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Annomayua. Ywoy maxonaoa a-Si:H<B> napoanapuoa cmayuonap ¢homosnekmpux
ymkaszysuaniuknu xapopamea bozmuxiueu (The method temperature dependence Steady-State
Photoconductivity) opkanu pexomOUHaAyuoH Hcapaéniap MexaHusMu MAOKUK KUTUHSAH.
Vanykcuznuk 6a 21eKmpoHelmpaniiuk  meHeramMaiapyu  eduMaIapuoan  gouoanranud, Kyuiu
neeupaanean a-Si:H<B> napoanapu yuyn onunean o ~ oo(1/T) bo2ranuwdacu HOMOHOMOHIUK,
Mypau memnepamypa Opaiukiapu Y4yH PpPeKOMOUHAYUOH dcapaéuiapu mexanusmu D —
mapkasiapoa mypauda pyti bepuwiu mygatiniu 103a2a Keauuy Kypcamuiea.

Kanum cyznap: ['uopuonanean amopgd Kpemmuuti, homoanekmp ymrazyeuaHiux, Xycycui
VMKA3Y8UAHIUK, DEKOMOUHAYUS MAPKAZLAPU, 2EHEPAYUsL Me3NUSU, YPMada suaul 6aKmu,
XapakamuaHaux mupKuiu.

HNCCIEJOBAHUSI PEKOMBUHAIIMOHHBIX ITPOIIECCOB HA OCHOBE
®OTODJEKTPHUYECKOM MPOBOJUMOCTH AMOP®HOI'O
T'NJIPOTEHU3UPOBAHHOI'O IJIEHKHA KPEMHUSI

Annomayua. B oOannoll cmamve paccMompeHvl MexaHuzmvl PeKOMOUHAYUOHHBIX
npoyecco8 HA OCHOBE MeMNepamypHOU 3A6UCUMOCTU CMAYUOHAPHOU YOMOIIEKMPULecKou
nposooumocmu (The methot temperature dependence Steady-State Photoconductivity) na
naéurax a-Si:H<B>. Hcnonvsys peuterus ypasHeHuii HenpepuleHOCMU u
INEKMPOHEUMPATbHOCIU OISl NIEHOK CUTILHO JLecUpo8anio2o amoppnozo a-Si:H<B> kpemnus,
NOKA3AHO, YMO NOJYYEeHHble 8 PA3IUYHBIX MeMNePamypHbIX UHMEPEALax HeMOHOMOHHbIUL X00 6
sasucumocmu o ~ oo(1/IT) evizsano paznuuuem mexanuzmos pekomburnayuonnvlx npoyeccos D —
YeHmpom.

Kniouesvie cnosa: Amopgpnoii eudpozceHuzuposanHvlil. Kpemuutl, Gomonposooumocno,
YeHmpbl peKOMOUHAYUU, CKOPOCTMb 2eHepayul, CpeoHee PeMsl HCUZHU, Wellb NOOBUNCHOCTIU.
INVESTIGATION OF RECOMBINATIONAL PROCESSES THROUGH
PHOTOELECTRIC CONDUCTIVITY OF THE FILM OF HYDROGENATED
AMORPHOUS SILICON(A-SI:H).

Abstract. In this manuscript,it was investigated that the mechanism of recombinational
processes in the film of a-Si: H <B> in terms of the dependence of Stationary photoconductivity
on temperature(The method of the dependence of Steady-State Photoconductivity on
temperature). By using the solutions of continuity and electric equilibrium equations, they were
explained that non-monotony and rebombination processes is differently related to D-centers by
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division temperature into two intervals for the strongly absorbed a -Si:H<B> are evident from
the relation of & ~ go(1/T).

Keywords: Hydrogenated Amorphous Silicon (a-Si:H), Photoelectric conductivity,
private conductivity, centers of recombination, speed of generation, average lifetime, crack of
mobility.

KnupPuul

Amopd rupporeHuzanMsUIaHTaH KpeMHui (a-Si:H) xam wimwuii, Xam amaiauid HyKTau-
HazapJaH HUCTUKOOTM amopd spuM YTKasrud xucoOnmanaau. a-Si:H V3uHMHT 10KOpH
(GOTOAMEKTPUK YTKA3yBYAHJIMTH, KEHI CHEKTpajl OpaIMKAa FOKOPH FOTHUIN KO3 (PHUIIMEHTH Ba
JIETUpJIAIIHN CaMapaJopJurd OWjlaH WIMHHM TaIKUKOTYWIAPHU TYpJIM YCYJUIApHM KYJUlaml
UMKOHUATUHM SpaTaayd. AManui jKUXATJaH 3ca y acocuJa TaHHAPXU ap30H Ba YHU YCTUPHIL
TEXHOJIOTHACHHU CaMapaJopIIMTH, SbHH YHTA IOKOpH OyiMaral Xapopatr opanuruaa (200 °C ~
600 °C ) Typiu KanMHIMKIAryd KaTTa I03aiy HapAadapHy ONMINT UMKOHUATHHM KEHIJIHTH OuIaH
axpanud Typaam.

a-Si:H acocuya xyna kyn QOTOMICKTPUK KypHiaMalap sipaTHraH: KyEll 3JIeMEeHTIIapH,
¢dorosnemMenTIIap, BUIMKOHIAP, MAIIOH TpaH3UCTOpIap (CYIOK KPHCTAILIN AMCIUICHIap y4yH),
XOTHUpa 3JIEMEHTIApH Ba OoIIKaap.

MabayMKH SipuM JTKA3TUWIM KypuiManap sipatuil yuyH 3ca a-Si:H Hu dorosnexTpuk
KaTTaJMKIapyd MYXUM axaMmuaT KacO sTafau. AMHHMKcCa YHUHT (DOTORJIEKTPUK HapaMeTpiiapuHU
KEHI' XapopaT WHTepBajauaaru ysrapumu. bBbyHuHr acocuil cababnapupaH OUpH KOCMHUK
TAJKUKOTIApPTa MyJDKAIUIaHTaH KyENI SJIEMEHTIApUHU KeHT XapopaT HHTEPBANIa UIILIAIIHIND.

lyan xumcobOra onmb ym0y Makojaaa KywIid Ba Kydcu3 Jjerupsianran a-Si:H<B>
napJanapuHd  (GOTOIJIEKTPUK  YTKa3yBUAHIUTHHU  Xapoparra  OOFIMKINTH  OpKaJId
PEKOMOMHAIIMOH XKapagHIap MEXaHU3MUHH TaJIKHK THIIL

TAAKUKOT MATEPUAJIJIAPU BA METOJIOJIOT'UAACHU

Tok TamryBUMJIapHUHT | Ba T KATTAJIUTMHU SHT KyN (olgalaHWIAAUraH TaJKUKOT
ycylnapuaaH OMpH cranuoHap (OTORIEKTPUK YTKA3yBUAHJIMKHU Xapoparra OOFTUKIMTUHU
(Steady — State Photoconductivity SSPC)) épaaMuaa ypranurigup.

AnaOuérnap TaxIWIMIAH LIYHH KYpIukkd Oy ycynaa acocaH oph(1/T) Oofmanum
Vypranwramu. [1,2,3] wnuapna onwarad (l-pacMm) rpadukiapiaH KYypuHUO TypuUOIUKH Oy
OofnaHumHU OuTTa (QyHKIUS opKanu udonanad oOynmaiau. IIyHuHr yuyyH (OTOINEKTpHUK
YTKa3yBUaHIIUK TPaQUTrHHU TYpJIU COXAJTAPHUHH TAIKUK KHIHO, TOK TAlTyBYaHIMK MEXaHU3MHU
XaKHuJIa aloXua-aloXuaa MabIyMOT OJIMII MyMKHH. 1-pacMa Kywin jerupianrad a-Si:H<B>
(a,0), Kyucu3 JlerupjaHraH aMMO XYCYCHW YyTKa3yBuUaHJHMKKa ora a-Si:H (B) mapmanmap y4yH
o(1/T) 6ornanum kentupwirad. bynnait ycynna yn4oB unuiapu KomruiaHap crpykrypazaa (1-
pacm, B) Oaskapuaau.

Epyrmuk a-Si:H mapaanuar 6apua Xakmuga OMp TEKUC FOTUITAHM YYYH , HAbMYHAHU
0apyJa KHCMHIa HOMYBO3aHATIM TOK TalllyBYHM KOBaKJap OWp TEKUC TaKCUMIIAHTaH Oyiau.
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1-pacm. Kyunu nerupnanran a-Si:H<B> (a,0), ky4dcus sierupianran aMMo Xycycui
yTka3yBuaHiuKKa 3ra a-Si:H (B) napaanap yuyn o(1/T) OoFnaHuI KeNTHPHITAH.
TAAKUKOT HATUXAJIAPU
@DOTOEKTPUK YTKA3yBUAHIMKHM Xapoparra OyHJail OOfJIaHUIIMHU TYIIYHTUPULI YUyH
a-SitH Hu xapakaryaHIMK TUpKUIIHIard D — MapkaszigapHU IUCKPET caTxJiapia TaKCHMIIaHTaH
neb Kyiiuaard TakCUMIaHUIT Mojienuaan doiigananamus [6]. (2-pacm)
(= @ &

1| 6 7 9| 4
aq, 3\ |1

y

Ev

2- pacM. a-SitH Tu3uMIa ANeKTPOHIAPHU Y THILIH.
TYAKuHIN Yn3KKIap OUIaH peKOMOMHAIIMOH YTUILIap OeNruiIaHTaH, ITPUXIIN YU3UKIap
OuiaH Mapka3/iaH-Mapkasra cakpail. U-HKKH 2JIeKTpOHIN MycOaT KOpPesIus SHEPTHCH.

IIyHuHT y9yH Y3IYKCU3IUK Ba JJICKTPOHCHUTPAUTMKHA KWHETHK TEHTJIAMACUHU
KyHUJaru KypUHHIIIA OYIaau.

o =eAnu, +eApu, Q)
AN o b NS SN+ NE N 2
0 8t - pt pto 0 0
by epma An Ba Ap - HOMYBO3aHATIM OJEKTPOH Ba KOBaKJIapHU OPTHKYA

KOHUEHTPALUACH, P sa Pt -BAJICHT COXACH JYMUJUTA TYTKUWIAPAAard KOBAKIapHU MYBO3aHATIN
Ba HOMYBO3aHAaTJIM KOLEHTPALIUSCH.

NS Ba N° D° — mapkasnapuu éputuiMaran Ba EpUTHITaH XOJIard KOHIIEHTPAIIUSCH.
Ny Ba N* - D - MmapkasiapHu EpuTHiMarad Ba EpUTHIITAH XOJIard KOHIIEHTPALUSCH.

a-Si:H uu nerupnanranu yuyH (1) Tearnamana An = 0 6ynaau ne6 dapa3s Kumamus,
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c
Bynnau tamkapu —2 ~10% —10* mynocaGatra kypa pt >>po 6ymagu. p —tun a-Si:H
O-T

napjaa acocuii pekoMbuHaIusa Mapkasnapu cudaruna D® — Mapkasnap KapanraHu ydyH Ba Tyna
KOHLIEHTpaUus Y4yH
N =NS+N;=N°+N*"  wudomanu xucobra oncak Np = N° Gynamu. Y xonna

of
TEpMOJMHAMUK MyBo3aHaT yuyH N 1 =0 wudonganu xucodra oand

P, =N 0 (3)
udonara sra Oynamus.
KoBakyap ydyH TyTKMuWwIap BaJleHT C€OXa JyMHMJa TaKCUMJIAQHI'AaHU YYyH OpPTHKYa
KOBAaKJap y3rapuiluvHu

E,-E
L) @
p. Ny KT

KYpuHUIIKIa ndoaanaimMus.

Ny — BaJIeHT coxaaaru KoBakiapHu 3()QEeKTHB KOHIICHTPAITHSCH.
Ntp — KOBaKJIap y4yH TyTKHWIAPHU KOHIICHTPAIUSCH.
Etp - KoBakiap y4yH TYTKHWIAPHU SHEPTECTUK YPHHU.
Ev — BajieHT coXaHU 2HT I0KOPH KUCMHHH SHEPTETHK YPHHU.
WNkxuHun ToMOHIaH Ap - €pyFIMK TabCUPHJIA XOCHII OYJIraH KOBakiap reHepanus

TE3JIMTY OpKaJlu Hudoaamam MyMKUH.

P
G=_" (5)
Tp
By epna tp — KOBakJIapHUHT ypTaua siiai BakTy 0yiuo,

;= 1
P ~O
C,Ap

(6)

TCHIJIaMa OpKaJIu aHUKJIaHA/IH.
G — Tox TallyBYUJIAPHU ONTHUK I'CHCPALIUACH TEMIIN.

0
C, - KOBAaKJIap TyTHIMNI KO3 uImenT.

(5), (6) udonanapuu xucodbra onub (4) ubonanu Kyinaarnya nupoaanaIMMmu3 MyMKHH.

GN, |2 E, - E,
Ap = Y exp(——— 7
p LSNJ P ) (7)
VY xonaa GoTodneKTp YTKa3yBUaHINK YUyH Kyliuaaru udopaara sra 6yinamus.
GN 2 EV - Etp
o, =¢ — | eXp(—— 8
ph ﬂp{Cgth:| p( sz ) ( )

(8) ndonanan kypuHUO TYpUOAMKH, YHIA Tp KAaTTAJTUK HUIITHPOK 3TMAMIu.

Ntp — KoBakJlap y4yH TYTKUWIapHH 3G (GEKTUB KOHUEHTpAIMs 314, XapopaT OpTHO
O6opumy ymoy TYTKMWIApHM TYIMIIUra onu0 Kenaau. Ymly XoJIaTHH TYTKUWIApHU TYyia
Tynumm (oJiHoro 3anoiHeHus JoBymek [13J1) coqup 6ynam.
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By xonm yuyn  (6) udona ypunmu 6ymaam.
Hemak (8) udonanu Kylinmarunda KypUHHAIIIA E3UMTAMA3 MyMKHUH.

— . GN )5 exp( oY o 9
Gph _elLlp(Tp) ( v)2 exp(?) ()

1- pacmuaru 1 Ba 2 rpaduknapaan kypuHuo Typuodauku (9) udoma 200 K > T < 120 K
opanuruaard (poTodIeKTp YTKa3yBUaHINKHHU SKCIIOHSHITUAN YCUIITUTA TYFPU KeJlap dKaH.

MYXOKAMA

By xomarmarm pexoMOMHANMS MEXaHWU3MUHHU KyWHJarunda TYIIYHTUPHUII MYMKHH:
XapopaTHH OPTULIHM TYTKHWIApAArk KOBAKJIAPHU BAJCHT COXacHura TepMHK (aoutamrupan. by
aca DY — mapkasnmapna koBakgapHHM TyTwiaummura omu6 kxemamu. SAuam DO + h— D™ kaiira
3apsaaIaHuIE comup 3Taau. D® — Mapkas KOHLIEHTpanusACHHE KaMaiuIm 5ca, 3 HaBOaTHaa Tp
— KaTTAIMKHYU OPTHIIMIa ONM0 KENau Ba HATHKANA O, KaTTalMK Xam opTu6 Oopanwy.

Ammo ymiby dopmyrna OuiiaH Kydcu3 JierHpiiaHraH xycycuit a-Si:H Ba serupnanran a-
Si:H(B) mapnmanapuau mact xapopamiapaa (OTOINMEKTp YTKa3yBUaHIMKHHA — Xapoparra
OOFTMKIUTHHYU Moaaail OJIMAMIH.

@DOoTO3MIEKTp YTKA3yBUAHIUKHU OyH/Iall X0JIaTHHU OU3 Kyiuaruya u30xJ1aml MyMKHH.

Kyucus nerupianran amMmMo XyCycWid YTKasyBYaHiMKKa dra a-Si:H mnappamapau
XapaKaT4aHIMK TUPKUIIa y3wiran Si-Si Oofnap xocui Kwiran neddekmiap KOHICHTpAIUsICH
nespnu mupuMan Oymamu [4,5]. Epyrmuk Tascupuma D° Ba D° — mapkasmapHum HucOuii
y3rapumu karta 0ynmu0, TepMuk (aosutammm opkanu Oy y3rapuin ypracuaara TadoByT OpTHO
6opaau. by 3ca KOBakJIapHU flIall BaKTU Tp — KATTAJMKHU KaMaiMIIUra, 3JIeKTPOHJIAPHHU sIIIalll
BaKTH Tn— KaTTAJIMKHU opTUIMra onubd xenaau. Hatwxana ymymuit GoToseKTp YTKa3yBYaHIUK
(oph) Kyucus y3rapaim.

by xonathu aHanutuk ¢gopmyna épaamuia udoaanam aHya mypakkad. HIyHuHr ydyH
COHJIM MOJEJUIAIITHPUII €pAaMuaa KeNTHpUO uYuKapuiaaud. by amoxuma TaaKMKOTHH Taiad
KHJIa i,

AMMo ymOy coxanapiaH, SbHH (OTOIEKTP YTKA3yBUAHJIMKHU Xapoparra Kydcu3
OOFITMKJIMTH/IaH aCOCAH LnTn KATTAIWK aHUKJTAHAIH.

(1) Tenrnamana pntn >>pTp SKAHIUTUHU XUCOOTA OJICAK,

o=eGu,r, (10)
udoaara sra 6ynamus. FOkopuaa aMTraHUMHU3ACK nTn KATTAIUKHU aHUKJIAIl MYMKHH.
Jlemak I-Tur, s’bHU Kydcu3 jerupianrad a-Si:H mapma xoBak yTkasyBuanmukau SSPC ycynu
OpKaJIM aHUKJ1a0 OyImac sKaH.

XVYJIOCA

TagkukoTIap TaXJIMIU Ba HaTWXKaJlapaH KyHuaaru xyjocanapra KeJauil MyMKHH:

Jlermpnanran p-tun  a-Si:H<B> mnapna ¢ortosnekrp yTkazyBYaHIMKIA Xapoparra
9KCIOHEHIIMaJ OOFIaHraH KUCMU/IAa TOK TOK TaIlyBYaHJIMK/AA AESPIIM KOBAKJIap UIITUPOK TaIH.

DKCHOHEHIHAT GOFTaHHUITHN cababy KOBaKIapHH TepMHK (haomtanryu Tydaiim DO +
h— D" KaiiTa 3apsianuin Xucooura Ty OPTULLHIHP.

p-tun a-Si:H<B> Ba Kyucu3 JieTUpJIaHraH XyCyCHil yTka3yBUaHIUKKa sra a-Si:H
napjanapaa poTo3aeKTp YTKa3yBUaHIMKHU Xapoparra Kyucu3 OOFJIaHUIIMHU cabadu,
($OTO3EeKTp YTKA3YBUAHIMK/AA UKKU TYpJaru TOK TallyBUMJIAPHU UIITUPOK STUIIM Ba D —
MapKa3JIapHUHT Xapoparra OOFJIMK X0J1/1a Tn Ba Tp T'a TypJIM4a TabCUPUIHP.
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