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BJIMAHUE YJIBTPA3ZBYKOBOI'O OBJIYUEHUA
HA CBOMCTBA HHXKEKIITMOHHOTI'O ®OTONPUEMHUKA
HA OCHOBE pSi-nCdS-n"CdS — CTPYKTYPbI U HA TIVIOTHOCTH
MNOBEPXHOCTHBIX COCTOAHUM pSi-nCdS — TETEPOINEPEXO/JIA

. b. Canaes, L1I. A. Mupcararos
Du3uKo-mexHu4ecKutl UHCmumym,
Hayuno-npouzsoocmeennoe ooveounenue «@uzuka — Connyey,
Axkaoemusn Hayk Y36exucmana
[Moctynuna B pegakuuto 13. 05. 2014

OmnpeneneHo pacnpeneieHne MIOTHOCTH MOBEPXHOCTHBIX COCTOSIHUN B 3aBUCMOCTH OT BEJIMYMHBI
MOBEPXHOCTHOTO MOTeHIHMana Ha rereporpanune #nCdS/Si(p). YcTaHOBIEHO, YTO YIBTPa3BYKOBOE
00JIy4yeHHEe yMEHbILIAET MJIOTHOCTH MOBEPXHOCTHBIX COCTOSIHUH M 3TO MPHUBOAUT K TOBBIICHHIO
CHEKTPaJIbHON M MHTErPaJIbHOM YyBCTBUTEIBHOCTH (POTOANOAA.

KonroueBble ciioBa: ynsrpasBykK, pOToaHO, TeTEpONEPEXO.

BIIJIUB YJIBTPA3SBYKOBOI'O OITPOMIHEHHA
HA BJIACTUBOCTI IH)KEKHIFIHOFO ®OTOIPUIMMAYA
HA OCHOBI pSi-nCdS-n *CdS — CTPYKTYPU 1 HA T'YCTUHH
HOBEPXHEBUX CTAHIB pSi-nCdS — I'ETEPOIIEPEXOJA
I. b. Canaes, III. A. Mipcararos

Bu3HaueHO po3MOiN MIITFHOCTI MOBEPXHEBUX CTAHIB B 3aJIEKHOCTI BiJl BETMYUHH ITOBEPXHEBOTO
noreHIiany Ha rereporpanuii #CdS/Si (p). BcranoBneHo, 10 yasTpa3ByKOBe OMPOMiHEHHS 3MEH-
IYE MIITHHOCTI MTOBEPXHEBUX CTAHIB 1 [1€ MPU3BOAUTH JIO MiIBUINECHHS CIIEKTPAIBHOT 1 IHTerpaibHOT
YyTIUBOCTI POTOAIONA.
KuarouoBi cjioBa: yiasTpasByk, (hOTOmION, TETEPOTICPEXi.

INFLUENCE OF THE ULTRASONIC IRRADIATION
ON PROPERTIES OF THE INJECTION SENSOR BASED
ON pSi-nCdS-n"CdS — STRUCTURE AND SURFACE
STATES DENSITY pSi-nCdS — HETEROJUNCTION
I. B. Sapaev, Sh. A. Mirsagatov

Determined distribution density of surface states depending on the magnitude of the surface potential
at the nCdS/Si(p) heterojunction. It is established that ultrasonic processing of such photo diodes le-
ads to reduction of the surface states density on the heterojunction interface and raises the spectral
and integral sensitivity of photodiodes.
Keywords: ultrasonic, photodiode, heterojunction.

B mocnenHue roapl MposIBISETCS 3HAUUTE-
JBHBI MHTEpEeC K TONyYeHHIO M HCCIIeI0Ba-
HUIO TETepOINEpPEX0l0B MEXAy IOIyIpPOBOJI-
HUKOBBIMU coeMHeHUIMU A’B® u kpeMHHEM,
ocobeHHo Mexay cynbhumom kaamus (CdS) u
kpemuuem (Si) [1—4].

B stux paborax mokazano, yto pSi-nCdS-
reTeporepexoi ¢ HU3KOH TIOTHOCTHIO MTOBEPX-
HOCTHBIX COCTOSHHUH (N, ) ABIAETCS OCHOBHBIM
3BeHOM pSi-nCdS-n"CdS-cTpyKkTyphI.

YacroTHble BOIbT-hapa Hble XapaKTepPUCTU-
k1 (BOX) no3BossIOT MOMTy4YnuTh HHPOPMAITHIO

0 TpaHHUILIE pa3jiena, U OHM MOKa3ajld Haludue
M/II-CcTpyKTypBI.

[I1OTHOCTE NTOBEPXHOCTHBIX  COCTOSHHUM
M/II-cTpyKTypbl ObLIa CTaHIAPTHO OIpEne-
JIeHa 1O cABUTY 3KcnepuMeHTanbHo C(V)-xa-
PAKTEPUCTUKUA MO OTHOILEHHUIO K PAacyeTHOU
KpuBo# [5].

Ha puc. 1 npuBenena skcriepuMeHTa bHas
(1) u pacuernas (2) BodbT-hapamHas Xapak-
TEPUCTHKA THUIIMYHOTO HMHXKEKIMOHHOIO (ho-
TonpueMHHKa Ha ocHoBe pSi-nCdS-n"CdS

-CTPYKTYDBI.
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DKcnepuMeHTallbHas BOJIbT-papaaHas xapa-
KTEepPHUCTHUKA ObLIa CHATA HAa YAaCTOTE TECTOBOTO
curana = 10 kHz npu xoMmHaTHOW TemIiepa-
Type.

BenuunHa MOBEPXHOCTHOTO MOTEHLMAA
(Vg TpU 3aJaHHOM HAINPSKEHMU CMEIEHHS
ompenensiiach Kak u B padore [6].
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Puc. 1. Boasr-dapannas xapakrepuctuka pSi-nCdS-

n'CdS crpykrypsl npu yactore = 10 kHz, 7= 300 K.
| — sKcmepuMeHTaNbHast, 2 — pacueTHas KPUBbHIC

3aBUCUMOCTb N OT \, TIPUBEJIEHA HA PHC. 2.
xp. 1. Kpusas 3aBucumoctu N () nMeer 60iib-
HIYI0 TUIOTHOCTH TIOBEPXHOCTHBIX COCTOSTHHI
TPY TIOJIOXKUTEIEHOM TTOBEPXHOCTHOM TOTEHIIH-
aJie ¥ OHa CTaHOBHTCS paBHOW ~6-10' cm™ mpu
v, =—-0,24 eV, xoTopas COOTBETCTBYET JaHHBIM
pabotsl [7], i€ TPUBOAUTCS TOJIIBKO 3HAYCHHE
MHTErpajibHOM MJIOTHOCTH MOBEPXHOCTHBIX CO-
CTOSTHUU.
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Puc. 2. 3aBucumocts 3(pHEeKTUBHON ITOTHOCTH TTIOBEPX-
HOCTHBIX COCTOSIHUIM OT MOBEPXHOCTHOIO MOTEHIIHasa
1o (xp. 1) n mocne (kp. 2) ynbTpa3ByKOBOTO OONyUCHHS

Benuuuna N B HIDKHCH MONOBUHE 3ampe-
IIEHHOW 30HbI HAMHOI'O MEHbIIIE, YEM BEPXHEH.
Hanpumep, N = 9,5-10° cm™ npu y = 0,08 eV’
uN _~1,9-10"cm?npu y = 0,48 eV’

Otcrona caenyer, 4to 3QQEeKTUBHASA ILIOT-
HOCTb IOBEPXHOCTHBIX COCTOSIHMM B HMYKHEH
IIOJIOBUHE 3alIPELICHHOW 30HBI UMEET MaJble
3HAUEHHUsI, 1 OHA MAJIO M3MEHSIETCS 110 BEINIH-
HE Ha ’HepreTuyeckoM paccrosHun ~0,48 el
OT CEepEAMHBI 3aITPEUICHHON 30HBbI.

[TpuBeeHHBIC SKCTIEPUMEHTAJIBHBIE Pe3ylb-
TaThl TOATBEPXKAAIOT, YTo umeercs pSi-nCdS-
TETEPOICPEXOl € HU3KOW IUIOTHOCTBIO N,
HECMOTPS Ha TO, YTO TIOCTOSIHHBIC KPUCTAJUIH-
YEeCKHX PEIIeTOK Cynb(uaa KagMus U KPeMHUS
OTINYAIOTCS JIPYT OT Apyra 6onee yem Ha 7 %
[8].

OTH SKCIIEPUMEHTAIbHbIE PE3ybTaThl 00bsI-
CHSIOTCS TE€M, YTO IPU MOJy4YEHUH TeTeporie-
pexona oOpa3yeTcsi NPOMEXYTOUHBIM CIIOH,
KOTOPBII CIVIaXKMBAET pPa3HMILy IOCTOSHHBIX
peleTok Cynbduaa KaaMus 1 KpeMHUS.

TakuMu TTPOMEKYTOUHBIMH CIIOSIMH MOTYT
OBITh: TBEPHABI PAcTBOpP IOIYNPOBOTHHKOB
win okucHble ciou SiO , CdO_ u SO, koTopbie
oOpa3yrorcst B mporecce nonydeHun nCdS-
pSi—rereponapsr [4].

Jlanee, mpencTaBisieT MHTEPEC BBISABICHHE
B3aMMOCBSI3U MEX/1y INIOTHOCTBIO TOBEPXHOCT-
HBIX cocTosinuit nCdS-pSi-reTeponepexona u ¢
BBIXOIHBIMU ~ Tapamerpamu pSi-nCdS-n"CdS
-CTPYKTYPbI, TAKUMU KaK HHTETpaJibHast U CIIEK-
TpaJjibHasi YyBCTBUTEIbHOCTH. Takas B3auMoc-
BSI3b JIOJDKHA NPOSIBIATHCS IPH U3MEHEHUHU N_.
[T10THOCTH MOBEPXHOCTHBIX COCTOSIHUI MOYKHO
U3MEHATh TEXHOJOIMYECKUM ITyTE€M WM BHEII-
HUM BO3JIEUCTBUEM.

B Hacrosiiiee Bpems cuMTaeTcs yCTaHOBJICH-
HBIM (DaKkTOM, YTO YIBTPAa3ByKOBOE OOIyUYCHHE
(Y30) oxasbiBaeT BIMAHHE Ha JACPEKTHYIO
CTPYKTYPY U DIEKTPOPHU3NIECKHUE XapaKTEePHC-
TUKU TTOTYTIPOBOJHUKOB U CTPYKTYpP Ha MX OC-
HOBe [9].

Ha puc. 3 npusenena BAX xapakrtepucrtuka
pSi-nCdS-n"CdS- cTpyKTyphl B TEMHOTE U TIPH
ocBeleHuH, 10 1 nociie Y30 ¢ MomHocThio 1
W/cm?* n wacroroit f= 2,5 MHz B Teuenue 15
MUHYT.

HccnenoBanue mnokaspiBaeT, uto Y30 He
BJIMSET HA 3aKOHOMEPHOCTb IPOTEKAHUsI TOKA B
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Puc. 3. Bonsr-amnepnas xapakrepucruka pSi-nCdS-n"CdS crpykrypsl B nosyinorapumMudeckoM Macuirade: npsimast
BeTBb B TeMHOTe (1) 1 mpu ocBemennu £ = 10 lux (3) 1o ynerpa3ByKoBoro o0iyueHus; oOpaTHast BETBb B TEMHOTE (2)
u npu ocsetieHny £ = 10 lux (4) 10 ynbTpa3ByKoBOIo 00IydeHHST; TpsiMast BETBb B TEMHOTE (5) U Py ocBelieHnn £ =
10 Iux (7) mocie ynsrpa3BykoBoro oOiryueHusi; ooparHasi BeTBb B TeMHoOTe (6) u ripu ocBemienun £=10 lux (8), mocie

YABTPA3BYKOBOTO OOJTydEeHNUS

B TEMHOTE U IPU OCBEUICHUH, a JHIIb YBEIH-
YMBAET BEJIMUYUHBI TOKOB IIPU OJTHOM M TOM XK€
3HAUEHWH HaNpsHKEHUS] CMEMIeHus (CM. puc. 3a
nu3okp.1,2,3,4u5,6,7,8).

B npsmoii BerBu BAX Tok B TeMHOTE U IpH
ocBelieHnr ypenuunpaercs Ha ~20 %, (cM. puc.
36 xp. 5, 7), a B 0OOpaTHOI BETBU OH BO3pACTaeT
INpUMEPHO B J1Ba pasa (cM. puc. 36 kp. 6, 8).

OTU pe3ynbTaThl OOBACHSIIOTCS TEM, YTO
npu BkItoueHuH pSi-nCdS-n*CdS-cTpykTypbl
B IpPsIMOM HAaNpaBlIE€HUHU TOKa, («+»-TOTEH-
yaj Ha pSi) MHXKEKIUS SJIEKTPOHOB MIET U3
cinost nCdS B pSi-cioif, 1 pexkoMOMHALIMOH-
HbIE€ TPOLECCHl JIMMUTUPYIOTCS IJIOTHOCTBIO
MOBEPXHOCTHBIX COCTOSIHUM, HaXOISIIUXCS B
HIDKHEH TOJIOBUHE 3alpellieHHON 30HbI KpeM-
HUSL.

Tak KaKk MIOTHOCTh NOBEPXHOCTHBIX COCTO-
SIHUM B HWKHEN TTOJIOBUHE 3aIPELICHHOMN 30HbI
MIOCIIE YIIBTPA3ByKOBOTO OOITydeHUs (CM. pHC. 2,
Kp. 2) yMmeHsbliaercd, B npenenax 18—20 %,
MOSTOMY TOKH B TEMHOTE M HA CBETE TAK)KE Ha-
CTOJIKO M yBEJTMYMBAIOTCS. By 3aBucumoctn
N (y,) B BEpXHEW IOJIOBMHE 3alpEIICHHON
30HBI B pe3ynbTare nocie Y30 u3MeHsercs 1no
CJIO’KHOW 3aKOHOMEPHOCTH.

Jlunamuka usMeHeHus N & OT BEJTUYMHBI
NoKa3bIBaeT (puc. 2, Kp. 2), 4To AJs MOBEPX-
HOCTHBIX COCTOSTHMM, HaXOHAsALIMXCS BOIU3U
CPEAMHBI 3ampelieHHON 30HbI, UX IMJIOTHOCTh
YMEHBIIAETCS MPUMEpPHO B 2 pasza, a, uid

MIOBEPXHOCTHBIX COCTOSIHUH, PaCIIONIOKEHHBIX
BIAIM OT Hee, (Tounee mpu y = —0,24 eb),
UX IUIOTHOCTh YMEHbLIaeTcst Bcero Ha 17 % mo-
CJIe YIIBTPa3BYKOBOTO OOTyUeHHUSI.

Orcrona crenyert, uto AeeKThl, UTPAIOIIHE
POJIb PEKOMOMHAITMOHHBIX IEHTPOB OTKHUTAIOT-
Csl CUJIbHEE.

B oOpaTrHOM HampaBieHUU TOKAa B CTPYKTY-
pe MPOUCXOTUT WHIKEKITHS AIEKTPOHOB U3 pSi B
nCdS cnoit u Torga peKoMOMHAIIMOHHBIE TTPO-
LIECCHI, U BpEMSsl KHU3HU AIIEKTPOHOB OMpeAes-
IOTCSl TIOBEPXHOCTHBIMU COCTOSIHUSIMH B BeEp-
XHEW MOJIOBUHE 3alPEIICHHON 30HBI.

Tak kak N, Haxonsmmecs BOJIM3U CEpPETMHBI
3alpeNIeHHON 30HBI YMEHBIIAIOTCS MTPHUMEPHO
B JBa pa3a nocie Y30, To mo3ToMy TOKU B 00-
paTHOM HamnpaBICHUU YBEIUYMBAIOTCS TaKXKe
NPUMEPHO B J[Ba pasa.

Takum o6pasom, 3Hadenus S, u S, B Ips-
MOM HaNpaBJICHUH TOKA BO3PACTAIOT IpUMEP-
HO Ha 20 % nocne Y30 npu Bcex BETUMUMHAX
MHTEHCUBHOCTEI 0esoro cBera W MOIIHOCTEH
Ja3epHOro oOJyueHUsl, a TakKe HalpsLKeHUH
cMmernienus (tabm. 1).

[Tpu oOpaTHOM k€ HaMpaBICHUH TOKA CTIEK-
TpaJibHas ¥ WHTErpajibHas 4yBCTBUTEIBHOCTU
doTonprueMHUKa yBEINYUBAIOTCS TPUMEPHO B
2 pa3a mociie BO3ACHCTBUS YIBTPa3ByKOBOTO
0o0myuenus (Tadm. 2).
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Ta0muna 1

3aBHCHMOCTH HMHTErPAJbHONH YYBCTBUTEILHOCTH (S, ), CIIEKTPAILHOM YyBCTBUTEILHOCTH (S))
oT ocBeuteHHocTH (E, ), MomHocTH j1a3epHOro odsyuenust (P) u nanpsokenus cmemenus (),
J0 U 1ocJie YIbTPa3ByYKOBOI0 00/ 1yYeHHUs! IPU NPSIMOM HAIPSIZKEHUH CMelleHHsI

Beaslii cBer IIpn nazepHom o0my4eHNH
o Tlocne o IMocae
o0nyyeHust | oOay4eHUs 00aydeHusi | o0aydeHuUst
E (lux) U, v s A s A P s, A s, 2
w w cm w /4
5 0,26-10* 0,316-10* 36 42,85
0,05 10 4,2-10 5-10* 0,7 550 660
20 4,47-10° 5,4-10° 50358 60428
5 0,2-10° 0,23-10° 7,4 8,86
1 10 3,32-10° 3,98-10° 50 121,5 145,8
20 3,4-10° 4,1-10° 8326 9992
Tabnuua 2

3aBHCHMOCTH HHTErpajibHON YYBCTBUTEJIBHOCTH (S, ), CHEKTPAIBLHON YyBCTBUTEJILHOCTH (S))
oT ocBemenHoctu (E, ), MOUIHOCTH J1a3epHOro oburyyenusi (P) n nanpsikenus cmeuenus (U),
J10 ¥ 1ocJie YJILTPa3BYKOBOI0 00/ 1y4eHHUsI NPH 00OPATHOM HANPSKEHUH CMelleHus

Beanlii cBeT Ilpu sa3zepHoM 00JIydeHHH
Ho IMocae Ho Mocae
o0my4e-
00JyueHust 00J1yueHunst 00JIyueHust
HHA
A A w A A
E( u v S = S = H S .= a
( uX) int W int W Pa cm2 A W S}u W
5 40,1 80,2
’ ’ 1,31 2,62
0,1 10 47,36 94,72 10 ’ ’
60 76 152 1,883 3,766
3,28 6,56

reTeporepexoe SIBISIOTCS OCHOBHBIM  (ha-
KTOpOM, BJIHUAIOINIMM Ha CIHCKTPAJIBbHYIO U

B pe3toMe MOXHO OTMETHTh, YTO IUIOTHO-
CTH TOBEPXHOCTHBIX cOCTOSHUH B pSi -nCdS-
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UHTETPAIBHYI0 4yBCTBUTEIBHOCTH HHIKEKLH-
OHHOTO (poTonmpuemMHuKa Ha ocHOBe pSi-nCdS-
n*CdS-cTpyKTypbl.
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