OI3UKA I XIMIA TBEPAOI'O TUTA
T. 4, Ne 2 (2003) C. 267-270

YK 621.315.292

PHYSICS AND CHEMISTRY OF SOLID STATE
V. 4, Ne 2 (2003) P. 267-270

3.11. Kosamoxk, B.II. Maxuiii’, O.1. Anuyk

doToe/IeKTPUYHI BJIACTHBOCTI rereponepexoais In,Oz;-InSe

YepHiseyvke 6i00inenns incmumymy npooiem mamepianosiascmea HAHY,
eyn. I.Binvoe 5, Yepnisyi, 58001 Yrpaina
men: (03722) 2-00-50, E-mail: chimsp@unicom.cv.ua
! Yepniseyvkuili HayionanoHuil yHisepcumem im. FO.Dedvkosuua,
syn. Koyrobuncwvroeo 2, Yepnisyi, 58012 Yrpaina

JocnimkeHo OCHOBHI ()OTOENEKTPUYHI BIACTUBOCTI aHI30TPONMHHX TETEPONEPEXOiB, OTPUMAHUX TEPMIUHHM
OKHMCHEHHSIM MOHOKPHCTANIYHUX ITJKJIAJHHOK. 3aJeKHOCTI HANPYT'H XOJOCTOTO XOAYy Ta CTPyMy KOpPOTKOTO
3aMHKaHHS BiJ PIBHS OCBITJIIEHOCTI ITOSICHIOIOTBCS y paMKax Teopii JiHiiHOI reHeparnii GoToHOCITB 3 BpaxyBaHHIM
(hOTONPOBITHOCTI BHCOKOOMHOI 6a3u aiofHOI cTpyKkTypH. POTOCTpYM 3yMOBIICHHH TeHEpali€lo HEepiBHOBAKHHX
HOCIIB TIiJT TI€F0 OMPOMIHEHHS B 00JIACTI MPOCTOPOBOTO 3aps/ly IeTePONEePEX0y Yepes3 JIOKAIbHI TITHOOKI IEHTPH.

KirouoBi ciioBa: miapyBaTuii HamiBIPOBIJHUK, TETEPONEPEXi], HANpyra XOJIOCTOrO XOAY, CTPYM KOPOTKOTO

3aMHKaHHA.

Cmamms nocmynuna 0o pedakyii 19.05.2003; npuiinama 0o opyky 11.06.2003.

Amizorpormist piznyHnx napamerpiB mapysarux I1I-
VI crionyk 3yMOBIIOE HHM3KY B)KIMBUX JUISI HPAKTHKA
SBUIL, 30KpeMa, (OTOIIeoXpoi3mMy, KOe(DillieHT SKOTo
Moxke focsirati 90% [1]. Leit edext Ha MOHOCETEHITiaX
TaJlifo Ta iHIiI0 BUBYABCS SIK HA OJHOPITHUX MaTepianax
[2], Tak 1 Ha cTpyKTYypax 3 BUOpsMILsitounM Oap’epom [3]
3 METOW 1X BHUKOPHCTaHHS SIK (DOTOEIEKTPUUYHUX
aHAJTI3aTOPIB IUIOCKOIOJSIPU30BAHOTO BUIIPOMIHIOBAHHS.
bap’epHi jmeTekTopu MarTh IEBHI NepeBaru Iepen
(hOTOPE3UCTUBHUMH, 10 HAWBAKIHUBIMIUX 3 SIKUX CIIIJ
BITHECTU: BUKOPUCTAHHS JOBUIBHHX 32 BEJIHYUHOIO
MPOBIAHOCTI  MiTKIAIUHOK, a HE  00OB’SI3KOBO
BHUCOKOOMHUX; IIJBUIIEHHA WIBUIAKOJII 3a pPaxyHOK
Oap’epHOTO TOJIS; MOXIMBICTH — eKcIulyaramii  0e3
30BHIMIHBOTO DKepelia HanpyTu Tommo [4]. [Ipu npomy Ha
MEepIINiA TUTAaH BUCTYHAIOTh MPOOJIEMH, IO IMOB’s3aHi 3
MOIIYKOM TEXHOJIOTIH CTBOPEHHS IOJHUX CTPYKTYD,
(hOTOUYTIMBHUX y MHUPOKOMY CHEKTPAIBHOMY Aialla3OHi.
OnuH 3 MepCIeKTUBHUX NUISIXiB BUPIMISHHS AaHO1 3a1adi
BurotoBneHHs rerepornepexoxy (I'Tl) mnposimuumit
MIMPOKO30HHUM OKCHI-IIapyBaTUil HaIliBIPOBITHUK. Y
BUIAJIKy MOHOCEJICHIY 1HJI0 MOMIOHI CTPYKTYPH JIETKO
CTBOPUTH ILUIIXOM TEPMIYHOTO OKWCHEHHS ITiJKJIQJI0K
[5]. OjHak, BUBYCHHS OCHOBHUX hizmaHEX
BJIACTMBOCTEH LIMX TeTepOIepexo/iB, MEPCIEKTUBHUX 3
TOYKH 30py BHUKOPHUCTAaHHS $K (DOTOILICOXPOIYHUX
JIETEKTOPiB, OOMEXEeHe HEBEIHKHUM YHCIoM pooiT [3,5].
Hwmwxue HaBemeHO  pe3ynbTaTH  AOCHIIDKEHb,  SIKi
CIpsIMOBAaHI Ha BCTAHOBJICHHS MeXaHi3MiB (hOpMyBaHHS
totocTpymy y rereponepexonax In,Os-InSe.

MoHokpucTaIn p-InSe<Cd> BUPOIIYBAJIUCH
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meronoM bpimkmena. 11InsxoM ckoiroBaHHS Ha MOBITPi
3 HHX JIETKO  OJICPXKYIOThCS  IUIOCKOMNAapayeNnbHi
TUIACTUHKH 3 JIOCKOHAINMH A3ePKAIbHUMH TOBEPXHSIMH.
Ha ommiii cTropoHi Takoi MiAKIAAWHKA CTBOPIOBABCS
OMIYHHUI KOHTAKT, a Ha TMPOTWICKHIA — BUIPIMIIAIOUHH,
SKUM CIy>KWIa IUTiBKa IPUPOJHOro OKcuay. TexHomoris
BUTOTOBJICHHsI TeTepornepexoniB In,Os-InSe neranbHO
ommcaHa B pobortax [3,5]. BimmiTmMO, mIO0 CTPYKTYypH
MAalOTh MIOJHI XapaKTEPUCTHKH 1 TEHEPYIOTh (oToepc
npu ocsitieni I'TI 31 cropoHu okcugHoro mapy. B

obmacti  mpsmMux  Hanpyr  V>1,5B.  TemHOBI
BOJIbTAMIIEPHI ~ XapaKTEPUCTUKU  MIANIOPSIKOBYIOTHCS
JHIHHINA 3aJI€)KHOCT] THITY

V=V+Ry1, (1)

ne V; — ctpymoBa HampyTra BiICIYKH, SKa y TMEpOIOMY
HaOMIDKEHHI JOPIBHIOE BHCOTI MOTEHIiAIHOTO Oap’epa
p=eV;=0,8+0,9 eB. 3amumkoBuii omip R, nmpu 300 K
3HaxomMThCs y Mexkax 10%-10° Om, 3meHuryrouncs 3
poctoM TemmepaTypH. 3anexHicte Ry(7) y KoopauHaTax
InR,-10°/T ANPOKCUMY€ETBCSA TPSMOIO, EHEPreTHIHHN
Haxmi Kol piBHUA 0,45 €B 1 y3romkyeTrscs 3 TIHONHOIO
3aJAraHHs aKUEeNTOPHUX PiBHIB y Kpucranax InSe,
neroBanux Cd [6]. 3ayBaxkumo, 110 MOB3IOBXHIN OIip
1mapy Ha JAeKiIbKa MNOPSOKIB MEHIIW HDK JOCIijHa
BesmunHa R, HaBemeHi pe3ynbratu J03BOJIAIOTH
CTBEPJUKYBATH, LIO TOCIIIOBHUI OIip reTepoCTpyKTypH
BU3HAYAETHCS TOJOBHUM YMHOM OIIOPOM IiAKJIAIUHKH, &
Ha Mexi moxiry [Tl BincyTHIH BUCOKOOMHUI map Oy/ib-
SIKOTO TIOXO/DKEHHS. BUMIpIOBaHHS eJIEKTPUYHUX i
(OTOETIEKTPUIHNX XapaKTEPUCTHK 00’ €KTIB JOCITIKEHb
NPOBEICHO 3  BHUKOPHCTAaHHSAM  3arajbHOBIZOMHX
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So)l/Soo2
- 1-300K
s L 2-380K
4 L
| 1 I 1 I 1

2,0 no,eB

1,8 2,0 2,2 24 ro0,eB

Puc. 1. Criextpu dporouyrnusocti I'TI mpu 300 K. Ha Bpi3ui BigHOLIEHHS CIEKTPIB, BUMIPSIHUX
IPH Pi3HUX TeMIepaTypax

MeTonuk, a [Tl mpu IbOMY OCBITIIFOBAaBCA 31 CTOPOHH
OKCHUy.

TunoBuii ciektp GoTodyTimBocTi CTpyKTYyp InyOs-
p-InSe mpu 300 K 306pakeno Ha puc. 1. BimMmiHHICTB
MOJIOKEHHS MakcuMyMmy hop, = 1,4 eB Ha xpusiit S, Bix
BenuuuHu E, = 1,2 eB MoHOCeNeHiny iHi0 BHKIMKaHA
CYKYIIHOIO  Ji€l0  pi3HUX  (aKkTOpiB 1  JETaIbHO
00roBOpIOEThCs y poboTi [7]. IoCUTh BUCOKA Yy TIHBICTh
I'lT npu hw>E, 3yMOBIICHA HM3BKOK IIBMIKICTIO
NOBEpXHEBOi  pexkoMOiHauwii Ha  Mexi  moxuty
KOHTAKTYIOUHX MaTepialiB, IO € HACTIIKOM JCKLIbKOX

KPHUCTATIB Ta HA3BKOIO aNCOPOIiIfHOI0 3MaTHICTIO caMoi
nosepxHi [8]. [pyra mpuumHa mTOB’SA3aHa 3 THM, IIO
YTBOPEHHSI OKCHIY BiJIOYBa€ThCS 33 PaXyHOK OKUCHEHHS
OCHOBHHX aTOMiB In kpucTaniuHoi rpaTku marepiany. Y
pe3ynbrari nporo Mexa noziny I'Tl nokanizyerscst He Ha
camiif MOBEpXHI MiJAKIAAUHKY, a Ha NeBHIN rinouni. Lle
NPU3BOJWTh 0 3MEHIICHHS BIUIUBY [OBEPXHEBUX
piBHIB, 0COOJHMBO NpH BEIMKUX h®, KOIM JOBXKUHA
IOTNIMHAHHS (OTOHIB %» CTa€ MAJIOKO BHACIIIOK BETUKHX
KOC(QIIIEHTIB TOTTMHAHHSA , B OO0JIACTI MIX30HHHUX
nepexoxiB.  CHekTpalmbHHH  PO3MOAIT  YYTJIMBOCTI
iIeanpHOI JIOOHOI CTPYKTYPH OIUCYETHCA BiIOMHM

OCHOBHMX npuuuH. [lepma 3 Hux mossrae y
3aBEpLICHOCT]  MOBEPXHEBUX  3B’S3KIB  IIapyBaTHX BHUpa3oMm [9].
Voo B,
02 |-
01+
\
300
0 1
10 10 10° 10 Lo

Puc. 2. 3anexHICTh HANPYTH XOJIOCTOTO XOAY BiX piBHA OocBiTieHOCTI. Ha Bpi3mi —
TeMIIepaTypHa 3aJIeXKHICTh V.
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Sy=const: 77/hw 2)
Jie 77 — KBaHTOBHUH Buxig Gortoedekry. [Ipu 3mini eHeprii
y 1aBa pasu (ho/he,=2,8/1,4) dorouymmmBicTts
3MIHIOETBCS He Oinpmie HiK y Tpu pasm, puc. 1. Lle
3YMOBJICGHO 3aJIeKHICTIO 77 Bil ®, SIKa Y CBOIO 4Yepry
BUKJIIMKaHAa 3POCTAaHHAM WMOBIPHOCTI TIOBEPXHEBOI
pexomMOiHamii i3 30impIIeHHsM eHeprii ¢oToHiB. YacTka
MOBEPXHEBUX BTPAT IIOBUHHA TAaKOX 3pPOCTATH NpPHU
migBUIeHHI 1 BHACHIAOK 3MEHIICHHSA IUQY31HHUX
JIOBKUH HEPIBHOBAXKHHUX HOCI{B 3apsmy. 3po3ymisio, o
ueii edpekr Mae Oyru OUIBII  CYTTEBUM  JUIs
BUCOKOGHEPIreTHYHUX (OTOHIB, IO MiATBEPAIKYETHCS
eKCIIepUMEHTalIbHO, Bpi3ka Ha puc. 1. IligBumeHHs
TEMIIEpaTypH, K 1 ciij OyjIo Oo4iKyBaTH, IPUBOAUTH 1O
3MIIIEHHSI MAaKCUMy KpUBHX Yy HH3MKOCHEPIeTHUHY
obuactb, a 3HadeHHs d(hw,,)/d7T Kopentoe 3 BEIUUYUHOIO
TEMIIEpaTYpHOro KoedilieHTa 3MiHM £, MOHOCENEHiLy
iHmiro [10].

Hamnpyra xomocroro xoxy Voc, K TOTO i BHMarae
Teopis sl BUIIAJIKY JIiHIHOI TeHepartii [9], mpu BeTuKux
piBHSAX OCBiTIEHOCTI L TpsAMye OO HACHYEHHS, Maj.2.
IIpyn HU3BKHUX L 3anexHICTh Voc(L) BiApi3HIETbCA Bif
OUiKyBaHOI JiHI{HOI, II0 MOXXHA TOSCHHUTH CIITYIOYHM
gyuHOM. [lo-mepre, reHepailissi (OTOHOCITB  MOXKe
MPOXOAUTH HE TUIBKH B 00JIACTI IPOCTOPOBOIO 3apsiry, a
W y BucokooMHil 6a3i ITl, sxa Mae mnOMITHY
(hotonpoBinHicTh. BHACTINOK IIFOTO MOCIIAOBHUI OIIp
CTPYKTYpH € (YHKII€I0 pIBHS OCBITIEHOCTI, MIO
MiATBEPAKYETHCS eKCTIEPUMEHTAIILHO JUIs
JOCTiKyBaHUX 3paskiB. [lo-gpyre, y pekuMi X0I0CTOTO
xony ¢oroHocii (y AaHOMY BHIIAAKy HipKH) MOXXYTb
aKyMyJIOBaTHUCh Yy KBasiHelTpanpHill obmacti 6a3m [TI.
SIkmo mpu [pOMy iX KOHIEHTpalis Oimpma 3a
piBHOBaXxHY, TO Oy/e MPOXOANTH 3MimIeHH: piBHI Depmi
JI0 Kparo BajeHTHOI 30HM. lle mpuBene no 30iMbILEHHS
BHUCOTHM Ta TOBIIMHMA TMOTEHI[iAIbHOTO Oap’epa, a y
KIHIIEBOMY pE3yJIbTaTi 1 J0 aHOMaJbHOI 3aJIe)KHOCTI
Voc(L). 3ayBaxknmMo, 110 1oaiOHUI eeKT criocTepiraBcs
Ha Oarateox [Tl, y SKMX € [JOCTaTHBO NPOTSDKHI
BUCOKOOMHI o0Omacti [11], a Takoxx Ha 3BHYAWHUX
CTPYKTYpax B yMOBaX IHTCHCHBHOTO JIA3€PHOTO
30ymxeHHs [9].

3aNexXHICTh CTPYMY KOPOTKOTO 3aMHKaHHS [sc BiX L
JUOZHUX CTPYKTYp B YMOBaX JIiHiitHOT reHepaliii moBuHHA
3MIHIOBAaTHCh 3a JiHIHHUM 3akoHOM [9]. OmHak mms
mocmimxyBanux [Tl xapakrepuctuku Igc(L) Oinmpin
CKJIaJIHI 1 B 3araJJbHOMY MOXYTb OyTH OIMCaHi BUPA30M

Isc~L", (3)
Jie m — IpuiiMae pi3Hi 3HaUeHHs y 3aj1exHocTi Bix T Ta
piBast ocsitinenocti L. Ilpm 300 K moxasuuk crenens
JopiBHIOE | mpu HHM3bKHMX L, a npu BHCOKHX m=0,5.
OcTaHHE 3YMOBJICHO THM, IIO MOTEHINANBHUIA Oap’ep
OpU [MX pPIBHAX IPaKTUYHO CKOMIICHCOBAaHMH, 1

MiAKIAAWHKA SBIIE co00i0 (poTOpe3ucTop y SKOMY
peani3yeTbcsi peXMM BHCOKOTO piBHs 30y/pKeHHs. B
obnmacTi HU3BKMX L crHocrepiraeTbCsi HaA3BUYAMHO
CHJIbHA 3aJIeKHICTh Isc(L), 0cOOIMBO MpU BUCOKHX 7,
KOJI m Moxe focsirati 4. OJHI€0 3 MOXKJIMBUX MTPUYNH
oporo Moxe OyTHM Te, L0 IpU BUCOKMX I pi3Ko
3MCHIIYEThCS ~ BHCOTa  MOTEHIliAJIbHOTO  Oap’epa.
[To6GiyHMM  CBiAYEHHSIM IIBOTO €  TEMIIepaTypHa
3alIeXHICTh Voc (Bpi3ka Ha puc. 2), ska ajeKkBaTHA
3anexHocti @y(7). [Ipn Hu3bkKX L 1 Bucokux T BigHOCHA
3MiHa Halpyry XOJOCTOTO XOAY 33 PaXyHOK aKyMyJsLil
JUpOK Olnblia, HK IpU KIMHATHINA TeMIlepaTypi, KOJIH ¢
Benmka. lle mpWBOAWMTH 1O OUIBII CHIIBHINIOL, HIXK
TiHifHA, 3aJeKHOCTI CTPYMY KOPOTKOTO 3aMHKAaHHS BiJ
PIBHS OCBITIIEHOCTI.

Jus  BcTaHOBNEHHS — MexaHi3My  (opMyBaHHA
(OTOETIEKTPHUYHNX  XAPAKTEPUCTUK  TeTepONepexony
In,O;-p-InSe mpoBenemo anHamiz 3anexnoctreid Isc(Voc),
K1 3ritHO Teopii [9] MOBHHHI ONUCYBaTUCH BUPA30M

Lge =1 [eXp(eVOC/nkT)_l] &)
b
Iie n — KOoe(IIIEHT 11eaJbHOCTI CBITJI0BOI BOJIBTAMIIEPHOT
xapaktepuctuku (BAX), 110 BU3HAYAETHCS MEXaHI3MOM
cTpyMoriepeHocy.  EKcriepuMeHTanbHi  TOYKH — IpHU
eV>3kT HemoraHo JsIraloTb Ha MPsMi, €HEPreTHUYHHUI
Haxua sSKUX cknanae e/2kT. PisuicTh #n=2 o3Hayae, 110
CBITJIOBUI CTPyM 3yMOBJICHHII T'eHEpalli€l0 HOCIiB B
obmacti mpocropoBoro 3apsiry [Tl wepe3 oauHM4HI
MIMOOKI LEHTPH, SKUMH MOXYTh OyTH 3rajaHi paHiiie
aKIEeNTOpHI piBHI 3 eHeprieto akruBamii 0,45-,5 eB [6]. ¥
bOMY BHIAJKy TEMIIEpaTypHa 3alIeKHICTh CTPYMY
0
Binciuku ~S¢ BU3HAUAETHCA IIMPUHOK 3a0OPOHEHOT
30HM MaTepialy, y SKOMY JIOKali30BaHWH 00’ eMHHI
3apsia, T00TO
I3, ~ exp(— E, /2kT) )
0

ExcrnepumenTanbha 3anexusicts — SC€ (T) onucyerses
BHpa3oM (5), a eHepreTUYHUH Haxuil NpAMoi CKiIafae ~
1,2 eB, 1m0 He cynepednTs BeNHUMHI £, ceneHiny iHairo.

Koeanik 3./. — noxrop (isnko-mMareMaTHuHUX Hayk,
npodecop, KepiBHUK  UepHIBEIBKOTO  BiAIUICHHS
IHCTUTYTY npo0iem martepianozHaBctBa HAH Ykpainwm;
Maxnii B.II. — noxtop (i3UKO-MaTeMaTHIHUX HAyYK,
npodecop kadenpu OnToeneKTPOHIKH;

Anuyk O.1 M.H.C. UYepHIBEIbKOr0  BIIIUICHHS
IHCTUTYTY npoOiem MmarepianosHasctBa HAH VYkpainu,
H.c. Kaenpu (i3uKu TBEPIOro Tina.
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The basic photoelectric characteristics of the anisotropic heterojunctions that were created by a
thermal oxidizing of monocrystal substrates was investigated. Influence of a floating voltage and a short-
circuit current on a illumination level explains within the framework of the linear generation theory of
photocarriers. A photoconduction of high-resistance basis of the diode structure is taking in to account.
The photocurrent is caused by generation of nonequilibrium carriers at illumination in the spatial charge
area of a heterojunction through local deep centers.

270



