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V3BeCTHO, YTO BBICOKOKAUECTBEHHbIE I'ETEPOCTPYKTYphl Ha 0a3ze COCAMHEHUH C pe3KOH rpaHuIeil pasiena

MCXKAY CJIOAMHA HaxXoHUAT IMHUPOKOE MNPAKTHUYCCKOE IPUMCEHCHUE B OIITO-

U MHUKPODJICKTPOHUKE B Ka4YC€CTBE

ra304yBCTBUTENIBHBIX AaTYUKOB, ()OTOIPUEMHUKOB, PEHTTEHOBCKIX CEHCOPOB, COJTHEYHBIX 3JIEMEHTOB U T.I1. [1-4].

Cmammsa nocmynuna 0o pedakyii 23.01.2007; npuiinama 0o opyky 15.06.2007.

KBanToBOpa3mMepHbIC CTPYKTYPBI Ha 0aze
coenmHeHU A;B¢/A;Bs B CBOIO odepemp OKasaluch
BeChbMa NEPCHEKTHBHBIMH I CO3IAaHUSA A(P(PEKTHBHBIX
CBETOIMOMOB, JIa3epOB, TBEPIAOTEIBHBIX HMCTOYHHKOB
0eJI0ro CBeTa, JIABUHHBIX (DOTONPUEMHHUKOB, a TAKXKE AJIs
pa3paboTKu 37IeMEHTHOW 0asbl JIsl HOBOTO TOKOJIECHHS
BBIYMCIIUTENIFHBIX CHCTEM — KBAHTOBBIX KOMITBIOTEPOB
[5-9]. CkazaHHoe CTUMYJIUPYET JanpHeme
UCCIIC/IOBAHHUS C IICTbI0 YJIYUIICHUS XapaKTCPUCTUK
npuOOpOB B pe3yJIbTaTe MPUMEHEHHUS TAKUX TEXHOJIOTHH,
KOTOpBIE, C OJHOH CTOPOHBI, OOECIeYNBAI  OBI
SKOHOMHUYHOE MacCOBOE MPOHU3BOJICTBO TETEPOCTPYKTYP,
a, C JpPyroil CTOPOHBI, YIOBJIECTBOPHIN OB CaMble
BBICOKHE TPEOOBAHUS K UX KAUECTBY.

OnmHaKoBasi KpUCTAILIMYECKas CTPYKTypa, OJHU30CTh
nmapaMeTpoB pemerok ZnSe u GaAs BBIICISIOT 3Ty Mapy
MTOJTyTIPOBOTHUKOB M3 TPYMIIBI coeauHeHNH A,Bg 1 A;B;
M TIO3BOJISIIOT CYWTATh €€ “naeanbHON” IS CO3MaHHUsI
rerepocTpykTyp. OmHako M B TakoM “UAeanbHOM”
cllyyae B IeTepOdIHTaKCHAIBHON cTpykType ZnSe/GaAs

BO3HMKAeT  BHYTPEHHssl  ynpyras  jaedopmarnus,
BbI3BaHHas PpeIIEeTOYHBIM paccorinacoBaHHEM
apaMeTpoB peleTku SMUTAKCUAIBHOTO crnost
ZnSe u mnomioxkku GaAs. [lepopmannoHHble
HalpsDKeHUS B TOHKOH TETEPOCTPYKTYpE IpPH 3TOM
TIPSAMO MIPOTIOPIIMOHATBHBI OTHOIICHHS
Aa/ay = (azuse - AGaas)/aGaas, KoTopoe mpu T =300K

cocraBisier okono 0,25+ 0,27% c¢ yderom pazbpoca
MapamMeTpoB KpHUCTAUTMYECKUX pemeTok. Ilpu 3amene
SMHUTAKCHANBHOTO CJ0si ZnSe Ha IDICHKY TPOWHOTO
coenuHenust ZnS,Se;, TETEPOCTPYKTypa TpaHcdop-
mupyercs K Buny ZnS,Se;,/GaAs, 4TO CyIIECTBEHHBIM
00pa3oM pacmupsieT BO3MOXHOCTb €€ IPUMEHEHHS,
OJTHAKO, TP JTOM BO3PACTAIOT M JeOpMalMOHHbIE
HanpspkeHus. Tak ans mapsl coeauHeHud ZnS u GaAs
cooTHoleHust Aa/a, cocraBmsier yxe 4,49 +4,51%,
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MO3TOMY TeTepocTpyKTypsl ZnS,Se;,/GaAs He Moryr
CUNTAThCA “‘MICANBHBIMH, MX XapaKTEpU3YIOT CIOBOM

“HampspKeHHBIE”.

JlByMepHOE HampsDKeHHE B TeTEpPOCTPYKTYpax,
BBI3BAHHOE PELIETOYHBIM paccoriacoBaHUEM,
oOycnaBnmuBaer  gedopmMammio  CxKaTtusA, — KOTOpas
OPUBOJAUT K  PACIICIJICHUIO  BAJICHTHOH  30HBI
SMHUTAKCHANIBHOTO CJIOSI Ha TMOJ30HY “JNerkux” H

“TSKeNbIX” IBIPOK C TOJOKUTENBHBIM CIABUTOM TSXKECTH
MYJITUIUIETa OTHOCUTENBHO JHA 30HBI MPOBOJAMMOCTH

[10, 11]. TIlo ™epe  yBEIUYEHHUS  TONLIMHBI
snutakcuanpaoro ciost (d ~ 0,15 - 0,88 MxM) ABYMepHOE
negopManMoHHOE — HANpsDKEHWE  CKAaTHUSL  MOJXKET

0CJIa0NATBCSl  BCIEACTBHE O0pa3oBaHMSl JHUCIOKaLWil
HecooTBeTcTBUSL. [Ipm d > 0,88 MKM B reTepocTpykType
BO3HHUKaeT AedopMarysi pacTsHKeHHs, OOyCIOBICHHAS
OTINYNEM KOX(PPHUIMEHTOB TSPMHUUECKOTO PACIIHPEHHS
MatepuanioB ZnSe u GaAs, H3MEHSIONIAs B3aWMHOE
PACTIONIOKEHUE MOA30H “JETKUX M “TSHKENbIX” ABIPOK U
CABHWTAIOIIAs O3TH TIOA30HBI B CTOPOHY JHA 30HBHI
npoBogumocTt [11, 12]. JlebhopmanioHHbIe HATIPSYKCHUS
OTIPEJIENIAIOT JHEPreTUUYECKOe IMOJIOKEHUE “JNEeTKux’ |
“TsKeNbIX” PKCUTOHOB SIUTAKCHUAIBHOIO CIIOSl, YTO B
CBOIO  ouepenb  JaeT  BO3MOXHOCTb  METOJaMH
9KCUTOHHOH  CHEKTPOCKOIIMM  OLIEHHTh  BEIWYHHY
pacIieryieHuss BalleHTHOM 30HBI, BUA JAedopManuud H
TONMHHY cios [12].
Hedopmarmonsasie  3p¢GEeKTsI W BO3MOXHOCTH
o0Opa3oBaHUs JIUCITOKAITAN HECOOTBETCTBHSA B
SMUTAKCHAIBHOM  CJIO€  TPEAONPEACISIIOT  BBICOKHE
TpeOOBaHUS K METOJaM CHHTE3a BBICOKOKAYECTBEHHBIX
reTepocTpykTyp  ZnS,Se;,/GaAs U  CyIIECTBEHHO
orpaHMYMBalOT ux nepeyeHb. Cpeam  Hambonee
MEPCHCKTUBHBIX TEXHOJIOTUH CJICAYCT BBIACIUTH METOL
MOJIEKYJISIpHO-JTy4eBoil anurtakcun (Metonx MBE — [13,
14]), Merom OCaXICHHS OSIHUTAKCHAIILHOIO CJIOS Ha
MOJUIOKKY HM3  METaJUIOOPraHMYEeCKUX  COEAMHEHUH
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(metromr MOCVD - [15, 16]), a Takke MeTOJ aTOMapHOH
nocnoitHor smutakcuu (merox ALE — [17]). 3a cuer
BBICOKOM  YHCTOTHI ~ NPUMEHSIEMBIX  HCTOYHHKOB,
Ha/ICKHOM CHUCTEMBI KOHTPOJIS 3a BCEMHU
TEXHOJIOTUYECKHMH TapaMeTpaMu Mpolecca SMUTAKCHH,
CTPYKTYpOH U XMMHMUYECKUM COCTaBOM BBIPALIMBAEMOTO
CJ104, HU3KOH TEMIICpATypbl IMOJJIOKKU WU T.OA. 3TUMHU
METOJaMH OBUIM IOJIyYCHBI HE TOJBKO KAYCCTBCHHBIC
TeTePOCTPYKTYPHI, HO HW  KBaHTOBO-pPa3MEpHBIC
CTPYKTYphl ~THIA OJWHOYHAs KBAHTOBAas sMa W
cBepxpemrerka [18-20], mis KOTOPHIX HaIM4YUE PE3KOH
TPaHUIIBI pasznena CIIOH-TTOITOKKA SIBIISICTCS
MPUHIUITAATBHBIM YCIIOBHEM MTOJTyYeHHS
MOJIOKHUTEIHHOTO pe3yIbTaTa.

Cpenn  TEpCHEKTUBHBIX  TEXHOJNOTHH  CHHTE3a
KaueCTBEHHBIX HAMNPSIKEHHBIX TE€TEPOCTPYKTYp ocoboe
MECTO 3aHUMAeT, paszpabaTbiBaeMast HaMH,
HU3KOTEMIIEpATYpHAas TEXHOJIOTUSL
(hoToCcTHMYTUPOBAHHONW ra30(a3HOl 3MUTaKCHH (METOX
PAVPE — [21-25]). TTo 3xOHOMHYECKHM 3aTpaTraM METOJ
PAVPE cymiecTBeHHO JelIeBie IO CPaBHEHUIO C
texaonorusimu MBE, MOCVD, ALE. Ilpu stom oH
TakXKe IO3BOJISIET ITONydaTh KAaK BBHICOKOKAYECTBEHHEIC
MOHOKPHCTAJUTMYECKHE MUTAKCHabHBIE ciou [21, 22],
TaKk W BCE PAa3HOBUAHOCTH KBAaHTOBO-Pa3MEPHBIX
CTPYKTYp: KBaHTOBBIE SIMBI M CBepXpemeTku [23 — 28],
KBaHTOBBIE HUTH W KBAHTOBBIE TOUKH [29].

B wmerone PAVPE pesonancHoe morioiieHue
KBAaHTOB CBC€Ta pacTymium CJIOEM MpUBOJAUT K
MOSIBJICHUIO CBOOOJIHBIX DJIEKTPOHHO-JBIPOYHBIX I1ap,
ocnalisieT WOHHYH CBsI3b B MOJIEKylax ZnS;Sej,
nepepacnpeieisieT IIOTHOCTh AIIEKTPOHHBIX COCTOSHUM,

BO3MYILIAs SP’—KOH(HTYpaIHIO. [oBepxHOCTB
SMUTAKCHATBEHOTO cInost HEePEXOUT B
(doTomHIYIMpPOBaHHOE  BO30Y)KICHHOE  COCTOSHHE,

KOTOpOe TMpEeoIpenensieT KHHETHYECKYI0 3aJepiKKy
mporecca aacopOIK, CBS3aHHOW C pelakcaler K
KOHEYHOW CTaJiuud XHMHYECKOW amcopOrum  [22].
Juccunanus n30bITOYHOI SHEPTUH NPH 3TOM IPHUBOJUT
K YBEJIMYEHHIO MUTIPAIMU aJICOPOMPOBAHHBIX aTOMOB Ha
nosepxHoctd. Kpome toro mpu PAVPE mnossnsercs
YBEJIMYEHNE WHTEHCUBHOCTU IIPOIIECCOB CEJICKTHBHON
JIeCOpOIH aTOMOB aHHOHA (Se WK S) M0 OTHOIICHUIO K
JecopOIM  aTOMOB KaTHOHa (Zn), YTO MOXET OBITH
CBA3aHO C pasIMUHOM neopMarmeil Sp'—CBA3M MpH
MPUCOCTMHEHNN aTOMOB aHHWOHAa W KaTWoHa. B ciydae
MPUCOCIUHEHUST aTOMOB Se Wil S ocriadiseTcs
“sapspkeHHas” (QopMa XHMHUYECKOW amcopOumuu. 31O
BBI3BIBACT MEPE3apAIKy aIcoOpOMPOBAHHOTO KOMILIEKCA K
HEHTpabHON (hOPME C MOHMKEHHUEM SHEPTHH AKTHBALMH
necopouun. Ilpy npucoenMHEHMHM aToOMOB KaTHOHA
¢dorocTUMySIIMST  OKa3bIBaeT ~OOpaTHOE  JEHCTBHE:
MIPOUCXOIUT “sarsiruBanue” aTOMOB Zn B
KPUCTALUTUYCCKYI) PEIIETKY JIHUTAKCHAIBLHOTO  CIIOSL.
Takue  mporecchl  BBIPaBHUBAIOT  CTEXHOMETPHUIO
pacTyuieil NOoJyNpOBOJHUKOBOM IUIEHKHM, CHHXKAIOT
BEPOSITHOCTh oOpa3oBaHUA BaKaHCHUU Zn,
MPEIOTBPAIIAIOT BO3MOXHOCTb “3a0pBI3TUBAHUS
pactymeii moBepxHocTH atoMamu annoHa. Ilpu PAVPE
¢ ocia0JieHHeM WOHHOW CBSI3M MHTPAIHS W JECOPOIIHS
M30BITOYHBIX aHHOHOB B OCHOBHOM OyAET MPOMCXOIUTH
B obmactu ge(deKTHBIX COCTOSHUM, 4YTO OyZaer
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crocoOCTBOBATh YCTaHOBIICHHIO JIByMEPHOTO
3apOABIIICO0pa30BaHUI0 W OOECTIEeYUT  BBICOKOE
KPUCTAJUTMYECKOE KAadeCTBO M 3EPKAIBHYIO TJaJKOCTb
mHUTaKCHAIbHOTO cJosA. CKa3aHHOE IOITBEPKAACTCS
JIAaHHBIMH peHTreHoAnpPaKIOHHOTO aHau3a,
HCCIIeIOBAaHUEM CHEKTPOB SKCUTOHHOU
dotomromunecueniu (PJI) U CHEKTPOB IKCHUTOHHOTO
otpaxenust [21, 22]. Bblcokoe KpUCTaIUIMUECKOE
COBEpPILEHCTBO DSMUTAKCHANBHBIX CIIOEB, IOJIyYEHHBIX
MetogoM PAVPE, mnoareBepkgaercs U HaluuUueM B
cnektpax DJI 3THX 00pa3moB TPYIIBl SKCTPEMYMOB,
OTHOCSIUXCS K IByX-dekTpoHHBIM (TE) mepexomam,
KOTOpBIE, KaK M3BECTHO, MOTYT HaOJIONaThCS TOJIBKO B
KadecTBEHHBIX oOpasnax [30].

Ornruyeckue u JJIEKTPUUYCCKHUE CBOICTBa
SMMTAKCUAILHBIX IUIEHOK ZnS,Se;, Ha (GaAs MOXXHO
KOppeKTl/IpOBaTI), HNU3MCHSS MHOT'OYUCJICHHBIC
TEXHOJIOTUYECKUE TapaMeTphl MpoIecca SMUTAKCHH

(Temmeparypa TOMJIOXKKH, TEMIIEPAaTypbl HCTOYHHKOB
CBIPbS, PacXoJl ra3a-HOCHTENS W T.N.). DOTH CBOMCTBa
TaK)Ke 3aBUCST OT BHUAA W YHCTOTHI MCTOYHUKOB CHIPbHS,
Ka4yecTBa ITOJUIOKKH, CTEIIEHH OYHMCTKH Ta3a-HOCHUTEI,
HaJIM4MsI JIETHPYIOIINX A00aBOK, CTETNEHH OTKIJIOHEHUS
XMUMHYECKOTO COCTaBa IUIEHKU OT CTEXHMOMETpHYHOro. B
3aBUCHMOCTH OT TEXHOJOTMYECKUX MapaMeTpoB pOCTa
IUIEHKH 7ZnS,Se;, Ha GaAs MOTYT OBITh
MOJMKPHUCTAIUINYECKUMH, OCTPOTEKCTYPUPOBAHHBIMU U
MOHOKpHUCTAIMYECKUMHU. B cBoo  ouepens, B
3aBUCUMOCTH  OT  KPHUCTLIMYECKOH  CTPYKTYpPbI
SMUTAaKCUAIBHBIE CJIOM  XapaKTepU3yITCAd Pa3HBIMU
criektpamu @DJI. Tak uucras MOHOKpUCTAILTUYECKAs
mieHka ZnSe umeer cnektp PJI, CKOHLEHTPUPOBaHHBIH
B TOyOO# OOJNIaCTH CHEKTpa, KOTOPBIA COINEPKUT OIHMH
KpaeBoi MaKCHUMyM Amax ~ 460 HM.
[Monukpucramnueckas IIeHKa ZnSe JTIOMHHECIHPYET B
KpacHOH  obmacTH  CHeKTpa ¢ MaKCHMYMOM
CaMOAKTUBUPOBAHHOI'O U3ILy4EHUs Amax ~ 610 HM.
OcTpoTekcTypupoBaHHas IUIeHKa ZnSe  oOmamaer
mupokuM crnektpom DJI, KoTopwlii comepkuT o0a
MaKCUMYMa: Apax =460 HM U Ay = 610 EM. CkazaHHOE
MPOMJUTIOCTPUPOBAHO JTAHHBIMH, IPEACTABICHHBIMH Ha
puc. . C npyro#f CTOpOHBI, Tak KakK IUICHKH ZnSe
HCIOJIB3YIOTCA B KauecTBe JAECTEKTOpoB Y@ u
PEHTI€HOBCKOTO M3JIy4€HHs, IOJyYeHHbIE PE3yJIbTaThl
CBUJETENBCTBYIOT O TOM, 4YTO B 3aBUCHMOCTH OT
KPHCTAJUIMYECKOH CTPYKTYpPBl SIHTaKCHAIBHOTO CJIOS
JIETEKTHPYEMOE HM3JIydYeHHEe MOXHO TpaHC(HOPMHPOBATh
6o B rosry0yto, o B KpacHyto obsactb criekrpa DJI.
ITocnenHee BechbMa CYMIECTBEHHO B PEIICHHH BOIIPOCOB
00 ONTHMAIBHBIX YCIOBHSX COTJIACOBAHHUS CIIEKTpa
W3IIy4eHHs] JETeKTopa ¢ O00NacTbl0 MaKCHMAJIbHOMN
CIIEKTPaJIbHON YyBCTBUTEIBHOCTH (POTONPUEMHHKA.
Texuonoruss PAVPE no3BoisieT moxy4nuTs THOJHBIE

(dboToamoaHbIC) " TPaH3UCTOPHBIC
(dboroTpaH3uCTOpPHBIE) CTIPYKTyphl Ha 0ase Bcex
BO3MOIKHBIX Pa3HOBHUIHOCTEH reTepoIepexo 0B

ZnS,Se; (n, p)/GaAs (p, n).Temneparypnas u pajaua-
[HOHHAS CTOUKOCTh ATHX MAaTEPHUAJIOB XOPOIIIO U3BECTHA,
a BapbUpPOBaHHME COCTaBa (Mapamerpa X) Mpearnojaraert
MEPECTPONKY CIEKTPAILHBIX XaPAKTEPUCTUK PHOOPOB B
MIMPOKOM JIMara3one pabounx wactot. Ilpu 3TOM, ecim
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Puc. 1. Tucrorpamma, KadeCTBEHHO XapakTep-
pu3yomas BIMSHHE TEXHOJIOTHYECKHUX IMapaMeTpoB
pocra Ha cnektp ®DJI snurakcuadbHBIX clioeB ZnSe
Ha nojutokkax GaAs NpH UCHOJIb30BAHUU B KaUECTBE
nucrouHuka ZnSe nopoika ZnSe mapku “OCY” (a) u
CaMOaKTUBUPOBAHHOTO MOHOKpHcTalia  ZnSe,
BBIpalieHHOro u3 rasoBoi ¢assl (6): T=175°C (1),
215°C (2), 285°C (3), 310°C (4), 375°C (6); I —
WwieHkd ZnSe ¢ KpaeBou (Amax ~ 460 um) OJI, 11 —
IJIEHKU ZnSe c CaMOAKTHUBUPOBAHHOM
(Mpax ~ 610 HM) DJI, 1II — mnenku ZnSe ¢ aABymA
Makcumymamu  @®JI  (kpaeBBIM H = CaMOAaKTHBU-
POBaHHBIM).

momydyerne momnoxkek GaAs ¢ n- W p-THIOM
MIPOBOIMUMOCTH HE COCTaBISIET OONBIINX TPYIHOCTEH, TO
BOIIpOCaM  KOHTPOJS 33 THUIOM  IPOBOJUMOCTH
SMUTAKCHANBHOTO cnosi ZnS,Sej cleayer YIemuTb
OIpe/IeJICHHOE BHUMaHHUE.

Panee [31], mpoBenss KOMIUJIEKCHbIE CTAaTUCTHUYECKHE
HCCIIeIOBaHUSA 1o HCCIIEIOBAaHHIO
TepMocTuMyiupoBanHol 3.a.c. (TCD), mpoBommmoctn
(TCII) n momunecuenuuu (TCJI) B kpucrainax ZnS,Se;.
« (puc. 2), HamMu OBUTIO YCTaHOBIIEHO, YTO TIO Mepe
YMCHBIICHUS TapamMeTrpa X B 00paslax MTpOMCXOTUT
repepacipeesieHie COOTHOIIEHHUS MEX/Ty JOHOPHBIMHU H
aKIENTOPHBIMU [IEHTPAMH, IIPX 3TOM THIT IPOBOJUMOCTH
C n-TUMa, SPKO BBIpAXEHHBIH B ZnS, caBUraercs B
CTOpPOHY p-THIIa, HaOM0AaeMblil B ZnSe.

W3mepennss  mokaszajad, 4YTO  KPUCTAUIBI  C
mapamerpoMm 0 < x < 0,4 MoryT 06sagaTh Kak n- Tak # p-
TUIIOM ~ TPOBOJUMOCTH. OJTH  pe3yJbTaThl  OBLIH
MOATBCPXKACHBI U pe3yJibTaTaMXu 10 HN3MEPCHUIO B
Kpucramiax ZnS,Se|  CIeKTPaJIbHOU 3aBUCUMOCTH 3.11.C.
Xomma  (puc.3). [Jna  crabwimsanuu — p-TUMA
TIPOBOAUMOCTH B KpUCTaJIax ZnS,Se; x MOTYT
HCTIOJB30BATECS IBa CIIOCO0A: JIETHPOBAaHHE OOpa3IoB
akuentopasiMua mpumecsmu (Li, P, Na u ap.), a Taxke
U3MEHEHHE UX CTeXuoMeTpuu [31]. OTKUT KPUCTAIIIOB B
pacruiaBe  Se  cTa0WIM3WpOBAI B HHX  P-THI
MIPOBOMMOCTH, B TO BpeMs KaK OTXKHI B paciiiaBe Zn
00ycI1aBIMBall N-TUI IPOBOAUMOCTH.
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0.5

-1,0

E

Puc. 2. 3aBucumocts TCD (1-3), TCII (4) u TCJI (5)
B kpucramiax ZnSe (1), ZnSysSeos (2) 1 ZnS (3-5)
0 TaHHBIM paboThI [31].

BI)IBOIU)I, CACJIaHHBIC Ha OCHOBEC N3Yy4YCHUA
JNEKTPUYCCKUX XapaKTCPUCTUK Oa30BBIX KPHCTAILIOB
ZnS,Sey,, SBIAIOTCI BeCbMa BaXHBIMU H IS
YIOpaBJICHUS ANEKTPHYCCKUMH CBOWCTBAMH
anmuTaKcuaibHoro ciost ZnS,Se;., B metoae PAVPE [32].
CranppmaptHas TexHomorusi pocra [33] mo3BoiseT
MOJYYUTh MOHOKPUCTAIUINYECKHE SMUTAKCHAIBHBIE CIIOU
N-TUMa HPOBOJUMOCTH. TEXHOJOTHYECKHE MapaMeTphl
pocTa, XapakTepHble Ul CTAaHAAPTHBIX YCJIOBHUil CHHTE3a
cBefeHbl B TaOu. 1. M3mepeHuss uX JJICKTPUUECKUX
XapaKTEPUCTHK, MPOBEJACHHBIC MO METOoAuKe Ban-mep-

[Tay, BBIABWIM HHU3KOE YJAECIbHOE COIPOTUBIECHHE
(p =0,5+10% Om-cm), OOJIBIIYIO KOHIICHTPAIUIO
(n=10"+10"cm>) ®u  OTHOCHTENBHO  BBICOKYIO

TTO/IBFYKHOCTD (u=110+130 cM*/B-c) OCHOBHBIX
HOCHTENeH 3apsja, XapaKTepHYI0 sl KaueCTBEHHBIX
MOHOKpUcTajuioB  ZnSe.  IIpoBomumocTs  n-Tuma
CTaOMIM3MpYeTCsl TPU BBIPAIIMBAHWM IUICHOK ZnSe B
YCIIOBUSIX CBEpXIaBJCHUS MapoB Zn, a Takxke Ipu

HUU,
uu,

k hv, 3_]?

1,519 23 27 31 35 39

0,7 141

Puc. 3. CnexrpanpHas 3aBUCHUMOCTh 3.4.C. XOJja B
kpucramiax ZnS,Se;: x=1 (1); 0,5 (2); 0,4 (3); 0
4).
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Taoauna 1
TexHOIOTHYECKHE TapaMeTPhl POCTa KBAHTOBO-Pa3MEPHBIX CTPYKTYP Ha OCHOBE coequHeHUH ZnS u ZnSe,
BBIPOIICHHBIX Ha o ioxkkax GaAs (100) meronom PAVPE

Ne Beanuyuna
HanmeHnoBaHme mapamerpa
n/n napamerpa
MomrHocTs m3nydenus He-Cd nazepa (A = 441,6 HM), HanpaBJIEHHOTO Ha 2
1. 1-2 MBt1/c™m
moutokKy GaAs (100)
2. Temmeparypa mommoxku GaAs (100) 150-350 °C
3. Temmeparypa rcTogHNKOB ZnS u ZnSe 975 °C
Pacxox 0CHOBHOTO TaMHHapHOTO Tra30BOTo MoToka Hy, aist BeIpamuBaHus
4. . 0,1-0,5 a/mMun
SUHUTAKCHAIBHON TUICHKH
5 Pacxox nOMOTHUTENEHOTO JTAMUHAPHOTO Ta30BOT0 MOTOKa H, 1t BEIpamuyBaHus 0.1-0.5 /s
] SIHUTAKCHAIBHON TUICHKH T
6. TemnepaTypHblil rpaIMeHT B 30HE pocTa 200-300 °C/cm
7. CKOpOCTh pocTa 0JTHOTO MOHOCIIOS ZnS u ZnSe 1,2 muH
Bpems 061yBa mOBEpXHOCTH IJICHKH YHCTHIM H, 17151 BRITECHEHUS TPOIYKTOB
8. pOCTa, COXpaHUBLIMXCS B 30HE PEAKTOPA, IEPE HA4yaJloM pOCTa MOCIIETYOLIETO 3-5 muH
cios
9 Pacxon ocHOBHOTO razoBoro noroka H, (tamuHapHbIil iy TypOyJIEHTHBIH) 115t 0.1-1.5 1/sum
’ BBIpAlIMBaHHs KBAHTOBBIX TOUEK 7
JICTUPOBAHUM IJICHKH B MPOLICCCE pOoCTa C IPUMEHCHUEM IIOCTOsIHHasA  BCJIMYHHA, HaxoJdmadaca B IIpeaciiax

Takux ucTOYHUKOB kak Al, AICl;, Ga [32]. Takwue
JIETHPOBAaHHBIE IUIEHKH ZnSe n-TUMa MpPOBOAUMOCTH
XapaKTepHU30BAINCH BHICOKOW KOHLICHTPAIIEH OCHOBHBIX
Hocutenel 3apama  (n~10"7+10"cM’) uw  HuskEM
3Ha4€HHEM YJAeNbHOro  comportuBieHus (p ~5-10
341 Owm-cM) snutakcuanbHoro cios. I[locnennee BecbMa
Ba)KHO JUIst YMEHbBIIECHUS CYMMapHOT0
MIOCJIC/IOBATENILHOTO  CONPOTUBIICHHUSI TETEPOCTPYKTYD,

3HaueHnd 2 +2,5. He3aBHCHMOCTh HaKIOHA MPSMBIX
Inl = f(U) or Temmneparypbl MO3BOJISIET HPEAINOIOKHUTD,
YTO TPSAMOH TOK B TETEPOCTPYKTYPE MOXKET OBITh
o0ycIoBIeH TYHHEJIbHO-PEKOMOMHAIIIOHHBIM
MEXaHU3MOM, @pPHU OSTOM MPOXOXKIEHHE TOKAa uepes3
00acTe 00BEMHOTO 3aps/Ia CBSI3aHO C OJHOCTYIIEHIATON
WIH  MHOTOCTYIIEHYaTOW  pEeKOMOWHAaIMed  depes
rTyOOKHUe JIOKaJbHBIE YPOBHH.

MPUMEHSEMBIX B KAa4eCTBE COJHEYHBIX 3JIeMEHTOB. [l
BCEX BHJOB O0pa3IOB N-THIA MPOBOJUMOCTH SHEPTHS
MOHHM3allMM MEJKAX JOHOPHBIX YpPOBHEH Jexkana B
nuarasone 3Hadennit 10 + 23 M3B.

BrlpammBaHue SMUTaKCHaNbHON IUTeHKH ZnSe B
YCIIOBUSIX CBEPXJABJICHHS S€ yBEIMUMBACT UX YAEIBbHOE
conmpotusienne  (p ~ 10°+10'? Om-cM),  yMeHbImaer
BEJIMYMHY TIOABW)KHOCTH W 3HAYCHHE KOHICHTPAIUU
CBOOOIHBIX HOCHUTEJIENH 3apsija. N3meHeHnne
CTEXMOMETPHH IUICHKH ZnSe B CTOpOHY H30bITKa Se
MOXCT MNPHUBECTU K HMHBEPCHUU THIIA ITPOBOAMMOCTH. K
MOJyYEHUIO0 AIHTAaKCHAJBHOTO clios ZnSe p-THIa
MPOBOJNMOCTH NPUBOJIUT TAKXKE JIETHPOBAHUE TUICHKH B
Ipolecce pocTa TaKoW akIeNnTOpHOW NpuUMechio, Kak Li
[32].

BAX TeTePOCTPYKTYPEI ZnSe(n)/GaAs(n),
BBIPALIEHHON NPH CTAaHAAPTHBIX YCIOBHSX, NPHUBEICHBI
Ha puc.4. Ona obngamaeT SApPKO  BBIPAKEHHBIMH
BEHTWJIBHBIMH CBOWCTBAMH, PE3KOE BO3pACTaHUE TOKa B
npsMoM HampasiieHnH Hactymaer mpu U =20-25B.
IIpu U =20 B Benuuuna npsmoro Toka npu T =300 K
Ha Tpu mopsnka Hwke, yeM mnpu T =425K. BAX
XOpOLIO ANIIPOKCUMUPYETCS DKCIIOHEHIMAJIbHBIM
3akonoMm Buma: [~ Ig[exp(eU/nKT)-1], rme n

[1]
[2]

], 10°A I, 10°A

1.5
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Puc. 4. BAX rerepoctpykryp ZnSe(n)/GaAs(n):
T=375K (1), 400K (2), 425K (3); T=300K (na
BCTaBKE).
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It is known, that high-quality heterostructures on the basis of linkings with a sharp demarcation between
stratums find wide practical application in opto- and microelectronics as gas sensory data units, photodetectors, X-ray
sensor controls, solar devices, etc. [1-4].
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