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MN3MEHEHUWE NOTEHIIUAJIBHBIX BAPLEPOB
HU3KOPASMEPHBIX TOHKHMX IVIEHOK p-CdTe
B YCJIOBUSIX BHEIITHUX BO3IEVICTBUN

H. 3. Aaumos, C. M. 3aiinonoougausoBa, C. M. OTa:xoHOB,
M. M. Xanunos, 1. A. FOcynoga, I1I. SIxy6oBa
Depeanckuti Iocyoapcmeennvlti Ynusepcumem
[Toctynuna B pegakuumro 01.02.2016

M3yueHsl CeKTphl TOKa KOPOTKOTo 3ambikanus B cTpykrype p-CdTe-SiO,-Si B 3aBucumMocTy OT Be-
JMYMHBI BHEIIHETO BO3/eHcTBUsL. HalOnromaercsi cMelleHne CrieKTpoB B KOPOTKOBOJIHOBYIO 00J1acTh,
BCJIE/ICTBHE YETO B 3TUX CTPYKTypaxX M3MEHSIOTCS SHEPTHUHU ONTHUYECKOM aKTHBAIMK IITyOOKOTO YpOB-
Hi. [lpennaraercs Monenb Uil pacipenesieHus oTeHnuana, Ae(hopMUPYIOIIEro MPOCTPAHCTBEHHOE
1 SHEPreTUYECKOoe pacrpeeIeHue HOCUTES.

KitroueBble cjioBa: (pOTOUYBCTBUTEIBHOCTD, TOK KOPOTKOTO 3aMbIKaHMsl, IOTCHIMAIBHBINA Oapbep,
¢doto-0/IC, KOPOHHBIH pa3psiA, IACKTPOINPOBOAHOCTD, INTYOOKHI YPOBEHB, BCTPOCHHOE IT0JIE.

3MIHIOBAHHSI TIOTEHIIMHUX BAP’EPIB
HU3BbKOPO3MIPHUX TOHKHUX IIJIIBOK p-CdTe
B YMOBAX 30BHIIIHIX BIIJIUBIB
H. E. Animos, C. M. 3aiinonooigainosa, C. M. OTa:;KoHOB,

M. M. Xaaqiuos, JI. A. FOcynoga, III. SIky6oBa
Busueni criektpu cTpymMy KOpOTKOro 3amukanHs B ctpykrypi p-CdTe-Si0,-Si B 3anexnoCTi Bijt BEU-
YUHH 30BHIITHHOTO BILTUBY. CIIOCTEPITaeThCs 3CYB CIEKTPIB Y KOPOTKOXBHIIBOBY 00JIaCTh, BHACIIITOK
YOTo B X CTPYKTypax 3MIiHIOIOTHCS €HEprii onTHYHOI akTuBanii ubokoro piBHs. [IpornonyeTbes
MOJIETIb JJIS1 PO3MOALTY MOTEHIII ANy, 10 Ae(hOpMye IPOCTOPOBUI Ta EHEPTETHYHHUI PO3MOIIIN HOCIS.
KirouoBi ci1oBa: poTouyTIINBICTD, CTPYM KOPOTKOTO 3aMHUKaHHS, MMOTEHIiHHUE Oap’ep, poTo-EPC,
KOPOHHHH PO3Psif, ENEKTPONPOBIIHICTh, IMTHOOKUHN piBEeHb, BOYIOBAHE TOJIE.

CHANGES OF POTENTIAL BARRIERS
OF LOW-DIMENSIONAL THIN FILM p-CdTe
CONDITIONS OF EXTERNAL INFLUENCES
N. Alimoyv, S. Zaynolobiddinova, S. Otajonov,
M. Khalilov, D. Yusupova., Sh. Yakubova
The spectors of short curcuit current in p-CdTe-SiO,-Si structure according to the magnitude of
external crown discharge in static rejime have been investigated. It's observed the shift of spectors
it the short-wave area due to the energy of optic activation of deep level has changed. The model for
the distribution of spatial deformulating potential and energetic distribution of carriers is offered.
Keywords: photosensitivity, short circuit current, potential barrier, the photo-emf, corona discharge,
electric conductivity deeper level, built-in field.

BBEJEHUE

NHTeHcuBHOE pa3BUTHE MUKPO- MU HAHO-
DJIIEKTPOHUKH, HOBBIX TEXHOJOTMYECKHUX
BO3MOXXHOCTEW M3TOTOBJIEHUS CIOXHBIX
TBEPAOTEIbHBIX HU3KOPA3MEPHBIX CTPYKTYP,
CTUMYJUPYIOT pa3pabOTK1 HOBBIX Hepaspyla-
IOIMX TUArHOCTUYECKUX MeTonoB. Co3naHue
OpUTMHAJIBHBIX ONTO3IEKTPOHHBIX YCTPOUCTB
CTUMYJUPYET AalbHENIIEe U3yUeHUE HOBBIX

ONTHYECKUX U (POTOIIEKTPUICCKHUX SBICHUN
B AKTUBHBIX IUIEHOYHBIX IEMEHTAX.
[MonynpoBoanukoBsie minéuku CdTe sB-
JSIOTCS. BAXXHBIM MaTE€pPUAIIOM JUJIsl CO3AaHUs
(GOTONPUEMHBIX YCTPOMCTB Ha OCHOBE UX Te-
TEPOCTPYKTYp, paborarouux B OmxHeM (0,4—
3 MkM) U fanbHeM (8—14 MkM) HH(paKpacHbIX
nuana3oHax. AKTyaJlbHOM SBJISETCS TaKKe
npoOjemMa MoJay4yeHusl reTepoCTPYKTyp Ha
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OCHOBE (POTOUYBCTBHUTENIbHBIX CJIOEB CO CJIO-
SAMH Pa3HOTO THUIIA NPOBOJAUMOCTHU U 30-
HHOW CTPYKTYpPOU B IPOLIECCE BBIPAIIMBAHUSA
BBICOKOTEMIIEPATYPHBIM TEPMUYECKUM HCIIApe-
HUeM. B yacTHOCTH, IEPCIIEKTUBHON IIPUMECHIO
JUTSL TIOJTyYEHHUsl MaTepuaa p-TUIIA SIBISIETCS Ce-
pebpo u Meab.

Ienp naHHO# palbOTHI 3aKit04aeTcs B UC-
CJI€I0OBAaHUU BHYTPEHHEN CTPYKTYpPbI U HOBBIX
(OTORNEKTPUUECKHUX CBOMCTB AKTUBHBIX TOHKUX
IJIEHOK U UX TETEPOCTPYKTYP B YCIOBUAX BHE-
IIHUX BO3/IEUCTBUM.

KCHEPUMEHTAJIBHBIE
PE3VYJIBTATbHI

B paGote n3yueHsl HU3KOpa3MepHbIe (pa3Mepbl
KpUCTaJNINYECKUX 3epeH cocTtasugeT 0,05—
0,1mxm) ToHkue nueHku p-CdTe nonyueHHbIe
na Si0,-Si. Paszpaborana TeXHOIOTHUSA MOy~
YeHHSI TOHKHUX IJICHOK U MJIEHOYHBIX CTPYK-
Typ Ha ocHoBe CdTe m ycTaHOBJCHBI
ONTHUMaJIbHBIE MapaMeTpPbl TEXHOJIOTUU TO-
JYyUYEHUs] TUX MJIEHOYHBIX 3JIeMEHTOB [1].
[MonynpoBonuukoBbiii matepuan CdTe
u npumecu Ag, Cu HAaHOCUJIUCh B BaKyyMme
1075 MM PT. CT. 3 OTIETBHOTO AITYHIOBOTO THIIS
Ha OKUCJIEHHYIO TIOBEPXHOCTh KPEMHHUS JICTH-
poBanHyt0 6opom, porperyro 10 500-520 K,
TONIMHA IIEHOK cocTaBisia 1,0-2,0 MkM,
a ckopoctb HambuteHust CdTe 2,0 aHm/c.

H3BecTHO, YTO B Mpollecce BbIpalIMBaHUS
mwiénku CdTe npumecu cepebpa 1 Menu BcTpa-
MBAIOTCA B 00bEM pacTylieil MIEHKH B BHJIE
KOMIUIEKCOB, UMEIOIIIMX aKI[eNTOPHbIE CBOICTBA
[2].

[Ipu M3y4eHun CHEeKTPOB TOKA KOPOTKOTO
3ambikanus (/) crpykrypbl CdTe-Si0,-Si B 3a-
BHUCUMOCTH OT BEJIMYMHBI BHEIIIHETO KOPOHHOTO
paspsizia B CTaTHUECKOM peKuMe HaOmrogaeTcs
CMEIIEHUE CIIEKTPOB B KOPOTKOBOJIHOBYIO 00-
nacts (puc. 1).

Cremyer OTMETHUTH, YTO MTPU KOPOHHOM pa3-
psine HaOmoaeTcs IBHOE M3MEHEHHUE SHEPTUH
akTHBaLuu rryookoro yposas (0,7 3B, 1,15 3B)
B 3aBUCHMOCTH OT ITOTEHI[HAJIa KOPOHHOTO pa3-
psana. OTo CBUAETEILCTBYET, YTO YPOBEHb Ha-
XOIUThCA B 00J1aCTH OOBEMHOT0 3apsijia, y clos
SiO, 1 NPOHMUKAOIIEE CUIBHOE T0JIE€ BCTPOEH-
HOTO 3apsaa npuBoaut k addexty [yna-dpen-
KeJlsl — M3MEHEHHUIO dHEPIrUH ONTHUYECKOU
aKTHBALIMU TITyOOKOTO YPOBHSI.

1,0TH. eq.

6:10° | ]
oo
. [l
4-10* | . a—1
- o —2
s —3
210° | A
0 1 T T T [:V’QB
a5 07 1,1 3 15 1,7 1 2,1
. 73 oos® A
-2-10* | A [m)
3 L4 ) s
o
-4-10* ° AAA LI &
L AA
! Agh.
—6-10* | ® O
¢ o
_810* F ®
8-10 5, o
-110* | D.D
L =
-1,2:10° o

Puc. 1. CriekTpasnbHble 3aBUCUMOCTH [ JUISL CTPYKTYPBI
CdTe-SiO,-Si 0T BeMYMHBI HOTEHIIMAIA KOPOHHOTO Pa3-
pama: @, = 80 B (xpuBas 1), 50 B (2),0 B (3)

[Io HamuM OUEeHKaM HaNpsI)KEHHOCTh
ANIEKTPUIECKOTO TOJISI B OKPECTHOCTH JeeKTa
nMeeT 3Hauenue £ = 10° B/cm. [Ipu momomn
OLICHKH T10 KJIaccu4yeckoi hopmymne

AW:eﬁ/,Mnaso ,

rae AW — sHepreTudeckoe CMEIIeHUe ypOBHS,
E — HanpsHKEHHOCTH DIIEKTPUUYECKOTO OIS
B OKPECTHOCTH Jie(peKTa, € — JUIIEKTpUIecKas
nponunaemMocts CdTe, £, — snekTpuyecKas mo-
CTOSIHHAsI, € — 3apsiJl JICKTPOHA.

Curyanus, Bo3Hukawmas B miuenke CdTe
na 6ase ctpykrypbl CdTe-SiO,-Si mox nei-
CTBHEM BCTPOCHHOTO AJIEKTPHIECKOTO MO
B JAMDJIEKTPUKE, COOTBETCTBYET MOJIEIIH, pa3-
paboTaHHOM ISl TOJTMKPEMHEBOTO MOJIEBOTO
TpaH3uctopa (cMm., Hanpumep, Ainumo H. 3.,
[3]). [Ipenmmaraemast 31ech MOZICIIb AaHAJIOTUYHA
Mmozenu [3], ecnu popManbHO UACHTUDUITUPO-
Barh c110k Si0,-Si ¢ ynpapJIsSroImM 51€KTPOIOM
nmoJjieBoro tpansucropa (puc. 26). [loaTomy
MIPOBEJICHHBIE PAHEE YMCIICHHbIE PacyeThl s
pacripeienieHns MOTEHIMANa B TOJTUKPUCTAIITH-
YECKOM MOJIYIIPOBOAHUKE BIIOJIHE TPUMEHUMBI
11 BcTpoeHHoro 3apsana mienku CdTe. U3
PE3yIaBTATOB, pacyeTa BO3ICHCTBHUS BHEITHETO
JIEKTPUYECKOI0 MOJIs HA MOTEHLUAIbHBIN pe-
abe( MONMMKPUCTAIIIMYECKON CTPYKTYpHI Ciie-
IyET, 4TO ci1aboe 1moJie TOJAbKO 1edhopMUpyeT
IIPOCTPAHCTBEHHOE U SHEPTreTHUECKOE pacipe-
JieJIeHUsl HOCUTENEeH, a CHIIbHOE — MPUBOJIUT
K YMEHBIICHHIO BBICOTHI MEXKPUCTAIUTHYECKIX
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MOTEHIMAJILHBIX OaPHEPOB, 32 CUET MEPEKPHITUS
BOJIHOBBIX (PYHKIIUI AJEKTPOHOB COCETHUX
KPUCTAJJTUTOB B AJIEKTPUUECKOM TI0JIE (T. €. KaK
OBl 3a cUeT 0ObEeNMHEHUSI 00beMa KPUCTAIIIN-
Ta). DTH PACCYKIEHUS U PE3YyIbTaThl HAIIUX
AKCIIEPUMEHTOB MOKA3bIBAIOT, YTO BCTPOCHHOE
nosie B qudaekTpuke SiO, MOKET NPUBECTH
K YMEHBIICHHUIO BHICOTHI MOTEHIIUAIBLHOTO 0a-
pbepa B IUIEHKE (IIpH 0, < 30 B), a B HEKOTOPBIX
cllydasiX K UCYE3HOBCHHUIO €ro ((pr>lOO B)
B OIHOH U3 €€ MPUIIOBEPXHOCTHOM 00IacTH, Ha-
MpUMeEp, THUIOBOM 001aCTH, M TOT/Ia CTAHOBUTCS
MpeoOIaaroIMM OCTaBIIHICS TOTSHITUATBHBIN
Oapbep B Ipyroil — MPOTUBOIIOIOKHOM ee TPH-
MIOBEPXHOCTHOM 00J1acTH.

Puc. 2. INomukpucTtamimygeckas CTPyKTypa Ha OCHOBE
kpemuus (a) [2] n CdTe-mnenok (6); a: 1, 2 — ynpas-
nsromui anekrpon, 3 — SiO,, 4 — Si, 5 — cTok, 6 —
HCTOK, 7 — U30JATOP; 6: | — yIpaBIsomMN 3EKTPOS,
2 —Si, 3 —Si0,, 4 — ucrok, 5 — cTok, 6 — CdTe

OrnmcaHHast 371eCh MOJIENb KaUueCTBEHHO XOPO-
110 OTPaXkaeT OCHOBHBIE 0COOEHHOCTH KPUBBIX
Ha puc. 1. JleificTBUTENBHO, €CIIU CUUTATh, YTO
3HAKW aCHMMETPHH MTOTCHIUAIBHBIX 0apbepoB
y GpOHTAJILHOH U THUIOBOI PUITOBEPXHOCTHBIX
00yacTsaX pasHbIe, TO BIIOJIHE €CTECTBEHHBIM
ABJIACTCS HAONIIOICHME MHBEPCUH 3HaKa /B 3a-
BUCHUMOCTH OT 3()(hEeKTUBHOMN TITyOHHBI OTIIO-
IIeHUs1 BO30YKIAIOIIETO CBETA.

BkirtoueHne BHEITHETO KOPOHHOTO pa3psaa
B cTaTH4YeCKOM pexume B cTpykrype CdTe-
Si0,-Si nonasnser renepauun Goro-I/IC
B OZIHOM M3 IByX NPOTHBOOOPCTBYIOIINX CUCTEM
MOTEHIMATbHBIX OapbepoB. Tak, B COOTBETCTBUU
C KpUBBIMH Ha pucC. 1. HaOmrogaeTcs cHadajia
CMelleHne 001acTi MHBEPCHH 3HaKa [, a 3aTeM
MOJTHOE MCYE3HOBEHHUE €€ C POCTOM HarlpsiKeH-
HOCTHU TPUJIOKEHHOTO KOPOHHOTO pa3psia.

N3 pesynpTaToB pacueta (puc. 3 a, 06) BO3-
JIEHCTBUE BHEUTHETO TOJIS HA MOJUKPUCTAIIIN-
geckyro cTpykrypy SiO,-Si Buano, 4to cnaboe
(a) mone TonbKo neopMUpYET pacipeneacHrue
HOCHUTEJEH, a CiIbHOE (0) PUBOIUT K YMEHb-
IICHUIO BEJIUYUHBI MEKKPUCTATIIHNYECKUX
O0apbepoB, 3a cyeT 0O0eqHEeHUs 00beMa KpHC-
TaJNIUTa. DTU PE3YyAbTaThl TOKA3bIBAIOT, UTO
BCTPOEHHOE TI0JIE MOXKET MPUBECTU K UCUE3HO-
BaHMIO 0apbepoB B IJICHKE (OJJHOM €e MOoBepX-
HOCTH), ¥ TOTJIa CTAHOBUTCS MPeo0IIa1atonum
ocraBmmiics 6apsep. Hanbonee HarmsaHo sTa
CUTyallus BUJHA Ha pUC. 1, HA KOTOPOM SIBHO
BBIPAXKAETCSI U3MEHEHHUE CIEKTPAIBHOTO pa-
cupenenenus ¢otoI/]C u ncuesaetr UCTOUHUK
$hotoI/1C, npuBoASIIINY K HHBEPCHUY 3HAKA CHT-
HaJla ¢ YBEeITMYCHHUEM MTPUII0KEHHOTO KOPOHHOTO
paspsna.

uB

mkm

S

Puc. 3. Mozens, pa3paboTanHast ISl TOJTUKPEMHUEBOTO
MTOJIEBOTO TpaH3ucTopa [3]

[ToJ1st, COOTBETCTBYIOT MOJIEIIHU, pa3padoTaH-
HOU ISl TOTUKPEMHEBOTO MOJIEBOTO TPAH3HUC-
topa [3]. [IpoBeneHHbIC YHCIEHHBIE PACUETHI
pacripeieNieHus MOTEHIIMAA B TOJTUKPUCTAIITH-
YECKOM TOJIYITPOBOHUKE BIOJTHE MTPUMEHUMBI
IUIsL BCTPOCHHOTO 3apsijia TUICHKH.
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Hcnons3yem ypaBHenue [lyaccona
div(e,grade)=-g (p —n+N}, —N;)x (1)
xQ,0 (17 -7 ) ,

" YpaBHCHHS HCIIPCPBIBHOCTHU HOCHUTEICH s
OJICKTPOHOB M JABIPOK COOTBCTCTBCHHO

%—div(]ﬂ/q)Z(G—R)Jr(G—R) 8(r—1),

i 1

(2)
a_P+djV(Jn/q)=(G—R)+(G—R) 8(r-r),

ot !
(3)

I71€ (¢ — DJIEKTPUYECKUN NOTEHIHAN, W U P —
KOHUEHTPALMS 3JIEKTPOHOB U JBIPOK COOTBET-
CTBEHHO, (), — IUIOTHOCTh 3aXBAYEHHOTO 3apsi/ia
Ha eJMHMILY TUIOMAH; /', 0003Ha4aeT obnacTu
MexK(a3HOM IpaHuIbL, J 1 Jp — TUIOTHOCTH TOKa
AIIEKTPOHOB U JBIPOK COOTBETCTBEHHO, (G — R) —
YHUCTasi CyMMapHasi CKOPOCTh Fe€Hepanus Ha
enunuiy oovema, u (G — R),— cymmapHas cKo-
POCTh PEKOMOMHAIIMY HA €AMHUILY ILIOIA]IH.
[I10THOCTH TOKOB PacCUYUTHIBAIOTCS TO-
CPEACTBOM OOBIUHBIX YpaBHEHUH ApeiioBoil

muddy3un
J, =—qu,ngrad(¢+Ao, )+gD,gradn, (4)

J, =—qu,pgrad(¢+Ag,)—gD gradp.
(5)

rae W, U [ — HOABMKHOCTH JJIEKTPOHOB
¥ JBIpoK, D u D — ko3 purenTs! nuddyzun
AJEKTPOHOB U JBIPOK, OTHOCSLIUECS K TTOJIBUK-
HOCTSIM T10 COOTHOIIEHUIO DWHIITEWHA, U A,
A@ TIPEICTABIIAOT YHEPrETHIECKUIA CIIBUT 30HBI
npoBOAUMOCTH. Eciu cyeHuem LIUpUHBI 3a-
NPEUIEHHON 30HbI IpeHebperaercs, T0 Ap, =
A =0, u cuia, BO3ICHCTBYIOIAs HA HOCUTE-
JIM, BBI3BIBAETCS TOJIBKO ANEKTPUUECKHUM IOJIEM.
B (1) 3axBayennblii 3apsj O, PEICTABIEH KaK

Sn+S,n

=—gN.
< i Sn(n+nl)+Sp(p+pl) » (0

CCJIN COCTOAAHUS aKICIITOPHOI'O TUIIA, U KAK

O =qN Snn+SpP
! g Sn(n+n])+Sp(p+pl)

(7)

JUTSL JOHOPHBIX MeX(Da3HbIX cocTosHUN. CyM-
MapHasi CKOPOCTh TCHEpaIK Ha STUHUILY I1JI0-
mwaam (G — R), paBHa

n> —np
G-R) = 2
( )i (n+nl)/SP+(p+pl)/Sn ’

e S, S, — CKOPOCTH IOBEPXHOCTH PEKOMON-
HalMHU BBIPAXKEHBI KaKk S = F)nvthNn; N,— 000-
3HA4YaeT IIIOTHOCTh MEXK(Pa3HBIX COCTOSHUM, O
M § — CeuCHHs 3aXBaTa, v, — TCIIOBAs CKO-

POCTb HOCHTENIEH U 71,, p, OLPE/IENEHbI KAK
n =n,exp| (E,~E,)/kT ],
py=n,exp|(E —E,)/kT |,

rae E;, — cobcTBeHHbl ypoBeHb Depmu i-Tuna
n E, — 5HEprus J0BYILKH.

[IpoBeneHHbIE UNCIIEHHBIE PACUETHI pacipe-
JIEJIEHUs IOTEHIMaNIa B TIOJIUKPUCTAIUIMUECKUX
nonynpoBoaHukax SiO,-Si IpUMEHUMBI JUIs
KaueCTBEHHOI'O aHaju3a MoBeACHUs 0apbepoB
B T10JIe BCTpoeHHoro 3apsiaa miéuku CdTe.

Amnann3 nosezieHNs1 6apbepoOB B I0JIE€ BCTPO-
eHHoro 3apsana miéuku CdTe Oyner npuBenex
BO BTOPOM 4acTu padOTHI.

3AK/IIOYEHUE

a) IIpu nerupoanuu CdTe cepedpom umu
MeIbI0 HaOM0aaeTCsa HEOOIbIIOe yBeIuUIe-
HUE KOHIICHTPAIUU AJIEKTPOHOB U YACIbHOU
AIEKTPOMPOBOAHOCTH, KOTOPHIC MPUBOISIT
K YBEJIMUCHUIO MOIIIHOCTH IUICHKH U TOKA.

0) 13 ananu3a sKcriepuMEHTAIIbHBIX Pe3ylib-
TaTOB CJIEAYET, UTO cliaboe BHENIHEE 1moJie 1edop-
MHUPYET pacIpe/ie]ICHHe HOCUTENICH, a CHITBHOS
MIPUBOJIUT K YMEHBIIIEHUIO BETMUNHBI MEKKPHC-
TaJUIMYECKUX OAPHEPOB, IPH 3TOM BCTPOCHHOE
T10JIC YIIPABIISCT MOJUKPUCTALTNISCKUMU Oa-
pbepaMu, pacmoiI0KEHHBIMU MEXAY KpHC-
TaJJIUTAMU, BCIEACTBUE YET0 U3MEHSIOTCS
SHEPTHHU ONTHUYCCKOW aKTHBAIMHU TTTyOOKOTO
YPOBHSL.

B) Ilpu kopoHHOM pa3psnae HaOIOIA-
JOCh SIBHOC U3MEHCHUE YHEPTHH aKTHBAIIUU
r1y0OKOTO YpOBHS, KOTOpoe oObsicHsIETCS
adpdexrom [lyna-Openkenss — U3MEHEHHEM
SHEPTHHU ONTHUYCCKOW aKTHBAIMHU TTTyOOKOTO
YPOBHSL.
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