEmnmamaupyem T/C0
000003 e002 1di tmpl, 1<<TOV0 ; BarpyxaeM CUTOBRYI NO3MLMIo tnara TOVO
000004 bE08 cout TIFR, tmpl ; COpacuraem dnar TOVO
000005 014 1di time,4 i 4 ofpameHusa x TaliMmepy
Wait:
000006 b708 in tmpl, TIFR ; M3BnexaeM cogepzuMoe permucTpa TIFR
00Qu07 ££01 sbrs tmpl, TOVO ; lponycxaeM ClEOYOUYED KOMAaHIY, eCJIHM
; [IPOMBONNIO NepenoJiHeHMe TaiMepa
000008 cffd rimp Walt ; Jansme oxunaceM NepenosHeHMA
000008 e002 1di tmpl, 1<<TCV(0 ; 3arpyxaeM SUTOBYIO DOo3MUME dmara TOVO
00000a bfog out TIFR,tmpl ; Copacemaem dmar TCOVD
00000k 951a dec time
00000c £7c¢9 brne Wait ; 4 npoxcpa = 250 mMmc
00000d 9508 ret
Waitbus: ;o lin zamepxrn 5 mxc nmpu £ o= 4 MIY
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00000e <014
W5:

00000f 951a
J00010 £7f1
000011 0000
000012 9508

Waitdus:
000013 013
Wi

000014 951a
000015 f7f1
000016 9508

ReStart:

1di time, 4
dec time
brne W5
1nop

ret

1di time, 3
dec time
brne W4
ret

006017 + SCI Dwn

000018 0000

nop

000019 + SDA Hi

00001a 0000
00001b dff2
00001c COCC

nop
rcall waitbus
nop

00001d + SCL Up

RS1:

00001e S%bbl
00001f cffe
000020 dfed

Start:
000021 + 5DA

sbis PFinE, SCL
rijmp RS1
rcall waitSus

Lo

000022 AFE0  reall waitdus

WriteByte:
000023 2408
ooo024 1f22
000025 <001
WriteBit:
pooozée 0fz2
bitl;
000027 £f069

sec

rol dbyt
rimp bitl
151 dbyt

breg GetAck

000028 + SCL_Dwn

000029 f418
00002a 0000

brcec WriteLow
nop

000020 + SDA Hi

00002¢c c002

WriteLow:
006002d + SDA

rjmp SCL High

Lo

00002e ¢000  rjmp SCI_High

SCL High:
00002f dfe3

rcall waitdus

000030 + SCL_Up

WB1:

000031 Sbbl
000032 cffe
000033 dfda
000034 cffl

sbis PinB,SCL
rimp WBl

rcall waitSus
rimp WriteBit

7

r

’

H

x 3 Takra + nop + rcall + ret
20 TarTOB

Iukn sanepxxit 4 mxe npm £ = 4 ML

3 x 3 maxra + rcall + ret
= 16 Taxron

MopTOpseM YCICBUE CTapTa
Hucnanammat ¢port SCL
YcradHoeka SDA B 1
LMk 2alepiKi
Hapacamoumit $poHT SCL
CocToAHME CERMIOEHME BeOOMODO YCTpoWcTBa ?
HuKIT 38 08pRKA
SDA = 0: yclioBue crapra
IMRIT 3a0epxKH
3anuck CafTa B BeOOMOE YCTRCHCTBO
duar nepedHoca T = 1
Coeuraem Bneo, C~»>LSB, MSB-»C
Occbas obpaboTka pazpana 1
Ecnu dbyt nycron,

. TO Iepelada 3aBeplieHa
Hucnanammor $podT SCL
Nepexon, ecin dmar C = 0

UTofH ypaBHOBRCUTE BPEMA BEIIOIHEHMA
Ycranoerka SPA B 1

YcrakoBka SDA B 0O
Yrofe YPABHOBECHTE INUTENLHOCTL TaKTa

OxKs 3anepERKM
Hucnapawumii ¢poaT SCL

CocTodAnMe CEMIAHMS BEIOMOTC YCTpPOHCTBa 7

UK 3anepkKn

2R — 5-2384
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Gethck:

000035 + SCL Dwn

000036 + SDA_Hi

000037 dfdé rcall walt5us
Q00038 + SCL Up

GAl:

000039 Sbbl shis PinB,SCL
00003a cffe rimp GAl
Q0002Zb Tf3e chr Flg, l<<bck
00003¢c 99b0 sbic PlnB, SDA
00003d 6031 shr Flg, 1<<Ack
00003e dfd4 rcall waitdus
00003f 9508 ret

ReadByte:

000040 =021 1di dbyt, 1
RB1:

000041 + SCL Dwn

000042 dfca rcall waitbus
000043 + SCL_Up

RB2:

000044 9kl sbis PinB, SCL
0C0045 cife rijmp RB2Z
000046 dfco rcall waitbus
00047 9488 clc

000048 9900 sbic PinRE, SDA
000048 9408 sec

00004a 1£22 rol dbyt
00004h £7al brce RBL
SetAck:

00004c + SCL _Dwn

00004d ££30 shrs Flg,Ack
00004e c0O02 rimp SAL
00004f + SDA Hi

000050 cO01 rimp SAZ

3A1:

00005%L + SDA Lo

SAZ;

000052 dfba reall waitbus
000053 + sCL Up

SA3:

000054 9bbl skis PinB, 5CL
000055 cffe rijmp SA3
000056 dfbe rcall waitbhus
Q00057 9508 ret

Stopp:

000058 + SCL Dwn

000059 + SDA Lo

00005a dfb2 rcall waitbhus
00005b + SCL Up

Q0005¢ dfbo reall waitSus
00005d + SDA Hi

00005e dfae reall waitbus

; uar Ack =
; Fcma SBA =

; CuyTeBEaHMe OMTa KBUTUPOBAHUS OT BEAOMOTG
; Hycrnapamoumii gpoHT SCL
; SDA ~ BRCOKOOMHOS COCTOAHUES
7 LUK 3anepxKy

; Hapactamoupit ¢poHT SCL

; COCTOAHME ORVIAHNS BENOMOTG yCTpOﬁCTBa 7

’

1

[ -]

har Ack

; LUKII =2anepsky

; HasHadaem B kKAWeCcTpe CUeTUMKa OnTOoB

Hucrnamawoman dporT SCL

; MK 338 0epwru
; Hapacrawoupit ¢poHT SCL

; COCTOARME OFMOAHMA BEIOMOI'0 yCTRPOUCTBA 7

¢ VKT 3aiepXiKM

; dpapr C = 0
; Ecom SDA = 1
; CQnmar C = 1

; CoBMTaeM NMPOYMTAHHEIM OMT B DaidTe
; Mepexon, ecny UTeHWEe He B3aBeplieHO

; Bemon Oura KBUTHMROBAHMA
; Hucnapawoup pponT SCL

; liponyckaem CIeIyy®n KOMaHIy,
; Nepexcn, ecmm Ack = O
; YocranoBka SDA B 1

; Ycranoeka SDA B O

; Mk 3aIeprxy

Hapacramounigl dpoHT SCL

; CocToAHMEe ORMOAHMA BEIOMOTO yCTPOICTBa 7

; IMKII 3anep®rM

; Bemon ycnopeus ZaBeplcHA

Hucnamawoumit ¢ponT SCL

; Ycmanorxka SDA B O
;UMK 2agepsry

; YcradHoeka SCL B 1

; UMK 3aaepEKy

; Hapacrawupit dpoxrT SCL
;o LIMEIT 3anessicy

ecnu Ack=1
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00005f

9508

InitDisp:

000060
000061
000062
000063
000064
500065
G00066
000067
000068
0600069
00006a

el26
dfbe
£d30
9508
e(20
dfbc
fd30
9508
e?27
dfk8
9508

OutDisp:

00006b
0000ec
00006d
00006e
00006f
000070
000071
000072
000073
000074
000075

000076

oocat
000078
000078
00007a
00007b
0QQ007c
00007d
00007e

00007fE

000080
000081
000082
000083
000084
000085
000086

oooos?

000088
000089
00008a
00008b
00008c¢

el2é
dfb3
£d430
9508
e(21
dfbl
£d430
9508
2f05
700f
dOle

fd34

6820
dfa9
£d30
9508
2£05
9502
700f
dols

f£d35

6820
dfaol
£a3d
3508
2104
700f
dgod

fd3e

6820
dfes
£d30
3508
2£04

ret

idi dbyt,DispAdr
rcall Start
shrc ¥Flg,Ack
rat

idi dbyt, $00
rcall WriteByte
sbrc Flg, Ack
ret

1di dbyt,$77
rcall WriteByte
ret

1di dbyt, Dispadr
rcall Start
sbrc ¥lg,Ack
ret

1di. dbyt, $01
rcall WriteByte
sbrc Flg,Ack
ret

mev tmpl, Dig2l
andi tmpl, 30F
rcall Get7Segm

sbrc Flg,DPl
sbr dbyt, 1<<7

rcall WriteByte
sbrc Flg,Ack

ret
mov tmpl,Dig2l
swap tmpl

andi tmpl, $COF
rcall Get7Segm

sbrc Flg,DP2

sbr dbyt, 1<<7
rcall WriteByte
sbrc Flg, Ack
ret

mev tmpl, Digd3
andi tmpl,$0F
rcall Get7Segm

sbrc Flg,DP3

sbr dbyt,1<<7
rcall WriteByte
sbrc Flg,Ack
ret

mov tmpl,Digéd3

; Hepenavya GafiTa ynpaejesusa B SAAL064
; Anpec SAA1064, HanNpapJeHME - BaMNMCh
; TlepenmaeM yCJOBME CTapTa + afgpec BeIoMOTro
: [ponyckaeM CHSQyXHYO KOMAHAY, ©CiM KBUT.

Japepllaed, CCAM OTPHUATRIBHOS KBHTHPOD .

; lloganpec — perMcTp YOpaBJIeHHMs

: Tepenaem

; [ponyckaeM ClefyoUy® KoMaHOY, eciid KEUT.
; 3apepmaeM, £CNM OTPHMUATENLHOS® KBHTUPOE.
; MakcyM. TOKR, BRBOL UMOpP, IDMHAMMY. DEAMM
; llepenaem

; Bemron 4-x umbp B SAARLO64

; BAnpec SAA1064, HanpaBraerMe - Barmmch

H HepeﬂaeM YCICBMe CTapTa + agpec BeloMoDo
; NporyckaeM CRemynlyld KOMaHIY, &CclIM KBUT.
i BaBepmaemM, ecnM COTPUMUATENLHOE KBUTHOOER.
; Hopampec = Digit 1 ’

; llepemasm

i [lponyckaeM CIeOyKIHyEK KOMaHIOYy, E€CHM KBUT.
H BaBeleEieM, elllM OTPMLATEIIBHOE KBMTHUPCE.
; Limopel 1 (Mnammias) © 2 {cTapwas)

; Oumnaen crapupdil nosayGadr (umdpa 2)

; BarpyxacMm 7-CeDTMeHTHEM KOO MIAMISIO

; nonmyBaiira

i Hponyckasem CIeOyOLyd KOMaHLY, eChyu

B uudpe 1 HeT NeCcATHYHOW TOUKH

; YCTaHABIMBAEM IOeCATHYHYIC TOUKY

; llepemaem ungpy 1

; HponyckaeM CIemyouylD KOMaHIy, eCJt KBUT.
; SBaBepliaeM, e€CIM OTPULATENBHOS KBUTUDOER,
; lmppsr 1 (Mnamwas) u 2 {crapmad)

; MeHAeM MecTaMy MPIAIWYIC M CTaAPy® (UOPH

; OummaeMm crapuptit rionytair (Lmdppa 1)

; BarpyxaeM 7-CerMeHTHEM KOO MIamuero

; nonySaira

i IlponyckaeM CHEOyOUYK KOMaHIy, €CIM

; B mudpe 2 HeT ASCATMYHON TOUKM

; YOoTmaHaBIMBASM IECATHUHYIO TOUKY

; Tepenaem umndpy 2

; TponycraeM cHenyrilyld KOMAaHIY, eCji KEUT.
; Bapepmwaem, ecnu OTLUMUATENLHOE KEUTHROR.
; oper 3 (Mmmamwas} 4 {crapwas)

; Ouumaem crapimi aonydanT (umubpa 4)

; Barpyxaem 7-CEerMeHTHBI KON MIamuero

; nonybakTa

; TNponyckaem cnepgyolUlyln KOMAaHIY, eCctii

B IMGpe 3 HeT HeCATUUHON TOUKK

; YoTaHaBIMBASM MeCATHUUHYID TOUKY

i TlepenmaeM umdpy 3

; IlporyckaeM Clemyliyly KOMaHIY, SCJIM KBUT,
; 3aBepmaeM, eCiM OTPMUATSILHOS KBUTHPOL.
; Dudpsl 3 (Mmanwada) v 4 (cTapwas)

28*
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00008d
00008e
00008f

000050
0caoel

oooos2
000023

9502
700
d004

£d37
6820

dfs8f
9508

Get7Segm:

000094
000085
000096
000097
000098
000099
00009%a

eC20
bb2f
bble
e001
bkl
b32d
9508

GetTemp:

000090
00009¢c
00004d
0000%e
00009f
0000a0
0000al
0000a2
0000a3
0000a4
0000a5

0000a6
0000a7
0000a8
0000as
0000aa
0000ab
0000ac
Calc:

0000ad
J00Cae
0000af

00CCk0

0000b1
0000b2
0000b3
GT1:

0000bh4
Q000b5
0C00b6

a92(¢
dfg83
£d30
9508
e020
dfgl
£d30
3508
ed21
df71
£d30

5508
df97
2£42
6031
df24
2f52
dfab

47
f446
££57

c003

9540
a055
c0ov

9542
050
c004

Positiv:

0000b7

e005

swap tmpl
andi tmpl,$CF
rcall Get73egm

sbrc Flg,DP4

sbr dbyt, 1<<7
rcall WriteByte
ret

1di dbyt, 0

out EEARH,dbyt
out. EEARL, tmpl
1di tmpi, 301
out EECR, tmpl
in dbyt, EEDR
ret

1di dbyt, Temphdr
rcall Start

sbrc Flg,Ack

ret

1di dbyt, 0

rcall WriteByte
sbrc Flg,Ack

ret

1di dbyt, TempAdr+l
rcall ReStart
sbrec Flg, Ack

ret

rcall ReadByte
mov Digd3, dbvt
sbr Flg,l<<Ack
rcall ReadByte
mov Dig2l,dbyt
rcall stopp

bst Dig43,7
brtc Positiv
sbrs Dig21,7

rjmp GT1

com Dig43

1di Dig21,%05
rjmp HexDez
neg Dig43

1ldi Dig21,%00

rimp HexDez

1di tmpl, $05

; MeHAeM MeCTaMM MIAMOYIC M CTAPLYD LMOPY
; Cummaesm cTapumit DOMYOauT
; BarpyxaeM 7-CeIMEeHTHBIM KOI MIaquelo
7 nonyHanTa

; Npomyckaen Crenyviollyl KOMAaHIy, eCnu
; B umdpe 4 HeT NOCATHUHOM TOUKH

; YCraHabBIMBaeM NEeCATHMUHY TOUKY

; Hepenmaem mudpy 4

(urdpa 3)

; Crapmit 8aiit ampeca EEPROM = 0

; Mnammit BalfiT ampeca EEPROM = tmpl
; YCTaHABIMBaeM PaspeIUeHWUS UTeHUS

; HaumHaem nocTyll kK EEPROM na urexne
; CuMTasHel OanT - B tmpl

; CumroBaeM TemnepaTypy ua LM75

; Ampec IM75, HanpaeneHMe - 3alcCh

; TlepenaeM yclcBme cTapTa + agpec BeOCMOTO
; NponyckaeM CIeyONyl KOMAHIY, €CHM KBUT.

3apepinaeM, eC/M CTPMUIATEIBHOE KBUTMDOB.

; YkazmarTesis LM75 (yxaszpmaer Ha Tem. )

; llepenae

; NpolyckaeM CIeNymUye KOMAHIY, eCiy KBuT,
; Zapepmack, eClIM OTPULATENLHOS KBUTUPOB.
; Ampec LM75, HanpareJgeHHMEe - YTSHMUE

; NlepenmaeMm HOBOE yCIOBME CTapTa + amgpec

i llponycraem CReNyOIYIC KOMAHLOY, eCHM’

; Gur KEMTHpOBaHus = 0

; 3apepmaeM, €CHM CTPULATEILHOE KBUTHUPOE.
; CumThmaen BaiT, Gur kBMTMpOBamua = (

; CoxpaHsem crapumit GaidT B Oybdep

; Rem KBUTHPROBAHKSA

; CuMThRaeM GalT, €uT KBUTUPOBAHMA = 1

; CoxpaudeM mMnammi Gait B Gydep

; NlepemaeM VCIOBMe 3aBeplleHMA

; Konupyem skak B dmar T

; llepexon, eCiM SHaK MOJIOKMTEINLHER

; IlponyckaeM CIeOyKUyle KOMaHIY, €CIn

; CTapumMi paspAld B HOSMUMM [OCTe TOYKM = 1
; llepexon, eciM CcTapimi paspan B NOBMUMK

; focne Touku = 0

; JonomHexnMe OO enOMHMLE!

; Nosuima nocyie Toumy -xXX,5 “C (umdpa 1)

; HononeeHve o NByx
; Hosuiws nocne rouwsm -xx,0 °C {(umdpa 1)

; Hosuumxs nocje TouxM xx,5 °C (umopa 1)
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0000b8

0000b%
0000ba

HexDez:

0000bb
HD1:

0000hbc
0000bd
0000be
0000bt
RD2:

0000c0
0000cl
0000c2
0000c3
GT2:

0000c4
0000ch
0000cs
0000c7
0000c8
0000c9
HD3:

0000ca
0000ch

££57

2000
2£50

e000

504a
£010
9503
cffc

5f46
3000
£409
200e

9542
254
efd0
2b40
fdQe
8508

Tedf
9508

Initial:

0000ce
0000cd
000Cce
00Q00ct
0000do
0000d1
0000d2
Q00043

000cd4

0000da
0000dé6
goood?
0000d8
Haupt:
0000d9
0000da
0000db

0000dc
Next:

0000dd
0000de
00004f
0000e0

00CQel

e52f
bfa2d
2022
bf2e
2722
bb28
bh22
bb27

bb21

2005
bf03
e031
6230

dfg8e
df7d
f£d30

cffc
dfbd
dfBc
dfi8
£d30

cf£7

sbrs DigZzl,7

1di tmpl, $00
mov Dig2l, tmpl

1di tmpl, 0

subi Dig43,10
brlo HD2
inc tmpl
rjmp HDL

subi Dig43,-10
cpi tmpl, 0
brne GT2

1di tmpl, 30E

swap Dig43

or Dig2l,Dig43
1di Dig43, $F0
or Digd3, tmpl
brtc HD3

ret

cbr Digd3, 1<<4
ret

ldi dbyt, Low {(RAMEND}

out SPL,cdbyt

1di dbyt, High {RAMEND)

out SPH, dbyt
clr dbyt

out PorthB,dbyt
out PortD,dbyt
out DDRRB, dbyt

out DDRD, dbyt

1di tmpi, 5
out TCCRO, tmpl
1di Flg, 301
sbr Flg,1l<<DP2

rcall InitDisp
rcall stopp
shre Flg,Ack

rijmp Haupt
rcall GetTemp
rcall OutDisp
rcall stopp
sbrc Flg, Ack

rimg Haupt

r

[lponycxaeM cnemynllyl KOMaHIY, ecny
CTapuMil paspAl B IOZMUMM NOCHE TOYKM = 1
Nosuuma nocye ToukM -xx,0 °C (umdpa 1)
[IprHmMaeM MOZULMIS [NOCNIe TOUKM
llecTHanuaTepruHoe uncno B Digd3<$64 (100)
CuerTumk 1A BCD-npecSpascoBaHus

BrmmTraeM 10

llepexon, ecnM pPezyIbTaT CTDMLATENSHLD
Crapunmit nomyBailt BCD-umcna

LIeneHue eme He 2aBEPUEHO

[IputaBnsaem 10 = ocTaTCoK OT OeneHus
Benmyumit HyJE B CTapwem nonySalite ?
[epaxon, ecmy Her

[pcGen BMeCTO BeOymers HyJA

MensieM MeCTaMM CTapll. M Mramm. ToJaySaiTe
Crapumit nonyBair -~ B Dig2l

YcraHoBKa crapuwers nonytaira (sxaxk "-")
YcravaBmBaeM crapiwmit BCD-nonytanr
[lepexon k NO3MLMM 3HaKa

$E= npoben, $F= muHYyC

OYHKILMA BCIIOMOTATENIEHOIC pe rMcTRa

VHuumManu:smpyeM yXasaTenab CTeKa
dyHKLMA BCOOMOTATENEHOIG pPerucTpa
OfHynAeM BCe paz3pAlbl

OfHynAeM BCe paspAlsb

MepewiiodaeM BRKOOHON npalisep B
BEHICOKOOMHOE COCTOAHHE

Nlepexnuacy BRIXOOHON Hpaiizep B
BEICOKOOMHOE COCTOSHME

Barpy®aeM IeJMTedb

Sanyeraem T/C0, xosddwment men. = 1024
Copacemaem 2 0 mce quiaru, Kpome Ack
JllecaTrMyHaA TOYKa BO3NE BTOROH LMOpPH

MHuumanuamupyem SAAL064

BHBOMMM YCIIOBME BaABEPIIeHMA
MponyckaeM CIeOylRuyrn KOMAHIY, ECIHHM
NOJIyYEeHO KBUTHMPOBaHUE

Hopana momeiTka, €CHM HeT KBUTUPOBAHMA

CuMTHRaeM TeMIepaTypy M3 LM75
[lokasuBaeM TeMnepaTypy

3aBepllaeM BEBOT

[IponmyckaeM cReIYOIYle KOMAHIY, ©CIM
MOMYUSHS KBUTHDOBAHME

HoBaA noneTka, €CI/M HeT KBHUTHPOBaHMA
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0000ez2 dfld rcall Wait250 ; Bamepxra 250 Mc

00003 cffg rjmg Next ; Cnenynllee 3HadeHME

.eseq

HexTo73sgm: ; Tabmmua 7-CerMeHTHEX KOOoB

.db $3F, 306, 35B, $34F, $66, $60,$7D, $07 ; llecTHanuaTepnurue 0..7

CO0000 3f

$on0ol o6

ono002 bBb

ouo0e3 4af

200004 66

300005 &d

300006 7d

00007 07

.db $TF, $6F,%77,%87C,$39,55E, 300,540 ; Uecrranuarepuunmie 8. .D, E=npoten, F=prHyC
coouis 7f

000009 6f

D0000a 77

S00COh To

S0000c 39

00000d S5e

00000e 00

00000f 40

;.db $7F,$6F,577,87C,839,55E,579,57] ; AnsTepdHaTMBa: WeCTHaIuaTepuusee 8. . F

B 3Tolt mporpaMMe nocie oOBIMHOrO onpefeeHHs peruCTPOB-FepPeMEHHbIX H KOH-
STAHT CnelyeT onucaHde Makpocos. [Hockonbky BCe deTbipe Makpoca COCTOAT TOMLKO
% OHOW KOMaHIbl, WX, B NPHHLHKOE, MOXHO ObLIO Gbl W HE OOBABIATE KAK MaKpOChH!,
1 IH2KO MCOONB30BAHUE MAKPOCOB AENaeT rporpammy Gosee HarngaHoi. 310 obnacHa-
2108 Tem, 4TO cHrHanb! [*C BEIAAKOTCA MO TEXHOMOTHN OTKPBITOrO KONNeKTOpa, ¥ NoTo-
Yy B CAYHAE PEATHIAUMH I8 MHKPOKOHTpomuiepoR AVR [MOpPTRI COOTBETCTBYHLIMX
2HINO0E TOCTOSHAG HAXOAATCA B COCTOSHMM nor. 0, a ypoBens nepekiouaeTcs ¢ no-
MOILK PEFHCTPA HANPABJIEHHA lepeaaun RaHHeIX (cM. raary 10). Tak, va MKy B pe-
3viILTATE YCTAHOBKM HAMPAaBIEHHA 3anucH kak “Breixon™ (nmocpeacrsom 1) Bbhigaercs
aor. 0. AHanornuieiM o8pasoM, NeperTioueHHe B BEICOKOOMHOE cocTosHue (Jor. 1, no-
JYHCHHAS B UTHHE C OMOLIBIO NOATArHBAIOLIErO CONPOTHRIEHHSA) OCYILECTRIAETCA TO-
CPCACTBOM YCTAHOBKH () B COOTBETCTBYIOUIEM DPErHCTPE HAIMpPAB/IEHHA MEPENauH aH-
HIX.

Onucanue nodnpozpamm

Kaxaag W3 ONHCAHHBIX HMXKE NOANPOTPAMM 3aBEPILAETCS B MOMEHT OKOMYaHUY
t}13h1 BHICOKOTO YPOBHA TAKTOBOrO CHrHanma. DTO FapaHTHYpeT OTPefe]eHHYI0 TOUKY
nXO 1S Clienyiolled YaCTH TPOrpaMmet.

HoanporpaMma Wait250 BbI3bIBAET 3afiepxkky HpudIv3uTeNbHo Ha 250 mc. Jina
aroro T/CO uuvumnanusupyerces 3nadennem $00, a ero daar nepenonnenna cOpachbisa-
ercd. 3aTeM OTCHUTBIBAIOTCA 256 UMNYNLCOR Ha TAKTOBOM BXOAE /0 TeX nop, noka He
ROSHUKHET Niepenontere. YacTora BXOAHOrO TakTa ROAYHAETCA JENEHHEM YaCTOTHI
CucTeaiiol cuHxpoHusauHn 4 MI'n na 1024, v noTomy 3aaepskka cocTaBiAeT 256 x
feld 74 MIT = 65,536 me. Kak Tonbko ONATE YCT2HABMHBACTCA (har nepenoaHeHns,
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UMK 3aC[PKKH TIPEPHIBAETCA, a4 3aTeM TNOBTOPAETCA eLle TPHMIbI, YTOOLI MOMYHHTDL
TpebyeMyto 3aaepkKy 262 Mc.

B noanporpaMmax Wait5us M Wait4us peanu3oBaHbl 3aJ€PKKY HA 5 MKC M HA
4 MKC COOTBETCTBEHHO. DTH 3a1epaKKH HEOOX0AMMBE] A1 TAKTHPOBAHUS LIHHbI IC.

[oanporpamMma ReStart rOTOBMT MOBTOPEHHE YCNOBHA CTApTA AN I°C. st yroro
BRICOKHH vpoBeHb takta SCL, ocTasurvitcs oT npeapiayiieil onepali KBHTHPOBAHUA,
CHUMaeTcs, W B NTUHUID SDA BRZaeTCs CUrHan BrICOKOro ypopHi. [locse sanepxky Ha
5 MKC cileayeT Hapactatowdi ¢podT curpana SCL. [datee oxuaaem, noka Reiomoe
YCTPOHCTBO HA Mepelaer B cocTosnue mxHganug (nor. 0 B swmHMm SCL), 1 noche ewle
OMHOW 3aJEP3KKH B 5 MKC NEPEXOIUM K CASAYIOLIEH 4acTH NporpaMmel.

[Toanporpamma Start — TMepexod B peXKHM BRIAANM YCIOBHA HAYana nepeiays,
KoTopoe ripeactaeaget coboil yCTaAHOBKY HH3KOTO YpoBHA chrHana SDA npu BeicokoM
yporHe curiana SCL. Tlocae onucanHoM BhIlie 3aepK KM MOKHO BRINOJHUTD [lepeaty
anpeca BELOMOTO YCTPOHCTES ¢ NOMOMILIO MOANPOrpaMMsl Writelyte,

NMoanporpamma WriteByte nepeaaer onuwH OalT segoMomy yoeTpoHeTsy. Cpasy
KE NI0CNe YCIOBUS CTapTa JOMKEH CNeloBaTh aapec BeaaeMoro yerpoicraa. Tem He me-
Hee. BO BpeMS Mepesadl BeLOMOMY YCTPOACTBY MOMKET [TEPECHINATLC NOCIEI0BATEN b
HOCTb M3 HecKONbKHUX DaHTOB, NO3TOMY MOANpOrpaMMa WriteByte MOXKET Takke fe-
PEfTH HeToCpeICTBeNHO K Bhldaue GaiiTa (Kak B nojnporpaMMe OutDisp). Bee socems
paspanos Oadita, MPEeACTABIEHHONO B BHAE NEPEMEHHOH dby L, (10C1e10BaTElibHO CABH~
{AFOTCA BACRO W MepealoTes no AMHuy SDA (RaviHas co cTapiiero pazpsga).

loanporpamma Get. Ack CHMTRIBAET PEAKHMIO REOMOTO YCTPOHCTRA HA TONLKO Y
nepenanHbii 6afT. Jlor. (} vkasbiBaet Ha KOpperTHbIH fIpHeM (MONOKHTEALH0e KBHTH-
DORAHKME), A TOF, 1 —- Ha cOOH {OTPHIATENBHOE KBHTHPORAHWE ). J/(2ch TaKKe Macae yo-
{AHOBKK CHIHANA BRICOKOFO YPORHA B AMHUM SCL. peastv30BaHa 3a0epsKKa 10 Tepexoii
ROLOMOTD YCTPORCTEA B COCTORHHE OMWHIaHUS.

floanporpamma ReadByte cuuteiBaet 0aliT K3 aqpecyeMoi0 BEAOMOPO yorpoiict-
ka. [lo aHanoryH c noanporpaMmoit WriteByte, OHA MOCALIOBATENBHO CABHIAET BliE-
BO BOCEMb [MPUHATBIX OWMTOB (HaYWHas co CcTapilero), cOXpaHsd UX B NnepeMeHHoH dbyt.

B noanporpamme Setick peaM3oBaHa BbIavua BEAYLHM YCTPOHCTBOM DHUTA KBH-
FHPOBAHUA A8 npounTantoro Gakra. lNocpeactsom nor.  Master 13selnaeT o TOM. uTo
VOKET ObTh CUMTAH ELUE OAHH BalT. a DOCPEACTROM AOr. | -— 0 2aBCPLUEHHH ONEPALiK
HTEHHS.

IakoHell, NOANPOrpaMMa Stonp 3aBepLIaeT Nepelady JaHHbx 1o junse FC, s
¥oro B auHN SDA Beigaercs nor. 1, B To BpeMs kak B inHuy SCL Takoke ycTaHOBMSH
\poBeHb Jtor. 1.

IMoanporpamMma InitDisp ¢ noMorelo MUkpocxeMbl SAA 1064 nHunANU3HpYCT
Moyl BHIBOAA. Floche mepenaun 3ananHore ajpeca BesoMoro yerpoticrsa $76, onpe-
JENFIOErc HaNpaBIeHUe 3anucH, 1 nporpaMmuposanua SAA (064 nocnenosarens-
HO sanucbiBaeTea Oafit-unctpykuma $00 ana veranoeku aapeca ykazatens W Balr
vitpapaenua $77 (C6...C4 = nar. | — Makeumanbhbiil Tok vepes cerment, C3 = mor. (
- fecT cerMenTa oTkMmoden, C2...C1 = gor. | — Bee undpbl akTHBHBEL CO = j10r, 1 —
MHSTHIEKCHBIH peoxum). Tlocie kaxI0f 3a11HcH QUEHHUBACTCS 3HAUCHHE TPHHATOTD
varia KBUTHPOBaHUA. Ecau oH pased nor. 1 (0TpuiaTeibHOe KBUTHPORAHHE) BHIFIOTHE-
Ly TOUNMPOTPAMMBL 10CPOUHO TEPEDBIBAETCA.
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MoanporpaMma CutDisp BEIBOAMT B MOAYAb SAA1064 uerhipe Ldphl 3HAUEHUN
TeMnepatypsl. [locsae nepenaus 3aaaHHoOro ajgpeca BejoMoro yerpolcrsa $76, onpene-
NMIOLIETO HAMPAB/EHHE 3aMUCH, 3anuckiBaetcd SaliT-uHeTpykums $01 ang ycTaHoBKH
ampeca ykazatens. Yerbipe uMpsl nepefatoTes B NOAMporpaMMy CutDisp B Buae 6aii-
TOB Dig21 W Dig43. lllecTHanuaTepHuyHoe 3HadeHWe NepBoil oTobOpakaeMoll LHPpE!
coepxHuTes B MaaaweM nonybadte permcrpa Dig2l. C NOMOWBIO TMOANPOTrPAMMEI
Get7Segm 3T0 3HaueHWe NMpeodpazOBLIBARETCA B CEMUCErMEHTHBIM KOO M COXpaHAeTCH
B MepeMeHHOH dbyt. JlecaTHuHad TOYKA, COOTBETCTBYIOLIAA MepBoi UHdpe, AOMKHA
ObITH aKTHBHA, MOITOMY B perucTpe Flg ycraHasnueaercs duiar DPL, B nanHoM cryvae
VCTAHABTHBAETCS CTAPWMH paspsan DP1. 3aTeM 3HaueHHe dbyt MoOXeT ObITh NepeaaHo
B SAA1064 nns orobpaxenus nepeoii urdpsl. [NonobHem ke obpazom obpabareipa-
tores W nepenatotea uHbpsl 2...4. [lpu nomydeHWH OTPUUATENBLHOTO KBUTHPOBAHHA
BEIMONHEHHUE TOANPOrpaMMbl JOCPOYHO NPEPLIBACTCS.

HonnporpaMma Get7Segm ¢ MOMOINBIO TabIHLBI HexTo7Segm, pacnononceHHoi«‘l
8 namATH EEPROM, onpenenset 0o ECTHAALATCPHYHOMY YHUCTTY, XPAHUMOMY B tmpl,
CEMHCErMEHTHBI KO W 3anuchiBaeT ero B perveTp dbyt. Koawmt B Tabmuue
HexTo7Segm HauMHalOTes mo aapecy $000, mosToMy LIecTHaALATepUYHOE 3HAYEHHE
HCTIONB3YETCA B KauecTBe 00BIYHOTO cMEUIeHHa aapeca. [lockoneky oTobpaskeHue pea-
au3yercs B AecATHYHOH dopme, koapl Ay...F, Mcnone3yioTea Ha ycMOTpedHe nporpam-
mucTa. Tak kak TpeOyercs oToOpakaTh 3HaK MHHYcCA W MpoOes, UM MOXHO Ha3HAYMTh
HiecTHaALATe pHUHEIE koAbl B, U F,

TloamporpaMma GetTemp CYHTHIBACT TEKYULYIO TEMIEpATYPY, HIMEPEHHYIO MOIY-
aem LM75. Ilocne mepejaun zanaHHoro azapeca Beaomoro ycrpoiictea $90, onpene-
JAKOLLEro HafpaB/leHWe 3amucH, 3anMcbiBaerca OaltrenHerpykumsa $00 anga ycravoskm
ajpeca ykazaTend. B pesynwTare ykazaTenb CCHUIAGTCH HA PETHCTP TemfepaTypsi. Ilo-
CKOJIbKY Takas yCTAHOBKA BbIOMpaeTcs No yMOJNMaHHIO NPH BKIIIOMEHHH MUTAHHS, TIBHAS
HHHLIHANH3AUWA VKazaTeAd NOKAa3aH4 3Jech TOMBKO ANg MOJHOTH U3noxkenus. Ilocne
KaXIof 3arMucH OHEeHHBaeTCsd HOJydeHHbIH OWT kBUTHpoBauua. Ecnum oH comepkuT
jgor. 1 (oTpHUaTeabHOE KBUTHPOBAHHME), TC BHIMOIHEHHE TOMIPOrPAMMEBL JOCPOUHO
MIPEPEIBAETCH.

[Tockonbky Tenepb HampaeleHME NEPeJAYH JOMKHO WIMEHHTBCH Ha “HUreHue”, ne-
penaerca ycnosHe pecTapTa U afpec Bepomoro yerpoiiera $91. Tlocne atoro crapumii
Oatt Texyled TeMnepaTypbl MOXKET OBITH CUMTaH B perMcTp Dig43 ¥ KBMTHPOBAH M0-
cpeacTsoM Jior. 0 (M3BEllEHHE O UTEHWM BTOpore OalTa W3 BEJOMOrO YCTpOMHCTBa).
Mnanmui 6adT CUMTBIBAETCA B PErHCTP Dig2l W KBHTHPYETCH MOCPEACTBOM Jor. |
(3aBeplueHue onepalvi ureHus ). [lepenaya zaBepiuaeTcd Bvinayeil yCIOBHS OCTAHOBA.

B uact Calc 3Tol MOAMPOrpaMME! CUHTAHHOE LIECTHAAUATEPHYHOE YUCIO Mpe-
obpazoBeiraercs B AecaTHuHoe. CTapiuni pa3pan WECTHAUATEPUYHOTO C/I0Ba, XpaHH-
MOTO B perHCTpOBOH nape Digd 3:Dig21, cooepkuT 3HaKk. Eciu on pageH mor. 0, To u3-
MepeHHas Temntepatypa = 0°C, M BBIMONHEHHE NPOrpaMMBI TIPOACIKAETCS C METKH
Positiv. 3Aeck HA CCHOBAHHMM 3HAYEHHA CTAPIIETO paspdla Dig2l onpeaengercs co-
AeprKHMOE MO3ULIMH Noche JecATHYHo Touku. Eciu pazpsa 7 = nor. 1, To No3nUKA no-
ciie ToukH uMeeT BUA X,5°C, U coxpansercs B peructpe Dig21, B MpoTUBHOM ciyuae
TIO3ULIMA TTOC/IE TOUKH MMeeT BHA X,0°C, a perucTp Dig21 ofHynseTcs.
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Ecnu crapmult pazpag perncrpa Digd 3 COOTBETCTBYET OTPHIATEILHOMY 3HAKY, TO
CUUTAHHOE 3HAUYCHUWe B Dig4 3, BKIOYAS OO3KLMIO NOCNAE TOUKH B Dig2l, npeo6pazo—
BbIBAETCA B MOJOKUTENBHOE HIECTHAALATEPUHHOE YHCIC TTOCPEACTBOM AOMONIHEHNA 10
OOHOIO WM 10 ABYX.

Tenepn B moGom ciyuae TeMnepatypa f1pelcTaBleHa 8 BUAE MOJOKMTENLHOMD We-
CTHAJLIATEPHYHOTO uucia W MoxeT ObiTh npeofpazoBaHa B JECATHYHOE 3HAYEHHE
B YaCTH MpOrpaMmbl, 0603HaYeHHOH MeTKOH HexDez. IlpeofGpaszoBaHue BhlTONHAETCA
nyTeM TIOCIeEORATENLHOIO JeNeHH ¢ OCTaTKOM (CM. TMepBblit pasae:n aTolt rnaest). Io-
CKONBKY JUTA OTOOpaskeHHs 3HaYEHUA UMEeEeTC TONIbKO YeTbipe LH(pPHL, Npeanonaraerces,
uTo pe3ynbTaT Mensue 99,5°C. Ecnu B kakoM-1ubo cnyvae npumMeHeHus Tpebyetcs
auanason po 125°C, B nporpamMMmy HeoOXOAHMO BHECTH CHEAYIOLIEE H3MEHEHMe: To-
CKONILKY YCTAHORJEHHOE 3HaueHHue B MOOOM ciydae ynoeneTeopseT aomycky +2°C,
MOXHO OTK43aThCH OT MO3HWLHE 1OC/e AECATHYHOH TOUKH.,

JleneHnue peanusyercs MOCPEACTBOM TIOCTOSHHOTO BbluMTaHHA uMcna $30A no Tex
nop, noka He Oyaer nojyyeHa OTPULATENRHAS pa3HHUA, NMOCIe Yero nocliefiHee BbIUK-
Tanue oTMeHsaercs. [Tocneauss pazuuua = 0 npencrasiseT cobol ocTaTok, a KOMHYecT-
BO BBIMOTHEHHBIX BLIYMTAHWH — uacTHoe oT AeneHus. [IockonbKy Npeanonaraercs,
4TO pe3ynsTaT < 99, ocTaTok OT NesleHHs COOTBETCTBYeT Lesoil, a yacTHoe ~—— aApoGHoi
vacty umcna, Ecnp gecarnudsli paspsan paBeH HYJIO, TO 3TOT HyJik OToOpakaeTcs
B BHAe npodena, koTopoMy B TabnHue HexToe7Segm COOTBETCTBYET koA Ej,.

B 3aBepuieHve MOZHUMA NOCHS TOMKH W Llenad 4acTb pe3ynpTaTa O0BLALWHAIOTCH
B DigZ21, a apobHas 4acte v 3nak (dhnar T)— B Dig43. Ecnn pesyabTar oTpHUAaTEh-
HbIH, TO Ha Tabno oTobpaskaeTcs 3HAK MHHYCR, KOTOpOoMY B Tabauue HexTo7Segm CO-
oreetcTEyeT Koa Fi. B npotuBHOM cnyuae, BMecto Hero otobpaxaerca npoben (kon
Ev).

Onucanxue 2nasHOU NpozpamMms]

Iocne cOpoca no BKAKYSHMIS TIMTAHKA NMPOUCXOIAT Oepexoa nmo aapecy $000 —
K YacTy MHUUHaNH3auMK, o0o3HavyeHHolt MeTko#l Initial. Korjla MHHOManuiuporaH
ykasaTenb cTeka, noprsl B U D onpenensiores kak TpUcTaOUIbHBE BbIBOBE. [locKkomb-
Ky nopThl PBO 1 PB1 paboTaloT Kak BbIXOALI ¢ OTKPBITEIM KOJANEKTOPOM, OCNE TaKOM
HHHLWAIH3ANHHA HMH MOXKHO YIIPABNATh ¢ MOMOLUBIO PErHCTpa HafpaBieHHs Tlepeaun
nanueix DDRB. '

HMuuupnanuzanug nopra D BeINONHSETCS 34€Ch TONBKO JUTA TIONHOTHI U3JIOMKEHHH,
nockonbky peructp DDRD nocrie nocTynaenua curkana cdpoca no BKIOYEHUIO NTHTa-
HUA aBTOMATHHECKH 00HYNfeTCA, ¥, clefosarensue, nopt D onpenened xak BXog.

To curnany copoca pervctp TCCRO Takxke aBTOMATHUSCKU OOHYIAETCS, OCTAHAB-
nuBas Tem cambim T/CO. ns Toro uto0bl 3amycTuTs cuetunk T/CO, And Hero B kauecT-
BEé BXOAHOTO TaKTa ONpeAenseTcd TaKT CHCTEMHOM CHMHXDOHH3ALMM, AENEHHLIH C mMo-
MOLIBI MyJIbTUNIeKkcopa Ha 1024, [Ina atoro s peruetp TCCRO 3anuceiBactes 3Haue-
Hue $05 (cM. Tabn. 4.2), u T/CO nauunaer cuer.

B zapepileHve wactu uHMUHANM2auMK cOpacelBaroTed daard IecaTHUYHOM TOUKH
CP4, DP3 u DP1, a Takake YCTaHaBIIHBAKOTCA c])nam DP2 M Ack.

B ocHoBHOH wacTH TiporpaMmel MOAYIB BHIBOJA WHHUMAMHIUPYETCH C MOMOLIBIO
mMukpocxeMbl SAA1064. Tlpouece HHHUMANK3ALHU 3aBepIlaeTCa YCAOBHEM OCTaHOBA.
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Ecnu nociie 3T0ro He NMOCAENOBAN0O TOATBEPAIEHHS, OMBITKA HHALWAIH3AUHK TIOBTO-
pAeTcs, B TIPOTHBHOM CJiydae BBINOJHSETCA Nepexon kK OeckoHevyHOMY LMKITY, 0003Ha-
YEeHHOMY MeTKo# Next, B KoTopoM kaxawte (1,25 ¢ cuMThiBaeTca U oToSpaxkaeTcs 3Ha-
YeHUE TEMMEPaTYpPhl.

B cermente mamsth EEPROM pasmetena tabniiua HexTo7Segm © CEMHCETMEHT-
HbIMH KO/1aMH, COOTRETCTRYFOIIMMH 1HECTHAALATEPHURBIM 3HaveHudM 0 ... Fy, BiuoYas
ciyseOHble cuMBostel By (npoben) u Fy (munyc). [{pu nporpaMmupoBanun mukpocxe-
Mbl AVR oTnenesHo no/bxkeH ObiTh CO3AaH COOTBETCTBYHOWMEA daiin ¢ paciumperuenm
L e,
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17 TIPNNOXXEHUE

TexHU4ecKkne xapakTepucTUKN MUKPOKOHTPONNepoe cemenctsa AVR

JIns yCnewHoro mpuMEHEHHA HHTErpaIbHIX CXeM RaXKHO 3HATL U cobmonaTe npe-
aensl pabouux napameTpos, YToOsl M3bexaTh cO0EB Y NOBPEKACHHH. TexHUUeCcKHe Xa-
PAKTEPHCTHKK, NapaMeTphl H BpeMeHHbIC THarpaMmMbl O npejactasuTencH 6asosoii ce-
pHY MUKpOKOHTporTepoB AVR HaxoaaTcs Ha NpHAAraeMoM K KHHIre KOMIAKT-ZHCKE
8 nanke \Atmel\Sheets B ¢abinax 3051200.pdf, 9052313.pdf, 9054414.pdf ¢
9058515, pdf. DTH MacnopTa, NPeNocTaBlIeHHbe KoMnanued Atmel, kpoMe craTuue-
CKHMX TIpaMeTpoB notpebngeMoro Toka ¥ pabodero HANpPMKEHHA HEThIPEX MHKPOCXEM,
TAKKE COACPXKAT ONMHCAHHE TAKWX AHHAMHMECKHX XapaKTEPHCTUK KaK JMHTENBHOCTh
UMITYTECOB U WX HPOHTOB, IMANA30HBI YACTOT U JIP.

Kpome Toro, B HuX NpeacTaBleHO MHOKECTBO Pa3/IHUHBIX TPadHUKOB 3aBUCHUMO-
cTell, HanpuMep, NOTPedIgeMOre TOKa OT YacTOThl CHCTEMHONM CHHXPOHM3ALKU H fH-
TAIOLIEro HANPMKEHHU, BRIXOAHOTO TOKA OT BBIXOJHOTO HanpmkeHus u T.41. Obuosnen-
HbIE BEPCHU 3THX NMACTOPTOB MOXKHO TAKKE 3arPY3HTE € JOMalMHEH CTPaHHLbLI KoMNa-
Hu Atmel (www, atmel , com).

JlokyMEHTUPOBaKRHbIE KoMnaHued Atmel OLMBKN 1 NYTH X YCTPaHEHNS

HecmoTpa Ha TO, 4TO MUKPOKOHTpONNEpEl cemelictea AVR ot xommanuu Atmel
pa3palbaTbIBAIOTCS U TeCTHPYIOTEA ¢ OOnbION TILATENLHOCTEIO, MPH NOCTYINIEHHK Ha
PLIHOK OHHM BCE e Bpems OT BPeMeHH TNMpogBAAlOT Te My uHele cOox. PaccmoTpum
KPAaTKo nepevert ohHUHansHo onyOAMKOBAHHBIX OLIMOOK.

AT90S81200:

*  MoOTYT BO3HHKHYTH NpoOAEMbl IPH NOCNEA0BATENLHOM IPOTPAMMHPOBAHHH

¢ pabouuM HampskeHueM Huke 3 B. Jinsg BHYTpHCXEMHOIO TTIPOrPaMMHUPOBAHHMA
pekoMeHayeTcs BuOHpaTh HanpsxeHne Bbitue 3 B.

*  Fcau MukpokouTpostep AT9081200 paboraer Ha MakcHManbsHOH NONYCTUMOI
YACTOTE CUCTEMHON CMHXPOHM3ALMH, TO MPH AOCAEIOBATETEHOM MPOrpaMMu-
poBanuu naMari EEPROM moxeT He BLITIONHATECA BepHdHKAUMA AaHHBIX. JTa
npobiemMa He 3aBUCHT OT HCNoNbL3yeMoi TakToBOH yacToThl SPL. Pexomenayer-
CH MM YMEHBLUIUTD YACTOTY CHCTEMHOH CHHXPOHH3ALMH, HITH OTKA3aTheA OT
byHKUMH BepHUKALMH TPH NOCNEIOBATENBHOM MPOrpAMMHPOBAHHH MTAMATH
EEPROM.

= Ecnu Bo BpeMs nporpamMmuposanus naMaTh EEPROM Ha mukpocxemy rniocty-
MAT cHrHan cbpoca, To pe3yNbTaT NPOrpaMMHpPOBaHiT OyaeT HeonpeaeeHHRIM,
nockonsky peructp aapeca EEPROM B pesynbraTe cOpoca obHyauTCs, ¥ Heon-
pelenenrbiM Gyner comepkuMoe Kak LeneBol sdeiixi naMsTH, TAK U A4eiikn no
anpecy $00. Ecnu Henb3a rapaHTHPOBATS, UTO BO BPEMSA MPOTrPaMMHPOBAHNAS He
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NocTYNUT ¢UrHan ¢bpoca, peKOMeHIyeTcA OTKa3aThCA OT UCTIONb30BaHHS A4eii-
ku mamaty EEPROM ¢ aapecom $00.

AT90S2313:
» TIpo6nembl, XapaKkTepHble 111 MHKpokoHTponnepa AT90S1200, moryT rakoke
BCTpeyaThes W npu paborte ¢ AT90S2313.

* B HekoTopbix 00pasuax BO3IMOMNHA CHTYALLHSA, KOTOA MPH BRICOKUX 3HAYEHUAX
NHATACLUCTC HAIMPSAYKEHHUA pa3pAaibl GJ'IOKPI]Z)OBKPI HE OSHYJ'[F[IOTCH OpH NMOCTYTLE-
HYH KOMaHIBl OYHCTKH KPpHCTAasLIa. B PE3YILTATE MUKPOCXEMa O0CTacTCH 3a010-
KHPOBaHHOH Ans fanbHelero nporpaMMuporanisd. [lepes TEM Kak BBITIOMIHUTD
OYHCTKY KpHeTaLIa peCKOMERAYETCHA CHU3IWTE NMMHTAKOIIES HAMNpAXXEeHHUe 10 YpoB-
HA MeHee 4 B.

ATO0S4414 u AT90SB515:
» [Ipobremsl, xapakyepHsie 1ia MUkpoxontpontepa AT9051200, moryT rtarke
BcTpevartbes u nipu pabote ¢ AT90S4414 n AT9088515.

»  EcnM nocse KOMaHALI ponycka (sbrs, sbre, sbis, sbic WK cpse) cnegyer
neyx6aiiTHas KoMaHaa (1ds, sts), TO JUIA ee BLINIONHeHU TpedyeTcs TpH TakK-
TOBBIX LMKJIA. ECM BO BpeMs NepBOro HIH BTOPOTO TAKTA BbINONHEHHS KOMAH-
Abl TIOCTYNAeT 3aMpoc Ha [pepbiBaHHe, TO B CTEK BMECTO aapeca BO3BpaTa H3
noanporpaMMbl 06paboTkH NpepbiBaHUS NOMEIIAeTCs agpec BTOPOro KOMaHa-
HOTO CNOBA. 3TO 03HAYaET, UTO MO 3aBepLIEHHAH NOANporpaMMel 00paboTku
TIpepbIBaHUA B KauecTBE CAeAyOLEeR KoMatab! A BRINONHEHUS OyAeT paco-
3HAHO BTOPOE CJIOBO JBYXOaHTHOW KOMaHAR.

Jng Toro uyro6el 060HTH TaKyIO CHTYaLMIO, peKOMEHAYeTCs KoMnunuposate C-
nporpaMmsl ¢ noMolbie komnunstopa IAR sepena 1.40b unu seie. Ecnu

B NMpOTpaMMe pa3peuieHsl pepeiBaHHsA, TO BO BPEMA IIPOrpaMMHUpPOBaHHA

B accembnepe cneqyer nzberaTh HCNONB30BAHMS KOMAaH] TIPOITycKa Nepes ABYX-
OalfTHEIMH KOMaHIAMH.

= Ecnmy B momenT ¢Opoca MpOHCXOANT U3MeHEeHHe cHIHAna Ha BriBoge SCK win
3TOT BbIBOJ, HE MOAKIIOHEH, TO B HEKOTOPLIX CIYHasx MoxeT ObITh Heonpese-
NEHHBIM 3HauYeHHe URUIIMANH3auMK diara npepbizanus ot SPI. B pesynbrare
JAaHHOE TIpepbIBaHUE MOXKET ObITh BEI3BAHO €ILIE 70 TOTO Kak OY/eT pa3petieHo.
Bo uzbexkanue 3TOT0, Heped paspelueHHeM npepuieanus ot SPI cooTeeTcTRy!tO-
muit duiar pexoMeHayeTcs cOpackiBaTh.

* B pexume SPl-Master MoXeT NONyYUTHCA TaK, HTO 3aBEpLISHHAN NI€peaya Ha-
YHHAETCA €1E Pa3, ECJIH TOYHO B MOMEHT HapacTaloIiero GpoHTa TaKTOROTO
HMITyNbCa, KOTOPBIM 34KaHYHBaeTCd nepefaya, B Oydep SPI zanuceiBaetcs Ho-
gbli Gaitr. HoBEIH GalT 3anmMchiBaTh peKOMEHAYETCA TONBKO NOCHE MONHOro 3a-
BEPIUECHHA TeKyIIeH nepeaaqn.

3TOT COHCOK NMOCTOAHHO OOHOBNAETC H MOXKeT ObITh TakKe HaleH Ha AomaulHeit
CTpaHHLE KOMIAHHK Atmel (www. atmel . com).



Manxa DATEN 445

18

COOEPXUMOE NMPUNATAEMOIO K KHUTE
KOMMAKT-OUCKA

lNanka DATEN

Jns toro uyrofbl U30aRUTE UKTATENs OT TPYIOEMKOTO MOHCKAZ TEXHHYECKMX Tac-
l']OpTOB OIIHCAHHEBEIX B 3TOH KHUre HHTErpaJgbHBIX CXEM, OHH 6b[J‘IH BKJNKOUCHL] B COCTAB
NapHIAraeMoro K KHUre KOMNakT-IHcka;

43256.pdf — SRAM;

74HCO0 . pdf — 4 penTng “HU-HE”,

74HC125.pdf — 4 BeHTHNA Oyihepa IIHHBL ¢ TPRCTAOUNBHBIMH BBIXOAAMH;
74HC165. pdf — CABUTOBOH perucTp;

74HC4051 .pdf — KMOTI-kmon;

74HC4053 . pdf — KMOIT-knrou;

74HC573 ., pdf — ROCEMB (PHKCATOPOR;

74HCE595 . pdf — CHABMIOBON perucTp;

78L0S . pdf — cTabUIH3ATOP HANIPAKEHNS;

DS9636A. pdf — uHTEpdeiic RS423;

DS9637A. pdf — untephpeiic RS423;

DS9638 . pdf — uHTepdheiic RS422;

BD44780 . pdf — koutponnep JKK-nncnnes;
LF355.pdf — ONepauOHHbIH YCHIHTEND;
LM311.pdf — KOMnaparop,

IM317T.pdf ~ ¢cTabOKUNN3ATOP HANPAKECHHS,
LM336.pdf ~— ONopHEIi AHOA;

LM75 . pdf — JaTUMK TeMrepatypsl ¢ HHTepdeiicom I°C;
MAX202 .pdf — unTepdeiic RS232;

MAX232.pdf — unrepdeiic RS232,;

MAX5154 . pdf — LIAIL;

MAXB809.pdf — cxema cbpoca;

MAX811.pdf — cxema cOpoca;

$24022 . pdf — KOHTpoinep chpoca+ EEPROM; .

SAA1064 . pdi — cxeMd YOpaBieHHa CBETOAROAHBIMH HHIUKATOPAMY C HH:
Tepheticom I°C;
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® TLOBZ.pdf — onepauHOHHbu‘fl YCHITMTE D,
= TLO84.pdf — OMepalHOHHBIH YCHAHTED;
s TLV1572.pdf — AIITL

Bce nepeynciieHHbIE MacnopTa MpeiocTaARAEHbI HEMOCPEACTBEHHO pa3zpaboTunkamMu
(nocneaHue BepcMu MOryT ObITh DECTETATHO 3arpy:KEHBbl ¢ COOTBETCTRYHMIMX AOMall-
HHUX CTPAHML, TIEPEYHCIEHHBIX B KOHUE KHUTH). BBIpaskaw cepaeyHyio TpHU3HATENb-
HOCTH BCEM KOMMAHMAM 3a paspelleHHe BKIIOUMTE 3TH haiiabl B COCTAB KOMMIAKT-AHCKA.

MNanka Atmel

To@nanka Sheets

37¢Ch HAXOMATCA TEXHHUECKHE MacmopTa npeacTaBuTeNieid 6a3z0BOH CEpUH MHKPO-
koHTpoanepos AVR. Bee onu npegocrasnensl komnadued Atmel v ux nocneanwue sep-
cuM MOTYT ObITh OecnmaTHO 3arpy)eHbl CO CTPaHHLB! www.atmel.com. Bbtpaxaio
cepeyHYHO NMPH3IHATETHHOCTE KOMNaHUH Atmel 3a pa3peilleHHe BIJIIOUHTL TH Gaiiisl
B COCTaB KOMITAKT-IHCKA,

lModnanka Applicat

3nech HAXOAATCH YKA3dHWSA K TEPHMEHEHWIO NMpeacTaBuTened Ga30BOM CepHH MUK-
POKOHTPOINEPOR ceMelcTRa AVR, npenocTapneHHbIe KOMMaHuei Atmel:
® AVROO0).pdf — onpefeneHus PETHCTPOR H HMEH paspsAi0oB ANa MHKPOKOH-
Tponnepos AVR;

= AVR032.pdf -— KoMaHIHBIE daiifkl KOMIIOHOBKH Ans koMrungTopa [AR
ICCA90;

* AVRO34.pdf — cMeHIHBaHHE acceﬁGnepﬂoro 1 C-xoaa ¢ MOMOLIBIO BCTPOEH-
Heix cpeacts AR nns AVR,;

* AVR070.pdf — moauduxauus ATIOICEPRO nns nognemyks amMynsinu
AT90S8535;

= AVR100.pdf —- noctyn k namatd EEPROM mukpokontponnepa AT90S1200;
® AVR102.pdf — NOANPOrpaMMel KOTIHPOBaHHA OIOKOB NAHHBIX,
" AVR128.pdf — HacTpoHka U HCNIONB3OBAHUE AHATIOTOBOMO KOMIIapaTopa,

®* AVR134.pdf — 4ackl pealbHOTC BPEMEHH C HCMONR30BAHHEM ACHHXPOHHOTO
Taimepa;

® AVR180.pdf — BHELIHA 3a1LUTA OT NMPOBATIOB HANMPAKCHHA,
® AVRZ00.pdf — DOANpOrpaMMbl YMHOXKEHUA U HETCHUA;

T AVR202.pdf — [6-paspaaHas apudmMeTHka;

" AVR204.pdf — BCD-apudmMeTHka;

" AVR220.pdf — COpPTHPOBKA METOLOM “My3LIpBKa”,
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AVR222.pdf — GUILTP HA BOCEMb NO3ULMIA C NPUMEHEHHEM METOAA CKONbL3A-
LIero CpesHero;

AVRZ236.pdf — TMPOBEPKA NaMATHU NPOrPaMM ¢ NOMOIIBI0 LHKIHYECKOro W3-
BBITOUHOTO KOHA,

BVRZ40.pdf — KHOTOYHAag NaHens 4x4 74 BBIX0/a H3 PeXKHUMa NOHHXKEHHOrD
3HepronoTpedneHuns;

AVRZ242.pdf — 8-pazpsaHas cxema ynpaeieHHs CBETOAMOAHBIMU HHIHKATO-
paMil B MyJNBTUNNEKCHOM PEXHME C NPUMEHEHHEM KHOTIOUHOM Navenn 4x4,

AVR300.pdf ——- nporpaMMHas peanusauns uHTepherca Beayero yeTpoHcTsa
I°C;

AVR302.pdf — nporpaMmHias peajusalnus Hurepdeiica eaomoro yerpoicrsa
I°C:

AVR304.pdf — TporpaMMHas peaTy3aiivg Moty Xy IeKCHOro npHeMoncpesar-
uysika UART, akTHRUpYEMOTO 110 NMPEPLIBAHHIO;

AVR305.pdf ~- nporpaMMHas peaTH3alua NOMyAYIUVIEKCHO0 KOMTIAKTHOrO
npuemonepeaaTiuka UART;

AVR313.pdf — BrauMonelictemre ¢ wiapuatypoit PC AT;
AVR3Z0.pdf — MporpaMMmHas peanusaliisg peayliere yerpoitersa SPI;
AVR360.pdf — KOHTpONNECP IMAroBOro IBHTATEN,

AVRA00.pdf — mewesbiii ALII,

aVR401.pdf — ALIT ¢ TouHocTeIO § pazpanos;

AVR910.pdf — BHYTPHCHCTEMHOE NPOrpaMMHPOBAHUE;

ICEPRO.pdf — noxHymMaHue peructpoe Beoga/eeieoga AVR ICEPRO;

L_Delay.pdf — GOPMUPOBAHUE NONTHX 3aAEHKEK ¢ TTOMOULLI) MUKPOKOH-
Tponaepos AVR.

Mlodnanka Software

3aech HaXOAATCA MPOrPaMMBl, COOTBETCTBYIOLIHE [1€PEUNC/IEHHBIM BBILUE YKA3aHU-
AM K NpuMeHeHHo (hailiel ¢ paciidpenseM . exe — 3TC CaMOpACHAaKOBBIBAIOLIHECS
APXMBhI; C PACILMPEHUEM . zip —— APXHBBl, KOTOPbIE PACMAKOBHIBAIOTCA C MOMOLIBID
nporpaMMet WinZlP, a daklnet ¢ paciuimpedyeM . asm — 0bb1uHbIE HalTLl HCROAHOTO
kona AVR-accemOnepa):

8515def. inc ~ OnpejeneHHs PETUCTPOB M MMEH paspaaos ans ATOOS8515;
4414def, inc — ONpENENCHHUA PErvCTPOR K UMeH paspaaos ans ATO054414;
2313def.inc — onpeaeneHus perucTpoB ¥ MMeH pazpagos ans ATO0S2313;
1200def. inc — onpeAefeHHA PETUCTPOR ¥ HMEH paspsanos Ans AT90S1200;

avr000. exe — onpede/IeHNd PETHCTPOB H HMEH paspaaos 1A MUKPOKOH-
Tponnepoe ceMeiicTea AVR;
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' avr032.zip ~— KOMaHAHBE (il KOMIOHOBKM A1 KomnunsaTopa IAR
ICCASQ;

= avrl00.asm— gocryn k namMatd EEPROM B AT90S1204;

" avri02.asm— MOAMPOrpAMMEI KOTIMPOBAHHSA OJOKOB AAHHBIX;

* avrl2&.asm-— HACTPOHKa U HCIONLIOBAHHE aHAJIOIOBOI0 KOMOAPATOPA;

" avrl34.c— 4Yachl PEANBHOIO BPEMEHH ¢ UCTTONIB30BAHHEM &CHHXPOHHOIO
TaliMepa;

' avr200.exe - NOANPOTPAMMbl YMHOMKEHWA H ACITEHHS,

* avr202.asm — l6-pazpiagHas apudmeTHka;

" avr204.asm — BCD-apudmeruka;

" avr220.asm— COPTUPOBKA METOJIOM “Iy3bIpbka’;

" avr222.asm— QUILTP HA BOCEMB ITO3HUHHA ¢ MPUMEHEHHEM METOa CKOTb3d-
1ErO CPefHEro,

" avrz35.asm-— NpOoBepKa MaMATH [IPOrpaMm ¢ MOMOLBI IUKIHYECKOTO H3-
OBITOYHOrO KO3,

® avr240.asm— KHOMOYHAA HaHenb 4x4 ANd BRIXOZA W3 PEXKUMA NNOHHKEHHOTO
aHepronoTpebaeHN;

" gvrZ4Z.asm— 8-pa3p9,uHax CXeMa ynpapjeHHWA CBETOAHOOHBIMH HHIHKATO-
paMH B MYJIbTHILICKCHOM PEXHME ¢ NpUMeHEeHHeM KHOTIOUHOM naHeny 4x4;

" avr300.asm— NpOrpaMMHas peanusalna HHTepdeiica BeayLero yerpoicTsa
I’c;

* avr302.asm— NporpaMMHas peaiusauus MHTepheHca BeaoMoro yerpolicTea
I°’C;

®* avr304.asm— nporpaMMHas pealK3aing NonyayIIeKCHOro NpHeMonepeaar-
guka UART, akTuBHPYEMOro M0 npepelBaHHIO;

® avr305.asm— nporpaMMHas pPeajH3alHg NoayAyNAEKCHOTO KOMIAKTHOIO
npuemMonepenatyrika UART;

* avr313.zip — B3auMofnelicTBHe c knaBnatypoii PC AT,

= avr320.asm— MporpaMMHas pealn3aLua BeJyluero ycrpodcrea SPI;
® avr400.asm— Aemerstdt A,

® avr401l.asm— ALl c ToynocTeio 8 pazpamoe;

" avr910.asm— BHYTPHCHCTEMHOE NPOrPAMMHPOBAHHE.

flodnanka Tecols

3neck B BHAE CAMOPACIAKOBBIBAIOMIAXCSA APXHBOB HAXOOATCA NAKEThI YCTAHOBKH
AVR-accembnepa v cpeasl AVR-Studio:
* asmpack.exe — AVR-accemOnep 1.30;

" astudio.exe — AVR-Studie 2.0.
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[lopanok ycTaHOBKH OonucaH B rnaeax 13 u 14,

Manka Programm

3neck HaxoAATCH TIporpamMmel, pacCMOTpEHHEIC B IIPpHMEpax H3 3TOH KHHI'H:

EEPRE515. asm — nporpaMmMupoeanue naMatd EEPROM u onepauuu ureHns
151 MUKPOKOHTposuiepa AT9(0S8515;

EEPR1200.asm — nporpammuporadie namati EEPROM u onepauun urexums
Jina mUkpokoHTponnepa AT9051200,

161bed. asm — cpenctea BCD-apudmerhiy;
162inout . asm — 6a30BLIe ONEpalyH BEOJA/BLIBOJA;
1631cd. asm — nojarnouedHe KK-Monyns;

164tc0. asm — (POPMHPOBAHUE HMIYLCOB ONPEACTEHHON ANHHBI ¢ NOMOLIBIO
Taiimepa/cuetanxa T/CO;

165tcl. asm — NporpaMMHAas PEAIM3AUMA aBTOMATHYECKON Nepesarpy3ku
T/CO;

166tcl.asm— BeipaboTka ¢ noMoulbio T/C1 uMnynecoB ¢ yactotoit 50 ' u
ko3t uumeHTom 3anonnenns ,025;

167da . asm — TpexkaHanbHblii [IATI ¢ paspematoweii cnocobnocteto 10 6mr;

168ad.asm — peanusauus ¢ nomowpio T/C1 yersipexxanansHoro AILITT
¢ NBOHHRIM HHTEIPUPOBAHHEM U paspemnarouleit cnocobHocTeio [1 OUT;

1681m311. asm — peanuzaiusa ¢ nomomsio T/C1 yetsipexkanansHoro AL
¢ ABOITHBIM HHTErPHPOBAHHEM H paspelliawoiei cnocofHocTeio 11 Hur;

l6%uart . asm— NporpaMMHas peannzauns npueMonepenarauxka UART nna
MHuKpokaHTponnepa AT9051200;

16105154 . asm — MOAKIOYEHUE K MHKpokoHTpoiepy AT30S8515 Mukpo-
cxemnl [JATT MAX5154 uepes untepdeiic SPI;

1611shft.asm— paclIMPEHYE NOPTOB BBOAA/BLIBOAA MUKPOKOHTPOILIEPA
AT90S4414 ¢ nomommto uHtepdetica SPI;

16121572 .asm — nporpaMMHad peasinszauns uatepdeiica SP1 nis monenu
AT90S81200 npu nogkmouenud AT TILV1572;

1615mstr.asm — McnonbioBanne MUKpOKOHTpOIlepa AVR B kauectse Be-
Qyiiero ycrpoicTaa I’C.

29 —5-2384



450 internet-cosinnu

INTERNET-CCbIfIKU

Hie nepedncnens! Internet-aapeca HEKOTOPRIX KOMNAHHKIA, YITOMAHYTBIX B KHUTE!

a2 Atmel (NpOM3BOONTETL MHKPOKOHTPOITTEpOB ceMelicTea AVR) —
http://www.atmel . com;

= Ventec {(AucTpuGBI0TOP MUKPOKOHTpONNEpoB ceMedcTea AVR) —
http://www.ventec. com;

= E-LAB (Pascal-komMaunaTop ans MaKpOKOHTpOIIEpOB cemelictea AVR) —
http://www.e-lab.de;

* [AR Systems (C-koMIHAATOp AN% MUKPOKOHTpoOnnepos cemelictea AVR) —
http://www.lar.com;

= Silicon Studio (BASIC-koMnunaTop A19 MHKPOKOHTPOIEPOB ceMelcTBa
AVR) —http://www.sistudio. com;

= Adobe {pazpaboruuk nporpammut Acrobat Reader, HeoOxoaumMoit pis utenus
tdalinos .pdf) —— http://www.adobe.com;

* Hitachi (pa3paboTuHk NOJYNPOBOIHUKOBBIX IEMEHTOB) —
http://www,hitachi.comn;

= MAXIM (pazpaGoTunk MOAYRPOROAHUKOBLIX AEMEHTOR) —
http://www.maxim-ic.com;

* Motorola (pa3paboTusk NONYNPOBOAHHKOBBIX 31EMEHTOB) —
http://www.motorola. com;

= National Semiconductor (pa3zpaboTurk NOAYIPOBOAHUKOBLIX INEMEHTOR) —
http://www.national . com,

= NEC (pazpaboTuHk noiylpoBOIHHKOBBIX JEMEHTOR) —-
http://www.nec. com;

= Philips (pazpaboTuuk noAyNpOBOAHUKOBBIX 3TEMEHTOB) — http: //www-
us.semiconductors.philips.com;

= Summit (pa3padoTIuk NOTYNPOBCAHHKOBBIX 3/IEMEHTOB) —
http://www. summitmicre, com;

= Texas Instruments (paspaboTunx MONYNpPOBOAHNUKOBBIX DAEMEHTOR) —
http://www.ti.com.
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NMPEAMETHbIA YKASATENL

A U

AVR-Studio, 298 UART, 123
Oxkna, 300 [1porpammuas peanuzanus, 392
Yeranopka, 298 Pecueep, 131
Ckopocts nepeaauu, 137
C TpaHcMuTTEp, 130

dusudeckoe yorpoiicTso, 129
CISC, 17

E
EEPROM, 26, 64
EPROM, 18

L
LIFO, 27

M
MCUCR, 49

R

RamEnd, 43
RISC, 17

S

SRAM, 26, 41

SREG, 48

STK200, 314
KHonounete BeIKIIOUaTEMM, 323
Noakmosenus noptos, 318
[lporpammuoe obecnieueHue, 323
DyHKUKH nepeMBlver, 317
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452 Mpedmemusii ykazamens

A

Anpecanns
BenoMeix yerpolicTr, 158
KoHcTasT B namMaTy nporpamm, 79
KoceeHnas rraMaTi JaHHHX, 75
KoceeHHas naMATH JaHHBIX C
[OCTEAYIOWUM APUpPALIEHHEM
anpeca, 77
KocBenHas namMaTit JaHHBIX ©
NpeIBapUTENLHBIM YMEHBLIEHHEM
anpeca, 77
Kocpennad naMaTH nporpamm, 81
Kocsennas peructpos 8
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TIFR, 91, 96
TIMSK, 91, 94
UBRR, 129, 137
UCR, 129, 136
UDR, 129, 134
USR, 129, i34
WDTCR, 121
Jannbix nopra A, 172
Jauueix mopta B, 173
Hanneix nopra C, 175
Jauabrx nopra D, 176
3axeara no Bxogy ICR1, 113
Cocroanng, 48
CuetHsIit, 104, 107
Ykazarens, 422, 427



458 pedmemunili ykasamens

Perucrposnlii thaiin, 44
Perncrpni

UART, 134

X, 44

Y, 44

Z. 44

Jeoftvoi anunel, 44

Cpaeunenns OCR1A u OCRI1B, 113
PesknM NoHHKEHHOTO

sHepromorpebaenus, 99
Pexxnmel aapecanan, 72

Cc

Cépoc, 84
Annaparselii, 90
Brewnuii, 90
Hcrounnkn, 86
Ot cTopoxeroro Tadmepa, 91
Flo BrMouednto nUTaHus, 87
Cxema, 85
Creroanonuoe taéno, 424
Caeroadons, 322
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