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Po3nin 1. 3ATAJIBHA XAPAKTEPUCTUKA T'AJ1Y3I

Onmoenexmponika - 1e Taly3b eJIeKTPOHIKH, SKa MPUCBIYCHA TEOPii
1 MpakTULl CTBOPEHHS MpPHJIAIiB Ta MPUCTPOIB, 3aCHOBAHHUX Ha
MIEPETBOPCHHI €JICKTPUYHUX CUTHAJIIB B ONITHYHI Ta HABIIAKH.

B onroenekTpoHili BUKOPUCTOBYETHCS Jiana3oH JOBKUH XBHIb 0,2
MKM - 0,2 MMm. ONTOENEKTPOHHHIA MpUIaa — 1€ CYKYIHICTh JpKepena i
npuiiMaya  BUIPOMIHIOBaHHA. SIK  JDKEpeno  BUIIPOMIHIOBAHHS
3aCTOCOBYIOTh CBiTIONIONM Ha ocHOBI GaAs, sk ¢doronpuiimaui -
doromionu Ta GOTOTPAH3UCTOPU Ha OCHOBI Si.

Bigminoro ta ocoOimBicTio ontoenekTponuux npunanis (OEID) Bix
IHIINX € Te, IO €JIEMEHTH B HUX ONTHUYHO IOB'S3aHi, aje eNeKTPUYHO
130JIbOBaHI OJMH BiJl OAHOTO. 3aBISKM LIBOMY JIETKO 3a0e3redyeThest
Y3TO/DKEHICTh BUCOKO- Ta HHU3bKOBOJBTHHUX 1 BHCOKOYACTOTHHUX
JaHIOTIB.

OnrToenekTpoHiKa  PO3BUBAETbCA 33  JBOMA  HE3aJIKHUMHU
HanpsiMaMH: ONTHYHUM Ta €NEKTPOHHO-ONTHYHUM. ONTHYHUN HATpSIM
0a3yeTbcs Ha eeKTax B3a€MOJIl TBEpIOro Tijia 3 €JIEKTPOMArHiuHUM
BUIIPOMIHIOBaHHAM  (rojorpadisi,  QOTOXiMis,  €JIEKTPOOITHKA).
EnexTpoHHO-ONTHYHUI BUKOPUCTOBYE MNPHUHIMIT (POTOETEKTPUUHOTO
NEPETBOPEHHSI NpPU BHYTPIIHBOMY (QoToedekTi 3 OogHOro OOKy, Ta
dboTonromiHecIHeHIii - 3 1HIIOro (3aMiHa TralbBaHIYHOTO Ta MarHiTHOTO
3B'SI3Ky Ha ONITUYHUHN, BOJIOKOHHI JIiHIT 3B'53KY ).

Ha onroenekrpoHHOMY MNpUHIMII MOXYTh OYyTH CTBOpEHI
0e3BaKyyMHI aHAJIOT1 €JIEKTPOHHUX MPUCTPOIB 1 CUCTEM:

— JUCKPETHI Ta aHaJOroBl IEPETBOPIOBAYl EIEKTPUYHUX CHUTHAJIB
(micuiaroBavi, reHepaTopy, KIIIOYOBI €JIEMEHTH, €JIeMEHTU Mam'siTi,
JIOT1YHI CXEMH, JTIiHIT 3aTPUMKH Ta iH.);

— TEpeTBOPIOBAYl ONTHYHMX CHUTHATIB (MJACHIIOBaYl CBITIA Ta
300pa)xeHHsI, IUIOCKI €eKpaHHW, $KI [epelalTh Ta BIITBOPIOIOTH
300pakeHHs);

— MpUCTPOI BIATBOpeHHS iHGopMalli (IHIMKATOPHI eKpaHH, HU(POBi
TabJ10, KAPTUHHA JIOTIKA Ta 1H.).

OcHoBHuUMHM  (hakTopamu, 110  OOYMOBIIOIOTH  PO3BHUTOK
OTITOCTIEKTPOHIKH, € PO3POOJICHHS HAAYUCTUX MaTepiamiB, JOCKOHAIOT



TEXHOJIOTIi HOBUX CYYaCHUX NpWIadiB Ta TNPHUCTPOiB, MiATOTOBKA
BHCOKOKBaJi(hiKOBAaHUX KaJPiB.

Jlnisi BUTOTOBJICHHSI €JIEMEHTIB ONTHYHUX MIKPOCXEM IIHPOKO
3aCTOCOBYIOTBCS  HAIlIBIPOBIJIHUKOBI ~ MaTepiajid, pPE3UCTUBHI Ta
MPOBiHI METalu 1 CIUIaBH, JICJCKTPUYHI 3 €JHAHHS, IUTIBKOBI
Matepianu, ¢orope3uctu, audyszantu. Ha ganuii yac HOMEHKIaTypa
MartepialiB, SKi BAKOPUCTOBYIOTHCSI B ONTOEIEKTPOHILI JJOCUTH IIHUPOKA.
Jlo HUX HaJeXaTh PEUOBMHU BUCOKOI YMUCTOTH, YACTI METAJIU Ta CILJIaBU
13 cHemiaibHUMH  eNeKTPO(I3UYHUMHU  BJIACTUBOCTSAMH, IU(Yy3aHTH,
PI3HOMAaHITHI HAaITIBIPOBIIHUKOBI 3’€THAHHSA Y BWIJISAII IMOPOIIKIB 1
MOHOKPHCTAIIIB, MOHOKPHCTANIYHI TUIACTHHU 3 KPEMHII0, apceHimy i
dochiny ramito, docdimy iumito, camdip, rpaHaT, pi3HI JOMOMIKHI
MaTepialii - TEXHOJIOTi4HI ra3u, (OTOPE3UCTH, aOpa3uBHI MOPOIIKHA Ta
iH. HaliBayKIMBIIIMMU MaTepiajaMu ONTOCJIEKTPOHIKH € TaKl peYOBUHHU,
sk:GaAs, BaF,, CdTe (ans BUTOTOBIICHHS TWIIKJIAI0K); CTPYKTYpH
GaAlAs/GaAs/GaAlAs (enektpoontiuHi Momysstopu); SiO; (Marepiait
s i3omarii), Si, CdHgTe, PbSnSe (dotomionn, ¢oTorpaH3ucTopw,
dboroTHpHCTOpH) Ta iH.

OFEIl wMmaroTeh HacTymHI IepeBaru: MOXJIMBICTb IPOCTOPOBOI
MOJYJALIl CBITJOBUX TIy4YKiB Ta iX 3HAYHOTO MEPETUHAHHS IMpH
BIJICYTHOCTI  TaJlbBAHUYHUX  3BSI3KIB MDK  KaHajlaMHW;  BEJIHKE
(GyHKIIOHAJIbHE HABAaHTAXXEHHS CBITJIOBHMX IYUYKIB 3aBJSKH MOXXIIUBOCTI
3MIHU 0arathbox 1X mapameTpiB (aMIUNITYIU, HAPSIMKY, 4acToTH, (a3u,
noJsipu3anii).

1.1 Knacudikanis OEII Ta ¢iznyHi nponecu B HUX

OnTOeNeKTPOHHI TPWIAAd - 1€ TPWIAIWA, TPUHIMN i SKHX
noOy/0BaHUN Ha BUKOPUCTAHHI €JIEKTPOMArHiTHOTO BUIIPOMIHIO-BAHHS
OINITUYHOTO Jiana3oHy. /1o OCHOBHUX TPyl ONTOENEKTPOH-HUX MPUIIaIiB
BIJTHOCSITh HACTYIIHI:

—JDKepelia BUIPOMIHIOBaHHS (CBITJIOBUIIPOMI-HIOKOYI JIIO/IH 1 JIa3epH);
— npuiimavi BunpomiHioBanHs (poTopesucropu i poromnpuiimadi 3 p-n-
MEPEX00M);

—NpWIaaAd  JUIS  KEepyBaHHS  BHUIPOMIHIOBAaHHSAM  (MOZYJISTOPH,
nedaextopu).;



—Tpunaau Juis Binoopaxenns iHopmaiii (iHIuKaTopm);
—TIPUIAJIH JUTS TICKTPUYHOT 130JIA11i1 - ONTPOHHU;

—OINTHUYHI KaHAJIX 3B'SI3KY Ta ONTUYHI 3aaM'aTOBYIOY1 IPUCTPOT;
—BOJIOKOHHO-ONITHYHI JIiHI{ 3B’ S3KY;

—ONTOCNEKTPOHHI IHTErPaJIbHI CXEMHU.

[lepepaxoBaHi BuUIlle TPyNH MPHIAAIB 3JIMCHIOIOTH TI'e€HEpaIlio,
NEpPEeTBOPEeHHS, mepeaady 1 30epexxeHHs iHdopmarii. Hocismu
iHpopMmarlii B ONTOENEKTPOHIII € HEUTpPaIbHI B EICKTPUIYHOMY
PO3YMiHHI YaCTUHKH - ()OTOHH, SIKI HEUYTTEBI 10 BIUIUBY €JICKTPUUYHHUX i
€JICKTPOMArHIiTHUX TI0JIiB, HE B3a€EMOJIIOTh MK COOOIO0 1 CTBOPIOIOTH
OTHOCIIPSIMOBAHY Iiepelady CHUTHaly, M0 3a0e3medye BHCOKY
MEPENIKOA03aXUIICHICTh 1 TaJbBaHIYHY PO3B'SI3KY BXIIHHUX 1 BHXITHUX
naHoriB. ONTOENEKTPOHHI NPHIAAH NPUHAMAIOTh, MEPETBOPIOIOTH 1
TeHepYIOTh ~ BHUIIPOMIHIO-BAaHHS Yy BHUIUMIN, iHQpadepBOHINA i
yIabTpadioneToBil 00IACTIX CIEKTPY.

[Tpunumn Aii  ONTOENEKTPOHHUX NpPUJIAAIB  3aCHOBAaHUW Ha
BUKOPUCTaHHI  30BHIIMHBOrO a00  BHyTpimHBOrO  (hoToedekTa.
3o6niwnin ghomoeghexmom HA3UBAETHCSA BUX1J BITBHUX €IEKTPOHIB 3
MOBEPXHEBOro miapy (hOTOKAaTOAy B 30BHIIIHE CEPENOBUIIE Mif €0
cBiTNa.  Buympiwmivm — ¢omoegpexkmom  Ha3U-BAE€ThCS  BIJIbHE
NepeMIIEHHS BCEPEUH1 peYOBUHHU €JEKTPOHIB, 3BUIIbHEHUX B1Jl 3B'SI3KIB
B aToMax MiJ Ji€I0 CBITIA, 1 3MIHIOIOYUX HOTO €NeKTPONPOBIAHICTh 200
Bu3uBawounx nosBy EJIC Ha rpaHulli 1BOX pedoBHUH (p-N-iepexo/ii).

OEIl 3HaliiM  MIMpOKE  3acTOCyBaHHS B aBTOMATUYHHUX
KOHTPOJIbHUX 1 BUMIPIOBAJILHUX CHCTeMaxX, OOYMCIIOBAJIBbHIN TEXHIIIL,
¢dororenerpadii, 3BYKOBIIATBOpIOIOUiM amaparypi, KiHemartorpadii,
cnekTpodoToMeTpii, AN TMEpPeTBOPEHHS  CBITJIOBOi  €Heprii B
€JIEKTPUYHY, B aBTOMATHUIII ISl pO3B'SI3KU €JIEKTPUYHHX JIAHITIOT1B.

Onmpon - HaMBIPOBITHUKOBUHN MPUIIAJ, B IKOMY KOHCTPYKT-TUBHO
o0'enHaHl JpKeperao Ta NpuiiMad BUIIPOMIHIOBaHHS, MOB'S-3aHI MIX
cO000 ONTUYHHUM 3B'SI3KOM. Y JDKepeli BUIIPOMIHIO-BaHHS €JIeKTPUYHI
CUTHAJIM TIEPECTBOPIOIOTHCS B CBITJIOBI, sIKi Jil0Th Ha (oTOoNpHiiMay Ta
CTBOPIOIOTh Y HHOMY 3HOBY K €JIEKTPHUYHI CHTHAIHU. SIKIIO ONTPOH Mae
TUIBKM OJIMH BHUIIPOMIHIOBAY Ta OJUH NpHUiMay BUIPOMIHIOBAHHSI, TO
HOro Ha3UBAIOTh OnMonaporo ado e1eMEHTapHUM OMTPOHOM.



MikpocxeMa, sika CKJIaZaeThes 13 onHi€T a00 NEKiIbKOX OITomap 3
TOMaTKOBUMH TIPHCTPOSIMU ISl Y3TOKCHHS Ta IiJCHJICHHS CHUTHAIY,
Ha3UBAETbCA ONMOENEKMPOHHOIW —[Hmeep-TbHolo  Mikpocxemoro. Ha
BXOJ/i Ta BHUXOJI ONTPOHY 3aBXKAM € EJEKTPHYHI CHTHAJIH, a 3B'S30K
BXOJIy 1 BUXOJly BiIOYBA€ThCA 3aBISKU CBITIOBOMY CHTHAITY.

1.2 ®doTope3ucropu

domopesucmopu - 1ie HaIIBIPOBITHUKOBI PE3UCTOPH, K1 3MIHIOIOTh
CBIif Omip Mij BIUIMBOM CBITJIOBOIrO MOTOKY (puc.1.1). V 3anexHocTi Bif
CHEKTPaJIbHOI YYTAUBOCTI (OTOPE3UCTOPH MOAUIAIOTh HA JBI TPYMH:
Ve BUAMMOI YacTUHHM CHEKTpY Ta Juig 1H(QpadyepBOHOI YACTHHU
criekTpy. st iX BUTOTOBJICHHSI BUKOPUCTOBYIOTH 3'enHanus Cd Ta Pb.

Ilo3nauennsn ¢pomopesucmopis: 1 €1eMEHT - JIITEPH, SKI 03HAYAIOTH
tun npwiany (PC - ¢oroomip), 2 enmemMeHT - JiTepa, sSKa O3HAYAE
MaTepian CBITIOYYTJIMBOro eneMeHTy (A - cepHucTuUd cBiHenpb, K -
cepHUCTUH Kanmil, [l - cenenictuii kagmiil), 3 ememeHTt - mudpa, sKa
O3Hayae TUN KOHCTPYKTHBHOTO BHKOHaHH:. Jlitepa b nmepen uudporo -
repMeTUYHUN BapilaHT BHUKOHaHHA, Il - 1uriBkoBuM Matepian, M —
MOHOKpHCTaNIYHUM Matepian (oTtouytiuBoro enemenra. Jlitepa T -
TPOIMIYHUN BapiaHT, NpPHU3HAUYEHUH JJIs eKcIUTyatalli B yMOBax
MiABUILEHUX TEMIIEpaTyp Ta BOJIOTOCTI.

D

VY

I

0, RHII 0.

Pucynox 1.1 - ITpunaiun 6y0Bu Ta cxema BBIMKHEHHS (oTope3nucTopa
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®DOTOPE3UCTOPH MarOTh BUCOKY CTAOUIBHICTH MapaMeTpiB. 3MiHa

doTocTpyMy € TOCTaTHHO TOYHOIO XapaKTEPUCTUKOIO Horo craHy. I[Ipu
MOJIOBXKHIM eKCIUTyaTallii CrocTepiraeTbCcs cradimizamiss GoTocTpyMmy,
Opd IbOMY HOro BenMuMHAa MoOke 3MiHioBaTHCh Ha 20 - 30%.
doTope3ucTopr € UYTIUBUMH JIO INBUAKOI 3MIHH TeMIIepaTyp.
36epiratu Gorope3ucTopu ciija npu temneparypi 5 - 35 °C ta Bosorocri
He Ounbre 3a 80%.

o ocrosHux napamempie GOTOPE3UCTOPIB BiTHOCATH:

. TemuoBwuii ctpym (l,,) - cTpym, sikuii mpoxoauTh Yepe3 GoTope3ucTop
npu poOouiii Hanpy3i yepe3 30 ¢ micst 3HATTS ocBiTiAeHOCTI 200 JK.

. CsitnoBuii ctpyMm (l¢) - cTpyM, sIKHi TPOXOIUTH Yepe3 (HOTOPE3UCTOP
npu poOouiii Hampy3i Ta ocBiTiieHocti 200 K BiJ JKepena CBITIA 3
KOJILOPOBOIO TemriepaTyporo 2850 K.

. Temneparypuunii koediuienr dorocrpymy (7K 1I;) - 3MiHa
¢orocTpymy Tipu 3MmiHi TemriepaTypu poropesucropa Ha 1 °C.
. Poboua wmampyra (Up) - Hanpyra, sSKy MOKHA IPHKIACTH [0

dboTope3ucTopa Tmpu TpUBATINA eKcrulyartaiii ©0e3 3MIHM HOro
napameTpiB OiIbIlIe 32 BCTAHOBJIEHI.

. Temuouii omip (R,)- omip ¢oropesucropa npu temmeparypi 20°C
yepe3 30 ¢ micns 3HATTS ocBiTiaeHocTi 200 K.

. [luroma uyrnuBicte (Kp) - BiIHOWICHHS (POTOCTPYMY 10 TOOYTKY
BEJIMYMH CBITJIOBOTO MOTOKY, SKMH MajJae Ha HbOTO Ta MPUKJIAIEHO]
Hanpyru: Ko= lp/(® Uy), ne @ - CBITIIOBUH TOTIK, JIM.

. IocriitHa yacy (7) - 9ac, MPOIOBXK SIKOTO (POTOCTPYM 3MIHIOETHCS B €
pa3iB IpH HOTO OCBITIICHHI.

. Hotyxnicte poscitoBaHHA (Ppp;) - MAaKCHMaJbHO JOMYCTHMa
HOTYXHICTh, SIKy  (OTOPE3UCTOpP  MOXE  pPO3CIIOBaTH  MpHU
Oe3nepepBHOMY €JIEKTPUYHOMY HaBaHTaXXyBaHHI Ta TeMIlepaTypi
HaBKOJIMIIIHBOTO CEPEJOBUINA, HE 3MIHIOIOYHM IapaMeTpiB Oiblie
HOPMH, SIKa BCTAHOBJICHA TEXHIYHUMH YMOBaMH.

9. Omip i30usmii (R;).

JIoBroxBuiiboBa Mexa (A).



Ocnognumu xapaxmepucmuxamu GOTOPE3UCTOPIB € TaKi:

1. Bonwsr-ammepra (I = f(U)) - 3aiexHICTh CBITIIOBOrO, TEMHOBOTO a0b0
doroctpymy (ipu @ = const) Bia npukiiaaeHoi Hanpyru (puc. 1.2).

2. CsitioBa abo mokc-amnepra (I = f(E)) - 3anexHicTh HOTO-CTpyMy
BiJl CBITJIOBOTO MOTOKY, SIKMU magae abo ocBitieHocti (mpu U =
const).

3. Cuekrpanbha (I = f(1)) - 3anexnicte (oTocTpyMy Bill JOBKUHH
XBHJI CBiTIIOBOrO mOTOKY (mipu U = const).

4. YacrotHa (lp= f(Fe)) - 3anexnicth (GOTOCTPYMY BiJl YaCTOTH
Moy Il cBITIIOBOTO MOTOKY (mpu U = const).

5 Lo A f__,.--‘
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Pucynok 1.2 — BonbT — ammepHa xapakTepuctuka  (oropesnucropa
OCK-2

Bucoka iHTerpasbHa UyTJIUBICTH JIO3BOJISIE BUKOPHCTOBYBATH
pesucTopu 1HOAI 0€3 MiJCHIIOBAYiB, a Majil rabapuTH € TpUYHHAMU
iXHBOT'O HIMPOKOTO 3acTOoCyBaHHSA. OCHOBHI HEAOMIKH (POTOPE3UCTOPIB -
iX 1HepUiiHICTh 1 CHJIBHUI BIUIUB TEeMIIEpPAaTypH, IO NPHBOIUTH O
BEJIMKOTO PO3KUIY XapaKTEPUCTHK.

1.3 ®oroxioan

@omoodioou - 1€ HAMBIPOBIAHUKOBI JI0JHU, B SKAX BHUKOPH-
CTOBY€ThCSl  BHYTpilIHIM  Qoroedekr. CBITIOBUH TOTIK Kepye
3BOpPOTHUM cTpymMoM ¢otomioniB. Ilig miero cBiTia Ha €IEKTPOHHO-
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TIpKOBUH Tepexil BinOyBaeTbcs TeHepallisi map HOCIB  3apsny,
MPOBIAHICTE J10/1a 3pOCTA€E Ta 30UIBIIYETHCS 3BOPOTHUN CTpyM. Takuid
pexUM pobotu Ha3UBA€ETHCS doronionHUM pPEXKUMOM
(poromeperBoproBanbuuii) (Puc. 1.3). Jlpyruii THO pexumMy -
BeHTWJIbHUN ((poToreneparopuuii). Ha BinmMiHy Bifg BEHTHUIIBHOTO IS
(GOTOIIOAHOTO PEKUMY HEOOX1THUM € 30BHIIIHE JHKEPEIIO KUBIICHHS.

OcHoBHI mapameTpu (QOTOIIONIB: iHTErpasbHa 4yTuBicTh (~10
MA/mM): po6oua Hanpyra (10 - 30 B); TemHOBHiIt cTpyM (~ 2 - 20 MKA).

Ocnosni xapakmepucmuxu ¢pomoodiodis.: BoasT-ammepsa (I = f(U)) -
3aJIXKHICTh CBITJIOBOIO, TEMHOBOTO a00 (oTocTpymy (ipu @ = const)
B mpukiaaeHoi Hamnpyru (puc. 1.4 a); enepreruuna (lo= f(@)) -
3ajexHicTh GoTrocTpyMmy Bij cBiTiioBoro moroky (mpu U = const) -
JiHilHA, MaJIo 3aJIe)UTh Bi HAanpyru (puc.1.40).

»”
T [k

TET

Pucynox 1.3 - Cxema BBiIMKHEHHs d¢oronmiona miasi pobotu y
doTo1i0THOMY pEKUMI

YV nasunnux ¢pomoodiooax BiNOYBa€TbCs JAaBUHHE PO3MHOMKEHHS
HOCIiB B Nn-P-mepexoji 1 3a paxyHOK IIbOrO0 B JECSATKU pa3iB 3pOCTae
qyTIUBICTb. Domodioou 3 6ap’epom [llommki MalTh BUCOKY
MBUAKOAI0. Domodioou 3 eemeponepexodamu  TIPAIIOIOTh  SIK
reaepatopu EPC. ['epmanicsi ¢omoodioou BUKOPUCTOBYIOTH SIK
IHIMKATOpU 1H(PPAYEPBOHOTO BUIPOMI-HIOBAHHS; KpemHiegi — JUId
NEPEeTBOPEHHS CBITJIOBOi €Heprii y eneKkTpuuyHy (coHsuHi Oarapei muis
ABTOHOMHOTO »JKMBIICHHS pI3HO MAaHITHOI amapatypu y KOCMOCI);
celeHosi - IS BATOTOBJICHHS (DOTOEKCIIOHOMETPIB Ta CBITJIO-TEXHIYHHUX
BUMIpPIOBaHb, OCKUIBKH X CIIEKTpaJibHA XapaKTEPUCTUKA € OIU3BKOIO 710
CTHIEKTPAIBHOT XapaKTEPUCTHKHU OKa JIFOTUHH.
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1.4 ®oToTpan3ucTopu

domompanzucmopu - 1€ HaNiBIPOBIIHUKOBI MPHUJIAIX 3 IBOMA P-

N-mepexoamu, MPU3HAYEHUMH IS TIEPETBOPEHHS CBITJIOBOTO MTOTOKY B
CIIEKTPUYHHHA CTPYM.
Bin  3BuuaiiHoro  OimoyiipHOrO  TpaH3UCTOpa  (POTOTPAH3UCTOP
KOHCTPYKTHBHO BIJIPI3HSETHCSA THUM, III0O B HOro KOpITycl nepeadaueHe
po30ope BIKHO, Yepe3 sIKEe CBITIO MOXKE IMOMajaTH Ha o0nacTh Oasm.
Hanpyra >kuBIeHHS TIOJAa€ThCS HA eMmiTep 1 KOJIGKTOp, HOro
KOJIGKTOPHUI Tepexifi BHSBISETHCS 3aKpPUTHUM, a EMITepHUH -
BiIKpuTHM. ba3a 3anumaerscs BUtbHOMW (puc. 1.5).

I I
>0, AL
— / II " U=50B
>0
i1 U=10B
48 /|
>0 /7
L~ ,l ’IO
=0 >
b v > 2
0 U
a o
Pucynox 1.4 — Bombr-amnepra (a) Ta eHepretuuyHa (0)

XapaKTepUCTUKHU PoToaiona

[Ipun ocBiTiIeHHI (OTOTpaH3UCTOpa B HOro 0a3i TEHEPYIThCA
€JIEKTPOHU 1 JIpKHU. Y KOJEKTOPHOMY Iepexo/ii BiAOyBaeThCs pO3MOALT
€JIIEKTPOHHO-AIPKOBUX TMEPEXOJiB, IO JOCATNIM, BHACIITOK IUdY3ii,
Mexi1 nepexony. [ipku mepekuaaroTbes MOJEM Mepexoay B KOJEKTOp,
301IBIIYIOYM HOTO BIACHUM CTPYM, a €JIEKTPOHU 3alIMIIaroThcsa B 0asi,
3HIKYIOUM 11 MOTeHIial. 3HWKEHHs MOTeHLiany 0a3u MPUBOAUTH J0O
YTBOPEHHS JIOJAaTKOBOI MPSMOI HANpyrd Ha €MITEpHOMY Tepexoiai 1
MiJCUICHHS 1HXKeKUii Aipok i3 emitepa B 0a3y. ImkekroBaHi B 06a3y
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TIpKH, JOCSATAlOYM KOJEKTOPHOTO IEePEXO0y, BUKIMKAIOTHh OJATKOBE
301IbIIEHHS CTPyMY KoyiekTopa. HaBiTh HeBenuka 3MiHA MPSAMOi
HANpyry eMiTepa BUKIUKAE BEJIUKY 3MiHY CTPYMY KOJIEKTOpa, TOOTO
(GOTOTpPaH3UCTOP MPAITIOE K TiICHITIOBAY.

CtpyM KOJEKTOpa OCBITJIIEHOTO (DOTOTPAH3UCTOPA BUSABISA-E€THCS
JIOCUTh BEJIMKHM; BIJHOIICHHS CBITJIOBOTO CTPYMY J0 TEMHOBOTO CSTA€
JNEeKIUTBKOX ~ COTEHb. 3aCTOCOBYIOTh [JIBA BapiaHTH  BBIMKHCHHS
($OTOTPaH3UCTOPIB: MIOJHE - 3 BUKOPUCTAHHSM TITBKUA JBOX BUBOJIB
(emiTepa 1 KOJEKTOpa) 1 TPAH3UCTOPHE - 3 BUKOPUCTAHHSAM TPHhOX
BHBO/IIB, KOJIM Ha BXiJ] IOJIaf0Th HE TUIbKHU CBITJIOBUH, a i €JIEKTPUUHUI
CUTHAJL.

Pucynox 1.5 - CrpykrypHa cxema OinoisipHOro (hOTOTpaH3UCTOpa 3
BUTBHOIO 023010 (a) 1 cxema BBIMKHEHHs (poToTpanzucropa (0)

B onroenexkTpoHili, aBTOMAaTHLl Ta TeJeMeXaHIli (OTOTpaH-
3UCTOPY BUKOPUCTOBYIOTH JIJISl TUX K€ IIJIeH, 110 1 (hOTO/110/TU, ajie BOHU
YCTYNaloTh IM 3a MOPOroM YYTIUBOCTI 1 TEMIEPATypHUM [1alla30HOM.
UyTnuBicTh (POTOTPAH3UCTOPIB 3POCTAE 3 IHTEHCUBHICTIO iX OCBITJICHHS.

1.5 ®oToTuUpHUCTOPHU

Domomupucmop - 1€ HaMiBIOPOBIIHUKOBUM  mpwiag 3
YOTHUPHILAPOBOIO  p-N-P-N-CTPYKTYpOrO, SIKUK  crojiydae y  coOi
BJIACTUBOCTI THUpUCTOpa Ta (oTonmpuiiMaya i HEPEeTBOPIOE CBITIOBY
EHEPTII0 B EJICKTPUUHY.
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IIpu BIACYTHOCTI CBITJIOBOTO CHTHAIY 1 KEpyHUYOro CTpyMy
(GhOTOTHPUCTOP 3aKPUTHUN 1 Yepe3 HBOTO MPOXOIAUTH TITLKH TEMHOBHI
CcTpyM. BiakpuBaeTbcst (HOTOTHPUCTOP CBITIIOBUM IOTOKOM, IIO
HaJIXOIUTh Ha 0a3u py 1 N uepe3 «BIKHO»B Horo kopiyci (puc. 1.6), 1
CTBOPIOE ENEKTPOHHO-IIPKOBI mapu. lle mpuBOIUTH 1O BUHUKHEHHS
MEPBUHHKUX (DOTOCTPYMIB 1 YTBOPEHHS 3araIbHOTO (POTOCTPYMY.

1

+ 4
n,
. Y -
+ +6 +
P,
T . .

Pucynoxk 1.6 - Ctpykrypa ¢oto Tupucropa

3 1IpOTO BUILUIMBAE, IO MPU HAIXOHKEHHI CBITIO-BOTO MOTOKY Ha
0a3u p2 1 Ny 3pOcTae eMITEpPHUHN CTPyM 1 Koe]illieHT mepeaadi CTpymy o
B1JI eMiTepa JI0 KOJIEKTOpa € (PYHKITIEI0 OCBITICHOCTI, SIKa 3MIHIOE CTPYM
p-n-nepexofiB. Omip GOTOTUPUCTOPIB 3MIHIOETHCS B Mexax Bia 0,1 Om
(Y BIOKpUTOMY CTaH1) 0 108 Om (y 3akpuTOoMy); Yac MEPEKIIOUEHHs
cknagae Bemmunny 107 - 10° ¢. 3i cBitmosoi XapaKTEPUCTUKHU |, =
A(®) nmpn U,,.=const (puc.l.7 a) BHAHO, IO MiclAs BBIMKHEHHS
(oToTupHcTOpa CTPYM Yepe3 HbOro 3pocTa€ a0 |, =E,,./Ry 4. 1 Oinbire
HE 3MIHIOETHCS, TOOTO Ma€ JABa CTAOUTPHUX CTaHU Ta MOXKe OyTH
BUKOPUCTaHUHU K €JIEMEHT MaM'sTi. 3 BOIbT-aMIIepHOiI XapaKTepUCTUKH
Lp. =f(U,.) ipu @ = const (@, > @1 > o) (puc.1.7 6) BUAHO, 1O 3i
30UIBIICHHSAM CBITJIOBOTO TIOTOKY Hampyra 1 4Yac BBIMKHEHHS
3MeHIIYyIThCs (puc. 1.7 B).

IlepeBaraMu  (GOTOTUPHCTOPIB €: BHCOKAa HaBaHTa)XyBaJlbHA
3MaTHICTIO TIPH MaJlii MOTY>KHOCTI KEPYIOUOTO CHUTHATY; MOXJIH-BICTh
OJIep>KyBaTH HEOOXITHMN BUXITHUN cuUTHAN 0€3 JOAATKO-BHX KAaCKaIiB
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MiJICUJICHHS; HAsSBHICTh Mam'siTi, TOOTO MATPUMKA BIAKPUTOTO CTaHY
MiCNII 3HATTS KEPYIUOro CHUTHalTy; BEIIMKAa YYTIUBICTh, BHCOKA
HIBUIKO/TIS.

BumieBkazani BJIACTUBOCTI (GOTOTUPUCTOPIB  JI03BOJIIOTH
CIPOCTUTH CXEMH, BUMKHYBIIH 3 HUX I1ICHIIIOBAYl 1 pelelHi elIeMeHTH,
0 € AY)XEe BaXIUBUM Y IPOMHUCIIOBINA €JIEKTPOHII, HAaNpUKIAg Yy
BUCOKOBOJIFTHHX IepeTBoproBavax. Haifuactime ¢dotoTupucropu
BUKOPUCTOBYIOTh JIJIi KOMYTaIlii CBITJIOBUM CHTHAQJIOM TIOTYXHiX
€JIEKTPUYHUX CHTHAJIIB.

) T, MKC

0
510° 510° ®,1m
B
Pucynok 1.7 - Xapakrepuctuku (GoTOTUpPHCTOpA: a - CBITIOBa, 0 -BAX,
B - 3QIEKHICTh Yacy BiJl CBITJIOBOT'O MTOTOKY

D, 1M

nycK np

1.6 CeiTs10BHIIPOMiHIOBAJILHI Ai0oaAN

CsimnosunpominioganbHuil 0io0 (c8imn00i00) - e
HANIBIPOBIIHUKOBUN TMPHUCTPid, SKUA BHUIIPOMIHIOE HEKOTEPEHTHE
CBITJIO TIPU TNPOIYCKaHHI Yepe3 HbOTO EJIEKTPUUHOrO CTpyMy (edexT,
BIJIOMHUH SIK €JIEKTPOTIOMIHECIICHITIS).

BunpomiHioBaHe CBITIO TPAAMIIIMHUX CBITIOMIONIB JIGKUTH Y
BY3bKIiil AUISHII CIIEKTPY, a HOTO KOJIp 3aJIE€KUTh BiJl XIMIYHOTO CKIIady
BUKOPHCTAHOTO Y CBITIOMIOAI HamiBOpoBigHuka. CeiTiomionu —
MaJIOIHEepIIiifHI HaIIBIPOBIA-HUKOBI JKepena BUIIPOMIHIOBAHHS, SIKi
HPAIOIOTh MPU NpsAMiil Hanpy3i.

Martepianu JU1sl CBITJIOAIOIB MOBHUHHI MAaTHU HIMPUHY 3a00pOHEHOT
3o Oinbmie 1,7 eB. I'epmaniii i KpemHiii HENPUTOAHI IS IHOTO,
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OCKUTbKM IIMpUHA 3a00pOHEHOI 30HM Yy HUX Habarato MeHma. J{is
Cy4aCHHUX CBITJIOZIOAIB 3aCTOCOBYIOTh TOJIOBHMM 4YWHOM (ocdim ramis
GaP Ta kap0in kpemuito SiC, a Takox TBepai po3umnu - GaAlAs,
GaAsP. Buecenns B HamiBnpoBigHUK (ochopy A03BOIISIE OJEPKYBATH
CBITIHHS PI3HUX KOJILOPIB.

Kpim cBiTiogioniB, siki JalOTh BHAMME CBITIHHS, BHITYCKAHOTBHCS
cBiTonionu iHdpauepBonoro BumpomiHtoBanHs (IUB) i3 apcenimy
ramis GaAs. Ix 3acTocoByroTh y (hoTOpene, pisHOMAHITHUX CEHCOpax,
BOHHM BXOJATHh 1O CKJaay ONTPOHIB. ICHYIOTH CBITJIONIOAM 3MIHHOTO
KOJBOPY 3 JIBOMa CBITJIO-BUIIPOMIHIOBAJLHUMH MEPEX0JlaMH, OJMH 13
SKUX Ma€ MaKCHUMyM CIICKTPAIbHOI XapaKTCPUCTUKA B UYCPBOHIM
YacTHHI CHEeKTpa, a JApyra - B 3eneHid. Komip CBITIHHS Takoro
CBITJIOJII0/1a 3aJICKUTH BiJ] CITIBBITHOIIICHHS CTPYMIB Yepe3 TepexoIu.

OcHoguumu  napamempamu  c8imi00iodie  €:  SICKPaBICTh -
BiJIHOIIICHHSI CHJIM CBITJIa IO TUIOIIMHM TOBEpXHi, sika CBITUTHCS (10 -
1000 K Ha CMZ); nocriifHa npsMa Hamnpyra (2 - 3 B); koxip cBITIHHS Ta
JOBKMHA XBWJII, SKi BIAMOBIJAIOTh MAaKCHMAILHOMY CBITIIOBOMY
MOTOKY; MaKCHMallbHHH mocTiiinuii npsmuii ctpym (1- 10 MA);
Jiama3oH  TEMIEpaTyp HABKOJHWIIHBOTO CEpPEAOBHINA, TPH  SKHX
CBITJIONION MOXe HopMmanbHOo mnpamoBatd (-60 - +70°C); mBuaKOmis
(10® ¢). OcHOBHI XapaKTepHCTHKH CBiTJIOMIONIB HACTYIHI: SPKiCHA
3aJIeKHICTh SICKPABOCTI BiJl MPSAMOTO CTPyMY; CBITJIOBA, CIIEKTPaJbHA,
BOJIbT-aMIIEpHA XapaKEKTPUCTHKH; aiarpama HaNpsIMJIEHOCTI
BUIIPOMIHIOBAHHS - BH3HAUYAEThCS  KOHCTPYKIIIEIO  CBITIOMAIOAA,
HasBHICTIO JIIH3M 1 11 po3TalryBaHHSIM. BumpomiHioBaHHS Moxe OyTH
HanpsAMIIEHUM Ta PO3CITHUM (AU]y3HUM).

CyyacHi CBITJIOAIOM MOXYTh BUIIPOMIHIOBAaTH Ha JOBXHHI XBHJI
BiJl 1H(ppadepBOHOI 10 OIM3BKOro yinbTpadionery, Ta HaBiTh ICHYIOTh
METOJIM TIOLIUPEHHS CMYTHd BHUIPOMIHIOBAHHS 1 CTBOpPEHHS OLIMX
cBiTiomioniB. Ha BiaMiHy Bif JTaMIl pO3:KaprOBaHHSI, sIKi BUIPOMIHIOIOTh
CBITJIOBUH TOTIK HIMPOKOIO CIEKTPY PIBHOMIPHO Ha BCIX HampsMKax
KJIACUYHI CBITIIO/IIOM BUIIPOMIHIOIOTH CBITJIO MEBHOI JTOBXHHHM XBHUII 1
B neBHOMY Hampsimi. CBiTiioioa OyB pO3BUHEHUN 70 JTA3€PHUX JT10/IIB,
SKI TPAlIOIOTh HA TOMY 3K TMPUHIUII, alieé JO3BOJISIOTH HAIMpaBJICHE
BHITPOMIHIOBAHHS KOT€PEHTHOT'O CBITJIA.
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[TaTeHT HA MEPIIMIA CBITIOMIOM - MIPUIIA, 110 Ja€ BUIIPOMi-HIOBaHHS
Ha HAaIiBIPOBIIHUKOBOMY TE€PEXOJi MPH MPOIMYCKAHHI EJIEKTPUYHOTO
CcTpyMy, OyB oTpuMaHuil mpaiiiBHuKamu komraHii «Texas Instrumentsy
bo6om B’sapmom i1 Iapi Ilirmanom B 1961. 3romgom cBIiTIOMIONM Ha
ocHoBi GaAs 1 GaP nmoyanu BUIyCKaTH IPOMHCIIOBO JJIsi BUKOPUCTAHHS
K 1HAUMKaTopiB. llepmmii CcBITIOAION, SKHWHA MpaIlOE Yy BUAUMOMY
niamasoni OyB pospoOnenuit rpymoro Hika XosoHska B KoMMaHii
«General Electricy B 1962. Epomtomis cBiTinomionis y 1960-1970-x
NOCTY-TIOBO TpHBENa O CTBOPEHHS MNPHIAAIB, SIKI Majd KOJip BiJI
YEPBOHOTO JI0 3ereHoro. HaiOuipm nomynsipHUMH MaTepiaiamu Oyiu
GaP (uepBonwmii - 3enennii) Ta GaAsP (’KOBTHII — BUCOKO-E(PEKTUBHHIA
yepBoHuil). Ilpu npomy 3’sBuimcst 6arato HOBHX c(ep BUKOPUCTAHHS
CBITJIOZNIOMIB Yy KAJIBKYJIATOpaX, IMU(PPOBUX TOAWHHUKAX 1 TECTOBHX
npunanax. Ha mouarky 1980-x 3 mosiBoro HoBoro marepiany, GaAlAs
(ranifi-a;mIOMIHIEBHI apCeHiN) Moyanacs PEeBOJIONIS Yy BUPOOHUITBI
ceitnmomioniB. GaAlAs 103BoIMB MiABUIINTH eheKTUBHICTD 10 pasis, 1m0
NPUBEJIO /0 HOBHX BUKOPHCTAaHb Yy 30BHINIHIX 3HAKaxX Ta HaAMHCAX,
3UUTYBaHHI LITPUX-KONY, Mepeladi JAaHUX 4Yepe3 ONTHYHE BOJIOKHO 1
MeauuHoMy obOnaaHaHHi. Ane GaAlAs mpaioBaB TUIBKH Yy YE€pBOHIN
IuIAHLI criekTpy (660 HM) Ta MaB KOpOTKMH 4Yac >kuUTTs (Outem 50%
naaiHs egextuBHocTi micast 100 000 roaun poOoTH). Aje yaCTHMHA LIUX
npobiem Oyna BUpillleHa 32 PaxyHOK IMOSBU Jla3epHUX JioliB y 1980-x
pokax. UYepe3 Jgekiibka poKiB OyB  po3poOJeHUNl  HOBHI
moMiHectieHTHHE  Matepian  InGaAlP, skuii  [103BOJIMB  TIaBHE
H1JCTPOIOBAaHHS KOJIbOPIB 32 paXyHOK 3MIHU IIUPUHU 3a00pOHEHOT 30HU
HAaIIBIPOITHUKOBOr0 Marepiainy. HacTynmHuM KpokoMm y po3BHTKY Oyna
po3pobka kammaniero «Toshiba» merona nanecennss MOCVD (metan—
OKcHJHE XiMiuHe mapoBe HaHeceHHs, Metal Oxide Chemical Vapor
Deposition), skuii A03BOJIMB CTBOPUTH OUIBLI CKJIAJHUN HPUCTPIM 3
epextuBHicTIO 10 90%. VY TOox ke uwac kopmopamii «Nichia»
3amporoHyBayia mepii OJakuTHI cBiTIoAionu Ha ocHOBI GaN (HiTpual
rainito), InGaN (ingiii-raniii-aitpuai) ta SiC (kapOiai kpemHi0). OgHUM
3 KpOKIB Tako crano cTBopeHHs Jlabopartopiero (yHIaMeHTanbHUX
nocmipkenb kommnanii NTT cBiTiogiona, BUIIPOMIHIOIOYOTO XBHIII B
ynbrpadioneTosiii yactuni cnekrpy A =210 HM. BunpomiHioBaHHS 3
TaKOI0 KOPOTKOIO JTOBXKMHOIO XBWJII 3HAWIUIO IIMPOKE 3aCTOCYBAHHS B
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meauuuHi 1 TexHimi. CydacHi HampsMKH pPO3BUTKY BKIIOYAIOTh
po3poOKy OpraHiYHHUX CBITJIOMIOAIB, SKI TMOBHHHI  JO3BOJIUTH
BUPOOHMILITBO JICHIEBUX Ta €KOJOTIYHO O3MeYHUX TMPHUCTPOIB,
BUKOPUCTAHHS KBAHTOBUX TOYOK, SKi JO3BOJISIIOTH OTpUMYyBaTH Oine
CBITJIO, Ta MPOCYBAHHS Jajli y KOPOTKOXBHIIEBY 00JIACTb.

Sk 1 B 3BUYAfHOMY HaIliBIPOBIIHUKOBOMY J101, B CBITJIO-II0/1 € p-
n-mepexin. Ilpu mnpomyckaHHI EIEKTPUYHOTO CTPyMY B IPSMOMY
HampsiMi, HOCIT 3apsay - eJNeKTPOHM 1 MJIpKH pEKOMOIHYIOTh 3
BUNIPOMiHIOBaHHAM (oToHIB. Jlameko He BcCi HaIiBIPOBIIHUKOBI
Marepian  e(pEeKTHBHO BHUITYCKAalOTh CBITJIO TIpU  peKoMOiHaIIii.
BumnpominioBauaMu CBITIIA €, SIK TIPABUIIO, TIPSMO30H] HAIiBIIPOBIIHUKH
TUILY A""BY (nanpukman, GaAs a6o InP) i A"BY' (manpuxman, ZnSe a6o
CdTe). Bapirotoun ckiaj HamiBIPOBIIHUKIB, MOXHAa CTBOPIOBATH
CBITJIOZIONW pI3HUX JMJOBXKHUH XBWUJIb BiA yibTpadionera (GaN) mo
cepenHporo iH@padepBoHoro mianmazony (PbS). liomu Ha ocHOBI
HENpsIMO30HHUX HAMIBIOPOBITHUKIB (Hampukiana, 3 Si abo Ge, a Takox
craBiB  SiGe, SiC) cBITIIO NpakTHYHO HE BHUIPOMIiHIOIOTH. He
IUBJISIYMCH HA 1€, Y 3B'SI3KY 3 PO3BHHEHICTIO KPEMHIEBOI TEXHOJIOTI,
poOOTH 13 CTBOPEHHS CBITJIOAIONIB Ha OCHOBI KpPEMHIIO AaKTHBHO
BeAyThcsl. OCTaHHIM 4acoM BeJMKI HaJil MOB'SI3yIOTh 3 TEXHOJIOTIEI0
KBaHTOBUX TOYOK 1 (POTOHHUX KPHUCTAJIIB.

KoxHuit ~ komip  Mae  KUIBKICHO  BHUMIproBaHi  (i3uuHi
XapaKTepUCTHKH, HANpPHUKIAL, CHEKTPaJbHUHA CKJIaJ, SCKPaBiCTh,
HACUYEHICTh, SCHICTh. CTOCOBHO SCKPaBOCTi, CNiJl 3a3HAYUTH, IO
OJIHAKOBO HAaCHYEeH1 BIATIHKH, K1 BIAHOCATHCA OO OJHOrO M TOTO K
KOJIbOPY CIIEKTPY, MOXYTb BIJIPI3HATHCA OJAMH BiJl OJHOIO CTYIIHHIO
sckpaBocTi. Hampuknaa, npu 3MEHIIEHHI SICKPaBOCTI CHHIM KOJIp
MOCTYNOBO HAOMIKAETbed 70 YOpHOro. byap-skuil konip mpu
MaKCHMaJIbHOMY 3HMKEHHI SICKPaBOCTI CTa€ YOPHUM. SICKpaBiCTh, SK 1
HII KOJBOPOBI XapaKTEPUCTUKU pPEaTbHOTr0 3a0apBiIEHOrO O0O0'€KTY,
3HaYHO  3alie)KaTh  Bil CyO'€KTUBHHX  TNPHYUH, OOYMOBIICHHX
TICUXOJIOTIEI0 CIPUMHATTS. Tak, HalpuKJIaJ CUHIN KOJip IpU CYCIACTBI 3
KOBTUM 3/1a€ThCS OUIBII SCKpaBUM. 3YNUHUMOCTb Ha TOHATTI
HAaCMYEHOCTI Koimbopy. JIlBa BIATIHKM OJHOTO TOHY MOXYTb
PO3PI3HATHUCS CTYIIEHeM Hacuue-HOCTI. Hampwkiaa, mpu 3MeHIIEeHHI
HACUYEHOCTI CHHIN KOJip HAOIMKYETHCS A0 CipOro.
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Tabmuns 1.1 — 3anexHicTh KOIBOPY CBITIHHSA CBITJIOAIOIIB Bij
4acTOTH

iama3on Tianasos Miama3on
Komip JIOBXXUH XBHUJIb, T eHeprii

HM Hactor, 111 dboroHiB, eB
UepBoHuit 625 - 740 480 - 405 1,68 —1,98
[TomapanueBui 590 - 625 510 - 480 1,98 -2,10
JKoBTHUi 565 - 590 530 - 510 2,10-2,19
3enenuit 500 - 565 600 - 530 2,19-248
brnakutHui 485 - 500 620 - 600 2,48 - 2,56
CuHiii 440 - 485 680 - 620 2,56 -2,82
diosieToBHIA 380 - 440 790 - 680 2,82 - 3,26

Crymiae OMHU3BKOCTI KOJBOPY JO OLIOT0 HA3WBAKOTH scHicmio. Bynb-
KU BIATIHOK MPU MAaKCHUMAalbHOMY 30UIBIICHHIO SICHOCTI CTa€ OLIMM.
KonkperHuii XxpoMaTHuHHA KOJp MOKE OYTH BiIHECEHHM JI0 MEBHOTO

CHEKTPAJILHOTO KOJbOPY. BIiNTIHKH, CXOXi 3 OJAHUM 1 THM CaMHUM

KOJIbOPOM CIIEKTpY (aje pO3pi3HSIOTHCS, HAMPHUKIAA, HACHYCHICTIO 1

SCKpa-BICTIO), HaJIeXKaTh JI0 OJHOIO 1 TOro ke ToHy. Ilpu 3MiHiI TOHY,

HaNpUKIaJ, CHHBOTO KOJHOPY B YEPBOHOMY HANPSMKY CIIEKTPY BiH

3MIHIOEThCS OJIAKUTHUM, B 3BOPOTHHOMY — (D10JIETOBUM.
CBITJIOBUIIPOMIHIOIOUI IO € OCHOBOIO OLIBIII CKIaIHUX MPUIIAJIIB:

— miHIAHA CBITJIOMIOAHA INKajla - IHTErpajdbHa MIKpOcXema, sKa
CKJIAJIa€ThCA 13 CBITIOMIOAHUX CTPYKTYP (CETMEHTIB), KIIBKICTh SIKMX
Bim 5 mo 100, Ta po3MimieHi mochigoBHO. Taki IMIKadH 3aMiHSIOTH
IIMTOBl BHUMIpPIOBAIbHI MpPHUIaAd Ta BHUKOPHUCTO-BYIOTBHCS  JUIS
Bi10OpaXkeHH 1H(}opmallii, iKa MOCTIHO 3MIHIOETHCS;

— 1udpo-mTepHUA  CBITIOMIONHUM  IHAMKATOp -  IHTErpajbHa
MiKpocxeMa 13 JEeKUIbKOX MIOJAHUX CTPYKTYp, sSKi Tak, 100 mpu
BIJIMOBIIHIM KOMOIHAIl CETMEHTIB, SKI CBITATHCS, OJEP)KYBaJOCh
300pakeHHs JliTepu abo uudpu;

— OararoelieMeHTHUN OJOK — €JeKTPOHHA CHCTeMa OJIep KaHHS
CKJIaTHUX 300pakeHb (mo 11 ckmamy BxomuTh monan 10000
CBITJIOJIIOIIB).
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1.7 Onronapn

Onmpon - HANIBIPOBITHUKOBUI MpHIIaJ, B IKOMY KOHCTPYKTUBHO
o0'eHAHI JpPKEepeno Ta NpuiiMad BUIPOMIHIOBAHHS, IIOB's3aHI MIDK
CO0OI0 ONTHYHUM 3B'SI3KOM. SIKIIO ONTPOH Mae€ TIIbKUM OAMH
BUNIPOMIHIOBAY Ta OJWH MpHIMad BUIPOMIHIOBAHHS, TO HOro
HA3UBAIOTh ONMONapor adbo eleMeHTapHUM onTpoHoM (puc.1.8).
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OcnosHumu  nepeeazamu  ONmMpoOHi8 € HACMYNHI: BIJICYTHICTb
EJIEKTPUYHOTO 3B'SI3KY MIXK BXOJIOM Ta BUXOJOM Ta 3BOPOTHOTO 3B'S3KY
MK (QoTonpuiiMayeM Ta BUIPOMIHIOBAYEM; OIIp 130JALII MK BXOJOM
Ta BHXOJOM MOJXKE JOCSITraTH 10* OwM, eMHICTh He mepeBulnye 2 nd;
IIMPOKAa CMYra 4YacTOT KOJIMBaHb, SKI MPOMYCKAIOTHCS, MOXKJIHMBICTH
nepeaBaHHs CUTHAIIB 3 4acTororo Bix 0 10 10" T'u; moximBicTH
KEepYBaHHS BUXIJHUMH CUTHAJIaMHU IIISIXOM [ii HAa ONTHYHY YaCTUHY;
BHCOKa INEPEUIKOJI03aXUIIECHICTh ONTUYHOIO KaHally, TOOTO MHOoro
HECTPU-ATIAMBICTG 0 [Jii 30BHIIIHIX €JNEKTPOMArHiTHUX IIOJIB;
MO>KJIUBICTh CYMICHMIITBA ONTPOHIB 3 IHIIMMHU HamiBIPOBIIHUKOBUMHU
Ta MIKpPOEJIEKTPOHHUMHU IpUIaJaMH.

Jlo Hedonikie onmpoHié MOXHA BIHECTH TaKi: BITHOCHO BeIWKa
MOTYXKHICTh (ABOKpaTHE TmepeTBopeHHs eHeprii), mamuil KK mux
MEepEeTBOPEHb; HEBHCOKAa TeMIlepaTypHa CTaOUIbHICTH 1 pajiaiiiiHa
CTIMKICTh; Manuii pecypc poOOTH; BUCOKHI piBEHb BIIACHHX IIyMiB;
HEOOXIJTHICTh 3aCTOCYBaHHS TIOPUAHOI TEXHOJOTIi 3aMiCTh OUIBII
3py4HOI TUIaHApHOI (KEepeno Ta BUIPOMIHIOBAY BHUTOTOBIISIIOTHCS 13
pI3HUX MaTepiajiB).

OnTomapn  Kinacu(iKylOTb Ha YOTUPU TPYNU: PE3UCTOPHI
(potopesucrop - cBiTHOAION); THPUCTOPHI  (oTOTHpPUCTOD —
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CBITJIOZION); TPAH3UCTOPHI ((POTOTPAH3UCTOP - CBITIOMAION); IIONHI
(boTomion - ceiTmomion) (puc. 1.9).

OCHOBHUMH MapaMeTpaMu 1 XapaKTEPUCTHKAMH ONTOMNAp Pi3HUX
THUITIB € HACTYIHI: MaKCUMaTbHUU CTPYM (ler, lmeur) T@ Hampyra (U, ey,
U neux) Ha BXOJII 1 BUXO/I1; BUXITHHI OMIp MPH HOpMaNIbHIK po00Ti (Reyy);
TEeMHOBHI BUXITHUN omip Ry (TEMHOBHH CTpyM MpH BiJCYTHOCTI
BX1JIHOTO CTPyMY);

=P G=H GD
a 0 B
G=i) G

r e
Pucynox 1.9 - Kiacudikamis onrtomap: a - miogna, 6 - miogHa 3
¢doToBapikarioM, B - TPaH3HCTOPHA, I - TPAH3UCTOPHA i3 CKJIQJHUM
TPaH3UCTOPOM, JI - TPAH3UCTOpPHA 3 (POTOMIONOM, € - TPAH3UCTOPHA 3
OJTHOTIEPEXiTHUM TPAH3HCTOPOM, 3K - TPAH3UTOPHA 3 MOJHOBUM

($OTOTPaH3UCTOPOM, 3 - THPUCTOPHA

Pucynok 1.10 - Konctpykuis
dboTope3ucTopa B pe3uCTOpHi
OnTOIapi:

1 — MeTaneBi eneKTPOIH;

2— poTouyTiMBHN  TIAp

orip 130JIA1111; MaKCUMaJbHa Hampyra 13051011 M1 BXOJOM Ta BUXOJIOM;
yac BHUMKHEHHS Ta BBIMKHeHHS (~I5 c¢); poTtoEPC (0o 0,8 B);
KoeQillieHT mepeAadl CTpyMy - BIJHOLIEHHS BHUXIJHOTO CTPYyMYy 10
BximHoro (k=0,1 -1%); BXigHa BOJbT-aMIIEpHA 1 MepeIaTOYHA
XapaKTEPUCTUKH (3aJICKHICTh BUXITHOTO OTMOPY Bij BXITHOTO CTPyMY).
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JlxepenoM BUIIPOMIHIOBAaHHS B PE3UCTOPHINM ONTOMAapi BUCTYMA€e
CBITJIO/IO/I, HAJMIHIATIOpHA JIaMI1a HaKaJTIOBaHHs ab0 eJIEKTPOIFOMiHE-
cueHTHU koHneHcarop. IlpuiiMmauem — ¢otopesucrop (puc.1.10) i3
ceneriny kaamiro (CdSe) myst BUAMMOIO BHIIPOMIHIOBAHHS, 13 CEIIEHITY
a0o cynediny ceunus (PbSe, PbS) - nns indpauepBonoro. Pesuctopna
onromapa (puc.1.11) Moxe mpaIfoBaTi SIK IpH MOCTIHHOMY, TakK 1 TIpH

3MIHHOMY  CTpyMi @pH  JI0Opiifi  y3rOMKEHOCTI JoKepena
BUIIPOMIHIOBAaHHS i doTopesucropa 3a CIIEKTPAJIbHUMHU
XapaKTePUCTHKAMH.

BHX

a o

Pucynok 1.11 - Ctpykrypa (a) i ymoBHe rpadiune mo3HaueHHs (0)
PE3UCTOPHOI ONITOIIAPHU

Pesucropni onromapu  3acCTOCOBYIOTH  JUIsi ~ aBTOMATUYHOTO
pEryJoBaHHS MiJCUJICHHS, KEpPyBaHHS OE3KOHTAaKTHUMH MOIUIIYaMH
Hanpyru, MOAYJALIl CUTHaNIB, (OPMYBaHHS PI3HOMAHITHUX CHUTHAJIIB.
ITpoMHCTIOBICTh TaKOK BUIIYCKAE PE3UCTOPHI ONTONAPH, sIKI IPU3HAYEH1
Ul KOMYyTallli CUTHaAy pO3MILIYIOTh JEKUIbKa (HOTOPE3UCTOPIB.
[TpuiiMaueM BHUNPOMIHIOBAHHS TUPHUCTOPHOI ONTONMAPH € KpEeMHIEBHH
dbotorupucrop. [HiogHi 1 TpPaH3UCTOPHI ONTOMAPH 3aCTOCOBYIOTH B
KOMYTaTOPHHUX  CXeMaX,  HPUCTPOsIX  3B'A3Ky  JaTYUKIB 3
BUMIpIOBaJIbHUMH OjlokamMu Ta pene. OCHOBHI cepu BUKOPHCTAHHS
TUPUCTOPHUX ONTOMNAp: CXeMH i (GOpMYyBaHHS MOTYXKHIX IMITYJbCIB,
KEepyBaHHS TOTYXHIMM THUPHUCTOpaMM, KEpyBaHHS Ta KOMYyTalil
PI3HOMAHITHUX MIPUCTPOIB 3 MOTYXHIMU HaBaHTAKEHHSMH; H10JHUX
onTomnap - IMIYJIbCHI TpaHC(POpPMATOpH, sIKI HE MalTh OOMOTOK,
mepefadya CHUTHAJIiB MK OJIOKAaMH  CIKJAHOI  PaioJeIeKTPOHHOI
armaparypu, KepyBaHHs poOOTOI0 Pi3HOMaHITHUX MikpocxeM Ha MJIH-
TPaH3UCTOpaX, y SKUX BXIIHMHA cTpyM nayxe Maiuil. [Ipuitmauem
BUIIPOMIHIOBAaHHS TPAH3UCTOPHOI ONTONAPH € KPEeMHI€BUH OIMONIspHUN
dboToTpanzuTOp N-pP-N- TUITY.
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Po3nin 2. IHTET'PAJIBHA OIITUKA
2.1 OnToeneKTPOHHI iHTerpajabHi MikpocxeMu

«laTerpaNbHa ONTHKA» - II€ CydYacHa Ha3Ba HOBOTO HampsMy
€JICKTPOHHOI ONTHKH, SKWW 3amoudaTtkyBaB y 1969p. Mimep C.E.
[HTerpanpHa ONTHKA PO3TISAAE SIBHINA, OB’ A3aHi 3 PO3MOBCIO-KCHHIM
CBITJIa B TOHKHX IUTIBKaxX 1 € JIOT1YHUM mpoaoxeHHsIM HBY-texHikw,
NEPEeHOCSYH ii TMPUHIMIIKA B ONTUYHHWHA Jiama30H eJIeKTPOMAarHiTHHX
xBuib Big 0,1 mo 10 MkxM. Y 3B’S3Ky 3 MM €IEMEHTH IHTETPaJIbHOI
ONTHKK TI0O  aHaJorii IMOYadyd HA3MBAaTH  ONTOCJICKTPOHHUMU
IHTETrpAJIbHUMH MIKPOCXEMaMH.

TeoperuHi 1 eKCIEPUMEHTAJIbHI JOCITIJKEHHS TIIOKa3ajiH, IO
3a/laya KaHaizalii CBITJIOBOI XBWJII MOXke OyTH po3B’si3aHa Ha 0asi
IUIOCKUX  JICTICKTPHUYHUX  XBWICBOJIB, SKi  SBISIOTH  COOOIO
TOHKOIUTIBKOBMI aHaJIOI BOJOKOHHO-OINITHYHUX CBITI0BOIIB. PO3BHTOK
IHTeTpaJbHOI ~ ONTHKH  OOYMOBIEHHA  HEOOXIJHICTIO  YCYHYTH
HEBIJMOBIIHICTh M1 F€HEPOBAHUMHU ONTUYHUMU MyYKaMU 3 BUCOKUM
CTeleHeM MPOCTOPOBOi 1 YAacOBOi KOTEPEHTHOCTi. IX  Maoro
TUGPAKIIHHOI PO3XOAUMICTIO, BUCOKOIO KOHIIEHTPAIIIEI0 MOTYKHOCTI 1
BEITMKOTA0APUTHUMH ONTUYHUMHU €JIEMEHTaMHU I 0OpOOKH CBITIIOBUX
notokiB. [lepexim Big «BIAKPUTOI» ONTHUKA OO JIEIEKTPUUHHX
XBUJIEBO/IIB BIJKPUBAE MEPCIEKTUBU YCYHEHHS 11i€1 HEB1IMTOBIAHOCTI.

[leBHUM  CTHUMYJIOM Ui  PO3BUTKY  TEXHIKM  IUTIBKOBHX
JUENEKTPUIHUX CBITJIOBO/IIB € PO3LIMPEHHS MO>KJIMBOCTI
¢yHKLIOHATBHOI iHTerpanii, koiau KpemHieBi BIC nomoBHIOIOTHCS
€JIeMEHTaMU ONTHYHOTO 3B’si3aHHA. Lle 103BOJISIE CTBOPIOBATH CXEMHU 3
MEPECTPOIOBAHOIO JIOTIKOI, CTPYKTYPH TOCTIHHHUX 3amaM’ STOBYHOUUX
npuctpois (311) 3 onTHUHKUM nepernporpaMyBaHHsIM Ta 1HIIUX €JIEMEHTIB
OJTHOPITHUX CEPETOBUII EIEKTPOHHO-00UYMCIIOBAILHUX MaiuH. Kpim
TOTO, TEepeXia BiJ TUCKPETHUX 00 €MHHUX ONTHYHHX EJIIEMEHTIB 10 iX
JTBOMIPHUX TIOBEPXHEBHX aHAJIOTIB BIAKPHUBAE MEPel ONTOSIEKTPOHIKOIO
1 ONTUKOIO MOXJIMBOCTI TMMOBHOTO BUKOPUCTAHHS THX TEpeBar, siki Mae
TUTaHapHA TEXHOJIOT IS

TakuMm 4YWHOM, IHTETpaJibHA ONTHKA SBIAE COOOK  PO3MALT
ONTOCNICKTPOHIKH, IO  BU3HAYAETHCS  KOMIUIEKCOM  (Di3UYHUX,
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TEXHOJIOTTYHUX, CXECMOTEXHIYHMX KOHIICIIIH, METOIB 1 3aco0iB, sKi
JI03BOJIAIOTH 3/1MCHIOBAaTH HAaIpaBJIeHE IMOIIUPEHHS 1 MEepeTBOPEHHS
CIIEKTPOMATHITHUX  XBHWJIb ONTHYHOTO Jiama3oHy B  ONTHYHUX
IHTErpaJIbHUX CXeMmaX, sAKI 0a3yloTbcsi Ha KOMOIHAIlli TUIOCKHX
TISNIEKTPUYHUX XBHJICBOMIB 1 IHIIMX TOHKO IUTIBKOBHX ONTHYHHUX 1
OITOEJIEKTPOHHUX E€JIEMEHTIB.

Onmoenekmponna inmeepanrona mikpocxema (OE IMC) — 1e
MIKpOCX€Ma, fIKa Ma€ ONTHYHMHA 3B'S30K MK OKpPEMHUMH BY3JIaMH 1
KOMITOHCHTAMH, Ta. CKJIAJIAETHCS 13 ONTOMAp 1 MPUCTPOIB IJisi 0OpOOKH
CUTHAJIIB, IO OJEPKYIOTh Bia (orompuitmava. OcobmusicTio OEIMC e
OJHOHANpsSMIJICHA Tiepefaya CUTHAIYy Ta BIJCYTHICTb 3BOPOTHOTO
3B'SI3KY.

OEIMC po3miniyeTbcsi Ha HEBEIUKIA KPUCTANIYHIN MIACTHHIN -
«Jimi», Ha SKAKA HAHOCATH TUTBKY. OIHI TUIIBKH CIIY)KaTh MAaCHBHUMHU
MePEHOCHUKAMH €HEPrii, 1HIN aKTUBHUMHU— 3JaTHUMH CaMOCTIHHO
TCHEpYBAaTH CBITIIO, MOJYJIIOBaTH 1 JeTeKTyBatH Horo. DyHKIi
MACUBHOTO €JIEMEHTAa BUKOHYE XBHWJIEBiJ, SIKUH MEpPETBOPIOE 00’ €MHY
MPOCTOPOBY XBWJIIO B TOBEpPXHEBY 1 mepenmae ii momiOHO ToMy, SIK
€IeKTPUYHI JAPOTH TMEPEHOCATh CTPpyM. XBHWIEBIA CKIATa€Thes 13
MJIKJIAJIKK, TUTIBKU 1 MIOKPUTTS, POJIb SKOTO 33 YacTy BiJIrpae MOBITPSI.
Taka KOHCTpPYKIlisS MPOSIBIsIE XBUIEBOIHI BIACTUBOCTI, KOJIU MOKa3HUK
3aJIOMJICHHS IUTIBKH N, TepeBakae MOKA3HUK 3aJIOMIICHHS ITiIKJIAIKU Ny
1 TOKPUTTS Ny.

PosrnsiHeMo po3noBclOJKEHHS CBiTJIa B XBUJeBoAl. [IpomiHb
CBITJIa TIOMAJa€ B TUTIBKY, OaratopasoBo BifoOpa)kaeThbcs BiJ i1 MeX i
PO3MOBCIO/KYETHCSL [0 3UT3aromnogiOHOMYy MIIAXY, 10 Haramye
MOBE/IHKY CBITJIA B ONTUYHOMY BOJIOKHI. ONTHYHUN XBUJIEBiZ Mae
BJIACTUBOCTI, IO CHOPITHIOOTH KHoro 3 xBuieBogoM HBY miamazony,
alle TOBIMMHA iforo mpu mpomy B 10° pasiB MeHIIe, i € XBHICBOIOM
BiJIKpuTOro Tuy. Lle o3Hauae, 110 CBITIIO PO3MOBCIOKYETHCS HE TIIBKU
B CEpeluHi IUTIBKHM, aje ¥ B 0ONAcCTsIX, sIKI MPUISATAIOTh 10 HEl — B
MIIKIaA11 1 TOKpUTTi. ToMy MaTepiaial BCIX TPbOX IIapiB MOBHUHHI MAaTH
rapHi ONTHYHI XapaKTEPUCTUKU, OYyTH MEXaHIYHO MIIHUMH 1 CTIHKHUMHU
710 BIUIMBY 30BHIIIHIX (akTopiB. OCHOBHUM MaTepiajioM JUIsl MiAKIaI0K
B iHTerpanpHiii ontuui € GaAs. II{o 10 MIBOK XBUJIEBOAIB, TO J00pe
cebe 3apeKOMEHIyBaJIM OpPTaHiuHI MaTepiaiu 1 POTOPE3UCTH.
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BaxiuBUM KpPOKOM B pO3BUTKY I1HTETpalbHOI ONTHKH CTaJlI0
CTBOPCHHSI MIHIATIOPHUX DKEpEN 1 MpHiiMadviB CBiTJIa, MOAYJSATOPIB,
nepeMukadiB. Bouu cimyxkate aktuBHO dactuHO OEIMC, 3matHuxX
TeHEepPYBaTH CBITJIO 1 KEpyBaTH Horo mapamerpamu. Bci 11i eneMeHTH,
HE3BKAIOYM HA Pi3HI (YHKIII1, pO3MIIIYIOThCSA Ha 3arajibHid MiaKIai
13 GaAs —eguHOMY Marepiaji, B SKOMY peali3yloTbCsl BCl HEOOXiJIHI
byHKII.

OcHogHi cepu Bukopuctanus OEIMC: nepemukadi JIOTIYHHX Ta
AHAJIOTOBUX CUTHAJIIB; peJi€; CXeMH JITepHOi Ta HU(POBOT iHUKAIII].

2.2 MojeJib 1ieIeKTPUYHOI0 XBHJI€BOAY

HaykoBy OCHOBY iHTErpajJibHOi ONTHKH CTAaHOBUTh BUBYCHHS
NPOIECIB  MOMIMPEHHS CJICKTPOMArHiTHUX XBWJIb B  IUIOCKOMY
nienekTpuyHoMy XBuiieBoAl. OcTaHHIM siBIsie co0OI0 PO3MIIIEHY Ha
HiAKIAANI TOHKY 1 BY3bKY MICTICKTPUYHY CMYXKKY, SIKa Mae OlTbIIHid
NOKa3HHUK 3aJIOMJICHHS, HDK OoTouytoue cepenopuile. [lome xBuii, sika
MOITUPIOETHCSI B3JIOBXK TAKOTO XBUJICBOTY, IIIBUIKO CITAJIAE.

Mogenb Takoro XBHJIEBOAY B JIOCHTh 3arajlbHOMY BHIJISIII MOXKeE
Oyt 300pakeHa TPHOXIIAPOBOIO CTPYKTYporo (pHc. 2.1), mo MiCTHTh
MiKIaKY, CBITJIOBI] 1 TOKPUTTSI.

Pucynok 2.1 — CtpykTypa IielIeKTpHIHOTO
XBUJIEBOLY

Po3B’s13aHHs piBHAHHSA MakcBena Ui HalpsiMy MOIIUPEHHS B3I0BXK
ocl Z B IBOXBUMIPHOMY BUIAJKY TMOKa3ye, 1110 TApMOHIYHA XBUJISL ICHYE
B ONTUYHO HAWIIIJIBHIIIOMY CEpeAHbOMY IIapi 1 EKCHOHEHIIaJbHO

24



3aryxae B mapax 11 3. L XBWJII Ha3MBaIOTh KaHATI30BaHUMH, 200
XBUJICBOJHUMH MOJAMH.Y peXHMi 30yKEHHS XBHJICBOJHUX MOJ B
3arajJlbHOMY BUIAJKY B XBHJICBOJI MOXKE ICHYBaTH CKiHYEHE YHCIIO
xpuneBonHux TE-mox (3 cknagosumu nonis £, Hy, H;) 1 TM-moxn (3
cknagosumu Hy, £, E; ). Yucno BiacHUX Mo TUM Oliblie, YUM Oliblie
BigHomenHs W/A 1 3amexuTh BiJ CIIBBIAHONIEHHS MOKA3HUKIB
3ajoMiIeHHA Ny, Ny, N3. Ilpu nesxomy 3nauenni W=W,, mona TEq crae
XBUJICBOAHOW, mojaibiine 30iunbmeHHss W 103BoJisie iICHYBaHHS MOJIU
TE;, motim momu TE; i T.n. AHanoriyHa KapTUHA CIIOCTEPIraeThCs 13
TM- monamu. [Tpy 3MEHIIIEHHI TOBIIMHU XBHJICBOAY HIDKYE KPHUTHYHOL
XBWJICBOJHI MOJY TEPETBOPIOIOTHCS B MOMIM ITiIKJIAJKU, HAIlpaBJICHA
KaHami3alisg cBiTiIa npunuHsAeTbes. [Ipu Bemukidt pizHmMmi Ny i N Ta
OMM3bKUX 3HAYCHHSX Ny 1 N1 [(N2-N3)/N2=An/n,<< 1] KpUTHYHA TOBIIMHA
CBITJIOBOAY JOPIBHIOE:

Wrkx :%\/Zn An

Hanpukmnan, mpu 4~0,3 MKkM iAn/nZSIO'?’ W,,, cranoBuTSb 1,2 MKM.

KpiMm po3s’sizanHs piBHsSHHS MakcBena, A JTOCHIHKEHHS
XapaKTePUCTHK MOJT XBHJIEBO/IIB npuIaTHa KOHIIETIIIS
3Ur3aronoAiOHOr0 TMOIMIMPEHHS CBiTNA, 3TIAHO SIKOT KOXHA Moja
MpeACTaBiIsie cCO00K TMPOMIHB, WO TMaJa€ Ha TPAHUINO XBUJIEBI]
MiJKTaKa 1 XBUJIEB1 — HOKPUTTS MiJl IEBHUM KyTOM 6 1 OUIUPIOETHCS
BCEpEIMHI CEPEelHbOr0 MIapy BHACHIJOK IOBHOTO BHYTPIIIHBOIO
BinOMBaHHs. He3Bakaroun Ha 3Ur3aromnoAiOHUN NUISX TAKOTO MPOMEHS,
CBITJIO, MO CYTI, MOIIMPIOETHCS JIMIIE B HANpsMi Z, YTBOPIOIOYU B
HampsiMi X cTosiay XBU0. KoHCTaHTa MOMIUPEHHS:

S= k nysinf; ,

SRS

ne K| = , - KyTOBa 4YacTOTa CBITJIOBHUX KOJHMBaHb. | paHuuHe
3HaYeHHs @, Tmpu SAKOMYy MOJa 3AJIMIIAETHCS  XBHJIEBOAHOIO,
BU3HAYA€THCS CITIBBITHOLICHHSIM:

O<arcsin(nslny) ; 0 <arcsin(ni/ny).
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Juist Toro, mo® MiIOCKi XBWJ Ticisg 0araropa3oBOTrO BigOWBaHHS
iHTephepyBaii Mixk c00010 B (ha3i, MOBUHHA BUKOHYBAaTHUCS YMOBA!

2kn200S9mW-2€D23-2€D21 =2mr,

ne @y3 1 @y — ($Ha3oBi 3cyBU MPU MOBHOMY BHYTPIITHBOMY BiOMBaHHI
Ha HIKHINA 1 BEpXHIA IpaHUISIX CBITIOBOAY; M- miie ynucio. Po3B’s30k
IIOT'O TPAHCIEHJCHTHOTO PIBHSHHS Aa€ HaOip T03BOJICHUX 3HAYCHB O, 1
BIZIMOBITHO fm 1 PaKTHYHO BU3HAYAE BIACHI MOJU XBHJIEBOTY.

[Ipy mommMpeHH1 B3JOBXK XBUJIEBOIY IEKUIBKOX MOJ MIX HHUMHU
BUHUKAE 3B’S30K, BHUKIMKAHUH nedextamu (QuyKryamii MOKa3HUKA
3aJIOMJICHHSI, IIOPCTKYBATICTh TpaHeil 1 T.4.). Llel 3B’SI30K MpUBOAUTH
70 OOMiHY MOTY)XHOCTI MK Momamu. UMM CyTTeBimn OeeKTH, THM
CWJIbHIIIA B3a€MOIS MOJl 1 MEHIIA BIJCTaHb, Ha fKiil BiIOYBa€eThCs
nepeKkayyBaHHs TOTYXKHOCTI MK JaBoMa Momamu. Jljis 3MEHIICHHS
CIIOTBOPEHb  HEOOXIJHO, 1100  MIOPCTKYBATICTh  IOBEPXHI  HE
nepesuitysana 0,03A.

Takum umHOM, g crBopeHHs OEIMC HeoOxigHO BMITH
BUTOTOBJISITH TIIOCKI JIEIEKTPUYHI XBHJIEBOJIU 3 TOBIIMHO, OJM3BKOIO
no W,, (o1 onepKaHHA OJHOMOJOBOIO pPEXHMMY) 1 3 MaluMH
HIOPCTKYBATOCTSAMU rpaHullb AW. IIpuilHSATHI 3HaY€HHS IUX BEIMYUH
ctanoButh W=0,5-5,0 mxm; AW=0,1+1,0 MKkM, a 3aTyXaHHsI CUTHAIly HE
NOBUHHO nepeBuiryBatu 1 nb/cm.

[Tomepeuni  mepepizu  MOXIMBHUX  KOHCTPYKIIH  CMYXKOBHX
XBUJICBOJIIB BHU3HAYAIOTHCS TOJOBHUM YHHOM TEXHOJIOTIEI0, IO
BUKOPHUCTOBYETbCS JJIsi IX BUTOTOBJICHHA. [HKOJIM BHUKOPHCTOBYIOTh
HNOKPUTTA JJIs 3aXMCTY HECY4Oi CMY)KKH BiJl 30BHIIIHIX HMOIIKOKEHb.
Jliama3oH BeJWYMH, SIKI BU3HA4YalOTh napameTpu, ckiagae: W=0,3+10
MKM, 0=3+100 MxM;  An/n=10"2+10 (Tyt An/n=(nz-nz)/n;). Kpim Toro,
epeKT KaHami3alii CBITJIa CHOCTEpPIraeThCsi B TOHKUX MOHO- 1
noJikpucTamigyHux 1miiBkax ZnSe, ZnO, CdS, GaAlAs, Si i B ageskux
OpTraHiYHUX PEYOBHHAX.

BTpatu B ONTHYHUX XBHJIEBOJAX OB ’s3aHI B OCHOBHOMY 3 TpbOMa
MeXaHi3MaMH: pO3CIIOBaHHSM, aOcopOIi€l0 1 BUIPOMIHIOBAHHSIM.
Brpatn, 3ymoBieHI poO3CiIOBaHHSM, JOMIHYKOYl B CKISHHUX 1
TEeKTPUYHUX XBUJICBOJAX, a TMOTJIM-HAHHS — B HAIIBIPOBIIHHUKAX 1
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IHIIUX KpHUCTATIYHUX Marepiagax. Brpatu dvepe3 BHIPOMIHIOBAHHS
BHOCSTh CYTTEBUH BKJIAJ B XBWIEBOJAX, 3ITHYTHMX 10 KpUBIH.
AOcopOriiiHi BTpaTH B TOHKMX aMOp(HUX IUTIBKAX 1 KPUCTAIIYHUX
cerueromarepianax, Hamnpu-kian, LiTaOs3 a6o LINbO,, wmam B
MOPIBHSHHI 3 BTparamMu poscitoBaHHs. OpHaK B HaIiBIPOBITHUKAX
CIIOCTEpIraloThCsl CYTTEBI BTpPaTH, 3yYMOBJICHI  SK MK 30HHUM
MOTJIMHAHHSIM a00 TOTJIMHAHHSM Ha KPar CMYTH, TaK 1 MOTJIWHAHHS Ha
BUIBHMX HOCISIX. Tak, 3MEHIIICHHs] CyMapHOi KOHIIEHTpAIll JTOHOPHHX 1
aKIenTopHux IoMimok B GaAS-XBWICBOII Bif 10% o 2:10® om®
MpUBEJIO 70 3MeHIIeHHs BTpaT Bix 4,3 mo 1,3 ab.cm mpu A=1,15 mxm.
[Ipn HaOmKEHHI A0 JOBrOXBWJIBOBOI TPAHUIl CIIEKTPY BTpPaTH B
HaMiBIPOBITHUKOBUX XBUJIEBO/IAX PI3KO 3POCTAIOTh.

BoJIOKOHHI CBITJIOBOJM B OCHOBHOMY (DOPMYIOTH 3 IUIABICHOTO
KBapIly, 6araTOKOMIIOHEHTHOTO CKJIa 1 MOJIIMEpIB.

OnTuYHI XBWJIEBOJAH 3 MaJMMH BTpaTaMH MO>KHAa CTBOPIOBATH
10HHOIO IMIUIaHTaIli€el0 OOpy B IUIaBIEHUN KBapll Oe3 BiAmaneHHS.
XapakTep CHeKTPaTbHUX BTPAT B [IUX ONTUYHHUX XBUJICBOJAX, 3 OJTHOTO
00Ky, 3aJIeKHUTh BiJl KOHLEHTpAalii MOMIMIOK 1 BMICTY TiIpOKCHIbHOT
Ipyny B BUX1IHOMY MaTepiaii, a 3 JPyroro 00Ky, BUBHAYAETHCS 103010 1
€Hepri€ro IMIUIAHTOBAHMX 10HIB. YMOBHU 10HHOI IMIUIaHTamii (eHepris
10HIB, J103a OINPOMIHEHHS 1 T.I.) ICTOTHO BIUIMBAlOTh Ha BTPAaTU B
ONTUYHUX XBUJIEBOJAX. 30KpeMa, BCTAHOBIEHO, IO BTpaTd B
XBWJIEBOJ[aX 3MEHIIYIOThCS MpU 301IbIIEHH]I Macu 10Ha. B Toii ke yac
MiHIMaJbHa 1032, HEOOXiJHA AJii BUTOTOBIIEHHS XBHIIEBONY, 3pOCTa€
mpu 3MEHIIeHHI Macu ioHa. TakuM YHMHOM, OCHOBHHMH BKJAJ B
301TBIICHHS TOKA3HUKA 3aJIOMJICHHSI BHOCHUTD SIJIEPHE TaIbMyBaHHS.

2.3 OnTuyHi Biaraayxysaui

OnTHuHI BiAranyxyBadi (OpMyIOTECS METOJIOM 10HHOT IMILTaHTAL].
Jlns 11bOro Ha MIAKJIAAIl 3 IUIABJIEHOTO KBapIly AiaMeTpoMm 35 MM 3a
nornomoroto  (GotomiTorpadii  CTBOPIOETbCS  PUCYHOK  CTPYKTYpHU
BiJraixyxyBaua 3 po3mipamu 6x6 mm. llluprHa OCHOBHOTO XBHJIEBO/A
piBHa 170 MKM, KOXXHOTO BIAraly>Kyrdoro kKaHamay- 13 MkM, paiiyc
KpuBU3HU-1,5 MKM. loHHa iMmIanTaris 60py i1 JTiTi0 MPOBOAUTHCS Yepes
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Macky Qotopesucty, a eneprito B niamazoni 200-300 KeB mnpu
MOCTINHINA 71031 OTIPOMIHEHHSI 105 em™. [Tpu pomy 3abe3meuyBaioch
301IbIICHHS TOKa3HUKA 3JIOMJICHHS 1 (OpMyBaHHS XBWIEBOIIB B
obyacTi KBapily, He 3axulleHid mapoMm Qoropesucty. [nubOuHa
MPOHUKHEHHs 10HIB JiTito Ha 40 % Oinblna, HDK 10HIB OOpy, MpoTe
OCTaHHI BUKJIMKAIOTh 3HAYHIITY 3MiHY KOoe]iIll€eHTa 3aJIOMJICHHS.

XBUJIEBO/IHA TEXHIKA MPHUIATHA ISl BATOTOBJICHHSI OCHOBHHX BH/IIB
MACHBHMX ONTUYHUX €JeMeHTIB. EQexT npusmu (BiAXUICHHS 1 TOBOPOT
CBITJIOBOTO TIPOMEHSI) BUHHKAE, SKIIO HA SKIHCH MIJSHII XBHJIECBOIY
HAHECEHO JOJATKOBHI mIap Ti€i K pedyoBUHU B GopMi TpUKyTHHKa. Lle
MOSICHFOETBCST THUM, IO INBUIKICTH CBITJIA 3aJICKUTh BiJI TOBIIUHU
CBITJIOBOAY.

Edexr niH3u BUHUKAE TPH 3MiHI MOKAa3HWKA 3aJIOMJICHHS B30BXK
nepepizy XBWIEBOAY. MOXKIUBI YHUCTO TEOMETPUYHI BHUPILIECHHS i€l
3a1adi, KOJM Ha YacTUHI CBITJIIOBOJIY CTBOPIOETHCS PO3IIMPEHHS
HAMIBKPYTIIOi (hOpMHU.

Hampsim mommpeHHs CBiTiia 3MIHIOETBCS Ha TPOTHIICKHUN (edekT
J3epKaia) Mpy CTBOPEHHI Ha OJHIN 3 rpaHed CBITIOBOAY AuGpakiiiHi
rpatku. BcTaHoBieHO, 1110 CBITJIOBUN MOTIK 3MIHIOE CBiM HampsMOK Ha
MPOTUIICKHUH, SIKIIO TpaTKa MICTUTh JIEKUIbKa COT IUTPHUXIB Ha OJUH
MimiMerp. BiacTtane MK IITpUXamMu TOBMHHA BIAMOBIAATH YMOBI
bperra:

Ls=mAr/2,

e m- TOpAdoK AWQpaKIii; Ar- JOBXKMHA XBHJI CBITJIa B Marepiaii
ceitimoBoay. Tak, must peamizarnii nudpakiii nepmoro nopsaaky B GaAs-
XBUJIEBOAI HeoOxigHo 3abesmeuntd Lp=0,125 MKM, 1m0 HpakTHYHO
BaXKO 3A1MCHUTH. ToMy, SIK MpPaBUIIO OPIEHTYIOTHCS Ha AUQPPAKIIiIO
BUIINX MOPSAIKIB (M=2, 3...).

Texuomorist JETEKTPUIHIX XBUJIEBOIIB npujiaTHa IS
BUTOTOBJIEHHA Oinbinocti enemeHTiB HBY TexHiku HampaBieHUX
BIJIrally’)KyBadiB, YaCTOTHO CEJIEKTUBHUX (UIBTPIB, IMEepEeMUKaAUIB,
¢azonoBepTadyis i T.1.

Hanpasnene BiaranyxXeHHss Mo)ke OyTH peani3oBaHO JAEKUIbKOMa
cnocobamu.  Haiimpoctimmii 3 HUX nOpuiiMae 3a OCHOBY 3B SI30K
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XBHJICBO/IIB, PO3MILIIEHUX OJIM3BbKO OJMH BiJ oJHOTrO. BeTanomneHo, 1o
MPU OJHAKOBIM KOHCTAaHTI MOIIMPEHHS 000X XBUJIEBOAIB MOKJIUBE
MepeKadyBaHHsl TOTY>KHOCTI 3 OJHOTO XBHJICBOJIY B IHIIUN HA TEBHIN
JIOBXKHHI ITUX XBUJIEBOAIB. SIKIIO K Il KOHCTAaHTH HE OJHMHAKOBi, TO
Bi/I0yBa€ThCS YAaCTKOBE TNepekauyBaHHS. [[Isi BCTaHOBJICHHS 3B’SI3KY
MDK XBHJIEBOJAMU MOXKHA MPHUKJIACTH 3BOPOTHIO HAINpPYry 10 Oap’epy
oTTKi 31 CTOPOHH OJHOTO 3 XBWJIEBOAIB. TakMM CIOCOOOM MOXKHA
nepekaydat 10 95 % moTy>KHOCTI 3 OJTHOTO XBUJICBOIY B 1HIITUH.

BBeneHHs CBITJIOBOTO MPOMEHSI B TUIOCKI JiCIEKTPUYHI XBHUIICBOIH
BHUpIIIYEThCS JIeKiIbkoMa crocobamu (puc.2.1l). Ilpomine MokHA
coKycyBaTH 3a JOMOMOTOIO JIiH3H Ha Kpail miiBku (puc.3,a). Tyt miH3a
CHoI00MSAETHCS PYHOPY, ajle e He AyXe 3pyYyHO, TOMY IO HEOOXiIHO
TOYHO c(oKycyBaTH JIiH3Y 1 Ja3epHU NMy4OK 3 HANUTOHIIMM Kpaem
rwriBku. [Ipocriiie BUSIBUIOCH BBOJUTH CBITJIO 32 TOTIOMOTOIO MPU3MU 3
OUTHIITUM TTOKA3HUKOM 3aJIOMJICHHS, 4iM y TUIiBKH (puc.2.1,0), ane Tyt
e He 3py4Ho. /[ mepekauyBaHHS CBITJIIOBOI eHeprii HeoOXiaHO, 00
MDXK TIPHU3MOIO 1 TUIIBKOBHM XBUJICBOJIOM 3QJIMINABCS MOBITPSHUN 330D
TOBIIMHOIO MEHIIIOI0 TMOJIOBUHU JIOBXKHHHM XBWIi. B 3a30pi MOXyTh
HAKOMTUYYBATUCS YACTHHKH IHJIYy, IO MPUBOJUTH JIO POCTY BTpaTH
cBiTia. [lporo MokHa 3amoOIrTH, SKIIO 33a30p 3aMOBHUTU 3B’S3YIOUUM
MarepiajaoM, 10 OJHOYACHO POOUTH KOHCTPYKIIIIO OUIBIN HaAliHOO. SIK
MOKa3ye eKCIIEPUMEHT, MPU TaKOMY BBOJI BTpadaeThes He Oinmbin 12 %
eHeprii cBiTJa.

AHaNOTIYHO TPU3MEHHOMY TMpAIO€ I1HIIMKA eNeMEHT BBOAY —3a
nonomororo pemiTku (puc.2.1,8). Ha miiBKy XBHIJIEBOIYy HAaKIJIaJalOTh
TOHKUH map ¢GoTope3ucTy. 3a JOMOMOTOI0 Jla3epa Ha WOTO MOBEPXHIO
eKCIIOHYIOTh 1HTepdepeHIiiiny kaptuny. Ilicas ob6podku ¢ortopesuct
CTaHOBUTHCA NU(DPPAKIIHHOIO PENITKOI 3 CHHYCOITaTbHUM, TPUKYTHUM
abo TpaneniiHuM npodiiem.

MiHIaTIOpHICTh ~ pelIyaTUX  eJIEeMEHTIB, BIJHOCHA  JIETKICTh
BHUTOTOBJICHHSI POOJISITH iX JJOCUTh TEPCIIEKTUBHUMH JIJIT BUKOPHCTAHHS
B IHTErpabHIN ONTHIII.
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2.4 ®oronpuiimaabHi npucrpoi OE IMC
2.4.1 ToukonaiBkoBi Mmoayasitopu [1, 7]

Sk QoTompuiiMadi ONTHYHUX IHTETPATILHUX CXEM BUKOPUCTOBYIOTH
reTepOCTPYKTYpU. XBUJIEBOAHI (OTONpHUiIMaUl  XapaKTepU3yHOThCs
maibke 100%  epeKTHBHICTIO, OCKUTBKM B HHX NPAKTUYHO BiJICYTHI
BTpaTH Ha BiJIOMBaHHS.

Jjis1 BUTOTOBIIEHHS! TOHKOTTIBKOBUX MOAYJISITOPIB BUKOPHCTOBYIOTh
pi3HI ¢i3nuHI e(PeKTH: EeIeKTPOONTUYHUN, MArHITOONTHYHHH, €(eKT
Kenguma-®panna. [lnanapHi XBuieBoaAM A LMX MOZYJSTOPIB
BUTOTOBJISIFOTBCSL  Ha  MIAKIAAKAaX 3 €JNeKTpO-, MarHiTHO- 1
aKycTOONTHYHUX MaTepiamiB. [lapamerpu mux marepiaiiB 3MiHIOIOTBCS
MIPH BITOBITHUX

I TITN
AR AARIN

T T P TPRIATRG
ROOOORAXAAXRRORONNS

XA XXX XXX ANYXXXX

Pucynoxk 2.1 - EnemenTH BBeJIcHHS CBiT/Ia B XBUIIeBO/ [4]: 1 - mumiBKa; 2
- MigKIaaKa; 3 - MiH3a; 4 - mpu3Ma; S - penriTka
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30BHIIIHIX BIUIMBAaX (CJIEKTPUYHHUX, MATHITHUX, AaKyCTUYHHX), IO
JI03BOJISIE YIIPABIISATH MOIIUPEHHAM CBITIa B XBUJIEBO/II.

IIpu 3acTocyBaHHI €JIEKTPOONTHYHOIO €(EeKTy BHUKOPHUCTOBYIOThH
HioOaT JITIIO 1 TaHTajaT JITII0 y BHUIJSAAI TOHKUX IUTIBOK. JIiHIAHUN
CJIEKTPOONITUYHUN e(eKT B HAMIBIPOBITHUKOBUX p-N-TIepexoaax
BUHUKA€E B 3B’A3aHHA 3 TUM, L0 NPHUKIAJCHA 3BOPOTHS Hampyra B
obnacti 00’€MHOTO 3apsiAy 3MIHIOE KOHIIEHTpAIlil0 BIUIBHHX HOCIIB,
OCTaHHE MPUBOAMUTH JO MOAYJALIT JieNEeKTPUYHOI POHUKINUBOCTI E, a
OTXKE 1  TOKa3HMKa 3aJomJieHHS n. Jlns 3BUYAHUX 00’€MHHUX
MOJYJATOPIB LEeH eQeKT BaKKO BHUKOPUCTATH, OCKIJIbKH CBITIIO
NpUANLIOCE OM BBOIUTH Y BY3bKY 30HY B3IOBXK p-N-miepexony. B
TOHKOIUTIBKOBMX CTPYKTypax L€ BBaXaeTbcs nepesaror. Ilpu
BUKOPHCTaHHI TaKUX HAIIBIPOBITHUKIB, Ak GaAs, GaP, ympasmisroui
Hamnpyryd MOXKHA 3MEHILUTH JI0 JI€CATKIB 1 OIMHUIIb BOJIBT.

[Ipy CTBOpEHHI MAarHITOONTHYHHX MOIYJATOPIB Mepexil a0
TOHKOIUTIBKOBUX KOHCTPYKIIIH J03BOJISIE YACTKOBO YCYHYTH OCHOBHMM
HEIONIK IMX NOpWIagiB — HHU3BKY poOouy wyactoty. Tak, Qepur-
IPaHATOBI MOYIATOPH MPAIIOIOTH Ha yacToTax g0 10° ' i crioxuBana
HUMHU TIOTYXKHICTh Ha MOPAJOK MEHIIAa BiJ Kpalmux 3pa3KiB
€JIEKTPOONITUYHUX MOJIYJIATOPIB. MAarHiTOONTHYHI MOJYJIATOPU B
TOHKOIUTIBKOBOMY BHKOHaHHI XapaKTepU3YEThCS HU3BKOBOJIBTHUM
yIpaBlIiHHAM (OAMHHMLI BOJIBT), ILIO POOUTH IX CYMICHUMH 3
crannapTHUMH Mikpocxemamu. Edexr Kenauma-®panna 3B’ s13aHuil 31
3MiHOIO Koe(illieHTa TOTJMHAHHS CBiTJIa B HAMiBIPOBIIHMKAaX. BiH
MoJiArae B 3CyBl Kpalw CMYTH T[OIJIMHAHHS TMIpU CTBOPEHI B
HaMIBIOPOBIIHUKY CHJIBHOTO ejekTpuuHoro mois. [lpu mepexoxai 1o
TOHKOIUIIBKOBUX XBUJIEBOJHUX KOHCTPYKIIH HEOOXIAHI MOJS MOXYTh
OyTH ojepxkaHi Npu JocuTh Manux Hampyrax (1-10 B). XapakrepHoto
ocobmuBicTio edexty Kemmumia-Opanma € ioro Oe3iHEPTHICTh — Hac
pernakcarii cranoBuTS pHOIIH3HO 107

HaiiGinpime  mommupeHHS — oJepKaliu  €JIeKTPOONTHUYHUM 1
aKyCTOONTHUYHUM MpUHUIUOM  yrpaBimiHHA. CTpyKTypa HpOCTOTO
TUTAHAPHOTO eJIEKTPOOTITHIHOTO ¢azoBoro MOy TOpa
(pazomoBepraua) mokazaHa Ha puc. 2.2. JliIgHKA CMY>XKOBOTO
XBUJEBOAY 2 ab0 MmAKIaAKH, SKa pO3MilleHa MK TUTIBKOBUMHU
METaJeBUMH  €leKTpojamMu |, BUKOHaHAa 3  EJIEKTPOONTHYHOTO
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Mmarepiany, MOKa3HMK 3aJOMJIGHHS SKOTO 3MIHIOETBCS — MiA  Ji€l0
SJIEKTPUYHOTO TIOJIS ENIEKTPO/IIB.

2/0—:(
= |

Pucynok 2.2 - EnekrpoonTudnuii ¢pazoBuiit MOIyIATOp [5]

Ile mpuBOoIUTH OO0 3MiHM €()EKTHBHOrO TMOKAa3HUKA 3aJIOMIICHHS
XBHJICBOMlY, B PE3YyJlbTaTi YOTO0 HAa BUXOJAI MOAYNIATOpA 3’ SBISETHCS
KEpPOBaHE BIIXMJICHHS MPOMEHs. 3a JONOMOIOH CHUCTEMH HapaielbHO
po3MinieHnX (a3omoBepTadviB OMUCAHOTO THIY MOXHA Ha ii BUXOI
chopMmyBaTH KepoBaHUU (a3oBuil (PpoHT 1 MOOyqyBaTHM ONTHYHUI
pedexTop, mo 3abe3nedye KepoBaHe BiAXUICHHS CBITIIOBOTO ITydKa.

HalinpocTimmii aMminiTyIHU# MOZYJISATOP TaKOXX MOKE MPAIfOBATH
3a CXeMOIO pUCYHKY 2.2. B mpomy BUMaaKy XBWJIEBi NMOBHHEH OyTH
po3paxoBaHMH Tak, MO0 KepoBaHI 3MIHM TOKa3HUKA 3aJOMJICHHS
MEePEBOMIIA HOTO 3 PEXUMY MPO30POCTi B pekuM Herpo3opocTi. [Ipu
[[bOMY INIMOMHA aMIUTITYIHOI MOAYJALil Moxe OyTu Oau3pkoro g0 100
% , a mnpucTpii MOXe BHMKOHYBAaTH (YHKIIIO OJIHOKAaHAJIBHOIO
KOMYyTaTopa CBITJIa.

Jiss  CTBOpEHHsI TUIAHAPHUX  EJIEKTPOONTHYHUX  MOIYJISTOPIB
3aCTOCOBYIOTh ~ TAaKOXX  XBHUJIEBOAHI TpaTKH, sKi  yTBOPIOIOTHCA
EJIEKTPUYHUMH TOJIIMU TEPI0IUYHOI cucTeMu enekTponiB. Ilomaua Ha
€JIEKTPOAM KEPYIOUMX Hampyr MPUBOAMTH JO BIAMOBIAHOT MOMYJIALIi
napameTpiB i IPOMEHIB TPaToK.

2.4.2 AKycTOONTHYHI Kepyrodi NpucTpoi

[Iupoki MOXJIMBOCTI JJIi YIPABIIHHA CBITJIOBUMH ITy4YKaMH
NpEICTaBIsie  aKyCTOONTHYHA  B3a€EMOJis, 3yMOBJIEHA  SIBUIIEM
doTonpyXHOCTI a00 3MIHOIO TOKAa3HUKA 3AJIOMJICHHS PEYOBHHH TIiJ
Ti€10 MEXaHIYHUX HampyXeHb. Pa3oM 3 THM BHKOPHCTOBYETHCS TaKOX
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3MiHa T€OMETPHUYHUX PO3MIpiB XBHJIEBOIIB 1 (JOpPMHU iX MOBEPXHI MiJ
JI€I0 3BYKOBUX KOJIMBAHb.

CtpykTypa  HalOpOCTIIOrO  IUIAHAPHOTO  aKYCTOONTHYHOTO
KEpYIOUOro MPUCTPOIO MOKa3aHa Ha puc.2.3.
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Pucynok 2.3- AKyCTOONTHYHHIA KEPYIOUHHA TPHUCTPiii [6]

NZN
LN

[l’e30kpuctan 1 3 yOpaBislOUUMHU €IEKTPOJAMU 2 TEHepye
MI03/I0BXKHIO 3BYKOBY XBMJIIO, SIKA 4epe3 Miap 3, I10 BiJJALIS€ XBUJIEBIJ
BiJl TIOTJIMHAIOYOTO METAJCBOrO EJICKTpoAa, 1 BUXIMHUK 1map 4
npoxoaAuTs B miaxiaaky S. Ilig giero 3BYKOBOI XBMJII 3MIHIOKOTHCS
napaMeTpy XBWJIEBOJY (TOBIIMHA 1 MOKAa3HMK 3aJIOMJIEHHS IIapiB), 110
NPUBOANUTE 10 (ha30BOi MOAYJALIT CBITJIOBOI XBHIIL, SIKa MPOXOAUTH IO
CBITJIOBOAY 3 YacCTOTOIO 3BYKY. SIKIIIO MapamMeTpu XBUJIEBOAY OJIU3bKI 10
KPUTHUYHUX, BITOYBAETHCS aMILTITYAHA MOYJslia. B mpuBeaeHiit cxemi
MOKJIUBE BUKOPUCTaHHA 1 00’€MHOI 3BYKOBOI XBHJII 3CYBY, sKa
MOJIIPU30BaHa MEPIEHIUKYISIPHO 0 HAaIpsSMy CBITJIOBOTO MpoMeHs. B
IIbOMY BHUIIAJIKy 3BYK CTBOPIOE aHI30TPOIIII0 XBUJIEBOIY, BHACIIOK SKOT
BUHUKae B3aeMHa TpaHchopmanis TE 1 TM - xBuib, ska
CYIIPOBO/DKYETHCS X aMIUTITYAHOIO 1 (0a30BOI0 MOAYJISALIEIO.

HaiiOinpmuit inTepec st MOOYAOBU IUIAHAPHUX aKYCTOONTUYHHUX
KEpOBaHMX TMIPHUCTPOIB TPEACTABISIIOTh HE O0’€MHI, a TOBEPXHEBI
3BYKOBI XBWIi (XBWJi Penes), sSiki MOXYTh TOIIMPIOBATHCS B JYXe
TOHKOMY MTOBEPXHEBOMY IIapi, CyMillIEHOMY 3 ONTHYHUM XBHJIEBOJIOM,
IO JI03BOJISIE JOCATHYTH OUIBIIOT €(pEeKTUBHOCTI aKyCTOONTUYHOI
B3aemoii. Li xBuii 30yKyIOTECS Ha TOBEpXHi miakmaaku (puc.2.4.) 3a
JONIOMOTOI0  TpaTKH,  YTBOPEHOI  3yCTPIUHUMH  METaJeBUMHU
eJIEKTPOaMHU, sKa
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Pucynok 2.4 - AKyCTOONITHYHHI TPUCTPii HA TOBEPXHEBUX XBHIISIX [6]

Ma€ KpOK, PIBHUH TOJIOBHHI JOBXHHH pobOodoi xBwiii Penes. Ha Hux
HOJAI0ThCS HAIIPYTH, SIK1 YepryloThCs 3a 3HaKOM. XBuiis Perest ctBoproe
Ha MOBEPXHI MIIKIAAKU OLKYy4y MepiofuyHy CTPYKTYpy (rpartky), Ha
K Moxe audparyBaTu cBiT/IOBa XBHIA. [ TuOMHA MoaysALii 1 nmepiox
II€T CTPYKTYpPHU 3QJIEKUTh BiJl IHTEHCUBHOCTI 1 YaCTOTH 3BYKY, IO JIa€
MOXJIMBICTh 3/1MCHIOBAaTH pi3HI BUAM AKYCTOONTHYHOI MOIYJSLIT
CBITJIA.

Tak, CBITIIOBUH TyYOK, BiIOMTHI BiA 3BYKOBOI TpaTKd i
OpEeriBCbKUM KYTOM, MOJYJIOETHCS 3a aMILNTYJOI0 MPU 3MiHI YaCTOTH
3BYKy a00 HOro iHTEHCHUBHOCTI. B pexuMi BUNPOMIHIOBAHHS 3MiHA
nepioay 3ByKOBOI IpaTKu MPUBOJIUTH 10 3MIHU KyTiB BUIIPOMIHIOBAaHHS,
1110 BUKOPUCTOBYETHCA Il CTBOPEHHS 1e(DIEKTOPIB CBITIIA.

Bracninok edekry [lommiepa dacrtoTa cBitia, audparoBaHoro Ha
3BYKOBIHM IpaTili, 3MIIIy€TbCS Ha 3HAUEHHs, piBHE a00 KpaTHE 4acTOTi
3ByKy. Lle sIBUIIE BUKOPHCTOBYETHCS UIsi YaCTOTHOT MOMIYJIALII CBITIA.
B sxocTi akycTOONTUYHMX MaTtepialiiB BUKOPUCTOBYIOTh KBapll, HioOat
JTII0, OKUC IIUHKY, apCEH1] TaJIit0, MTOTICTHPOI.
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2.4.3 Onroe/ieKTPOHHI 3amaM’ATOBYIOYi NMPUCTPOI

HeoOximHIiCTh pO3pOOKH ONTHYHUX 3alaM’ SITOBYIOUHX TPHUCTPOIB
(3I1) 3ymoBnIeHa TUM, IO MPUCTPOI IBOTO K MPU3HAYCHHS, SKI TIIOTh 32
iHIUMA  (PI3UYHUMH TIPUHLOUIIAMHA (MarHiTHa 1 HamiBIPOBIIHUKOBA
nam'siTb), HE MOXYTh OBHICTIO 33JOBOJIBHUTH HENEPEPBHO 3POCTAIOUUX
BHMOT /10 00’ eMy iHpopMmariii, ika 30epiraerbcs, 1 MIITLHOCTI 11 3arucy.

[Tpuctpoi ontuuHOi mam’sTi 6a3yr0ThCsA Ha JIBOX METOAAX 3amucy i
BHOIpKH 1H(pOpMAIIii: MOCTIAOBHOMY (MIOPO3PSAAHOMY) 1 MapaieIbHOMY
(moctopinkoBOMY). B mpHCTposX mepmoro THUIy BHKOPHCTOBYIOTh
JMILIE HaNpaBJiCHICTh CBITJIOBOTO IPOMEHS, B HPUCTPOSIX JPYroro,
rojorpaigyHOT0 — KOTEPEHTHICTh JIA3PHOTO BUIPOMIHIOBAHHS 1
MO>KJIUBICTB OTO MPOCTOPOBOT MOAYJISIIIII.

B 3I1 mnocmigoBHOro tHIy 3amuc iH(opMamii 3IiHCHIOETHCS
BHUMAIIOBAHHSM  JIA3€pHUM IIPOMEHEM OTBOPIB B METAJIEBii ILTIBIIi,
pO3MileHI Ha Mpo30piii ocHOBI. HampaBieHHs 1a3epHOrO MPOMEHs
3MIMCHIOETBCS MEXaHIYHO (3MIHOIO B3a€EMHOTO ITOJIOKCHHSI TTPOMEHS 1
3amam’sITOBYIOYOT0 cepeIoBuIIa) abo 3a JOMOMOTO0 JAe(IIeKTOpa, SKUH
BIIXWJIslE CBITJIOBMH MpOMiHb 3a 3agaHol0 mporpamoro. Ilpu
3amucyBaHH1 1H(pOpMAaIlli BUITATIOBAHHS OTBOPIB B METAJEBIM TUTIBII
BIJNIOBIJIa€ JIOT1YHIM OJUHMII, BIICYTHICTh OTBOPY — JIOTTYHOMY HYIIIO.
Sk 3anam’STOByIHOYE CEpEJOBMILE BHKOPUCTOBYIOTH METaJi30BaH1
BiCMyTOM a00 pajiieM CMYXKH mojiedipHoi IMIiBKH, (OTOIUIIBKU 1
IUTACTUHKH, oTope3ucTd, Gporo noaimepu. [IpoTe opraniuni Marepiaau
MalTh CXWJBHICTb J0 cTapiHHsA. Haiikpanly crabuipHICTE Tpu
JOBroTpuBajoMy 30epiranHi iHpopmarii B ontuunux 3I1 3abe3neuyroTh
wiBkK xpomy Ha ckimi. Taki 3I1 3a0e3neuyroTh MIBUAKICTH 3alucy
3*10* 6ir/c i emmicts mam’sti mpuommsHo 10" Gir. Tomorpadiunmit
npuHIUn 3anucy iHdopmauii (puc.2.5) 6a3yerbcs  Ha  (ikcaii
(GOTOYYTIMBUM IIApOM 1HTEPPEPEHLINHOT KapTHHU, SKa CTBOPIOETHCS
JIBOMa KOT€PEHTHUMH XBMJISIMM: BiIOMTOIO Bix 00’€kTa 3amucy abo
XBUJIEIO, 110 MPOMHIIIa Yepe3 HbOTOo, 1 JOMOMDKHOI abo onopHoto. Lls
3aikcoBaHa Ha (OTOIUIACTHHII KapTHUHA, IO MICTHTh TOBHY
1H(pOopMaLlito PO BIIOUTY B 00’€KTa XBUIIIO 3 YpaxyBaHHSM HeE JIUIIE
IHTEeHCUBHOCTI, ajie 1 (ha3u KOJIMBaHb, BJsIE CO00I0 rojorpamy. [lpu
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Pucynok 2.5 — TI'onorpadiunuii 3amam’sToOByrOUnid mpuctTpiii [6]

OCBITJIGHHI  TrOJIOTpaMH  OIOPHHUM TpPOMEHeM BigOyBaeTbcs 1l

BITHOBJICHHSI — BIATBOPIOEThCS 300pakeHHS 00’e¢kta. OpHa 3

ocobOnuBocTei rojorpagii — MOMXJIMBICT 3alUCy BEJIMKOTO YHUCIA

rojorpaM Ha OJHIM IJIACTHHI NPU BUKOPUCTAHHI PI3HO HaNpaBIE€HUX
onopHux MmyukiB. OG’€KTOM 3amuCy € JABOMIpHAa MaTpULs JBOTYHHX
3HAaKIB.

Bukopucranua rosjorpagidyHOro NMpUHLMIY B NPUCTPOSX Iam sTi
3YMOBIIIOE Psifl IX 0COOIMBOCTEM.

1 Bucoka miigpHICT 3amucy iHQopmarliii, BJacTHBa BCIM ONTHYHUM
CHCTEMaM 1 3yMOBJIEHA MaJIOO JOBKMHOIO XBHJII CBITJIA A.

2 Mox/UBiCTh 3uMTYBaHHs iH(popManii y Burasai macusis 10% — 10°
o6it. lle m03BOMSE MIABUIIUTUA MPOAYKTUBHICTH CUCTEMH 1 3MEHUIUTH
YHUCIIO IHTErpajdbHUX MikpocxeM. IIIBHIKOAIS MPUCTPOIO MOXKE CTAaTH
Ha JEeKUTbKa TIOPSANKIB BHINA, HIX aediekTopa, M0 3I1MCHIOE
CKaHyBaHHS J1azepHoOro mnpomens. O1xe, B ronorpadiuHux cuctemax
mBuako s 311 e GimbIe 3pocTae.

3 Bucoka 3axuIIeHICTh B MEpenIkoa, iHpopMallis 3 KOXKHOI 4aCTHHU
TpaHCIapaHTa 3aUCYETHCS Yy BUIIISIAL IHTephEpEeHLIHHOT KapTUHU Ha
BCiit moBepxHi (oTormnacTuHku. [Ipu 11boMy rosorpaMa HedyTIUBa 10
MiKpoJiIeeKTiB  (MOPOITMHKHA, TPOKOJM 1 T.JA.), IO OCOOJIUBO
JOUIKYJIsIE B MOPO3PATHUX cucTeMax 3amucy. Kpim toro, romorpama
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30epirae Bcio iH(pOpMAIlI0 HaBITh MNpPHU BIJKOJIOBAaHHI YaCTHHU
(b OTOITACTHHKH.

4 MoxnuBicTh 3anmucy iHpopmarii 6e3rmocepelHp0 B aHAIOTOBiH Gopmi,
mo BigpizHse rosorpadiuni  3I1  Big BCiX IHIIMX  BHIIB
3aram’sITOBYIOYMX TPUCTPOIB 31 30€PEKEHHSIM CHMBOJIB JBOIYHOTO
kKoay. B Garathox Bumajgkax Taka (hikcallis OBHOI KapTHHHU 00’ €KTY
3HAYHO MPOCTIMIa 1 MIBUAIIA, HIK TPAIUIIAHUN MOCTIIOBHUN 3aInc
M0 Kpamkax B IPOIECi pO3ropTKH 300pakeHHs, 1 3a0e3mnedye no0pe
cnonmyueHHs: rojorpadiunoro 311 3 cucremamMu aHAJIOTOBOT OMTHYHOL
00poOku 1HpopMmarrii.

5 MoXxJIMBICTh TIOETHAHHS B OJHOMY MPHCTPOi (QYHKLINA 30epiranHs i
JOTi4HOi 00pOOKH, 110 JT03BOJISIE peali3yBaTH acolliaTUBHY BHOIpKY
iH(popMmarrii.

6 MoxnuBicTe 3amucy iHMopmanii B 00’emi  (oTopeecTpyrouoro
marepiaiy, o pO3IIUPIOE iX HOMEHKIIATYPY.

7 Hux4i BUMOTH /10 TOYHOCTI MEXaHIYHOTO IOCTUPYBAHHSA OKPEMHUX

€IEMEHTIB 1 JI0 ONTHYHOI CHUCTEMH ToJorpadiyHUX TPHCTPOIB B

NOpiBHAHHI 3 nopo3psanumu ontuunumu 3I1. Le 3B’43aH0 3 THM, LI0

rojorpaMa B 3aKoA0BaHIi (opMi Hece 1H(OpMALII0 MPO MOJOKEHHS

00’€KTY.

[Ipuctpoi ronorpagiunoro 3II 300paxkeHo Ha pucyHky 7. Ilpu
3amucyBaHHI  iHQopMamii  NpoMiHb  Jlazepa  3a  JIOIIOMOIOIO
HaIIBIPO30pPOT0 JA3€pKaja JUIMTBCS Ha [(Ba: CHUTHAJIBHUM, SKUN
IIPOXOAUTH uYepe3 00’€KT, 1 omopHuil. 3MiHa AedIEKTOPOM HAIMPIMY
OTIOPHOTO TIPOMEHS JTO3BOJISIE TTOCIHIJOBHO 3alTUCYBAaTH BEIHUKE YHMCIIO
rojorpaM Ha oAHy  (QoromiactuHKy. Sk 00’ekT  3amucy
BUKOPHUCTOBYIOTHCSI (POTOTPAHCHIOPAHTH, SIKI IpU poOOTI 3 1U(POBOIO
iHpoOpMalli€l0 TPeACTaBISIOTh OO0 TBOMIPHY MATPHIIO MPO30pUX 1
HETMPO30pUX JUISHOK, IO BIAMOBINAIOTH OJAWHHIISM 1 HYJISIM JBOTYHOTO
Koay. TpancnapaHTH MOXYTh OyTH MOCTIHHUMHU 1 KEPOBAHUMHU.

[Ipu 3unTyBaHH1 iH(pOpMalli Ae(IeKTOp HACTPOIOETHCS Ha TIEBHE
MOJIOKEHHS OTIOPHOT XBWJII 1 TAaKUM YMHOM BUOUPAETHCS 300pa)KeHHs
noTpibHOro TpaHcmapaHta. [lpy 1bOMYy CUTHaJBbHUN MPOMIHB
nepeKkpuBaeThes 3aTBopoM. [lopanbiie BUOMpaHHS MOTPiOGHOTO YKcia 3
YChOI'O MACHUBY 3J1MCHIOETbCS €JNEKTPOHHUM LUIIXOM Mpu 00poOii
CUTHaJIIB ()OTOPEECTPYIOYOi MATPHIILI.
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3MEHIIIEHHS! IHTEHCUBHOCTI 3aCBITKH €JIeMEHTIB (OTO MPUHMAIbHOI
MaTpuIll Bix iHTep(dEpEeHIIMHUX KApTHUH IHIIUX TOJorpaM (iKi He
NpURMarOTh y4acTi B JaHii oOmeparii 34UTyBaHHS) JOCATAETHCS TAaKOIO
3MIHOIO OINTHYHOI CHCTEMHM, IpH sIKiil 3abe3neuyeTbcs MPOCTOPOBUMN
po3monin roimorpaM Ha ¢ororutacTuHIl. [IOBHIIIOrO BUKOPHCTAHHS
¢oTo YYmIMBOrO Marepiady IUIACTUHKM MOYKHA JIOCATHYTH IIpH
OaraTokaHaJIbHIN CXeMi 3amucy — 34MTyBaHHSA. B mil cxemi Ha KOXHY
rojorpamMy OJHOYAcHO 3amucyeTbcst 5 -10 po3HeceHMX Yy HpocTopi
TpaHCHApPaHTIB, KOXHMKA 3  SKUX Ma€ CBii MacuB iHQopmamii i
OCBITJIIOETBCS CBO€I0 ONTHYHOKO cxemoro. [Ipm  1mpomy omopHuit
NPOMiHb 3arajilbHUM A BCiX cucTeM. llpm 3unTyBaHHI BiJHOBIIEHI
300paXeHHS IMX TpPaHCIApaHTIB IOMNaJalTh HAa CBOI IPOCTOPOBO
po3HeceHi (oTto mpuiiManbHi Marpuii. Po3paxyHKH IMOKa3ylOTh, IO
TaKUM [UIIXOM MOKHA 30UIBIINTH MIUIBHICTH 3amucy iHpopmarii B 3 —
6 pa3 mpu TiH ke MOTYKHOCTI Jiazepa.

Xapakrepuctuku rosorpadiuaux 3I1  cyTTeBo 3anmexarb  Bif
BJIACTUBOCTEH (dboTopeecTpyrounx MaTepiaiB. CrangapTHi
doTorIacTUHKH, $KI BHUKOPUCTOBYIOThCS B ronorpadiunux 31,
3a0e3MeuyloTh TO€JHAHHS BUCOKOi PO3JAUIBHOI 3/1aTHOCTI (3*103
niniit/mMm) iporouyrmmsocti (107 Jox/em). EdexTuBHICTD 3UNTYyBaHHS,
10 BU3HAYAETHCS K BITHOLIEHHS €HEprii B BIJHOBIEHOMY 300paK€HHI1
JI0 eHeprii MpoMeHs, L0 BiTHOBIIOE JJs (OTOMIACTUHOK HEBEIHKA 1
CTaHOBUTH Hpubmnu3Ho 5 %. Y ¢oroemynbciii Ha 0a3l Oixpomary
KeNaTUHY BAA€ThCS JOCATHYTU e(eKTUBHOCTI 3uuTyBaHHS 10 30% B
ToHKHUX 1 10 90% B TOBCTHX TUTIBKaxX. Y (hOTOIUIACTHHOK 31 CPiOHO —
rajloiTHOI0 €MYJbCIEI0 YYTIUBICTh HA J1BA — TPH MOPSAAKH Bumia. J[is
TOBCTHX ILIApiB XapaKTEpHI TAKOXK yca/louHi 1 AedopmariiiiHi sBuIIa, sKi
CIIOTBOPIOIOTH 00’ €MHI roJIOrpaMu MPH BUCOKIH LIIIBHOCTI 3aIUCYy.

B mpuctposix ontuyHOi mam’siTi HEOOX1JHI BUCOKA HAIPaBJICHICTD 1
KOTE€PEHTHICTh CBITIOBOrO MpomeHs. L[luM BuMoram 3 ypaxyBaHHSM
BapTOCTI 1 TabapuUTHUX PO3MIPIB HaWKpaIle 3aJ0BOJBHSIE TEiid —
HEOHOBUU mazep. JliIs WiABMINEHHS [IUIBHOCTI  3amuCy  CIiJ
BUKOPHCTOBYBATH OUIbIII KOPOTKOXBWJIbOBI Jiazepu: aproHoni (A=0,49
MKM), remiii — kammieBi (A=0,32 Mmkwm), kceHoHoBi (A=0,36 MkM) i
KpunToHOBI (A=0,35 MKM).
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2.4.4 EnexkrpoonTuuHi neduiekropu [5, 9]

HednexTopu npeacTaBisioTh COO00 ONTOEIEKTPOHHI MPUCTPOT A
KEpOBAHOI 3MIHH POCTOPOBOTO MOJIOKEHHS CBITJIIOBOrO npoMmeHs. Bouu
0a3yl0ThCsl Ha €JIEKTPHUYHOMY 1 aKyCTOONTHYHOMY edekrax. TumoBuit
JTUCKPETHUH €JEKTPOONTUYHUN Aediekrop (puc. 2.6mpencraBiise
CO00r0 M — KaCKaJHUI MPUCTPIiH, B IKOMY KOKHUN KacKaJ CKIaIa€ThCs
3 MOJLYJIATOpA JJIs MOJISIpU3allii CBITa JBO3AJIOMIIIOIOYOrO KpHucTany. B
3QJIEKHOCTI BiJ KOMOiHAlii Kepyrodux Hampyr MokHa onepxatd 2™
JUCKPETHUX MOJI0KEHb BUX1THOTO MPOMEHS 3.

l-Kackaj  2-Kackajl 3-kacka
/3

Ny

SV
10, 20, 30

K2 K3
Pucynoxk 2.6- EnexrpoonTuunuii nediexrop

[Ipuctpiii KOHCTPYIOETBCS TaK, 100 3a0e3MeuyBaoCh BIIXUIICHHS
NPOMEHS 10 JIBOX KOOpJAMHATax. 3arajbHe YHCIO TOJ0XKEHb
BIIXWJICHOTO TIPOMEHS, IO JOCSTAEThCI B  EIEKTPO-ONTHYHOMY
nedekTopi, BU3HAYAEThCs cHiBBiAHOMEHHIM: Ngp=¢D/A, ne ¢ —
MaKCUMaJIbHUHN KYT BIIXWICHHS mpoMeHs; D — anepTypa aediaexropa.

BaximBa mnepeBara eJIeKTpPOONTHYHOTO JedieKkropa — BeJIHKa
mBuAKonig. B npuctpoi 3 Neo~102 wac MEPEKIIFOYEHHS MOXe CKJIaJaTh
nomi MikpocekyHau. Ilpu 30inblIeHH] pO3AUIbHOI 31aTHOCTI 3pOCTae
1HepLiiHIicTh cuctemMu. B nedrexTopax BUKOPUCTOBYIOTHCS Ti K cami
Mmarepiaiy, 10 1 B MOIyJsATOpax. Bennke 4yucino miacTuH, yepe3 sKi
MPOXOJIUTh CBITJIOBHHM TNPOMIHb, BHUCYBA€ JKOPCTKI BHUMOTH JIO
MPO30POCTI MaTepianiB 1 TOYHOCTI iX OOpOOKH 1 JEMOHTaXy KOKHOTO
KpHUCTaly.
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2.4.5 AxyctuuHi geduiexkropu [8, 10]

[Mpuammn nii akyctudHoro aeduiektopa (puc.2.7) Oa3yeTbcs Ha
TOMYy, IO TPH TPOXO/UKCHHI 3BYKOBOi XBWII B (OTONPYKHBOMY
cepermoBuii | BUHUKAIOTh 3MIHM TIOKa3HUKA 3aJIOMJICHHS, IO
BIJIMOBIIal0OTh 00JacTi CTUCKY 1 po3TsaryBaHHs. lle mpuBoauTh 10
yTBOpeHHs1 (a3oBoi TpaTku 2, mepioJ SKOI JOPIBHIOE JOBXKHHI
aKyCTUYHOI XBWJII, a aMIUIiTyla TPOIOPIIIOHAIbHA  aMILTTY/Il
aKyCTUYHOT XBWII 1 (POTOMPY>KHOCTI MOCTIHOTO cepeIOBHIIIA.

J 1 2
\

/ /
N / o
h Usinomt
N O
N
\
\

Pucynok 2.7 - Akyctuunuii nedaexrop [2]

Judpaxuis cBiTia B Il rpaTii BUKOPUCTOBYEThCS B Aeduextopi. Y
psAAl  BUNAAKIB  33J0BUIBHEHI  pe3yJabTaTH  JOCATAlOThCS  IpU
BUKOPUCTAHHI TaKUX MPOCTHX MaTepiajiiB, K BOJA 1 IUIABJICHUNA KBapl.
[IpocroToro 00poOKM 1 HU3BKOIO BapTICTIO XapaKTEpU3YIOTHCS
CKJIONOJIOHI PEYOBHMHHU, 3 SKHMX XOpOIIl aKyCTOONTHYHI BJIACTUBOCTI
TEIYPUTHE 1 XaJIbKOTeHiHE CKJIO. AJie HalNepCrneKTUBHIIIUMU €
Kpuctaniyai marepiaau: BynbeHit (PbMoO,), napa tenypur (TeOy),
HioOart mitiro (LiNbO3) 1 gesxi 1Hm.

3MiHa TPOCTOPOBOTO MOJOXKEHHS AU(PPAroBaHOro MPOMEHsS CBITIa
JIOCSITAETHCSI 3MIHOK YacTOTH aKyCTUYHUX KOJMBaHb 1 BIJIMOBITHOIO
NepecTpOKOI0 AUPpaKIiHOT TpaTKH.

TakuM YHHOM, OCHOBHHMH €IIEMEHTaMH  aKyCTOONTHYHOTO
nediekTopa € (QOTONPYXKHE  CEpPEAOBHUINE, I €30€NeKTPUIHUN
neperBopoBay  — 30yMKyBaB, aKyCTOONTHYHHUN morinMHay. Jls
JIBOMIPHOI PO3TOPTKH CHOJYYalOThCs JBa aKyCTOONTHYHUX €JIEMEHTH,
AK1 BIIXWIAIOTH MPOMEHI y B3a€EMHO MNEpPHNEHAMKYISIPHUX HaIpsMmax.
AKyCTOONITHYHI AE(PISKTOPH MOXKYTh NPAIIOBAaTH B aHAJIOTOBOMY 1
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IUCKPETHOMY pEXHMaxX, TOOTO 3 IUIABHOIO 1 JUCKPETHOIO 3MiHOIO
YacTOTH 3BYKOBUX KOJIMBaHb.

KepoBanuii TpancnmapaHT MpeacTaBisie COOOI0 JIBOX KOOPAMHATHY
MaTpPHULIIO €JIEMEHTAPHUX KOMIPOK, ONTUYHI BJIACTUBOCTI SAKHUX MOXYTh
3MIHIOBATUCS TiJ [I€I0 ENEeKTPUYHOrO, MArHiTHOro abo ONTHYHOTO
30ymkenHs. I[lpu omepyBaHHI AMCKpPETHOO iH(GOpPMAIED OKpeMi
KOMIPKHU BKJIFOYAIOTHCS a00 Ha MaKCUMAaJIbHE CBITJIONPONYCKAaHHS (CTaH
JIOT1YHO1 OJIMHHIIL ), 200 3aTEMHIOIOThHCS (JIOTTYHI HYJI1).

TpancnapanTu, sIKi yIpaBisSIOTECS €NEKTPUYHO, BUTOTOBIISIOTHCS HA

OCHOB1 pI3HUX MaTepialliB, 3 BUKOPUCTAHHSAM EJICKTPOONTHUYHOTO
edexty: kpuctanu tury KJIP, JIKJP, npo3opoi cerHeTokepaMiku TUITY
LTCJI, eneKTpoXpOMHHUX PEUOBHUH, PIAKUX KPUCTAIIB.
IMIpu BBOmi iHGOpMamii 3a JOMOMOTrOI0 EJIEKTPHYHO-KEPOBAHOTO
TpaHCIapaHTa BOHA MOCTYNAE HA BXIJHI IIWHU 3 OJHOTO a00 JAEKIIbKOX
CNIEKTPUYHUX KaHAIIB 1 3amaMm’sITOBYEThCS TIOEIEMEHTHO abo IIo
ctpouHo. Ilicnst 3amoBHEHHS BChOTO KOy TpPaHCIApPaHT MPOCBIYYETHCS
TAKTOBHM CBITJIOBUM IMITYJIBCOM 1 300payKEHHSI KApTUHH aHAIOTOBO 200
IUCKPETHO  TEpPEHOCUThCS Ha  royorpamy. BHKOpPHCTOBYIOThCS
TpaHCIapaHTH MPOXITHOTO 1 BIAOMBAIOYOTO MOJIiB, TPUUOMY Y IPYroMy
BUMA/IKY IMiJBUILYETHCS KOHTPACTHICTh HAa 300paXKEHHS 1 CIIPOILYEThCS
€JIEKTpUYHA KOMYTallil €JIEMEHTIB. Xoua B OyAb — SIKOMY BUIJISAIL
eJIEKTPUYHOKEPOBAHUI TpaHCHApaHT IPEeJICTaBIISIE coboro
OaraToeJIeMEHTHUM MHpUCTpid 3  MaTpUYHOIO  OpraHizamiero 1
OJTHOMIPHOIO CTPYKTYpOIO BBOJY. TOMY BUCOKY IIBUJKICTH BBOJY.

[lepciekTvBM  MIABUIIEHHS  MIBUAKOCTI  BBOAY  1H(popmarii
TIOB’A3yIOThCA 3 ONTHYHO KEPOBAHMM TPAHCIIAPAHTOM. MOro MpHHIHIT
nii 6a3yeTbcs Ha MEpPEepoO3NOAUI HANPYrd BiJ JUKEpesa >KUBICHHS Ha
(oTOpe3eCTUBHOMY 1 €JIEKTPOONTHYHOMY MIapax Mija JAi€l0 Kepyrodoi
CBITJIOBOT XBWJIi, SIKa CTBOPIOE HEOHOPIAHY MO TUIONTHHI TpaHCIIapaHTa
MOJYJIAIII0 TPOBiAHOCTI (poTOpe3ecTuBHOro mapy. B  3acBiueHHX
o0NacTsIX  MPaKTHYHO BECh  CMajJ  HANpyrw T[pHIagac  Ha
€JIEKTPOONITUYHHUH 11ap, B HE3aCBIYEHUX — Ha (POTOPE3ECTUBHUIA.

XapakTepHOI0 OCOOJIMBICTIO TPaHCMApaHTa € TOEIHAHHSI B HHOMY
MOJICITIOIOYOT 1  MIJICHIIOIY0i  BiIacTUBOCTeH. [linmkom  MoOiIuBe
mijicuieHHs ceitiaa B 10 pas npu cMy3i 4acToT 10" T
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PeBepcuBHI ONTHYHI 3amaM’sITOBYIOUl NPUCTPOi 0a3ylOThCs Ha
Marepianax, sKi mMpuaaTHI 1J1s1 0araTopa3oBOro Nmepe3arnucy 1 TpUBaJIOro
30epiranHs ontuyHOi iH(opmarii. J[o IUX cepeoBHIN BUCTABISIETHCS
PSAI BUMOT: BUCOKA PO3JUIbHA 31aTHICTh 1 nudpakiiiiina e)eKTUBHICTD,
HU3BKUH CHEPreTHYHUIl MOpIr 3amucy, Maja TpPUBATICTh IUKITY
nepe3arucy, BeJIMKa TPUBAIICTH 30epiraHHs iHoOpMaIlii, MOXIHBICTh
3uuTyBaHHs iH(opMmarii 0e3 pyiiHyBaHHS 1 30epiranns iHpopmarii npu
BKJIFOYCHOMY YKHBJICHHI, MOXJIMBICTh peai3allii BeIuKoi KutbKocTi 10
UKJTIB Tepe3anucy. OcranHsi BHMOra TMPHHIMIIOBO BiJIpi3HSE
PEBEPCUBHI CEpeAOBHINA BiJ MarepiaiiB Juisl MOCTiHHOTO 3amucy. Jlis
(GOTOXpOMHHMX MaTepialiB 3 BHCOKOK PO3AUIBHOI  3JaTHICTIO
XapakTepHe TMOCTiiiHe cTapiHHs iHQOpMAIil M Ai€0 3YUTYHOUOTO
NpOMEHS CBiTJIa, a TaKOX CaMOBUIbHE TiJ] [i€I0 TEIUIOTH.
TepMoruiacTU4HI MaTepialid XapaKTepU3ylOThCS TEPMIYHUM CTapiHHSM;
IpY BEJUKIA KUTBKOCTI IUKJIIB TEPe3anucy CHOCTepPIraeThCsl 4acTKOBA
noJiiMepH3allisl TUTIBKY 1 MOTIPIICHHS BIAHOIICHHS CUTHAI — IIIyM.

[TepeBaroro MarHiTHUX IUTIBOK € BUCOKA IIBUAKO/IIS, siKa 3a0e3mneuye
TPUBAIICTh BCHOTO LMKy 3aMUC — 3YUTYBAHHSA — CTUPAHHS HE OLbIe
50 mc. Ix Hemonix — Hu3bKa audpakuiiina eeKTUBHICTD, IO OB’ I3aHa
31 ¢1a00 BUpaKEHUM MarHiTOONTUYHUM €(EKTOM.

CernerokepaMiyHi MarepiaJii HpUIATHI A 00’€MHOTO 3amucy
rojorpaM. Tak, B KpucTanax Hio0iTa JiTis, IETOBAaHUX aTOMaMHU 3aji3a,
BJIa€ThCs 3amucatu Ounbine sk 100 romorpaM mpu MOCTIAOBHOMY
NOBEPTAaHHI KpHCTala Ha HE3HaYH1 KyTU BIJHOCHO OIOPHOTO MPOMEHS.
[Ipore st 61IBLIOCTI HENETOBAaHUX CETHETOKEpaMIYHMX MaTepialliB yac
30epekeHHs iH(opmallii BiIHOCHO HEBETUKUI (10'3 ~10%? c.).

2.5 3acrocyBaHHSl CTPYKTYp MeTaldl — [JieJIeKTPHUK —
HANMBNPOBIITHUK B iHTerpajbHii onTui [8]

CtpykTypn MeTan —  JeNeKTpUK —  HaMiBIPOBIIHUK  —
enektpoontuyHuit matepian MJIH — EOM mnpencraBnsioTs co0oro
HOBUH THIT OITOEJIEKTPOHHUX CTPYKTYp, 3@ JIOTIOMOTOIO SIKUX CTa€e
MOXJIMBOIO pealti3allii MPOCTOPOBO — YACOBOI MOMYJAIIi CBITIA,
nepeTBOpPeHHA 1 00poOka onTHYHUX 300pakeHb. JlaHi CTPYKTypH —
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OaraTopyHKIIIOHAIBHI €IEMEHTH, SIKI BAKOHYIOTh OTIepariii miacuieHHs 1
MEPETBOPECHHS ONTHYHMX 1HQoOpMamiiHuX curHaiaiB. Ha ix ocHoBI
MOXHa po3poOmiaTu meperBoproBaui [U — 300pakeHHs B BHIUME,
CTBOPIOBATH KOPEIATOPH ONTHYHHX 300paxkeHb.CTpyktypa MJH —
EOM KOHCTpYKTHBHO cKIanaeTbcs 3 mapy EOM 1 mpumsraiodoi
gactuau MJIH 1 MicTuUTh mapwu, sKi 3a MPU3HAYCHHSIM aHAJIOTIYHI 10
mapiB potonposigauka i EOM. Bigpizustots ctpykrypu M/IH — EOM
BiJI BUIPOMIHIOIOYHMX 1 BIZOMBHUX CTPYKTYp (pmc.2.8). Ockinbku Bci
EOM 4 BHCOKOOMHI, TO IIap HamiBIPOBIIHUKA 3 000X CTOpIH
1307p0BaHUi Bij enekTpoiB 1. I{i cTpyKkTypu HECUMETPHYHI, TOMY IO
enekTpodizuyni BactuBocTi pienektpukis MJIH i EOM uacTuH piBHi.
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Pucynok 2.8- Crpykrypu M/IH — EOM (8]

Sk mpasuno, BukopuctoByrots MJIH CprI(Ty;)I/I Ha OCHOBiI Si 3
PIBHOBaXHOIO KOHIIGHTpartieo Hociis n~10" — 10" em”® i PYXJIUBICTIO
u=1200 cm/(B-c). Hienektpukom ciayrye map SiO; abo KOMITO3UINS 3
nBox mapiB SigNg 1 SiO,. ToBImMHA mapy AieneKTpuka IpruoIu3Ho 1 MKM.
Jlns  cTBOpeHHsI Mpo3opux enekTpodiB 3actocoByorh Al 1 Cr. [o
€NIeKTPOONTUYHUX MaTepiasliB BiTHOCATh LIUHKOCYJIb(IIHI €NeKTPOIIOMi-
Hodpopu, geroani Cu abo Mn; cybmimar —  dochopu;
CBITJIOBUIIPOMIHIOIOU1 P — Nl MIEPEXON; ENEKTPOONTUYHI CETHETOKEPAMIKH.
Crpykrypu MJIH- EOM nmpamtoroth B jAuHamiyHOMy pexumi. [lpu
BIICYTHOCTI CBITJIOBOTO ITOTOKY, CI1a/1 30BHILIIHBOI HAIIPYTH BiIOYBA€ETHCS B
OCHOBHOMY Ha Iapi HamiBOopoBigHMka. [lig giero  cBitia B
HAIlIBIPOBIAHUKY TOSIBJISIFOTBCS  HOCIT 3apsfiB, sKI Mix Ji€0 Mojs
KOHIICHTPYIOTBCSL ~ OUTS  TpaHWIb  HAIMIBIPOBITHUK—IEICKTPUK 1
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HariBIpoBiTHUK—EOM. VY pe3ynbraTi IBOro MOJE€ B HAMiBOPOBIIHUKY
eKpaHyeThes, a Hanpyra Ha mapi EOM 3pocrae. Konu piBeHs Hanpyru Ha
EOM gocsrae mopora HEpEKIIOYEHHS ONTHYHMX XapakTepUCTUK Uyp,
BiZIOYBA€THCS MOYJISIIIISI BUX1THOTO CBITJIOBOTO MOTOKY. [IpH BiKTrOYEeHH1
HAMpPYTU CTPYKTYpa IOBEPTAETHCS Y BUXIHE TOJIOKEHHS.

OmHUM 13 TIEPCHEKTHBHHUX CEPEIOBHIN JUIsl TPOCTOPOBOI MOJTYJISIIi
KOT€PEHTHOTO BHUIIPOMIHIOBAHHS € piKi KPUCTaIM, HAa OCHOBI SIKHX
PO3pOOJICHO ONTHUYHI KEPOBaHI TPAHCIAPAHTH - €JIEMEHTHA 0a3y ONTHYHUX
@Dyp’e-mporecopiB i KOPEIATOPIB.
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