OI3UKA I XIMIA TBEPAOI'O TUIA
T. 12, Ne 4 (2011) C. 834-848

VJIK 539.2

PHY SICS AND CHEMISTRY OF SOLID STATE
V. 12, Ne 4 (2011) P. 834-848

ISSN 1729-4428

J.M. @peik, B.M. Yobantok, O.M. Boznsik,
[.B. T'opiuok, T.O. Iapamyxk, C.JI. bapnamieBcbka

JlokaJ/1izoBaHi CTaHM €JIEKTPOHIB Yy HANIIBIIPOBIAHUKAX.
|11. EHepreTu4Hi piBHi TOUKOBHX AedeKTIB
y UMHK, KaJAMiH I IJIIOMOYM Tesypuaax
(02ns0)

DizuKo-XiMiuHUtl IHCMUmMym,
Kageopa gizuxu i ximii meepooeo mina I[Ipuxapnamcovrozo nayionanvhoeo ynieepcumemy imeni Bacunss Cmeganuxa,
76025, m. Isano-Dpanxiscwok, eyn. Lllesuenxa, ST, Yrpaina

[IpencraBneHo aHai3 pe3ylbTaTiB EKCIIEPUMEHTAIBHUX 1 TEOPETUYHHX JOCII/UKEHb EHEepPreTHYHHX pPiBHIB
BJIACHHX Ta JOMIIIKOBHUX Je(EeKTIiB y IIMHK, KaaMii 1 miroMOym Tenypunax. ¥ poOoTi po3mIsSHYTO SK HOBI, TaK i Be
BiJIOMi POBOTH 3 IUTaHb IOCIIKEHHs €HEPreTHIHOro CIeKTPy ToukoBHX aedektin y kpucramax A'BY' ra A'VBY',

KitrouoBi ci1oBa: jtokanizoBaHi cTaHH, JJOHOPHI piBHI, aKIETITOPHI PiBHI, €HEPTis HOHI3amil JeeKTiB.

Cmamms nocmynuna 0o pedakyii’ 15.04.2011; npuiinama oo opyky 15.09.2011.

Beryn
|. OuHk Texypun
Il. Kagmiii Teaypug
I11. ILiroMOyM Teaypujg
BuchHoeku
Jlirepatypa

Beryn

['o510BHOIO TNPUYMHOIO TiABHUINEHOI'O iHTEpECy A0
nanisnposigaukis tuny A'BY' ta A'"BY' € ix mmpoxe
3aCTOCYBaHHS SIK Yy MPaKTUYHIA JisUTBHOCTI, Tak i y
MOJIENBHIX JoCTikeHnsax. 3okpema, cronykn A''BY'
3aCTOCOBYIOTHCSl y HAIIBIPOBIMHUKOBI 1 KBaHTOBIH
eNIEKTPOHILl — COHs4HI Oarapei 1 merekropu X- Ta -
unpomintoBanns 3 CdTe, masepu 3 CdS, mpuiimaui
iH(ppayepBOHOro BUMpPOMiHIOBaHHs Ha ocHOoBi CAHQgTe i
iH., a HamiBIPOBIIHUKA AVBY' — ana BurorosienHs
¢doropesucropi Ha ocHoBi PhS, nmasepiB imKeKmiiHOrO
tuny 3 PbSe, HamiBnpoBiJHUKOBHX TEPMOETEKTPHIHUX
reneparopis 3 PbTe Ta inm. OcHoBHI poboui
XapaKTePUCTUKH  YCIX BHINEMEPETIueHUK IpHIaIiB
BU3HAYAIOTHCS EHEPreTUYHOI 30HHOK CTPYKTYPOIO
MaTepiajiB, Ha sKy 3HAa4YHO BIUIMBAIOTh BIIACHI 1
JTIOMIIITKOB1 TOYKOBI JTe(EKTH.

Jns  BU3HAYEGHHS  CHEPreTUYHHX  IapaMeTpiB
nedexkTHOI MiJICHCTeMH KPHCTalliB  BHKOPHCTOBYETHCS

3MmicT
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psan migxoxmiB. TeopeTwyHi po3paxyHKH JO3BOJSIIOTH
BU3HAYUTH  TOJIOKEHHS  EHEPreTWYHUX  DIBHIB,
3YMOBJICHHX pI3HOrO pony JedeKTamu, SIK BIACHUMH,
Tak 1 jgomimkoBumu [1]. [Jnms  yrouHeHHS i
T ATBEPIKESHHS TEOPETUYHHUX PO3paxyHKiB
BUKOPHCTOBYIOTBCS eKCTIepUMEHTAJIbHI METOIU
nocrimkennst [2]. Taka B3aemoist Teopii i eKCIiepuMeHTY
Jla€  MOXIIMBICTH OTPHMAaTH pEajbHy EHEpreTUYHY
CTPYKTYPY Ae(hEeKTHUX KPUCTAJIB Ta Ha il OCHOBI pOOUTH
aJIeKBaTHI MMPOTHO3M I11[0/I0 MOKIIMBOT'O BIUIMBY Je(eKTiB
HAa ONTWYHI, CJNCKTPUYHI Ta IHIII  BJIACTHBOCTI
HAITIBIPOBITHUKIB A"BV' ta AVBY",

OpHak, He [JUBISIYUCH Ha TPUBAJIL HAayKOBi
MOCTI/DKCHHS, Tpo0ieMa BHBYCHHSA  OCOOJHMBOCTEH
eHepreTHuHOi CTpYKTYpH nedektis y kpucramax A''BY'
ta AVBY' € akryansHO0 i choromHi. OCHOBHOI METOIO
JIAHOTO OIJIY € PO3TIISA TPEICTaBICHUX Yy JIiTepaTypi
rapameTpiB eHepreTHYHUX PiBHIB Je(EKTIB y TemypHuaax
LUMHKY, KaaMmito Ta mmromOymy. BuOip mmx marepiainiB
3YMOBJICHUH, B IIEpUIy 4Yepry, iX BiJHOCHO HECKJIaTHOIO
Ta JIOCTaTHHO IOCII/PKEHOI0 TEXHOJIOTIEI0 CHHTE3y, Ta
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HasIBHICTIO ycix XapaKTepHUX BJIACTHBOCTEH,
MPUTaMaHHUX BIATIOBIJTHUM IpyIiaM MaTepiaiB.

. Iunk Teaypua

Bynyun mnpsiMo3onHuM HamiBrpoBigHukoMm, ZnTe
Ma€ BHCOKY (OTOUYTNHBICTE 1 MOXE 3 YCHIXOM
3aCTOCOBYBATHCSl sl  €(QEKTUBHOTO IEPETBOPEHHS
COHSYHOI eHeprii [3].

HeneroBanuii LWHK TETypHJ XapaKTEpPU3YEThCS P-
THUIIOM ITPOBITHOCTI, TOMY iH(OpMAaLlii PO JOHOPHI PiBHI
HeOaraTo. 3rifIHO BHCOKOTEMIEPATYpHUX JOCITIHKEHb
epektry Xomma 1 MpoBiAHOCTI,  JOMIHYKOUYHH
aKLENTOPHUIM JNeeKT MOoBUHEH OyTH IBO3apsIHHM,
Hanpukinazg V2 abo Te? [3]. [Ipore nani no camommdysii

KOMIOHEHTiB [3] cBiguaTh OpPO HEHTpambHICTH T€.
Orxe, B eHeprernyHoMy iHTepBani Bin E, no E¢2 cnin

IIyKaTH eHeprii HoHi3alii TUIBKKM JOBO3ApSIIHHX 1
omHo3apsAAHUX  BakaHcid IluHKy, a Takok IX
koMmIuiekcis [3].

Ha OCHOBI pe3yJbTaTiB JIOCITi PKEHHST

doromposigaocti (PII) Ta doromominectenti (OJI) y

mapax IluHKy. Buxojsum 3 1bOro MoOKHAa 3pOOUTH
BHCHOBOK, 1[0 3TajIaHi piBHI 00yMOBJICHI 200 BaKaHCIsIMH
Iunky a6o ix Komruiekcamu [3].

Y pobGori [4], Ha oOCHOBI aHami3y 3arajbHUX
3aKOHOMIpPHOCTEH y 3MiHi CIEKTpiB
(OTOCTUMYITEOBAHOTO  EIEKTPOHHOIO IapaMarHiTHOrO
pesonancy (poro-EINP) ta ®JI s psay cnonyk A'BY,
3allpOIIOHOBAHO  HACTYIIHY  MOJENb  PO3MIIIEHHS
SHepreTUYHUX pIiBHIB BakaHcid y ZnTe V! —

Te
E+0729¢B, VZ - EA0212¢B, V, - E
0,106 ¢B, v2 —E,+0,400 ¢B.

Jemo BiaMiHHe 3HAYeHHS eHeprii  Howizamii
JIBOKpATHO ioHi30BaHO1 BakaHcii LuHKy HaBeneHo y [5]:
E,+0,7eB. A y pobGorti [6] Bakancii Ilunky y craHax

Y V., mpunucauo pisui E,+0,45¢B i E,+0,26 ¢B,

Zn
BiJIMIOBiTHO
VY mriBkax ZnTe 3 BIacHUMH JIePEeKTaMHu, IPOTe HE
YTOYHEHO aBTOPaMH 3 SIKUMH KOHKPETHO, IOB S3YIOTh
piBHI i3 SHEeprisIMU aKTHBaIii Bi/ITIOBi/THO
E;=(0,21+0,01) eB, E,=(0,58+0,02) ¢B [6].
AmnaJti3 TemmepaTypHoi 3anexnocti EIT, nmpoBenxenuit
y [7], mokasye, mo B obmacTi KiMHATHHX TeMIIEpaTryp

jeropaHoMy AJjfominiemM 1wmHK Ttenypumi [3], Oyio BOHA BHM3HAYA€ETHCS TIIMOOKMMHU IICHTPAMHU 3 CHEPTi€lo
BH3HA4YCHO JBa akmenTopHux pieHi E+0,25¢B i aktuBanii ~0,88eB [7], mo 3a maHMMH aBTOpIB
E+(0,6-0,65) eB.  InTeHcuBHiCTH  JIOMiHECHEHIii  BigmoBigae emeprii Homizamii aTtomin Kympymy i
30inpLIyBajacss MpH TepMidHiA 0OpoOIi KpHUCTaTiB y BakaHciii [IuHky.
napax Temypy i 3MeHIIyBajiacs IpH Takii >xe 00poOIi B
Ta6auusa 1
Po3ranryBaHHst eHEPreTHYHUX PIBHIB BIACHUX Je(eKTiB y ZnTe
Eneprernune
Tun .
po3TalyBaHHsA MeToa Bu3HAYEHHS Jliteparypa
aeexTy .
piBHs1, eB
Ve E+0.45 TepMOCTI/IMyJ'H)OBaH.l crpymu (TC), inaykoBaHa [6]
" nominikoa OIT
V- E,-0,106 ®doro-EITP, ®JI [4]
o E,+0,26 TC, innykoBana mominikoa ®I1 [6]
Vs E,+0,400 ®oro-EIIP, ®J1 [4]
V7, E,+0,729 ®oro-EIIP, ®JI [4]
V2 E,+0,212 ®oro-EIIP, ®JI [4]

Homimku mepmioi rpymu Li, Na, Cu y muHK
Tenypuai posmingyrotbes y miarpatii Hunaky (Lizn, Nagzn,
Cuzy) Ta CTBOPIOIOTH MIiNKi  aKIENTOpHI  piBHI
E,+0,0606 eB [9] (E\+0,061 ¢B [10],
E,+0,0627 ¢B [10],[11]), E.+0,0625¢B [9], E.+(0,148-
149) eB [10] (E\*+0,146 ¢B [9]), Bimnoriaxo. omimmku
Apreatymy Ta Aypymy y ZnTe takox Hajexarb I0
JOMIIIOK ~ 3aMillleHHs  Ta YTBOPIOIOTH  DiBHI
E,+0,123 B, E,+0,272 ¢B [12].

VY neroBaHux IHAiEM KpHCTanaxX MPOSBISIOTHCS Ba
enepreruuni piBui E\+(0,202-0,222) eB i E,+(0,412-
0,419)eB [8], apyruii 3  SAKMX  TPHUIHCYETHCS
nedexTHOMY Kommiekcy V2 -Inj [8]. IIpupona neprioro
piBHS  OJHO3HAYHO HE

BCTaHOBIIEHA. Y  poOoTi
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aHAJI3yeThCSl TaKOX MOXIIUBICT yTBOpeHHs DX —
UeHTpiB y ZNTe, xans SKUX [PUBEACHO HACTYIHI
sHaueHHs eHepriit yrBopenHs: 0,40 eB mnsa Ga, 0,20 eB
s Al ta 0,34 eB i In.

Jowmimka OrnoBa mposBiasie 'y ZnTe amdorepHi
BJIACTUBOCTI 1 YTBOPIOE OTHOYACHO JOHOPHUM 1
akuenTopHuit piBHi 3 eHeprisimu E-0,26eB Ta
E,+0,22 eB ignosizxo [7]. IIpu npomy, atomu Ctanymy
3aiiMaroTh KaTioHHi (Shzn — moHOp) Ta aHioHHI (Shte —
aKIIENITOP) BY3JIH OCHOBHOI IPATKH.

3a manumu [9] atomu Dochopy 3aiiMaroTe By3IH
Tenypy 1 CTBOPIOIOTH MIJNIKI  aKIENTOPHI  piBHI
E,+0,0635 eB. 3 nocmimkeHb TeMIiepaTypHOI 3aJI€KHOCTI
koedimienta Xomra (KX) y ZnTeP[13] BusHaueHo
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eHepriro  aktuBamii  gomimku  Docdopy, 10
nopieaioe 0,065 eB. [pencraBneni pe3yabTaTu
Y3TOKYIOThCS 3 JaHUMHU pobotu [14], 3riaHO 3 AKUMHU
dochop y ZnTe 3yMOBIIOE BHHUKHEHHS PIBHA
E+0,078 ¢eB Ta 3nilicHIOE aKIICITOPHWI BIUIMB Ha
MIPOBITHICTh HAMIBIIPOBIIHHUKA.

[likaBi BHCHOBKM 11010 Je(eKTiB IIOB'A3aHUX 3
nomimkoro Okcureny, 3pobieHo y po6ori [9], Ha ocHOBI
JIOCII/DKEHHST JWHAMIKA 3MiHH  CIEKTPIB  TJIMOOKUX
CTaHiB crexioMeTpuyHoro ZNnTe€ Ha pi3HUX eTamax
OYKCTKH 1 TIpU Bifgmaji HOro B HaCHYEHIH mapi IMHKY.
[pu IBOMY OyIo BHUKOPHUCTaHO METON
HusbkoTeMiiepatypuoi ®JI Tta iHdppayepronoi Dyp’e-
cnekrpockomii [9]. OxpiM 0araTb0X MIJIKHX PIiBHIB,
aBTOpaMHU BHUSBJIEHO aKLENTOPHUI piBeHb IIIMOOKO Y
3aboponeniii  3oHi (E,+0,692¢B) mio 3ymoBieHumit
HasBHICTIO aroMiB OkcureHy y Bysiax Tenmypy, a He A-

nentpy (V,-D), fAK Il TpuiiMaeThcs y OinpmIoCTi

po06it [9]. Jlauuii piBeHb aBTOpAMH aCOILIIOETHCA 3 Z-
LEHTPOM — CHeHI/I\(/},i)ilIHI/IM nedexkToM XapaKTepHUM JUIst
Beix cronyk A"BY', sxuii Moxke GyTH 5K TOHOPOM TaK i
akrenropom [9]. LlikaBum € Toit Qakt, mo Z-UeHTp Y
LUMHK TEIYpUAl BOAJIOCS CHOCTEPIraTh TIIBKH ITiCIS
BiJmany kpucramiB y mapi muaky [9]. e, Ha mepumi
TIOTJISI, IA€ MOXKJIMBICTH CpOOYBaTH MOB’ sI3aTH HOTO 3
BJIACHUMU JIe()eKTaMH, OCOOJUBO SIKIIO 3BEPHYTH yBary
Ha pesynptatd [3],[5], B sAKkux piBHI 3 OIH3BKUMH
€HeprisiMH, Ha JYMKY aBTOpiB, 3yYMOBJIEHI caMme
BJIACHUMHU JedekraMu. Takok Micas Biamany Oyio
BusiBiieHo piBeHp E+0,41eB, sxuii Ha aymKy
aBTopiB [9] 3yMOBJICHHI HASBHICTIO APYTOrO 3apsI0BOTO
cTany Z-1eHTpy.

Taonuus 2
OCHOBHI XapaKTepUCTHKH Z-1IeHTpy y crionykax CdTeTa ZnTe[9]
MaTepian ZZ+/+ ZU/+ Z—IU
CdTe E-1,2eB E.-0,246 eB E,+1,4 ¢B
E,+0,41 ¢B E,+1.36 eB E.-0,206 eB
ZnTe E-1.98 ¢B - E,+0,629 eB
E.-0,41 eB - E.-1.702 eB
MeTomoM HeCTaHAAPTHOI CIEKTPOCKOMii TITHOOKUX Ilpu  mOCHIDKEHHI  €MEKTPUYHHUX — BIIACTUBOCTCH

pieaie (HCI'P) y mmiBkax ZnTeCr O6yao BHUSBICHO
CHePreTHYHUM  pIiBEHb 3  CHEPri€l0  aKTUBAIIi
E.=(1,09£0,03) eB [6], sikuii, 3a NPUIIYIICHHAM aBTOPIB,
HAJISKUTh JOMIlIKOBOMY atomy Cr.

wiiBok ZnTe neroBanux Bawnaniem Bim O no 10% npu
pisHuX Temmepatypax aBtopamu [15] Oymno orpumano
eHeprii aktupanii E, miei gomimku. 3okpema npu T=300-
332K E,=0,34 ¢B, nmpu T=333-362 K E,=0,518 B, npu
T=363-413 K E,=0,608 ¢B [15].

Ta6auusa 3
Po3ranryBanHs eHepreTH4YHUX PiBHIB TOMIIIKOBHX JedekTiB y ZnTe
Eneprernune
Tun Tun PO3TAlIyBaHHSA MeTon BU3HAYEHHSI Jliteparypa
aoMilmiku | aegekrty piBns, B
E,+0,06 @JI, OI1 [10]
. . Huswskoremmeparypua ®JI, inppauepBona
Li Lizn (&) E\+0,0606 Dyp’ e-CIIEKTPOCKOITist (9]
E\+0,0627 @JI, OI1 [10],[17]
Na Nagn (a) E,+0,0625 HH3LKOTeMnePaTypHa dJI, lH(.l)pa‘IepBOHa [9]
Dyp’ e-CHEKTPOCKOMis
E,+0,150 TemmepaTypHa 3aJ1€XHICTh [10]
nuromoro omopy (I10)
Cu Cuzn (a) -
Huswskoremmeparypua ®JI, inppauepBona
E,+0,146 ) : [9]
Dyp’ e-CHEKTPOCKOMis
Ag Az (a) E+0,123 TemnepatypHa 3anexHicts EIl [3]
Au Augz, (a) E,+0,272 TemnepatypHa 3anexHicts EIl [3]
Enexrpomrominecuenirist (EJI), Temnepatypaa
* % _
Sn Shzn (%) E-0.26 sanexnicts [10 [
Shre (a) E,+0,22 EJI, temnepatypHa 3anexHicts [10 [7]
E,+0,078 TemnepatypHa 3anexHicts EIl [14]
P Pre(a) E,+0,065 TemmepatypHa 3anexHicTh KX [13]
E,+0,0635 - [9]

Taomuus 3 (MPOIOBKEHHS)

836




JlokainizoBaHi CTaHH €JIEKTPOHIB Y HaMiBIIPOBIIHUKAX...

Cl Cl1e () E,+0,16 ®oto-EIIP [16]
Al Ale (1) E,+0,20 ®oto-EITP [16]
Cr - E,=1,09+0,03 €mMuicHa criekTpockoris rmbokux pisHiB (ECI'P) [6]

* - (&) —axuenTopHUil BIUIMB Ha POBIHICTH MaTepialy.
** - (1) — IOHOPHMIA BIUIMB Ha MPOBiHICTH MaTepiay.

1. Kagmiii Texypun

Benuuyuna 1mmpuHd  3a6oponenoi 3omm  CdTe
(Eq~1,6 eB npu 0 K) Bu3Hawae mepecneKTUBHICTH iforo
BUKOPHCTAaHHS y MNpPETBOPIOBAYaX COHSYHOI eHeprii, a
BHCOKa pajialiifiHa CTIHKICTh J03BOJISIE CTBOPIOBATH

HEOXOJIOKYIOUi JIETEKTOPH X- Ta Y-BUIIPOMIHIOBAHHS,
0 (QYHKIIOHYIOTh NP KIMHATHHUX TEMIIEpaTypax.

Y  poborax  [20],[21],[22],[23]  monoxeHHSs
eHepreTuuHuX piBHIB fedekTtiB y CdTe pospaxosano ab
initio (ta6m.4.). Sk i MoXxHa OyJI0 OYiKYBaTH, 3 OTJISAAY Ha
TOYHICTh KBAaHTOBOMEXaHIUYHMX METOJIB, OTpUMaHi
3HAYEHHs1 eHepriii HoHi3alil BiAPI3HIIOTHCS MiX CO00I0
1HOMI OLTBII, HIXK YIBiYi.

Ta6auusa 4
Ab initio po3paxyHok eHepriii fonizarii gedekris y CdTe
[20] [21] [22] [23]
Jedekt E;, eB E,, eB E;, eB E,, eB E;, eB E,, eB E;, eB E,, eB
Vg E,+0,13 E,+0,21 E,+0,2 E,+0,8
Ve E.-0,71 E.-0/4 E.-0,5 E-0,38 E-0,84
Te(a) E,+0,57
Te(c) E,+0,57 E,+0,95
Cdi(a) E.-0/45 E.-0 E.-0,2
Cdi(c) E.-0/45
Cdr. E.-0,1
Tecq E.-0,34 E.-0,59 E.-0 E.0/4
ExcriepumenTanbHe BU3HAYECHHsI €HEPrid HoOHizamii Takui piBeHb cKopiue MOXKe Hanexaru

OB s3aHe 3 BHOOPOM MOJENEl JOMIHYFOYHX TOYKOBHX
nedekTiB, 10 4YacTo IMPU3BOIUTH O HEOJAHO3HAYHUX
BHCHOBKIB [24].

Y 3HayeHHAX eHeprii HoHizamii MIiXBY3JI0BOTrO
atomMa Kajmito, 3ampoNOHOBaHMX PI3HUMHU aBTOPaMH,
BENTUKUX po30ikHOCTel Hema. PiBni Ej=E.-(0,02 eB [25],
0,016 eB [26], 0,015¢B [27]) Ta E,=E(0,17 eB [28]),
IO CHOCTEPIraroThCsl y Martepiajii, HPHUIUCYIOTHCS
aBTOpaMHU BiJIIIOB1THO TIEPLIOMY Ta APYTOMY 3apsA0BOMY
craHy MixBy3noBoro atoma Kammiro. Pospaxynok [21]
Ja€e PUOJIU3HO Taki k pe3ynbTaty (Tabn.4).

Jns Bakancii Temypy € Kijgbka BapiaHTIB
pO3TallyBaHHsS EHEPreTHMYHUX PIBHIB Yy 3a0OpOHEHiH
30Hi. 3rigHo 3 [29] ta [31] Bakaucis Temypy cTBOpIOE
Mminki gonopui piBHi (E;=E.-(0,035¢B[29], E;=E.-
0,04 ¢B [31]). Ane y pobotax [26], [28], [3], [24] aBTOpH
BBaXXalOTh, IO BakaHCii Teaypy CTBOPIOIOTH TJIHOOKI
monopui  piBHi  (E;=E.-0,15eB [3]; E;=E.-(0,34[28],
0,43[26], 0,60[26], 0,6[24], 1,10[24]) eB). Tlpu
TeopeTHUHHUX po3paxynkax [21], [22], [20]oTpumano
pe3ynbTaTH, sIKi TaKoXK BKa3ylOTh Ha Te, IO piBHI
HoHizartii V1 € rubokumu (tabi.4).

Y poborax [30], [4], [32], omnwmparoumch Ha
eKcriepuMeHTaNbHi Jani (B ocHoBHOoMY EIIP), aBTOpaMu
poOUTBbCS BHCHOBOK, IO TMEPUIMHA piBeHb BaKaHCIi
Tenypy po3MmimieHuii moONM3y BaJCHTHOI 30HU
E,+0,2 eB, a npyruit — y BajetHiit 30Hi. [Ipore, y [33]
BHUCJIOBJIIOETHCS. CYMHIB IIOAO Takoi iHTepnperanii
curnanie EITP. HatoMicTh 3p0o0JICHO MPHUITYINEHHS, IO
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AHTUCTPYKTYpHOMY JedekTy TeZ,. 30kpema mia yac
MozemoBands y [33] BBaxkand, 10 AHTHCTPYKTYPHI
nepeKkTu Te,, CTBOPIOKOTHL y 3a00pOHEHIN 30H1 KpHUCTaTy
MOOKI JTOHOpPHI piBHI 3 eHeprismu E;=E.-1,44 eB Ta
E,=E.-0,60eB, i mpu 1pOMy OTpUMaIH XOPOIILY
30KHICTh MK TEOPETHYHUMH Ta EKCIIEPUMEHTAIBHO
BU3HAYCHUMHU XOJTiBCHKMMH KOHIICHTPAI[iSIMH.

I'muboki gonopri piHi (E.-0,75¢B), mo MOXyTh
HaNeXKATH AaHTUCTPYKTypHOMY Temypy, cmocrepiranu
takox y [34], [35], [36]. IIpore, y Bcix mux pobGorax
JOCIipKyBanuch Jieroani kpucranu ([34] — CdTeGa,
[35] — CdTeV, [36] — CdTeCl), a Tomy 3adikcoBaHuit
piBeHb MOXKe OyTH IOB'SI3aHUIA 3 JOMIIIKOIO.

VY poboti [37] aBTOpH BKa3ylOTh Ha MPHUCYTHICTH Y
kpuctanax CdTe wHacuyenux TeaypoM, IOHOPHOTO
piBas E.-(0,56-0,58) eB, 110, Ha 1yMKy aBTOpPiB, TAaKOX
MOKE HAJIeKATH aHTUCTPYKTYPHOMY AedekTy. OCKiNbKU
OJIHO3HAYHO 3apsIIOBHI CTaH I[bOTO PiBHS HEBiIOMHIA, TO
BiH MOke OyTH abo mepuM abo JPYruM €HepreTHIHUM
piBHeM nedexkTy y 3a0opoHeHid 3o0Hi. Skmo el
3aps/I0BHil piBeHb TMEpHIMil, TO APYrHM MOXe OyTH
piBenb Bu3HaueHuit y po6oti [36] — E.-0,75¢B, o
TAKOXX aBTOPAMH TIPHUITUCYETHCSI AHTHCTPYKTYPHOMY
nepekry. Skmo x BBaxkatn piBeHb E.-(0,56-0,58) eB
CTBOPECHHUM JIBOKPATHO HOHI30BaHUM AE(PEKTOM, TO HOTO
3gadueHdss 3 TouHicTIo gm0 0,01 eB 30iracteca 3
pospaxyHKoBUMH  naHumu s Tey, ([22],  [38],

[39])E1=E,- 0,34 eB ta E,=E_-0,59 eB) (1a61. 5).



J.M. ®peik, O.M. Bosusik, B.M. Hobanrok T1a iH.

3a manumu [22],[38],[39] riaubokuM TOHOPOM MOXKE
Oyru TakoK aHTHCTPYKTYpHui Kammift cg2, sxuii

CTBOpIOE 'y 3abopoHeHiit 30HI piBeHb E.-0,1eB. Ili
eHeprii #oHizauwii € ONM3BKMMHU 1O 3raJyBaHUX Y
ormami [31] E-0,06eB Ta E-0,08eB, sxi Takox
MPUMIHCYIOTH IIboMy Aedekty. [Ipore mocraTHRO HagiHHI
eKCIIEpUMEHTAJIbHI AaHi, sIKi O MiTBEpIUIH IPUCYTHICTh
y KPHCTaJIi 1BOro NedeKTy BiJCyTHI.

Ha aymky neskux astopiB [21],[22],[24] ruboki
JIOHOPHI piBHI MOXYTh TaKOX CTBOPIOBATH MIiKBY3JIOBI
atomu Kagmiro, HAOMKYMMH CyCiIaMU SIKMX € aTOMHU
Kaamiro (Minki ) piBHI CTBOPIOIOTH MiXKBY3JIOBi aTOMH
Kanmmiro, HaHOMWKYMMHU CyCiTaMH SKHX € aTOMH
Tenypy). Tak, BusBienuit y [24] noHopHuii piBeHb Ec-
0,64 ¢B aBropu NpunucyOTh Cd> -

Juns Bakancii Kanmiro enepriss mepmioro piBHs

HoHizamii 3a JaHUMHM pPI3HUX aBTOPIB CTAaHOBHTHh
E,+(0,05[27], 0,069[43], 0,062[44], 0,055[45],
0,05[46]) eB abo E,+(0,13[22], 0,20[21], 0,15[29],
0,30[3]) eB. ExcrmepuMeHTaqbHO  CHOCTEPEXYBAHUI

pisenb E,+(~0,06) eB € ogHMM 3 HaWiHTEHCHBHIIIUX Yy
HEJIETOBAHOMY Ta JIETOBAHOMY IOHOPHUMHM JOMIlIKAMHU
Martepiai, yepe3 110 aBTOPH IMOB'A3YIOTh HOTO 3 MEPIIHM
3apsAIOBUM CTAHOM KATiOHHOI BaKaHCii, sika HaldJacrimie
PO3TIIAMAETBCS  SIK  KOMITEHCYIouHii  nedext. PiBens
E+(=0,15) eB  Takok 4YacTo  €KCIEpPUMEHTAIBHO
crocrepiraetbes [25],[29],[24], oanak He y BCix 3paskax

i 3 MEHIIOI IHTEHCHBHICTIO. [laHWIl piBEeHb Yy NESIKHX
pobotax, 3okpema [29],[47], TPUNHUCYETHCS MEPUIOMY
3apsI0BOMY CTaHy MiXBY3JI0Boro atoma Temypy.

Enepris ioHizauii Jpyroro einekTpoHa BakKaHCIi
Kangmito cranosute E,+(0,90[25], 0,90[3], 0,735[41],
0,76[24], 0,80[21], 0,20[22]) eB.

Onnak fociimkeHHst crnektpi ¢oto-ETTP [4],[30]
IPUBOJIATE [10 BUCHOBKY, IO PiBeHb V7, HE MOXe OyTH
po3mimienuii Buiie, anix 0,47 eB Bijg BepxHbOI TpaHui
BajeHTHOi 30HW. lle npunymenns wMoxe OyTu
CTpaBeUIMBIM, OCOOJNMBO SKIIO 3BEPHYTH yBary Ha
poboty [28], aBTOpM SIKOI BBaXKawTh, MIO OJWH 3
cioctepexxyBanux piHiB (E,+0,86 ¢B), skuit gacto €
JIOMIHYFOUHM y  Marepiadni, i 371e01IBIIOr0
iIeHTH(IKOBYETHCS SIK APYTUH 3aps/IoBUil CTaH BakaHCIi
Kanmito, Hanexwuts aucnokauii. ExcnepumeHTambHO
pieai  E+(~04) eB  cmocrepiraiuch  Takox Y
poborax [36],[24].

I'nmubokuM mojBitiHuM akienTopom 3rigxo [38],[39]
Moke Oyt 1 MixkBy3ioBuii atom Temypy: E,+0,57 eB,
E,+0,583[22] eB, E.-0,06eB [29]. Pisenr E,+0,57 ¢B
eKCIIEpUMEHTAIBHO CIlocTepiranu Takox y[42], ame
BHCHOBKIB TpO Te, SKOMY Je(eKTy BiH HaJICKUTB,
aBTopu He poOmare. Ilpore y neskux poboTax
MiKBY37I0BHiT aToM Tenypy BBakaroTh HelTpanpHuM [3],
M HABITH TOHOPHUM nedexrom [34].

Taoauusa 5

Po3sraniyBaHHs eHEepreTHYHHX PiBHIB BiacHUX nedekris y CdTe

Tun xeexty EnepreTn;;{:HI:[oxegumyBannn
V- E,+(0,05[27], 0,069[43], 0,062[44], 0,055[45], 0,05[46])
o E,+(0,13[22], 0,20[21], 0,15[29], 0,30[3])
VE E,+(0,90[25], 0,90[3], 0,735[41], 0,76[24], 0,80[21], 0,20[22])
cd; E.-(0,02[25], 0,016[26], 0,015[27])
Cd* E-(0,17[28])
Vi, E.-0,035[29], E.-0,04[31], E.-0,15[3]
vz E.-(0,34[28], 0,43[26], 0,60[26], 0,6[24], 1,10[24])
Cdr E,+0,57, E,+0,583[22], E.-0,06 ¢B [29]
Tel, E.-1,44[33]
Te, E.-0,60[33]
Cd, E.-0,1[22], [38], [39], E-0,06[31], E.-0,08[31]

Jowmimka Jlitito y kaaMiil TeTypuai IPU3BOAUTH 10
YTBOPEHHS CKJIQJHUX KOMIUIEKCIB TOYKOBUX Je(eKTiB
SHEepPreTHYHI PiBHI SKMX 3HAXOAAThCs Ha Binmcrani 0,14-
0,27 ¢B Buiie BanentHOI 30HU [56]. Hatpiii, 3aminryrouu
atomu KaaMilo, CTBOpIOE MIJKI aKUENTOpHI piBHI
E,+0,059 eB [58].

Jouopuwuii piBerb E-0,0138 eB, skuii HaneXuTh
Gagy Oyio BHUSIBJIEHO i3 JIOCITI IPKEHHSI
Bucokoremreparypuoi ®JI 3paskie CdTe neroBaHux
Tamiem [58]. Minki JOHOpPHI piBHI CTBOPIOE i aToM IHiO.
Tak y pobori [59] i3 moCTiKEHHS TeMIepaTypHOI
sanexHocti KX y CdTeln mpu T=(400-600)°C 6ymno
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BH3HAYCHO PIBCHb |Ncy CHEpris SKOro CTaHOBUTH Ec-
0,010 eB. I3 nocmimxenns PJI i pe3oHaHCHO-EKCUTOHHOL
®JI npu T=(220-280) °C y [64] Oymo orpumaHo

3HAQYEHHs JOHOPHOrO eHepretuyHoro piBHA In Ec-
0,014¢B.
Jlerysanuss CdTe enementamu [V rpymu

MPU3BOIUTH IO YTBOPEHHS BHCOKOOMHOI'O Matepiaiy, a
XapaKTepUCTUKK KpucTamis, jeroBanux Ge, Sn i Pb
BU3HAYAIOTHCS  BIMOBIMHO TJHMOOKUMH JIOHOPHHMH
PIBHSIMHU: E,+(0,60-0,65) eB, E.—(0,60-0,90) B,
E,+(0,39-0,43) eB [52]. bBnusbki g0 MpUBEACHHUX
3HaueHb I [epMmaHito orpumaHo i y pobori [62],
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aBTOpH SIKOi BCTAHOBHIM w0 mepexony Ge'/Ge™
BiamoBimae piBeHb. E~0,95e¢B. A y pobori [61] mis
eHepreTHyHuX piBHIB SN, Ge oTpuMaHo 3HauYeHHSA Ec-
0,72(0,83) eB, E.-0,75(0,77) eB, BixnogiaHo.

Jomimku V rpynu y KaJaMii Telypui NposiBISIOTH
amdorepHy miro. Y poboti [63] po3misHyTi pe3yabTaTti
enektpodizuuHux  gocmimkens — kpucramie  CdTe
JIETOBaHUX Cypwmoro. Amnaniz TEMIIEPATYPHUX
3anexxHocrer KX, pyxmmBocti HociiB crpymy i DII
JI03BOJISIE  3pOOMTH BUCHOBOK, IO IIPU JIETYBaHHI
kpuctanie CdTe atomamu CypMH BBOJATHCS LEHTPHU
SDre, Sy 1 acomiatu (SbreSbey). BusnauaneHuMu y
MPOBIAHOCTI ~ MaTepialy  SABJSIOTBCS  OMHO3APSIHI
akienropu SDre, eHepris HoHizamii SKHX CKiIamae
E,+(0,28+0,01) eB. Sbcy crTBOproe TrIHOOKI TOHOPHI
piBHi [63].

VY po6oti [57] moBiAOMIISETHCS PO ICHYBAHHS IBOX
LEHTPIB, sKi IOB s3aHi 3 JieryBanusM kpucranis CdTe
Bicmyrom. ITlepnmit — e rambokuii TOHOpHHMH piBEHBb
E+0,71eB, a npyruii — aknenTtopHH#l, 3 EHEPTi€r0
E,+0,3 eB.

ATOoMH 3aMiIEHHS Cl;e, BrT*e Ta |;e,
TEOPETUYHUMH pO3paxyHKamu [22], € moHOpamMu 3
eHeprismu #onizanii E-0,35eB, Er0,24¢B T1a E-
0,05¢B, BiamoBimHo. [lemo iHIN JaHi OTPUMaHI Y
eKcriepuMenTanbHux poborax: Ec-0,014 eB[48] na CI7 ;

ans |5, E-0,015eB[49]. A y [61] BcranoBieHO, 1m0
SHEepPreTHYHU piBeHb aTtoMa Xiopy y By3mi Temypy

3rigHO 3

3HAXOMUThCA TIHOOKO y 3aboponeHiit 3omi: Eq-(0,50-
0,51) eB.

Ipu neryBanni kaamiii tenypuay 3d-moMimnkamu
MOXIIUBI [IBa THIM €JIEKTPOHHHX IEPEXOJIB: MEpexoau
BcepenuHi (DiKCOBAHOTO 3apsIOBOTO CTaHy JOMILIKH 1
Nepexo/iv, SIKi OOYMOBIIIOIOTh 3MiHY 3apsJOBOIO CTaHY
JIOMIIIIKOBOT'O LIEHTPY.

Y poGori [50] mpum mocmimkeHHi  CrieTpiB
noruHanas CATe Cu aBTopu 3anpOMOHYBAIH HACTYITHY
MOJIEJIb EHepreTHYHUX PiBHIB nedekTiB. Han BaneHTHOO
30HOI0 PO3MIIIyeThCS OCHOBHHMI cTan CU | skomy
Bimnosimae piBenb E,+0,78 ¢eB. Bumie mporo piBHsA Ha
1,15 eB po3mimenuii 30ymKeHnH CTaH, 10 NOTpaIuisie y
30Hy mpoimHocti. IlpoTre Take  po3TanryBaHHsS
SHEPreTUYHHX PiBHIB HE Y3TOMKYETHCSA 3 TEOPETUUHUMH
pospaxyHkamu [22].

Atomu Xpomy CTBOpIOIOTH y kprctaiax CdTe nsa
nmoMmimikoBi eHepreruuHi piBHi Ec-0,61 eB, Ec-1,55 eB,
IO HaJeXaTh JOMIIIKOBOMY HOHY XpoMy B pi3HHX
3apsoBux cranax [50].

Bananiit, 3amimyroun Kanmmiii y By3max rparky,
3HAXOmUThCH y 3apsagoBomy crami  VZ/V3'[51] 3
eneprieto fonizarii E.-(0,8+0,1) eB 3a nanumu [51], E.-
1,08 eB 3a ganumu [55] Ta E.-0,67 eB 3a nanumu [54].

Atomn Fe y kaamiii Temypuai BUKOHYIOTH pOIIb
rMOOKHMX ~ JOHOpIB. I3 JOCHiDKEHHS  ONTHYHHX,
(OTOENEKTPUYHUX 1  ENeKTPUYHUX  BIACTUBOCTEH
CdTeFe asropu [62] oTpuMaiu 3HaYE€HHST CHEPTETHUHUX
piBHiB nomimok @epymy: E,+0,35 eB.

Twuraw, 3rigHo [54], crBoproe piserb Eq-0,93 eB.

Ta6auus 6
Po3sraniyBaHHs eHepreTHYHHX PiBHIB JoMinkoBux aedekris y CdTe
Eneprernune
Tun Tun 03TALLYBAHHA MeTton BU3HA4YeHHS Jlitepatypa
JAOMilIKH aeexTy P pinlll{ls)l’ B patyp
PozpaxyHok meTogom

Nacs (a) E+0,02 JIiHEapU30BaHUX TPHETHAHNUX [22]

Na acd rtockux Xk (JIIIX)
E,+0,059 Husbkoremmeparypaa OJI [58]
Na; () E.-0,01 Pospaxynok meromom JITTITX [22]
Cucyg Evig’zg(g:bi% CrieKTpH TIOTIMHAHHS [50]

-V ’

cu Cucq () E,+0,22 Pozpaxynok meromom JITIITX [22]
Cu; (m) E.+0,01 Pospaxynok meromom JITTITX [22]
Au Aucq(a) E,+0,2 Pozpaxynok meromom JITIITX [22]
Ag Adcd(d) E,+0,15 Pospaxynok meromom JITTITX [22]
Gare (1) E,+0,24 Pospaxynok meromom JITTITX [22]
Ga Gacqg (1) E.-0,0138 Bucokoremmneparypua ®JI [58]
E.-0,05 Pospaxynok meromom JITTITX [22]
In INcq (1) E.-0,010 TemnepatypHa 3anexnicth KX [59]
E.-0,014 @JI, pesonaHcHo-ekcuToHHa DJI [64]
Ti - E.-0,93 €CIrp [54]
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() E,+(0,60-0,65) Husbkoremmeparypaa OJI [52]
Husbkoremnepatypua ®JI,
Ge () Ec-0,95 (oToeIeKTpUYHA HecTallloHapHa [62]
criektpockornis (PEHC)
) E-0,75(0,77) TepMoeHe?}péI;Hqi 1;:Ir_lleéa"pocxonl;[ [61]
S () E.-(0,60-0,90) Husbkoremmeparypua OJ1 [52]
() E.-0,72(0,83) TC, ®EHC [61]
Pb - E.+(0,39-0,43) Husbkoremmeparypaa OJI [52]
N Nre E,-0,01 Pospaxynok meromom JITTITX [22]
P Pre (a) E,+0,05 Pospaxynok meromom JITTITX [22]
E.-0,67 €CI'P [54]
HusbkoTeMIiepaTypHi JOCIIIKEHHS
Vv Vg E.-1,08 OIl, ciextr (oTorasbBaHiYHUX [55]
CTYpyMiB

E.-(0,8+0,1) ETIP [51]
As Asre (a) E,+0,1 Pozpaxynok meromom JITIITX [22]
E+0,23 Pospaxynok meromom JITTITX [22]

5] Sbre(a) Ex -
,+(0,2810,01) TemnepaTypHa 3anexHicTs KX [63]

[11.Tlarom0Oym Tenypua

CkJafHICTh  JIOCHI/DKEHHS €HEPreTUYHUX CTaHiB
nedeKTiB y IIFOMOYM XaJbKOTCHITaX 3YMOBJICHA THUM,

0 OUIBIIICTD JAE(EKTIB CTBOPIOIOTH PE3OHAHCHI PiBHI Yy

JI03BOJIEHMX  30HAaX, IO 3HA4YHO ix
€KCTIEPUMEHTAJIbHE JIOCII PKEHHSI.

JIy1sl TOSICHEHHS €JIeKTPUYHOI aKTHBHOCTI BaKaHCii
MeTajJy Ta XaJbKOreHy OCHOBHHUMH € JIBI MOJeli,

npejcTaBiieHi y podorax [65] Ta [66].

YTPYAHIOE

3rifHO aHAJTITHYHOTO PO3PAXyHKY MPOBEIACHOTO
y [65], Bakancis Temypy CTBOPIOE Yy 30HI HPOBIAHOCTI
criH-opOiTanbHO po3ierieHuii TpumieT (puc.l.), sKuii €
MPaKTHYHO  KBa3iBUPOMKECHUM gepe3 MalticTh
posuieruieHns (~ 10 MB), a cuHIIIeTHHIT piBeHb JIEKUTH
Bume ayomernoro (puc.l.). Tlepekputrts piBHIB
JIOKaNbHUX  CTAaHIB 3  HENEPEPBHUM  CIEKTPOM
MPU3BOIUTH JI0 iX PO3MIMPEHHS. 3TiHO 3 OIIHKAMHU HOT'0
BETMUYMHA TAKOTO K MOPSIKY, SIK PO3IICTUICHHS MiX
CHHIJIETOM 1 ybieTom [65].

Baxkanucis merany, 3rigHo [65], piBHIB HE CTBOPIOE, a
BUJAJEHHS KaTiOHa 31 CBOIO BY3Jla 3YMOBIIIOE IOSIBY
JIBOX JIiPOK Y BaJICHTHIH 30H.
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Puc. 1. TTonoxeHns PiBHS BaKaHCIi XaJIbKOreHY o BiHOCHO 30HHMX L-Tepmis mst pisaux conyk A'YBY'. Koncranra

3B’ 13Ky Ore=1,15. 3a6oponena 3ona Eq yreopena piBusmu Lg i L, . [ITpUXITyHKTUPOM MOKa3aHi rpaHuIl 30HA

HonHocTi [65]. Pyx L-TepMiB y TBepAMX pO3UMHAX, SKi BiAMOBIAI0TH OIHAPHUM CIOIYKaM MOKa3aHO MTPUXOBAHUMH
JiHisiMu [65].

840



OI3UKA I XIMIA TBEPAOI'O TUIA
T. 12, Ne 4 (2011) C. 834-848

VY 3B’s13Ky 3 HasBHICTIO BUPOIKEHOTO JYOJETHOTO
piBHS BakaHCii XaJbKOTeHy, aBTopamMu [67] Oyio
3arpornoHoBaHo Mozenb SH-TeiinepiBcbkoi HeCTiHKOCTI
KPHCTAJIYHOTO OTOYEHHsSI BaKaHCil, sKa IOSCHIOE,
30KpeMa, crmocTepexyBany y PbTe Big emny @I [68].
3axoIUIeHHsI eJIeKTpOHA Ha BHPOKCHUH ayOIeTHHi
piBEHb  BakaHCIi  XaJBKOT€HY  CYIPOBOKYETHCS
MOHIDKEHHSIM ~ CUMETpii  KPHUCTaJTiYHOTO  OTOYEHHS
BaKaHCii 1 3HATTSAM BUpPO/DKEHHs. EHepreTHyHH piBeHb
€JIEKTPOHa TP LBOMY TIOHKYETBCI 1 cUCTEMa
cTabiizyeThCs. Eneprernuny Jiarpamy Sn-
TeiinepiBchkoro HEHTPY mpencraBieHo Ha puc.2. Kpusa
Eo BigmoBigae mopoxxHboMy neHtpy, Ei, E; — mentpawm,
3aHSATHM OJHUM 1 JIBOMa €JIEKTPOHAMH BiJIIIOB1THO.

£04) £, 1
St
- /
{5 / £y
/
. )’
Y 4 £
i
£y N
A 4
Puc. 2. Cxema AT-Tpancdopmarii BakaHcii

xaJpKoreHy [67].

SIkicHO 1HmWMI pe3yabTaT OYyJIO OTpPUMaHO MpHU
pospaxyHkax y[66]. Skmo y poborax [65]
BHUKOPHCTOBYBAJIOCH O/IHOCIIEKTPOHHE HAOIMKEHHS, TO B
pobori [66] po3paxyHOK MPOBOAMBCA B paMKax
obmexeHoro HaOmmwkeHHst Xaptpi-Ooka. TakuM 4uHOM,
OyJI0 BCTAQHOBJIEHO, IO ITOJIOXKEHHSI OJHOENEKTPOHHHUX
PIBHIB ICTOTHO 3aJIe)KaTh BiJ YKMCEN iX 3alIOBHEHHS, 1 IO
CyTl BH3HAYaIOThCS MDKEJIEKTPOHHOI  B3AEMOIIEIO.
OCHOBHHUI1 pe3ynbTaT PO3paxyHKy, NPOBEAEHOro 0e3
MiATOHOYHUX IapaMeTpiB, MOJSIra€ B TOMY, IIO BiH
nepen0avae iCHyBaHHsI PIBHIB HEpe3apsIKd BaKaHCId B
A"YBY' no6mmsy kpai mosBonenux 3oH. EnepreTuuny
niarpamy piBHiB 3acenerocti PbTe, PbSe, PbS naseneno
Ha pHc. 3.

PiBens E,;, BimmoBimgae mepexody BakaHCIi MeTamy
Vep 3 OMHOKPATHOTO Y JIBOKPATHUH aKIENTOPHUH CTaH,
Epy — nmepexony BakaHcii Xanbkoreny Vy 3 OIHOKPaTHOTO
y IBOKpaTHuW mgoHopHuH ctaH. PiBHi E;; 1 Ep
posramosani gajieko (0,6-0,8 eB) Bix kpais 3ab00poHeHOI
souu. Sxmo piBenp Depmi Ep nexutre Bume E,,
BakaHcis Vp, mae aBi mipku. Komn Ep<E<Ey;, maemo
onnozapsaanuii akuenrop . Ilpu meperuni Ef piBs E,;
BaKaHCis TMEepexXOJuTh Yy HEWTpanbHUi cTaH Vpy,.
AHaJNOriYHy CHTYaIlil0 MaeMO JUIsi BaKaHCIi XaJbKOTeHY
Vx, sKa TOCHIJIOBHO  IPOXOJAWTh CTaH  JBO-,
OJTHO3aPSHOTO JIOHOpPA 1 IPOXOIUTh Y HEUTpaIbHUI
craH, komu piBenb Pepmi Ep, pyxarouuce Bropy 3a
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€Heprielo, MepeTUHaE piBHI Em 1 Epa.
E, meB
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Puc. 3. Eneprernuna fiarpama piBHiB 3acenenocti PbTe,
PbSe i PbS (A — mapamerp HOHHOCTI, MITPUXOBI JiHIT —
Kpai 3a00poHeHoi 30HK) [68].

Hesnaunoro Bapiamiero mapamerpiB  Mozeri [66]
MOXHa JOOMTHUCS TOYHOI'O  CIIBNAJAHHA  PiBHSA
3aceneHocTi BakaHcii [ImoMOyMy 3 eKcriepuMeHTaTbHAM
3HAYCHHAM Ha /5MeB HmWKYe 30HA TPOBIIHOCTI
mwioMOym Tenypuay [66].

VY omsazi [68] 3a3HaueHO Mo iCHYBaHHS IIIe KiJTbKOX
piBHIB eHepris WoHizarisn skux € Onuspkor (E.-0,085,
E.-0,081, E.~(0,06-0,08)) no emeprii ionizarii BakaHcii
[ImomOymy.  30Kkpema, 3rafyerbcsi PO  PiBEHb
3axomwieHHs, mo npu OK nexure Hmwk4ye nHAa 30HU
mpoBigaocti Ha 0,075eB 1 eHepris #oro akTmBamii
3MEHIIYETHCSI 3 POCTOM TEMIEpaTypyu 31 HIBHAKICTIO
0,38'10° eB/K [68].

AXUenTopHUii piBeHb 3 eHeprieto aktuBanii ~0,1 eB
crocTepirainu Takox y podotax [69],[70]. Ilicnst Biamamy
KpHCTaiB y aTMoc(epi CHEeKTPaIbHO YUCTOr0 AProHy
npu T=500-700 K nanuii piBeHb HE CcHOCTEpiraBcs.
BuwmiproBanss npoBoawiu npu T=77-300 K. Aropamu
3po0JIEeHO BHUCHOBOK, NpO T€ M0 JaHWH piBEeHb
TIOB’ sI3aHUH 3 nedexkTam, BUKITUKaHUMH
MaKpOHAIPYKCHHSIMHA 1 HCOJHOPIIHAM PO3TIOAIIOM
aToMiB HajcrexiomerpuuHoro Temypy B3/IOBXK 3JIUTKY,
SIKi BUHUKAIOTh MPY BUPOIIYBaHHI KPUCTAJIIB 1 3HUKAIOTh
npu ix Bimmani [69],[70]. Tlpore Takuii piBeHb MOXKe
OyTu 3yMoBJeHUH 1 BakaHcissmMu [LmroMOymy, sIKi Takox
3aJiIKOBYIOTBCS MijT Yac Biamany [72].

Baxkancii Temypy, 3rimHo po3paxyHkiB [65],[66]
CTBOPIOIOTH PiBHI BHIIE JHA 30HH MpoBimHOCTi. [Tpore
Modeidp [66] mepembauae  Gimbinr  rambOKe  iX
po3TanryBaHHs aHix Monesb [65]. Bapto 3a3HaunTH, 110
eKCIIepUMEHTAJIbHI JlaHi, SIKi BBAXKAIOTHCA
MiATBEPKEHHIM Mozeni [65] mianani kpuruii y [68].

Y [73] METOZIOM HHU3BKOTEMITEpaTypHOI
KaJOPUMETPUYHOI CIIEKTPOCKOMii B MONIKPUCTATIYHUX
3paskax N-PbTe 3 mesnaunum (R0,1ar %) HaAIUIIKOM
[TmroMOyMy BUsiBIIeHa 3-1101i0Ha OCOOJIMBICTB Y T'yCTHHI
CTaHIB 30HM NPOBIJHOCTI, IHTEPIPETOBaHA SK BY3bKa
(0,01 eB) cMyra pe3OHaHCHHMX CTaHiB, MOMIOHHMX 3a
BJIACTHBOCTSIMH JI0 PE30HAHCHHUX CTaHIB CTBOPIOBAHHX

eeMeHTaMH  Tpetbol rpymu [74], TOB's3aHuX 3
BaKaHCIMHMMHK AedeKTaMd y aHIOHHIH miarparii
JOCHipKyBaHUX ~ 3pas3kiB.  OIiHKa  €HEpreTHYHOro
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TOJIO’KEHHSI BaKaHCIHHOTO pIBHA Hall KpaeM 30HHU
MPOBIHOCTI HA OCHOBI JaHUX TPO 3aJICKHICTh Ef mis
PbTe npu T=77 K nae BenmuuuHy eHeprii akTUBamii i
BakaHcii Tenypy E,=(0,165+0,0015) eB [73].

Takox y poboTi [72], i3 nociimkens crektpis OI y
PbTe O, okpim iHmmx, Oymo imeHTH(}IKOBAaHO piBEHbH
Bakancii Temypy E,-(0,245£0,010) eB mpu T=300K
SKMA TpH 3MEHIIeHHI Temneparypu g0 T=96K
sHmKyetbess 10 Ey-(0,175+0,020) eB.  3rigno [75],
BakaHcis Tenypy MoXe CTBOPIOBATH PiBHI Y BaJIHTHIH
30Hi, IPU HASIBHOCTI CHJIBHUX AedopMarii.

3HAaYHO MEHIIOK € EHepris HoHizawii BakaHCii
Tenypy srimHo [78]. Tak, mpu HOHHIH iMIUTaHTAMii
IUTIBOK OyJlo TOMiveHO cTalimi3alilo KOHIEHTpaii
€JIEKTPOHIB, 3yMOBJICHY KBa3iJOKAJHLHUM PiBHEM Y 30HI
MIPOBIAHOCTI, WIMOBIPHO BakaHcielo Temypy, 3 eHepriero
vionizami 0,055eB mpu OK Tta 0,005eB mpu 300 K.
Takox I[iKaBUM € IUTOBaHe y [78] mpumyIeHHs mpo Te,
mo y kpucragax PbTeln miniar piBast  ®Depmi
3YMOBJIIOIOTh HE aToMM I[Hmiro a Bakaucii Temypy, 1o
Oe3repeyHo moTpedye J0AaTKOBUX A0Ka3iB [78].
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Puc. 4. 3a1eXXHICTD MTOJO)KEHHS EHePreTUIHOTO PiBHS Eq
Bij ryctunu craHiB Ng; mpu O K [71].

Mixsy3noBuii atom Ilmrombymy vy PhTe
BBaXKAIOTh JBO3apsAAHUM JoHOpoM [68], 1m0 cTBOpIOE
pisenr 3 eneprieto E+0,055eB npu 300 K [68].
brnu3bkuii 3a 3HAYCHHSAM pIBCHb, SKHUH aBTOPH TaKOX
NPUIHACYIOTH ~ MDKBY3JIOBOMY  aromy  [lmomOymy,
BUSIBJIGHO  TIpM  JOCTIDKEHHI  eNeKTpoQi3udHUX
BaactuBocteit ok PhTe/KCI(KBr) [71]. 3okpema,
BCTAQHOBJICHO, MIO TEMIEpATypHA 3aJEXKHICTh CTANIOl
Xoiaa BU3HAYAETHCS TOHOPHUMHM PiBHSAMM, OIUH 3 SIKHX
3HAXOIMUThCS Yy 30HI mpoBigHocTi Eyn=E+0,075¢B, a
npyruit Ep=E.-0,055eB — y 3aboponeniii 30Hi. 3miHa
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MOJIOKEHHsT ~ DPIBHIB 31 3MIHOI  TeMIlepaTypu
BU3HAYACTLCA 3alIexHicTIO Eg/dT = (4,510,5)-10'4 TeBi
Eq/dT = (3,5¢0,7)-10* T eB. Enepreruuse MonoKeHHs
piBHs E; 3a5exuTh TakoXk BiJ TYCTHHH CTaHiB Ha PiBHI
(puc.4.), sika B CBOIO 4Yepry 3pOCTAE 3 POCTOM T'YCTHHH
MOTY)KHOCTI ~ JIa3€pHOTO  BHUIPOMIHIOBaHHS,  SIKUM
ompoMiHioBanu kpuctai. Ha aymky aBtopi [71]
MepIINid  PIBEHb HAJEKHUTh MIKBY3JIOBOMY aTOMY
[TmomOymy, a nmpyruit — Bakancii Temypy. Cxiaana
noBenliHKa piBHSA E; TOSCHIOETBCS aBTOpaMU pPOCTOM
nedopmariiii B OKOMI  MIKBY3JIOBHUX aTOMIB, TIpH
3pOCTaHHI KOHIICHTpAIli CaMHX MIKBY3JIOBUX AaTOMIB,
BUKJIMKAaHOIO POCTOM TyCTHHH TOTYKHOCTi JIa3€pPHOT'O
BUNIpOMiHIOBaHHS. MixBy3i0Bi aromu [lmromOymy, Ha
nyMky aBTopiB [71], mepeOyBaroTh Yy JOBOKpATHO
HOHI30BAaHOMY CTaHi.

Haniitaoi indopmanii npo ixmi aeekTu y cromykax
A"VBY' € mebarato. 3okpema, 3rigHo [68], MikBYy3IOBHiIT
Tenyp — wHeWtpanpHuii nedexr, IlmomOym Ha wmicui
XaJlbKOreHy — JIBOKPAaTHO 3apsUDKEHHH akIenTop, a
Tenyp Ha Mmici Pb — a1BokpaTHO 3aps/KEHNI JOHOP.

VY ormani [68] ommcano psax He imeHTH(IKOBAHHUX
€HepreTUYHUX PiBHIB. 30KpeMa npu jgociipkeHHi DJI,
@II Ta edexry Xomma MposiBISIOTECS TPH PIBHI — OIHMH
aKIenTopHUi i aBa moHopHuX. B imTepBami T =(80-
200) K eHepreTnuHe TMOJOKEHHsS PIBHIB MOXe OyTH
omucane sk E,+0,147+3,5:10" T eB, E,+0,11+2,5-10
“TeB; E,+0,095+2510*T eB[68]. IlomoxeHms
mepuioro  piBHA  mi3Hime Oymo  yrouHeHo [68]:
E,+0,095+5510°TeB  nmpu  T<200 K i
E\,+O,208+1,4-1O'4 T eB npu T>200 K. Busieneni pieHi
MOB'SI3YIOTHCS 3 iCHYBaHHAM Ve 1 Vp, 200 acoriiaTiB Ha
ix ocHoBi. Ille omuH piBeHb, SIKUU A€ JONATKOBHM MK Y
cnektpax ®JI, mae eneprito onizaiii E.-0,009 eB npu
6,1K [68].

3ayBaxxuMo, 10  eNeKTpodi3MuHi  Mapamerpu
KpHCTATB (POPMYIOTHCS HE TINBKU €IeKTPOAKTUBHHMH
TOYKOBUMH Je(eKTaMH KPUCTAJIYHOI TpaTKH, a i
MACUBHUMHU B EIIEKTPUYHOMY BiJHOIIECHHI AeeKTaMu
THUITY TIPELUITITATIB BIACHUX KOMIIOHEHT, SIKi IPaKTUYHO
3aBXKIM MICTATBCA y KpHCTaIax AVBY!, 3aTHICTE 10
YTBOPEHHSI aTOMHUX CKYITYEeHb OUIBII XapaKTepHa JUIs
Tenypy uik qus IlmromOymy, IO MiATBEPAKYETHCS
ekcriepumenTaibHo [68]. Tlpore, He 3Bakaroud Ha
HEpIBHOMIpHICT,  IX  pO3MOAUTY IO  KpHUCTalax,
KOHIICHTpAIli BIIBHUX HOCIiB 3apsay € CTajor IIo
BCboMy 00'emy [68]. HasBuicts mnpenumiTatie y
KpHCTajax Ioripurye OiIBLICTh BJIACTUBOCTEH, SIKi
MalOTh 3HA4YEHHsS [UIi NPAKTHYHOI'O BUKOPHUCTAHHS
IUTIOMOYM TENypHUIy, a iX 3MEHIIEHHI0 MOXKE CIPHATH
JIeTyBaHHSA Kaamiem gl PiAKiCHO3eMEeTbHUMHU
eneMeHnTamiu [ 68].
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Taonuusa 7

Po3sraniyBaHHsl eHepreTHYHUX PiBHIB BJacHUX nedektis y PhTe

Tun pepexry EHepreTn;:;eHgoggamyBannﬂ MeToa BU3HAYEHHS Jlireparypa
Vi E.-0,075 - [66]
EH(0165:0018), T=77KC | [IOHROTENIEPATDIG Katopmerpiria 73
E,~(0,245£0,01), T=300 K OIl [72]
Vre E.-0,175+0,020, T=96 K oIl [72]
E+0,055, T=0 K - [78]
E.+0,005, T=300 K - [78]
Ph E.+0,055, T=300 K - [68]
i E.+0,075 TemneparypHa 3anexHicTb edexty Xoma [71]

OpHier0 3 0coONMMBOCTEH JOMINIOK Y IUIFOMOYM
TEINYPUIl € Te, IO JIHMII 00MEKEHa KUIBKICTh eIEMCHTIB
MOXe OyTH OJHO3HA4YHO KJIacu(iKoBaHa SIK JIOHOPH
(rajorenn) um axuenropu (Harpi#t, Jlitiit) [77]. Ilpu
JIeTyBaHHI ~ IMMH  €JEMEHTaMH  CIOCTEpIraeThcs
30iNbIIEHHST ~ KOHIEHTpalii  HOCIIB  HPOHOpLIiiHO
KIIBKOCTI BBeNEHOI AOMIIIKM. J[as 1HIIMX JOMIIIOK
HEeoOXiTHO BpaxOBYBaTH BiJXWIICHHS Bijl cTeXioMeTpii Ta
inmr daxropu [77].

Haii0inpim 1ociipkeHUMHU JIOMIIIKAaMH Y TDTFOMOYM
tenypumi € Lamiii, Taai#, Tamiii. BnactuBocTi KpucTaiB
JIETOBAaHUX IIMMHU €JIEeMEHTaMHU JETaJbHO OIHCaHI Yy
poborax [77],[79], ToMy MM 3a3HAYHUMO TIIBKH iX
XapaKTepHi 0COOIUBOCTI.

Jlis BCiX TepeiueHuX eIEeMEHTIB CIOCTepiraeThes
HacuueHHs Ha 3anexHoctax N,P(N;), Tobto edekr
XiMiuHOT crabimizamii piBas @epmi [77]. s PbTeln
piBeHb HacHUeHHs BimmoBizae 3mauenmio N=7-10' cm™

1771 (upn N >10°em[74]), ans PbTeGa -
n=6-10" cm [77].[78] (mpu
Nea> 5-10%%m 3 [77], [789]), st PoTe Tl —
p=9-10"cm> [77] (ipu Ny > 10%em¥[78)).

KoHiieHTpallis HOCIIB 3apsiay 3aHIIAETHCS CTANOK MPHU
nomatkoBoMy JieryBaHHi qoHopHumu (Mox y PbTeln,

KOHLIGHTpAIlisl JOJAaTKOBOi JOMIIIKKM HE IEepEeBUIYE
KoHIleHTpamii BBemeHoro Iumiro uu Tamiro. OnHak,
KOHLIGHTpAIlisl BBEICHOI JOMIIIKH TPaKTHYHO 3aBXKIU
3HAYHO NEPEBHIIYE KOHIEHTpAIil0 HOCIiB Ipu sKid
crocTepiraeTbest miHiHr pisHst Pepmi [77].

Haii0inpin npakTUYHO 3HAYYIIMMU BIIACTUBOCTSIMH
HAITIBIIPOBIIHHKIB 31 cTa011i30BaHUM IOJIOKEHHSIM PiBHS
depMi € OMHOPIIHICTD iX eNeKTPO(I3HIHNX apaMeTpiB i
BHCOKI 3HAuYeHHS PYXJIMBOCTI HOCIiB HaBiTh y 00jacti
BHCOKHX KOHIICHTpAIIiH BITBHUX HOCITB 3apsimy [77].

IMpu Temneparypi T=O0K y PbTe Tl nomimkoBuii
pisens  nmexute Ha  0,22eB[77] (0,20 ¢B[80],
0,21 eB[80]) mHwxkue cTeni BajJeHTHOI 30HHU. bBIU3BKI
3HAYeHHS OTpUMaHi y poboTi [72], me mif AOMINIKA
Tamito  oTpuMaHuWii  eHepreTMyHuil  piBeHb  E-
(0,285+0,007) eB mpu T=300K Ta E,-(0,22+0,02) ¢B
npu T=96 K. Benuuuna E; y PbTeT| 3menmyerses 3
pPOCTOM TEMIIEpaTypH, SK 1 €HEepreTHYHa IMIJTHHA MIiX
JIBOMa MakCUMyMaMH BaJIEHTHOI 30HH, TAKUM YHHOM, 110
JIOMIIIIKOBI CTaHHM CYTTE€BO HE BIANAJSIFOTHCS BijA JIpyroi
BanentHoi 3ouu [80]. Tlpu T=77K 1 Husbkii
KoHUeHTpauii Tauwito eHepriss HoHi3awii CTaHOBHUTH
0,16 eB. Jlana eHeprist Mo)¢ 3MIHIOBATHCh HE TIJIBKU B
3aJIeKHOCTI BiJl TeMIlEpaTypu, a ¥ BiJ KOHIEHTpauii

Hajacrexiomerpuynuii  [lmrombym y  PbTeTIl) i BBefeHoro Tamilo Ta  KOHIEHTpalii J10JaTKOBOI
akrenropaumu (Hatpiit y PoTeTl) nomimkamu, skiimo nomimiku [80].
Taduns 8
Eneprernuna cTpykTypa aoMimkosux nedekris y PhTe
Eneprernune
Tun nomimku | Tun gedexrty PO3TalLyBAHHSA MeTton BU3HA4YEHHS Jlitepatypa
piBHs1, eB
Al Al E+03 TemneparypHa S?I‘J'ICE)KHICTL KX, OII, [77]
c s E+0,21, T=77K - [74]
a
oo E.+0,19, T=300 K - [74]
Temneparypua 3anexsicts KX, OII,
E+0,07, T=0K pap [77),(741,(78]
In INpy TC
E.-0,08, T=600 K Temneparypna 3anexsicts KX, OI1 [78]
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Taomuus 8 (mpoaoBKEHHS)

E.-(0,24+0,06) OIl [76]
E.-0,25 TemneparypHa 3anexHictb KX [78]
TI Tle E-0,22, T=0K OIl, TC [77]
E.-0,20, T=0 K - (80]
E-0,21, T=0K - (80]
o o E.-(0,180+0,015), T=300 K OIl [72]
' E.-0,140+0,020, T=96 K oIl [72]

TemrmiepaTypHa 3aJ1€XKHICTh TUTOMOTO
Vv i E.0,02 OrOpY, MarHiTHOT CHPUHHSTIMBOCT, 18]

KOHILIEHTpAIi1 HOCIiB 3apsay i
PYXJIUBOCTI

Temneparypna 3anexsicts KX, OI1,
cr i E+0,1 TyHespHa criekTpockoris (TC) [77]
Bi ) E+0,2 Temneparypna 3anexsicts KX, OI1, [77].

TC

TemrmiepaTypHa 3aJ1€XKHICTh TUTOMOTO

Co ) E--(0,06-0,01) or[opy,uKX, TepMO?EPC, MAarHiTHOI [83]
CHPHUHAHSTIMBOCTI Ta ONTHYHOTO
TIPOITYCKAHHS

Y PbTeln pomimkosuwii piBeHp mpu T=0K 5.10° eB/6ap [78]. Ontuuna eHepris Homisamii mpu

pO3MilllecHW  BHUINE JHA 30HM IPOBIAHOCTI Ha 600K cranoButs E.-0,08¢B 1 3miHIO€TBCS 3
0,07-3-10"T eB[77],[74],[78]. 3  poctoM  THCKY TeMIepaTypHUM KoedimieHTOM
3MIIIEHHS [FOI'0 PIiBHS BiIOYBAa€ThCsS B TJIMOMHY 30HU dE/dT=-2-10" eB/K [78].

MIPOBiTHOCTI 3 OapUIHUM KoeQilieHTOM

{E) €,
) e

Puc. 5. BiivB KBa3ijoKalbHUX CTaHIB Ha KOHIIEHTPAIIi0 BiIbHUX e1eKTpoHiB st PoTe[78].

Tamiit XapaKTePU3YEThCS HAsSBHICTIO JIBOX JI0 BJIACHOi, a Jpyruil mpu n=2.10"%m> [77]. Enepris
KOHLIEHTpaliiiHnX oOmacredl craOimizamii piBHs Depwmi: pe3oHaHcHOro piBHS craHoBuTh E.+0,21 eB npu T=77 K
MIepIIUi BiANOBia€ KOHIEHTpali eJIeKTPOHIB OJIM3bKii ta E.+0,19¢B mpu T=300 K [74]. JleroBauuii amiem
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IUTIOMOYM  TENypHJl TPOSBISIE TEBHI OCOOJIMBOCTI Y
ENEKTPUYHHX Ta ONTHYHHUX BIACTHBOCTSX, Y ITOPIBHSHHI
3 kpucranamu Jeroanumu Inmiem i Tamiem. 3okpema
crabimizanist piBast pepmi y PbTeGa moke BinOyBaTucs
HE JIMIIe y O3BOJICHHX 30HaX, a i y BepXHiil 4acTuHI
3aboponeHoi 3ouu [77],[79]. Tak y [77] npuseneni naxi
npo crabimizanito Ha piBHi E.-0,070 eB.

Ipu nerysanni PbTe AntoMiHieM y He HAATO CHIBLHO
KOMIICHCOBAaHUX 3pa3KaxX #-THIy ONTHYHHM METOJOM
BUSIBJICHHH pIBEHb Yy 30HI MPOBIJHOCTI 3 EHEPTi€I0
E.+0,3¢eB [78].

TakuM YHHOM, SIKIIO ITPOAHAI3YBATH ITOJIOXKEHHS
€HepreTUYHHX PIBHIB, 10 CTBOPIOIOTH €JIEMEHTH TPETHOL
rpymu y PbTe, To MoXHa Big3HAYUTH 1X MOHOTOHHY
3miny y paay Al —Ga—In—TI.

[NosicHeHHS ~€NEeKTPUYHOI AaKTUBHOCTI E€JIEMEHTIB
TPEThOl TPYNH y KpHCTaJaX IUIIOMOYM Tenypuay Oyio
3aIpOIOHOBAHO, ONUPAIOYUCh HA I7CH0 IepeMiHHOI
BajeHTHOCTI  [77]. 30BHImHA  O0O0ONOHKA  aTOMIB
enementis Il rpymn mae komdirypamio Sp'. ame y
CHOJIYKaX Ii eIEMEHTH MOXXYTh IPOSIBIIATH BaJEHTHOCTI
+1 (xomdiryparis Sp'), +2 (koudirypamis S'p°), +3
(xoudirypamis $°p°). Ilpu upomy KoHGirypamis 3
BAJICHTHICTIO +2 € HeCTiKow. 3aMIl[yloud aToM
[TImomOymy y cBoemy By3ii, atom III rpynu moBuHeH
BiJUIaTH J[Ba €IEKTPOHU JUIS YTBOPEHHS 3B’ s3Ky. Takum
YHHOM Yy KoH(pirypamii +1 atom Oyme omHO3apsIHUM
akmenTopoMm, a y koHgirypamii +3 — omHO3apsIHHM
noHopoM.  Peamizamis  ommiei 3 koHirypaumii
BU3HAYAETHCS MOJMKeHHsAM piBHsA Depmi. [Ipy HU3bKUX
3HauyeHHsX piBHA Depmi nomimka enementiB Il rpymu
MOBUHHA TIPOSIBIISITH JOHOPHI BJIACTUBOCTI, a NpH
BHUCOKMX — akUenTopHi. [Ipum neskoMy KpUTHYHOMY
3HAYCHHI XIMIYHOTO IIOTEHINANy, KOJU EHeprii 000X
KoH(piryparifi cmiBmagaroTh, B CHCTEMi JOMIIIOK
BiIOYBAETHCS MEPEPO3MOALT 3apsay, IO NPU3BOJUTE 10
crabinmizanii piBHs Pepmi, OT)KEe Ha OJUH IOMIIIKOBUH
aTOM IIPHITA/IAE 1BA EJIEKTPOHHI CTaHH, SIKi MOXKYTh OyTH
He3alHsTi, a00 3aWHATI OJHUM YM JBOMAa CJICKTPOHAMHU.
[Tpudomy, y BUNaiKy KoJiu Ha JIOMIIIKOBOMY DiBHI € JiBa
€JIEKTPOHH, CHEpris iX BIJIITOBXYBaHHS IPAKTUYHO
piBHa Hy0, a00 HaBiTh, 3TiMHO TpeCTaBicHOI y [77]
MOJIE, BiJ' EMHOIO, TOOTO YTBODIOEThCS HeraTuBHUNA U-
LEeHTp. 30KpeMa, Taka MOJENb IOSCHIOE JKOPCTKY
cTabii3aIlio XiMiuHOTO MoTeHIay [77].

Bapro sayBaxuTH, mo y Koudirypamii S°p°,
JIOMIIIIKOBI aTOMH MOXYTh CTBOPIOBaTH TaKOXK MIJIKi
JIOHOpHI piBHI OIS Kpalwo 30HM MPOBIAHOCTI, IO
3YMOBJIEHO CHUJIBHUM MOTEHIIAJIOM MIOBHICTIO
HoHi30BaHOI ~aroMHOI  cepueBuHH  enementa  III
rpymu [77].

KBasiyokanbHi  craHM BHSBJICHI TaKOX IpHU
JIETYBaHHI  IUTIIOMOYM — TeNypuay  130€leKTpOHHUMHU
nominikamu — CtanymoM Ta ['epmaniem [77].

OxcureH y mmoMOyMm tenypuai O; CTBOPIOE piBEHb
E,-(0,180£0,015) eB mpu T=300K [72], skuii mnpu
3HWKEeHHI Temrepatypu 1o 96 K 3menmryersest no E,-
(0,240+0,020) ¢B.

JleryBanus PbTe I{uHKOM NMPHU3BOAUTH IO IOSIBH B
3a00poHEHIH 30HI JIokanbHOro piBHA E-0,056 B, sxwuii
TIOB'SAI3YIOTh 3 KOMIUIEKCaMH, IO BKIIIOYAIOTh B cebe sIK
Vpy,, Tak i V1o [68].
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Puc. 6. 3anexHIiCTh MOJI0KEHHS JOMIIIKOBOTO PiBHS B
PbTeln Binm xoHmentpamii IHmifo npu HH3BKHX
TeMmepatypax [78].

VY PbTe, neroBanomy BicMmyrom, crocrepiraerscs
IIMpPOKAa [OMIIIKOBA CMyra BHIIE Kparm JHa 30HU
nposiaHocTi mpubiusHo Ha 0,2 eB [77].

JlocimimKeHHsT TeMIIepaTypHOI 3aJI€KHOCTI TUTOMOTO
OMOpy, MATHITHOI CHPUHHATIMBOCTI, KOHIICHTpPAIIi
HOCIB 3apsmy i pyximBocti y PbTeV mnokasamu, 1o
Bananiii y mmromMOym Temypuai TOpOSBISE JOHOpPHI
BiactuBocTi 1 (opmye nomimkoBuii piBeHp E.-0,02 eB
[82].

VY po6Gorti [83] npoBOAUIUCS TOCITIPKEHHS IIHTOMOTO
omopy, KX, tepmo-EPC, MarHiTHOI CipuiHSTINBOCTI Ta
ONITUYHOTO TIPOITyCKaHHS Yy IHTEpBajJi TeMIleparyp
42+-300 K mmroMOym Tenypuny JieroaHoro KobamabToMm.
3rifHO 3  MPEACTaBICHUMH  EKCIEePUMEHTAILHUMHU
nauuMu Co y PbTe yrBoproe eHepreTuuHuil piBeHb Eq-
(0,06 £0,01) eB.

Manran, Xpom i1 Turan y PbTe mnpossnsors
JIOHOPHI BJIACTUBOCTI 1 CTBOPIOIOTH Y 30HI HPOBiJHOCTI
pieui ma Biacrani E+(0,1-0,2) eB Big gHa 30HH
nposiaHoCTI [77].

BucHoBkn

[IpoBeneHo aHaji3 BIIOMHUX TEOPETHYHUX 1
€KCTIEpPUMEHTAJIbHUX JTAaHUX npo  PO3MIlIEHHs
€HEPreTUYHNX PIiBHIB TOYKOBUX JAe(eKTiB y 30HHIH
CTPYKTYpi IIMHK, KaaMiid Ta IUTIOMOYM TEIypHIIB.
PosrmsinyTo sk BiacHi Tak 1 JOMIIIKOBI AedekTH y
3raJIaHuX CIOJTyKaX.

Y  mumHK  Tenypumi  BiacHi  aedektH,
nepe0yBalOuy y pi3HUX 3apsSJOBHX CTaHAX, 3yMOBIIOIOTh
BUHHMKHEHHS  TJIMOOKMX  DIiBHIB,  JIOKQJIi30BaHUX
MEPEBAKHO Y HIKHIM YacTHHI 3a00pOHEHOI 30HU.

VY kanmili Tenmypuai BIacHi 1eeKTH CTBOPIOIOTH
SIK MIJIKI TaK i TJIMOOKI piBHI.

Jlomimkn mepiioi, TpeTboi Ta ChOMOI TPYNU y
KaaMiil Ta NUHK TeIypuaaX CTBOPIOIOTh MIiJIKI piBHI, a
JIOMIIIKKA YeTBepPTOi Ta W' ATOI Ipym — SK MIJIKI, Tak i
TITHOOKI.

Y 1wioMOyM TeNypuzIi BIIacHI Ta JOMIIIKOBI
ne(eKTH CTBOPIOIOTh IEPEBAKHO PE30HAHCHI PiBHI
po3MinieHi Ha (oHI JO3BOJIEHUX €HepreTHYHuX 30H. Jis
PbTe reropanoro eneMeHTaMH TPEThOI  IPYIH
XapaKkTepHUM € SIBHIIE XIMIYHOTrO IiHIHTY piBHA Depmi,
110 Ma€ BEJUKE MMPaKTUYHE 3HAUCHHS.
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There are the results of experimental and theoretical studies of their own energy levels and impurity

defects in zinc, cadmium and plumbum telluride. The paper considers both new and already known to work on
the study of the energy spectrum of point defectsin crystals
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