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DOoTONPHEMHHK € YIIPABJIAEMOM CIIEKTPAIbLHON XapaKTePUCTHKOMN
HAa OCHOBE IreTepoCTPYKTYPHhI n-ZnS—n-GaAs

1O. B. Cycaaxos, U. B. Kopmunvyes

Paccmompensl mexnonozusa noayueHus, cmpykmypHole U (omodrniekmpuieckue ceoiicmea ze-
MEPOINUMAKCUATBHBIX C/10e8 CYabuoa yunka na apcenuoe zannua. Iloxkazano, umo cnekmpanso-
HasA XapaKkmepucmuka U30OMURHBIX 2emepocmpykmyp n-ZnS—n-GaAs umeem mpu maxcumyma ¢
onunamu eéonn 750, 450 u 335 num. Ilpu nepexooe u3 Onun10601H080I 001aCMU 8 KOPOMKOBOIHO-
éy10 00nacms u3iyueHus U 0OPamHo nPOUCXoOuUnt CMena 3Haxka pomoomeema. Buo cnexkmpanvnoii
XapaKmepucmuKu u3omunHou zemepocmpykmypuol n-ZnS—n-GaAs 3aeucum om 3HaKa u eeauuu-

Hbl NPUTIOHCEHHO20 HANPAIHCEHUA.

PACS: 85.60.-q

Knioueswvie crosa: TreTepodnUTaKCHATBHBIN CIIOH, TETEPOCTPYKTYPA, POTOIIEKTPHUECKIE CBOWCTBRA.

BBenenue

OHUM U3 aKTyalbHBIX HAIpPaBIEHUH TBEPAOTEIb-
HOW 3JIEKTPOHUKH, MUKPO- U HAHORJIEKTPOHUKU SIBJIA-
ercd CO3JaHHE IOJTYNPOBOJHUKOBBIX TI€TEPOCTPYK-
Typ — KOHTAKTOB JIBYX Pa3INUYHBIX 10 XUMHUYECKOMY
COCTaBy M CBOMCTBaM IONYNPOBOAHUKOB. HaydHbIi
WHTEpPEC K 3TUM O00bEeKTaM 00YCIIOBJIEH, C OHOM CTO-
POHBI, X HETPUBUAIBHBIMU (PU3MUECKUMHU CBOHCTBA-
MU, CBA3aHHBIMH CO CIOKHOM yIOpPSTIOUEHHON CTPYK-
Typoil M B3aMMOAEHCTBUEM Ha I'paHUIIE pa3ziena, a C
JIPYToil — NepCreKTUBAMU HMCIOIB30BaHUS UISL CO3-
nauust 3 eKTUBHBIX QoTonpeodpa3zoBaTenei B yiIbT-
paduoneToBoil, BUANMON W AajbHEH HHQpaKpacHOH
00JIaCTSIX CIEKTpa, MHKEKLNOHHBIX Ja3epOB U CBETO-
nuonos [1, 2].

B crathe paccMOTpeHBI reTepoCcTpyKTYypbl Ha OcC-
HOBE COEIMHEHHH Cynb(puAa HUHKA M apceHUAa rai-
JUSL 1 MX BO3MOXKHBIE TPUIIOKEHHS B (DOTOIIEKTPO-
HuKke. BpiOop 3Toi mapbl ObUT OCHOBAH Ha TOM, YTO
MIpY KOMHATHOW TEMIIEpAType IOCTOSHHBIE PELIETOK
GaAs u Kyonueckoro ZnS paziauyarorcs He Oojiee yeM
Ha 4,0 %. bamszku u KO3PPUIMEHTH TEPMUUECKOTO
pacIIMpeHusl 3TUX MATEpUalioB, a TAKKE UX JUAJIEK-
Tpudeckue nmporunaeMoctu. Kpome toro, GaAs u ZnS
MONTHOCTBIO B3aHMHO PACTBOPHUMBI B TBEPAOM COCTOS-
HUH, H, ciaenoBaTedbHo, GaAs JOIKEH CIYKUTh XO-
poLIEH MOMIOKKON AJIS 3MUTAKCHAIBHOTO OCaXKICHHS
ZnS [3].
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TexHogorus MOJIy4YeHU A

Caon ZnS ObUIM TONY4YEHBI Ta30TPaHCIIOPTHHIM
METOZIOM B OTKPBITOM CHCTEME B IOTOKE BOIOPOJA.
BeiOop aToro Meroma oOyCIOBIEH psIOM MpeuMy-
LIECTB BOJOPOJIAa MO CPaBHEHMIO C JAPYIMMH ra3aMu-
TpaHcnopTepaMu. Bo-mepBbIX, BOAOPOJ SBISETCA
HeliTpanbHOM mprMecbio B ZnS. Bo-BTOphIX, ucna-
pseMocts ZnS B aTMocepe BOJOpOAa BBHIIIE, YEM B
BaKyyMe WIM HEWTpaJbHOH cpexe (a3oTe, aproHe)
BCJIE/ICTBUE B3aMMOJEHCTBUS CEPhl C BOAOPOAOM.
OTO naer BO3MOXKHOCTH IMOJMYYUTh SMHUTAKCHIO ZnS
MpU  OTHOCUTENBHO HEBBICOKMX  TeMIlepaTypax.
B-Tperpux, BoOpos, SIBIASICH XOPOIIUM BOCCTaHOBHU-
TeeM NpPHU MOBBIIIEHHBIX TEMIIEpaTypax, NaeT BO3-
MOYKHOCTh OYUCTHTH IOBEPXHOCTh MOUIOKKH Ta30-
BBIM  TpaBJICHMEM IIepel CcaMOM  JSIUTAKCHEW.
B kauecTBe MoaOMkKeK MCIOIb30BAIICS MOHOKpPUCTAII-
nuyeckuit n-GaAs C KOHIIGHTpauued Hocutemnei
10"—10" cM”, opueHTHPOBAHHBII 10 MIOCKOCTAM
(100) m (111).

OnekTpoHorpauueckue U PeHTIeHOCTPYKTYPHBIC
WCCIIEZIOBAHMSI MOKA3aJIM, YTO 3MHUTAKCHAIBHBIE CIOU
ZnS WMET MOHOKPUCTAJUIMYECKYIO CTPYKTYpY U
pearupyroT Ha OpUEHTanMio Homiokku. Cnom ZnS
00HApYXHUBAIOT 3aBUCUMOCTH (PUTYp pOCTa OT OpHEH-
Tanuu moanoxku. Tak, Ha momioxkkax (111) GaAs
pPacTyT MHOTOYMCIIEHHBIE IIECTHUYTOJIbHBIE WUIH Tpe-
YTOJIBHBIE TUPAMHU/IBI C TIIIOCKOW BEPIIMHON. DMHUTAK-
CHAJIBHBIC CJIOW, BBIpAIlleHHBIE Ha Toyiokkax (100)
GaAs, He 00HapyXHMBalll XapaKTEpHBIX (QUTYyp pocTa
(puc. 1, a). Ha mommoxkax (111) As HaGmiomamich
(Gurypsl pocta ¢ XapakTepHOH OrpaHKOH, Kak MpaBu-
70, TekcaroHanbHele (puc. 1, 6). Ilpu opuenTanuu
nomioxkek (111) Ga nabmopmanmuce ¢Qurypsl pocra
MPEUMYIIECTBEHHO TETpaj’IpuyecKue (TpeyrojbHbIE,
puc. 1, ). [lepBbie cBsi3aHBI ¢ POCTOM ZnS TeKcaro-
HAJIBHOH, a BTOpbIEe — KyOMYecKOH MOAN(UKAIHIA.
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Puc. 1. Mopponozun snumaxcuansuuvix cioes ZnS na GaAs:
a—(100) GaAs; 6 —(111) As;6—(111) Ga

DoTodIEKTPHYECKHE CBOMCTBA

W3otunssle n-ZnS—n-GaAs reTepocTpyKTyphl
oOmagam QOTOUYBCTBUTENBHOCTBIO. Bua — cmek-
TPaJIbHBIX XapaKTEPUCTHK (OTOOTBETA TETEPOCTPYK-
Typ n-ZnS—n-GaAs 3aBUced OT BETMYMHBI U 3HAKa
MPUIOKEHHOT 0 HampsbKeHus cMmerneHus (puc. 2). s
HanpsbkeHui cmenienust menee 3,0 B ¢orouyBcTBH-
TENBHOCTh TETEPOCTPYKTYP HMEET MaKCUMyM IIpH
A =750 a™ (puc. 2, kpuBas 1) u cnagaer 10 HyIA B
KOPOTKOBOJIHOBOW OONMacTu AnMH BonH. [Ipu Hamps-
JKeHusIX cMmenieHus oonbimux 3,0 B B crekrpe ¢oto-
YyBCTBUTEIBHOCTH TOSIBIISIETCS BTOPOH MakCHMYyM C
A =390 uM (puc. 2, kpuBas 2), pe3Ko BO3pacTaAIOLIHN
C YBEIMUYEHHEM HANPSHKEHUS! cMeleHus (puc. 2, Kpu-
Bas 3). Jst cMemieHust Apyroid MONAPHOCTH HaOIIo-
nmaercst  ()OTOMPOBOAUMOCTH TOJNBKO B ZnS ¢ MaKcH-
MyMmoM A = 390 um (puc. 2, kpuBas 5), yBeIHYHBAIO-
LIasICsl C POCTOM HaNpsKEHHS CMEILECHUS.
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Puc. 2. Cnekmpansvnvie xapakmepucmuxu gpomoomeema
uzomunHnoii zemepocmpyxkmypuol n-ZnS—n-GaAs
NPU PATUYHBIX HANPAHCEHUAX CMEUCHUA:
"mmoc" Ha ZnS: 1 — 3,0B;2—5,0B; 3,4 — 30,0 B;
"munyc" Ha ZnS: 5 — 30,0 B

Ecnmu mpu cHatMHM cnekTpa (OTOmpoBOIUMOCTH
JBUTAThCS U3 UIMHHOBOJIHOBOM 00JacTH B KOPOTKO-
BOJTHOBYIO, TO Ha CHEKTPaJbHOH KpUBOW (hOTOIPOBO-
JUMOCTH HaOJIroNaloTcs ABa MakcuMyma (puc. 2, Kpu-
Basg 3), mpu OOpaTHOM K€ IBHKCHHUH MaKCUMYyM C
A =750 aM criaxuBaercs (puc. 2, kpusas 4).

OTH pe3yabTaThl MOKHO OOBSICHUTH, Ipenoaras,
YTO MpU BBIpAlIMBaHWUU ZnS Ha NMOIOKKax n-GaAs
(dopMupyercst reTeporepexo ¢ ABYCTOPOHHUM 00es-
HEHHEM, a TaKKe BIMSHUEM IEPEXOTHOTO CIOS TBEP-
noro pactBopa ZnS—GaAs, obpasyromierocsi Ha rpa-
HULle pasjgena. MOXHO  NpednoloXHuTh,  YTO
Ha001aeMoe Crila)kuBaHUE UIMHHOBOJIHOBOTO MaK-
cumyMa (puc. 2, kpuBas 4) CBsI3aHO C SIBJIGHHEM OCTa-
TOYHOH ()OTOMPOBOJMMOCTH, B 3HAYUTEIBHOM CTere-
HU OIpENENSIOMIENCs CBOMCTBAMH BBICOKOOMHOI'O
ciosi ZnS, BKIIOYEHHOTO MOCIEA0BATENBHO C TETEPO-
MIEPEXOJIOM.

Kak BugHO M3 pHc. 3, Ha CHEKTpaJbHOM KpHBOH
XapaKTEPUCTUKH HANpPSKEHHUsI XOJIOCTOTO XoJa H30-
TUIIHOM TeTepocTpyKTyphl n-ZnS—n-GaAs HaOmo-
JAI0TCA TPU MaKCUMyMa ¢ JaiauHaMmu BoiH 750, 450 u
335 HM. OTH TpU MaKCUMyMa COOTBETCTBYIOT TpeM
mporeccaM Bo30YKIeHuUs: TeHepauny (OTOHOCUTEeH
B GaAs (A = 750 um) u ZnS (A = 335 M) u doToHO-
cuTened Ha rpanuie pasaena (A = 450 um) u3 obpazo-
BaBILIErocs TBEpAOro pactBopa ZnS B GaAs, mMpHHa
3allpeILleHHOM 30HBI KOTOPOro MeHsercs or £, = 1,48 3B

(GaAs) no E, = 3,7 9B (ZnS). Cmena 3HaKa Ha Criek-

TPAJIBHOM XapaKTepucTHKe (POTOOTBETA yKa3bIBAET HA TO,
YTO TETEPOCTPYKTYpa COCTOMT M3 BKJIIOUCHHBIX Ha-
BCTpeuy IBYX 0apbepoB — OAWH co CTOpoHBI GaAs,
Jpyroil — co CTOPOHBI ZnS U NMEPEXOJHOro CI0s, CO-
CTofIlero H3 TBepAoro pactBopa ZnS B GaAs.
Ha cymecrBoBaHne ABYX BCTPEYHO BKIIOUEHHBIX
0apbepoB YKa3bIBaIOT BOJBT-aMIEpPHAsi U BOJBTEMKO-
CTHAs XapaKTEPUCTHKU W30TUITHON Te€TePOCTPYKTYPHI.

[Ipu ¢urcupoBanHoM oOpaTHOM (3HaK "mToc" Ha
ZnS) nanpspxeanu U = 10 B 1 ocBemieHnn OelbiM CBe-
TOM MHTeHCHBHOCTBIO [ = 7-10” Br/em® mpu Af'= 1 kI'g
olpefeNieHa IOpOoroBasi YyBCTBUTEIBHOCTb CTPYK-
Typ, KOTOpasi, NpUOIU3UTENBHO, paBHA

P,=4,610" Br/em Ty
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Puc. 3. Cnekmpansnan XapakmepucmuKka Hanpa3cenus

depend on a sign and size of the applied volts.
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X0J10CM020 X004 U30MURHOU 2eMEPOCHPYKMYPbl
n-ZnS—n-GaAs

3akjIoueHne

Ha ocHoBaHMM MONTy4eHHBIX PE3YJIHTATOB MOXKHO
cAenaTh BBIBOJA, 4YTO TETEPOCTPYKTypa n-ZnS—
n-GaAs mepcrneKkTUBHA AJs JaJbHEHIIero u3y4eHus B
KauecTBE BO3MOXKHOTO HHU3KOTEMITEpaTypHOro (oTo-
MPUEMHHUKA C IMUPOKOH CIEKTpaIbHOH 00JaCThIO
335—900 HM U ¢ TOPOroBOH YYBCTBUTEIBHOCTHIO
nopsaaka P, = 4,6- 10" Br/em- T2
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Photodetector with guided wavelength characteristics on the basis
of the n-ZnS—n-GaAs heterostructure
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The technology of reception, structural and photo-electric properties of heteroepitaxial layers of
such as ZnS on gallium arsenide are considered. It is shown that the spectral characteristics of the
isotip n-ZnS—n-GaAs heterostructures have three maxima 750, 450 and 335 nm with lengths of
waves. At transition from long-wave area in short-wave area of radiation and back there is a change
of a sign on the photoanswer. The spectral characteristics of the n-ZnS—n-GaAs heterostructures
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