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Ha ocHoBi mpoBeneHoro anaJi3y CIeKTpiB MONIMHAHHA Ta (pOTOraJIbBaHIYHOTO CTPYMY KPUCTAJIIB
CdS:Cu (N = 10*® cv™®) mpu Temmepatypi pikoro a3oTy BCTAHOBIEHO iCHYBAHHA TOMITTKOBUX
o . .. . 2 3 . . .
Honis Mim B pisHumx sapsmoBux cramax Cul, Cu’t, Cu®T. Busnaueno posmimenus Bimmosimmux

piBHIB y 3aboponeHiii 30HI Kpucraga CdS:Cu.

Kuawuosi cioBa: goMilmKkosl piBHI, 30HHa CTPYKTypa, dOoTOoraJbBaHIYHAN CTPYM, CTPYKTYpPHI

nedekTu.

PACS number(s): 78.55.Fv, 61.72.—y, 81.10.Fq

I. BCTVYII

JleryBaHHA HaMBIPOBIIHUKOBAX KPUCTAJIB TDYIH
A5 Bg momimkaMu 3d-eJIEMEHTIB TPHUBOINTL IO pPan-
KaJbHAX 3MIH ONTHYHUX 1 (HPOTOETEKTPUIHUX BJIACTH-
BOCTeli ux MaTepidaaiB. [JomMinkosl 3d-itoHN yTBOPIOIOTE
CHUJIBHO JIOKAMI30BaH] MEHTPHU, AKi CBOECI HUEproio MpH-
BOOATEL M0 MOSBH IVIMOOKWX PIBHIB ¥ 3abopoHeHilt 30H1
KpucTaga. 3ajeXHO BII TPHPOAU BJIACHUX TedeKTIiB
1 KOHIIEHTpAaIlll JOMIMIKOBUX 3d-HOHIB, OCTAaHHI MOXKHA
CHOCTEpITaTH B KPUCTAJIAX y PI3HUX 3apAJOBUX CTaHAX.
Ko B 1303apAdHOMY CTaHl JOMIMIKOBHI 3d-fioH MoKe
ICHYBATH OKPEMO 4K TEHTP TOTKOBOI CUMETPI1, TO B Oy Ib-
AKOMY 1HIIOMY 3apsagoBOMY cTaHl TaKWil JTOMINIKOBHIA
3d-fioH, BEMaraiodm KOMIEHCATll HaJJINIIKOBOrO (3a-
GpakJioro) sapsamy, yTBOPIOE KOMILIEKCHHUH MEHTD IIO-
HaliMeHIlle OChOBOI CHMETPil, KPIM TOTO, JOMIMKOBI 3d-
oHM caMl CXHJIBHI JO YTBOPEHHS ACOIIATIB AK MIK CO-
6010, Tak 1 3 1HmEME foramu. ToMmy Oymb-sgKa JoIaTKOBA
1H(bOpMAaIld PO AOMIIMIKOBI MEHTPH HeOOX1THA I PO-
3YMIHHSA (PISHIHIX TPOIECIB, IO BIAOYBAIOTHCA B HAIIB-
TPOBIIHUKOBUX MaTepigiaax. JoMIMKoOBl HOHE Mial pos3-
TASAIOTE Telep K OHY 3 OCHOBHUX aKIENTOPHUX JI0O-
MINOK [jid KpucTtadis rpymu As Bg. ¥ kpucramax CdS,
JIETOBAHUX MIJIIIO, CIIOCTEPITAETHCS TPOIEC POTOBTOM-
JIIOBAHOCTH, TIPH HAdABHOCTI BeJIMKOL Audy3ii #HOHIB Miml
B WX KpUCTaJaXx BOHHM MOXKYTH YTBOPIOBATH JIOMIlI-
KOBl KOMILIEKCH 4K MK coboo, Tak 1 3 1HIIIMH Ie-
derTamu, 30KpeMa 3 HoHAMU TPYNH 3aj1i3a, BUCTYyTIa-
09U K KOMIIEHCATOP HAJIUIIKOBOTO 3apdany. Bomnodac
y HE3III Mpallb BlA3HAUEH] JOHOPHI BJIACTUBOCTI TOMIIIKH
wmiai. Tomy Metoro Hairol poboTn 6y10 BUBIUTH IPHPOLY
YTBOPEHHA HOMIMIKOBUX IMEHTPIB Mil B KpucTtaaax CdS,
1MeHTHMIKYBATH 1XHI 3apAI0Bl CTaHH, a TaKoXK (poToito-
HI3aIIHl TpoIecH, Mo BIAOYBAIOTHCA B IMUX KpUCTaIax
3a y9acTIiO JOMINIKOBHUX HOHIB MIi.
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II. METOOIUKA EKCIIEPUMEHTY

Monoxkpucrtanau CdS Bupoiero metomom bpimkmena y
KBapIOBUX rpadITH30BAHAX aMITyJIax. JleryBaHHd mpo-
BOAWJIM M 9ac pocTy KpucTasa. KoHmeHTpamio mo-
MINIKA PO3PAaXOBYBAJM 334 3aBAHTAXKEHHAM Yy IIAXTY.
HocmimkyBaHnl 3paskyd MOTPIOHOI TOBIUIMHE MEXaHITHO
nmidyBagn i nmompysBanau. CroekTpu doTOTambBaHIY-
noro ctpymy (®IC) BuMipioBasm Ha TMIOCKOTAPATETh-
HUX MJAACTHHKAX, TOBIIMHA AKAX 33J0BOJBHAIA YMOBY
kd > 1, TobTo KpmCTaJ MOBHICTIO TOIJIMHAB CBITJIO.
Enexrponn nias HoToeqeKTPUIHAX TOCIIIKEHb HAHO-
CHIN TAaiiKoIo 1HMIEM V BHUIVIAAI KLJIEIb Ha MepemHio i
3amHO (33 XOMOM CBITJIa) MOBEpXHI Kpncrasa i mepe-
BIpAAN Ha OMIYHICTB. [Ipm oCBIT/JIeHHI TaKMX 3pas3KiB,
YHACHIIOK MOTJIMHYTOTO CBITJIA, BHHUKAE HEOTHODITHU
poszmoaist ¢poTolioHI3amITHIK HEOCHOBHIX HOCIIB 3apsay
mo TIMOWHI KpHcTasia, y pe3yabTaTl doro Tede mupy-
3IHII cTpyM, HaIpaBJIeHHI 3a XOIOM CBITJa B KpPHC-
TasIi (OCKIIBKH HOMEPEYHIN Tepepis Magavoro cBiTia
OyB ONHOPLAHUM, IIe BUKJIOYAJIO BHHUKHEHHA Iupy-
311 HOCIIB MEPHEHINKYAAPHO A0 HAIPAMKY TOITHPEHHS
cBiTIa). B 130/1b0BaHOMY 3pasKy, BHAC/IIOK BCTAHOB-
JIEHHA PIBHOBArdW, BHHUKAE PISHHUIA TOTEHIIATIB MK
OCBITJIEHOIO I 3aTEMHEHOIO TOBEPXHAME KPHCTAIA, AKA
Bimoma Ak ¢oto-e.p.c lembepa. ¥ Hamux BUMIPIOBAaH-
HAX BXIJHHUHI Omip ejleKTpoMeTpa OyB HabaraTo MEHIITM
Bl MATOMOIO OMOPY 3Pas3KiB, TOOTO B MBOMY €KCIIEDH-
MEHT1 BUMIPIOBAJIM CTPyM, OJU3BKHHE 10 mudy3iiiHOro
CTPYyMY KOPOTKOTO 3aMUKaHHdA. HanmpaMm Takoro cTpymy
BU3HATAETHCA 3HAKOM 3apsAay pOTOROHIZ0BAHNX HOCIIB,
TOOTO HAIPAMOM MOIIUPEHHA CBITAA. 3pasKd OMPOMI-
HIOBAJIH HETIOJIAPH30BAHIM MOHOXPOMATHIHUM CBITJIOM,
TOMY MOJIAPU3AIi0 30yZKYIOUIOro CBITJIA, KA BUHUKAE
P BUKOPUCTAHHI MOHOXPOMAaTOpa, B POOOTI HE Bpaxo-
ByBasau. [losgapHicTs dororanseaniunoro (doTomndy-
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3ifiHOTO) ¢TpyMy, 300pameHa Ha rpadikax, BH3HAUae-
THCA 3HAKOM 3apsiy, dAKuii BHHHKae Ha Mepedriit (oc-
BITJIEHHI{) TOBEPXHI JOCTIIKYBAHOTO 3paska, 1 € mpo-
THJIEIKHOIO 710 3Haka 30ymxkernx HocliB. ToMmy BEMIpIO-
Banig ®IC 103BOMNIO BUSHAYKTHY He JIMIIe eHeprilo, aJle
it T eeKTPOHHUX mepexomiB. CIeKTpyu MOTIHHAHHSA 1
®IC BuMipIoBAJIN HA aBTOMATH30BAHIl yCTAHOBII, 3MOH-
ToBaHiit Ha 6a31 MornoxpomaTropa MJIP-23 1 Pentium-III.
IKepesoM BEIpoMiHIOBaHHA OyJjia cTabliai3oBaHa KBap-
mosa Jsiamna KI'M-250. Curaasn peecTpyBaB BOJIBTMETP-
enexTpomerp B7-30. HocmimkyBanuii 3pa3soK TOMITIATH
B ONITUYHUI KPIOCTAT, TEMIIEPATypa B AKOMY MITPUMY-
Bastach 3 Tounicrio +0.05 K. Orpumani cnextpu ®IC
HOPMYBAJIUCh HA OJHAKOBY KIJBKICTH MATal0YNX KBaH-
TiB.

II1. PE3YJ/IBTATH BIMIPIOBAHD
TA IX OBTOBOPEHHAAI

CrekTp TOIIWHAHHA JOCJIZKYBAHUX  KPHUCTAJIB
CdS:Cu mpu Temnepatypi pinkoro asory (puc. 1, KpuBa
1) XapaKTepu3yeThcs 3aTAKKO0 TONIMHAHHA BiI Kpato
dbyHIaMeHTaJIBHOTO ToTIHHAaHHA mo miagakn 0.95 eB.
Kinbka cxogmHOK 1 HMHpoKa OE3CTpYyKTYpHA CcMyra 3
MmakcumMymoM B 1.1 eB BkasyoTh Ha doToiioHI3aImiHy
MPUPOLY NHOTO TOTVIMHAHHA i Ha ICHYBaHHA IIOHAM-
MeHIIle HeKIJIBKOX THUINB €JEKTPOHHUX TEPEXOIIB 3 ITe-

PEHOCOM 3apamy.
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Puc. 1. Cuexrp morsmHanuaa — xpuBa 1; i cmextp OIC —
kpuBa 2 kpuctaais CdS:Cu nmpu T' = 78 K.

BigomocTi mpo eHepreTmvHe MOJOXKEHHS PIBHIB HO-
MIIIKOBUX TEHTPIB 1 BJACHUX CTPYKTYPHUX HedeKTIB
MOXKYTH OyTH OTpHMaHl B pe3yJbTaTl BHMIPIOBAHH
CIIEKTPIB PDIC. Tomy mnsa imenTmdikamil THIIB eJIeKT-
POHHEX (POTOROHIZAIMRHIX MEPEXOMIB 1 BU3HATEHHS 1X-
HbOI eHeprii BuMipamn cuexrpu OIC. PesyapraTu BuMi-
ploBaHb MoKasaHl Ha puc. 1, kpuea 2. Bugmo, mo meit
CIEKTD € Pe3YJIbTATOM HAKJaJaHHA CMYT ITOMATHOI IMO-
JigpHOCTH (Mepexif piBeHb-30HA) Ha CMYTH BiJl'€MHO] TI0-
JigpHOCTH (Mepexin 30Ha-piBeHb). HafixapakTepHimmmu

€ CMYTHU HOHATHOI moagpHoCcTH 3 Makcumymamn 1.04 eB 1
1.60 eB ta cmyru Big'emuol oagprocT 1.20 eB 1 Haitin-
TEHCHBHIIIA 3 MaKcuMyMoM 1.75 eB. Y mistamm 6K it
10 30Ha—30HHHUX TepexoniB (2.53 eB) wa Goni curuaty
®IC Bim’eMHOI TOJAPHOCTH CIIOCTEPITAIOTHCA TPOBAJIMI
IHTEHCHBHOCTH, Kl MOKYTEH OYTH pe3yabTaTaMu HaKJIa-
JaHHA CMYT JTOJATHOI MOJIAPHOCTH 3 MakcuMmymamu 2.07;
2.18 i 2.39 eB. Skmo x BuMipiobanna crnexkrpa ®IC
MPOBECTH B PEXUMI CHHXPOHHOTO METEKTYBAHHA 3 IMO-
CTIHOIO CTallloOHApHOIO HACBITKOIO KpHUCTaJa B ILAAHII
1.6 eB, 10 361BIIyeTHCA IHTEHCUBHICTD Bl €MHOI CMYTH
1.2 eB.

Bigomo 3 [1,2], uo momimkoBi cTaHu Mizl Ha Micii
kaamio B Kpuctadax (CdSe TpodBIAI0OTH aKIENTOPHI
BJIACTHBOCTI] #i YTBOPIOIOTH JOMINIKOBI PIBHI Ha TJIHOMHI
1.05 eB — Bwmine BiI BepllinHE BaJEHTHOl 30HH. Y CIIEK-
rpax ®IC kpucrasa CdS:Cu cnocrepiraeTbes CMyra aK-
menTopHol foHizamil B Mexax 1.7-+1.9 eB 3 makcumymom
1.75 eB. BpaxoByioun B/JIACTHBOCTI €HEPTETHUIHUX PIB-
HIB JOMIIIKOBUX 3d-0HIB OTHAKOBOTO 3aPAI0BOI0 CTAHY
PO3MIILYBATHCh Ha OAHAKOBIH TJINOMHI OO PIBHA BaKy-
yMy Agd KpucTtasis rpynu As Bg [3,5] 1 Te, o BanenTHa
soHa Kpuctasa CdSe sHaxomuThbes Ha 0.69 eB Buie, HIK
anga xkpuctaiga CdS, MoxkHa BBazKaTH, MO JTOMINIKOBHH
piBerb Fy + 1.75 eB B kpucramax CdS:Cu anasmoriyu-
HI¥ 10 ommcaHoro BHIne piBHA maa Kpuctasais CdSe:Cu.
[30TpomHI BAaCTHBOCTI MBOTO MEHTPA TO3BOIAIOTH 17I6H-
TUPIKYBATH oro AK OOMHAPHUN 130/IHOBAHMN HOH Mil
Ha MicIi KamaMito, a Bigmosimmy neratusmy cmyry ®OIC
BIIHECTH O TAKOTO (pOTOMROHIZAIIKHOTO IPOIECy:

Cu’t 4 hv = Cut + h(B.3.).

Y npai [2] BugBiaeHo aKuenTopHuit piBeHb JOMINIKO-
Bux itomiB miml Ha 0.64 eB Buime BiI BepUIMHH BaJIeH-
tHOI 30HU. [na xpucrame CdS:Cu mum cmocrepiraeMo
CMYTY aKIeNTOpHOl fonizarmil 3 makcumymom 1.20 eB.
YpaxoByoUdn pISHUIO B IIHPUHAX 3a00POHEHNX 30H IHX
KPHUCTAJIB, MOXKHA CTBEPAKYBATH, IO el piBeHb yTBO-
peHmil TOMIIIKOBUMHE HOHAMK MIHl OZHAKOBOTO 3apamo-
Boro crany. Bimomo [1], o B nux cucremax piBHi gJoMili-
KOBHX HOHIB MIZl PO3MIILYIOTBCS 3HIM3Y BBEPX 3a 3MEH-
IIEHHAM 1XHBOTO 3apAmoBoro craHy. Tomy cmyra Bim'-
eMHol nosigpuocTH 1.2 eB Moxe Bimmosimatu (oToioHI-
3aMifiHAM TIepexoiaM 3 BaJIEHTHOI 30HH Ha JOMINIKOBUH
pisers Cut, 10670 ommcyBaTHCh TaKEM oTOMROHIZAIIH-
HUM TIPOTIECOM:

Cu®t + hv = Cu®t 4 A(B.3.).

Maxcumym cmyru ®IC Big’emuOl HOJMApPHOCTH TIpH
eneprii 2.53 eB cmocrepiraethea B ycix kKpucramgax CdS
— 4K JIETOBAHWX, TaK 1 CIHENMIAJIbHO HEJEIOBAaHUX — 1
BIIMOBIIAE 30Ha—30HHNM mepexomgaM. OcobIMBICTD CITeK-
tpa ®IC mpu emeprii 2.39 eB e pesysibraroM Hak.Ia-
JaHHA CMYTH HOAATHOI MOJAPHOCTH Ha Bl eMHI hoHO-
puit curman ®IC i eignosimgae doTofioHizamiiHoMy Tpo-
necy:
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Vea 4+ hv = VAT +e(3.11.).

Cwmyra momaTHOl mosiapHocTr 3 MakcumymoM 1.60 eB,
AK MOKA3aHO paHillle, BUKJINKAHA MPOIECOM, 10 KOHKY-
pye 3 THM, dKuii cupumuuHde Bl eMuy cmyry 1.20 eB.
Orxke, BoHa MOKe OYyTH 3yMOBIEHOI POTONOHIZAIIEO:

Cu’t + hv = C3t + e(3.0I1.).

Cwmyra pogaraol momaspuoctu 1.10 eB mpospase an-
130TpomHl BAacTupBocTi. lle o3Hawae, mo BOHa BIAMOBI-
mae fioHI3alil CKJIaIHOTO IeHTpa-acommiaTa. [Ipo icHy-
BaHHZ TAKOTO acolligTa fiunocd B [4] npu obroBopenti
doropromaroBanocTu. Bimomo Takox [2], 1o MiKBY3-
JoBl fiorm Cu yTBOPIOIOTH TOHOPHI PIBHI Ha TIHOWHI
0.51 eB Bix 30mu mposiguocTu. [Ipn KiMHATHIE TeMIepa-
TYpl Takl MIZKBY3JIOBl aTOMH MIIl JOCUTH J0Ope MITPY-
0Th [0 KpHUCTaTy 1 yTBopiooTh acomiatu tumy (Cu'cq
- Cu;»")*. IIin mero kBaHTa cBiTJa 3 eHeprieo 1.1 eB
Il acOIATH 3aXOIIITh €JeKTPOH BAJEHTHOl 30HU 1
posIamaioThCd, YTBOPOIOUN HeltTpaabauit atom Cu’t i
MIKBY3JIOBHI aToMm Mimi. Taka mepesapsaaka HoOHIB Miml
crpusge OWIbINN 1X audysil B Kpuctasl. ¥ pe3yabTaTl
MPOBEIEHNX TOCIIIKEHb MOYKHA 3alMPOMOHYBATH TaKy
CXeMY PO3MINIEHHSA €HEPTEeTUIHUX PIBHIB ¥ KPHCTAIaX:

CdS:Cu, CdSe:Cu (puc. 2).

31I. CdSe:Cu CdS:Cu
0.5
o e 1
1,84
1,05 2
0,64 1 |7
B.3. : 1,20 231
0.69§

Puc. 2. Cxema posmilieHHA eHepreTHYHUX PIBHIB IOMIII-
KoBHX foHiB Mimi B kpucragax CdSe, CdS.

IV. BUCHOBKHA

Ot1ke, momimkoBl #onm wmiml B kpuctaai CdS mo-
KyTh 6yTH B Takux sapamosux cranax: Cut, Cu?t,
Cudt. Monn Cu’t e isosapammumm i i30TpONHUMHE, a
tiorm Cut, Cudt morpebytoTh KoMIeH a1 3apAny , TOMY
VTBOPIOIOTH JTOMIIIKOBI KOMILJIEKCH OCHOBOI CHMETPII.

ABTOpH BHCJIOBAIOIOTL BAAUHICTDH mpodecoponl ['ta-
rerkoBl 0. TI. (Tueryr disukn HAHY, Kuis) sa momo-
MOTY TIpH OOTOBOPEHH] pEe3yIbTATIB.
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Photoionization of the different charging states in CdSe:Cu, CdS:Cu single crystals has been investigated by

methods of the optical absorption, photoconductivity and barrier-layer photocurrent. Anisotropic character of the

doped complex, which includes Cut, Cu®t ions is revealed. The compensation in CdSe:Cu, CdS:Cu single crystals

by the Cut, Cu®T jons is determined.
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