OI3UKA I XIMIA TBEPAOT'O TUIA
T. 11, Ne 4 (2010) C. 832-843

VK 621.315.592: 533

PHY SICS AND CHEMISTRY OF SOLID STATE
V. 11, Ne 4 (2010) P. 832-843

ISSN 1729-4428

JI.M. ®dpeik, B.B. IIpokomis (MoJ1.)

da30Bi giarpamMu piBHOBaru i KBa3ixiMisi BJIaCHMX TOYKOBHX
nedeKTIiB KaaMiil, CTAHYM i IVIIOMOYM TeJIypHaiB
CdTe, SnTe, PbTe
(02n50)

Dizuko-XiMiuHull incmumym
Ipukapnamcovrozo nayionanvhozo ynisepcumemy imeni Bacuns Cmeghanuxa,
eyn. [llesuenxa, 57, Isano-Opanxiscwk, 76000, Vkpaina, E-mail: frelk@pu.if.ua

3pobieHo amamiz ocobiauBocTed (azoBux miarpam piBHoBark Ginapumx cucrem Cd(Sn,Pb)-Te Tta o6macri
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HanienposinaukoBi marepiamu cronyk |1-VI ta V-
VI Bxke Ha mporssi gBox croditk (XX-XXI) €
MPEIMETOM IHTEHCHBHHX JOCTIHKEHB SIK HAyKOBIIIB, TaK
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KBasiximiuHi piBHIHHSI yTBOPEHHS BJACHUX TOYKOBHX Je(deKTiB

Po3paxyHok mMex 00,1aCTi FOMOT€HHOCTI CIOJIYK

i imkeHepHHMX mpauiBHUKiB. lle moB's3aHO 3
OCOONMBOCTSIMH iX BIIACTHBOCTEH 1, y MeEpIIy depry,
¢bazosumu miarpamamu piBaoBaru [1-3]. Tak, 30kpema,
SKIIO TEeMIIEPaTypHY 3aJIeKHICTh 00IacTi TOMOTEHHOCTI
wiroMOym  tenypuny  (IV-VI)  MoxHa  BBaxatu
CHUMETPHUYHOIO, JIBOCTOPOHHBOIO BIJIHOCHO
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crexiomerpuuHoro ckimamxy PbTe To cranym Temypumy
(IV=V1) — moBHicTr0 3MileHot0 Ha 6011 Xanskoreny (T€)
[3-6]. dnst xaamiit tenypuny (I1-VI) i3 miguiieHHsM
TeMIepaTypu XapakTepHe ii 3MIMEHHS Bix MeTalxy [0
XanpKoreHy [7]. Big3HaueHi 3aKOHOMIPHOCTi CYTTEBO
BILUIMBAIOTh Ha Je(EeKTHUI CTaH MaTepiaay i, TOMY €
BH3HAYANFHUMH TIpH (OPMYBAHHI IUIOTO KOMILIEKCY
CTPYKTYPHHUX, CIIEKTPUYHHX, ONTHYHUX,
(OTOENEeKTPUIHNX, JIOMIHECHEHTHHX Ta pAAY IHIIUX
XapakTepucTuk [8-11].

Ipaktuunwmii cere cmonyk (I1-VI) 1, 3okpema CdTe,
BU3HAYAEThCA iX BHKOPUCTaHHSAM MPH BHUTOTOBJICHHI
JIETEKTOPIB AKOPCTKOTO BUIIPOMIHIOBaHHS,
MIEPEeTBOPIOBAYIB COHAYHOI  EHeprii, €JICMEHTIB
TEJIEKOMYTAlIHHUX MEpeX Ta HU3KW IHIIMX TpUIIaIiB
TBepaoTiTbHOI enekrponiku [1,9]. TlaromOym i cranym
TeNypuau — 0a30Bi Marepiad AIsl TEPMOETIEKTPHUHHUX
MEPETBOPIOBAYIB TEIIOBOI €Heprii B eNeKTPUYHY, IO
¢byukuionytots B inTepBani temmneparyp (500-850) K, a
TakoX  (OTONPUHMAIBHUX 1  BHUIPOMIHIOBAJILHUX
CTPYKTYp  iH(padepBOHOTO  Miala30Hy  OITHYHOTO
crekTpa [6,12].

Oco6mmBuM GaKTOpoOM, II0 BU3HAYAE EKCILTyaTaIliiiHi
XapaKTePUCTUKH TPUIAJOBUX CTPYKTYp € AeheKTH
KpHUCTaIiyHOi OyIOBM MarepiaiiiB. 3ayBa)KMMO, IO Ha
JaHWHd Yac HEeJOCTATHBO BHBUYCHA MNPHPOAA TOYKOBHX
nedekTiB y nux MaTtepianax. HaykoBa cTropoHa mUTaHHS

moTpedye HaJIeXKHOL cHUCTEeMaTH3aIlil
CKCIICPUMCHTAJBHUX PE3YJIbTATIB Ta IX TEOPETUYHOTO
OOTpyHTYBaHHS.

Taxkum YHHOM, mpoOnemMu, 0B’ A13aHi 3

JIOCHIDKEHHSIM TOYKOBHX JaedekTiB y kpucramax |-Vl
(CdTe) ta IV-VI (SnTe, PbTe) i po3pobroro ¢hizuko-
XIMIYHUX OCHOB KEpyBaHHs iX BHIOM 332 YMOB CHHTE3Y
CIONYK, BHPOIIYBaHHA  KPUCTaJiB, BiANANIB €
AKTyaIbHUMH. IX pO3B'SI3aHHS MOXKE BiIKPUTH HOBi
MOXUIMBOCTI €(DEKTMBHOTO BUKOPDHCTaHHS Yy PI3HHX
obnacTax Hayku i TexHiku. [IpomoHOBaHWiIT y poboTi
OTJIAJ CHCTEeMaTH3ye OTpPHMaHI pe3yJbTaTH i3 BHIIE
Bil3HAYEHUX npobaem (hi3EKO-XIMIYHOTO
HAaITIBIIPOBITHUKOBOTO  MaTepiaJo3HAaBCTBA  CIOJYK
KaaMiil, cranym i miroMOym tenypunie CdTe, SnTe,
PbTe.

|. da3oBi giarpammu piBHOBaru

1.1. Curema Cd-Te. 3a ganumu [13] cucrema Cd—
Te xapakTepu3yeThCs HASBHICTIO JIMIIE OJHIET XiIMIUHOT
conyk  CdTe, sKa BiANoOBimae eKBIBMOJBHOMY
criBBinHOIIeHH!O (puc. 1.1,a).

Kanmiii Tenypua aMa3omnoai0OHui HAMIBIPOBITHHUK 3
mupuHO0  3aboponenoi  3ouu  1,606eB  (0K),
KPHUCTAJII3yETECSI B CTPYKTYpi ILIMHKOBOT 0OOMaHKH
(canepury) THUITY B3 3 TeTpaeapUIHIM
KOOpIMHYBaHHsM  aromiB. IIpocropoBa rpyma —
Ta2 (F43m), nepiox rparku ckiagae 0,6481 um.

Oonactp ICHYBaHHS CdTe aCHMETpHYHa,
MakCHMallbHa  TeMIleparypa  IUIABJICHHS  CIIOJyKH
BIIIIOBiJJa€ HECTEXIOMETPHUYHOMY CKJIAy 3 Ha UTHITKOM
tenypy 1 cramoBute Tp, = 1365K (puc. 1.1,6) [14-16].
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Puc. 1.1. T-x-npoekuis ¢azoBoi xiarpamu piBHOBarx
cucremu Cd-Te[13] (a) Ta T-x — (6) [14-16] i P-T —
(B) [16-17] mpoekuii ¢dazoBux giarpam piBHOBAru

cnonyku CdTe.
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Crexiomerpuunnii CdTe Mae TOYKY IUTaBJICHHS [EIIO
HIK4ay, HOK T g remmepatyp menmux Hibk 1000 K
Ol1plIa yacTHHA 00JIaCTi TOMOTEHHOCTI CIIOJYKH JIEKHUTh
Ha 6omi Hammmky Cd, a mis remneparyp Bunux 1000 K
— 3Mimnyerses B Oik Te (puc. 1.1,0).

Enementnn Cd ta T€ € BiZHOCHO IJIETKOIUIABKUMH
(Tu(Cd) —590,9K, T x(Te)—719K) [1]. Kagmiii B
ra3oBiii ¢asi 3aBKAM € MOHOAQTOMHUM, a Tellyp, INpH
TeMIlepaTypax HIDKYMX BiJ TEMIIEpaTypH IUIaBICHHSA, B
napi  yTBOPIOE MEPEBaXHO ABOATOMHI  MOJICKYIH.
Mostexyn CdTe y mapi BusiBuTH He BAAIOCH [1].

Tucku napiB komnoHentis (puc. 1.1,8), 3rigHo [16-

17], piBui:

lgPI™ =5,152- %7 |gP(’:‘”din =7,707 - £_|_97: (1.1)
6034.4 20802

IgP™™ = 4,7614- , IgP" =10,715- (12

MMaprianeai Tcku KommoHentie Cd | Te, 38’ s3anHi
MDK 0000 KOHCTaHTOIO PIBHOBAru peaxilii:

CdTeU Cd+ %Tez (1.3)

K, = PP, a6o K  =PyPr?. (1.4)
TeMmneparypHi 3a1eXHOCTI KOHCTaHT piBHOBarm K
3a IJaHUMH Pi3HUX aBTOpIB HaBezeHi y Tadu. 1.1,
Tabmmua 1.1
3HaueHHs KOHCTAaHT PIBHOBArM peakiii Il napiiaJbHUX
tuckis Cd iTe, cnonyku CdTe

KoHncranTa Uucnose 3Ha4CHHS Jlirepary
l9(Ky) pa

K, = P2P. - 29587/T + 19,047 [1]

K, = Py P2 - 36202/T + 24,958 [13]

K, =Py P2 - 15314,2/T + 10,0877 | [16-17]

K, = Py P2 - 34609/T + 22,659 [18]

Ho6ens mokasas [13], mo CdTe HaIe)uTh 10 CIONYK
3 TOMITHHM BIIXWJCHHAM Bil CTeXioMeTpii, 3MiHa
CKIagy B MeXax o00JacTi TOMOTEHHOCTI 0OyMOBICHa
nedexkraMu TpaTKH, [0 BH3HAYAIOTH THUIl MPOBITHOCTI
KpHCTaja, PYXJIMBICTh HOCIiB Ta iX KOHIIEHTpaLilo,

€HEeprifo  BUNPOMIHIOBATGHHX TEpexodiB 1  iHmII
eJIEKTpUYHI 1 onTWyHi BiactuBocTi. L[i pesymbratn
MIATBEPUKEHI  (yHIAMEHTATBHUMH  JOCITIPKCHHSAMH,
HiICYMOBAaHHMH y JHCepTalliiHuX podoTax [19-22] Ta
moHorpadisx [8,9].

1.2. Cutema Sn-Te. 3rigHo Oararo4yuceIbHHX
JOCHI/DKEHb  pe3yNbTaTH, SKUX  HiICyMOBaHi Y

monorpadii [5] MokHa CTBEpIKYBaTH, IO Y CHCTEMi
Sn-Te icHye oxaHa croigyka Snle mo IIaBUTHCA

kourypeato mpu 1063 K (puc. 1.2,a). O6nacts
TOMOTEHHOCTI CTaHyM TEIypHIy JICKUTh LUIKOM Ha
CTOPOHI HAIUTUIIKY TEIyPYy BIZHOCHO CTEXIOMETPHUYHOTO
CKJIaqy i Mae MaKCHManbHY mpoTspkHicTs Bix 50,1+0,1
no 50,9+0,1% aromHoro Bwmicty Tenypy npu 873K
(puc. 1.2,6)

P-T-npoexuis P-T-x ¢da3oBoi giarpamu € THIIOBOIO
IUIsL BUIIAJKY, KOJM OOJAacTb TOMOTEHHOCTI JISKHTh Ha
CTOPOHI HAUIMIIKY TEIYpy BITHOCHO CTEXIOMETPUYHOTO
CKJIQJly. BUMIpIOBaJIMCh B (YHKLI Bif TemrepaTypu i
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Puc. 1.2. T-X — mpoekmis ¢a3oBoi giarpamu

piBHOBaru cuctemu Sn-Te[23] (a) ta T-X — (6) i P-T
— (B) mpoexiiii Ga3oBux miarpaM piBHOBArW CIOJIYKH
SnTe[24] 1 - 50,8 ar.% Te; 2 — 50,7; 3 — 50,6; 4 —
50,5; 5-50,4; 6 —50,3; 7 —50,2.
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ckmany (puc. 1.2,8) Tlpu 1079 K, makcumasbHii TOUII
TUTaBIeHHsT SNTe”, mapmiarbHU THCK apu SnTe" i Tezv
B PIBHOBA3i 3 TBEPJIUM CTaHYM TEIYpHIOM AopiBHIOE 115
i 40Tla BigmoBinHo. B intepBami temneparyp 1000—
1079 K mnapuiaqbHUA THCK SnTe" me 3amexuth BiJ
cknagy  tBepmoi  (asu  SnTe®.  MakcumanbHuii

napiianbhuii THCK T€) , AKuii MOske GyTH TOCATHEHHIl B

piBHOBa3i 3 TBepJMM cTaHyM Tenypuaom ckinanae 320 [Ta
i cmoctepiraetbess Mk 962K i 990K minsa cramym
TeMypuIy HaCHIEeHOTO TemypoM (puc. 1.2,8).

Cranym Tenmypun cyOmiMye iHKOHTpYeHTHO. Tak sk
mapa CKJIaJaeThCsl B OCHOBHOMY i3 MOJeKyn SnTe i
KUIBKICTh CTaHyMy, IO BHIULIETHCS MpH CcyOmiMarii
HeBenuka (Menme 0,3 % mo maci npu cyomimanii 95%
3paska), TO CyOmiMaiilo MOXHA pPO3IJISIATH  SIK
KBa3IKOHTPYCHTHY. TemneparypHy 3aJIKHICTD
MapiaIbHUX THUCKIB 1 KOHCTAHT PIBHOBAr Peakiliid, IO
ONHCYIOTH CyOITiMaItito, mpeacTaBieHo B Tadbmuipsx 1.2 i
13

Tabmums 1.2
Koeoinientn pisasuus Ig (P, ITa) = -A+DA/T +
B+DB piBHoBaru SgyretV [25]

Ne daza A+DA B+DB
1 | SnTe 11210+260 12,68+0,15
2 Te, 15450+480 14,49+0,50
3 | SnTe, | 1522504580 14,23+0,80
4 | Sn,Te, 11700+860 10,52+0,90
5 | SngTes 7940+1630 4,74+1,00
6 P 11250+165 12,73+0,17
Taoamua 1.3.
Koucraurtu pisrosaru Ig (K, ITa) = -A+DA/T +
B+DB y cucremax ctanyMm — tenyp [25]
DHZ,,
Peaxnis A+DA | B£DB | g/
MOJIb
SV 11211+ | 12,68+ | 53,6+
SnTe=SnTe 258 015 | 04
v_ v 10015+ | 14,14+ | 46,9+
SneTe, =2SnTe 347 036 | 14
SnTe; = 3694+ | 822t | 17,6+
=SnTe'+1/2Te) 216 0,12 0,1
SnTe’= 7724+ | 9,75¢ | 34,3%
=SnTe*+1/2Te) 239 0,25 0,1
SnTe’= 7626+ | 9,62+ | 34,8+
1/2Sn°+ 1/2SnTe! 292 0,82 0,3

1.3. Curema Pb-Te. Anani3 ¢asopoi giarpamu Pb-Te
[26] Brasye Ha wHasBHiCT onHiel cmomyku PbTe, ska
IUIABUTHCSA KOHTpPYeHTHO Tipu Temmeparypi 1190 K
(puc. 1.3,a). MakcuMymM Ha KpuBH JiKBimyca He
CHIBIANAE i3 CTEXIOMETPHYHUM CKIAIOM 1 3HAXOIUTHCS
npu 50,002% atomuoro Bwmicty Te. [TmomOym Temypun

TK
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Puc. 13. T-Xx — mnpoekuis ¢da3oBoi giarpamu
piBHOBaru cucremu Pb-Te [26] (a) Ta T-Xx — (6) i P-T
— (B) mpoexiii pa30BUX JiarpaM piBHOBAru CHOIYKH
PbTe[25].
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YTBOPIOE 3 TeNypoM eBTeKTuky npu 85,5% aromHoro
BMiCTY T€ 3 Temmeparypoio taBieHHs 678K
(puc. 1.3,a)

BceranoBieHo, mo MakcHMaiabHa BEIWYMHA 00JacTi
TFOMOTEHHOCTI IITIOMOYM TEIIypHAY CIIOCTEPIraeThesi MpH
temneparypi 1133K i cxnamae 1,330 i 6,310 cm
JUIS HaJICTEXIOMETPUYHHUX aTOMIB TENypy 1 ILTIOMOYMY
BimmosigHo (puc. 1.3,6). MakcumanabHa KOHIIEHTpAIlis

BaKaHCIH BIINOBia€e  TeMmIeparypi I1aBJICHHS

(Ny,, =8x0%cm 3, Ny, =5x0%cm®) . Mesxa o6macri
e

TOMOTCHHOCTI ~ HacH4YeHa IUTIOMOYMOM, IIepeTHHae

crexiomerpuunnii cknax npu 1133 K. [pu 3arapryBanHi
Bix Temmeparyp Bume 873 K cmocrepiraerbcsi sBuIne
MIKPOOCA/DKEHHSI ~ HAACTEXIOMETPUYHOTO  TEIypy B
CepeanHi KpucTaa.

KpuBi 0JHAKOBOTO BIIXMJICHHS BiJ CTEXiOMETpil B
CTOpPOHY TEIypy 1 CBHHIIO OymM OJepXaHi NIUIIXOM
IHTEPITOJIALIT i3 130TepM 3aJISKHOCTI KOHIIEHTpALil HOCIiB
CTPyMy BiI TapIialbHOTO THCKY TapH  Temypy.
Xapakrepuum i P-T-piarpam (puc. 1.3,B) € Te, mo B
o0nacTi BHCOKMX TeMIlepaTyp Mae Micue pi3ka
3QISKHICTh CKJIAJy KpHCTaja Bil MapLialbHOTO THUCKY
napy xajpkoreHy. [Ipy HU3BKHX TemrepaTypax pi3HHIL
MDK PIBHOBRKHUMH THCKaMH, SIKi BIAIIOBINAIOTH Pi3HUM

ciagam  Oinpm  cyrreBa. lLleft  ¢akt  mmpoko
BUKOPHUCTOBYIOTh  JUII  OJCp)KaHHSA  KpPHCTaliB i3
3aJ]aHAMH  BJACTUBOCTSAMH IIISXOM  I30TEPMIi4HOTO
BiillaJly 0OpW 33JaHOMy THCKY TIapud XaJIbKOTEHY
(meray).

[Mapuianeni ek B, i PTP?, IO BIAIOBIAIOTH
KOHTPYeHTHIH  cyOmimamii  mmomMOym — Temypuumy,

3a/1a10ThCS PIBHSIHHIMU [ 25]

+
(P, , Tha),,, =- 222902350 16 264038,  (L5)

+
lg(P,,, Ta),, =- m+10,56’_r 0,38. (1.6)
[TapmiansHuii THUCK PTe2 , 110 BIAIIOBIIAE
CTEXIOMETPUYHOMY  CKJIaay IUIOMOYM  TEIypHIY,
OIMUCYETHCS PIBHAHHSM [25]

+

Ig(P,., Ta) =- %1__880+10,61i 0,9. (L7)

1. KBa3ixiMiuHi piBHAHHSI yTBOPEHHS
TOYKOBHMX JedeKTiB

2.1. Kaamiii Tenypua. PiBHOBaXHMI CTaH BJIACHUX
tToukoBuX nedekriB kpuctanis CdTe npu ix TepMiuHOMY
Binayi y mapi KaJMil0 MOXXHa OIHMCATH CUCTEMOIO
KBa3ixiMigHuX piBHAHE (Tabm. 2.1). Tyr: immekc V —
napa; Cdcy — aromu y By3mi; Cd, Tg — MiKBY3/10BI
aToMu; Vg, Ve — BakaHcil KaaMilo i TETypy BiIIOBIIHO;
¢ — enekTponu; h* — Jlipku; -, + — 3HaKHU 3apsLy.

VY BuOpaniii Mozeni peakuis I onucye 30ymKeHHs
BJIacHOI mpoBimHOCTi, peakmis Il — piBHOBary “mapa
KaaMito — BakaHcii Tenmypy”; peaxuii |11 1 VI — piBHOBary
“mapa xaaMil0 — MDKBY3JIOBI aTOMHU KaJMIlO 1 TEIypy’
BiMmoBigHO; peakiis V-V — piBHOBary “mapa kaamiro —

BakaHcili  kagMmiro”;  VII — TOBHE  pIBHSHHS
€JIEKTPOHEHTPATIBHOCTI
CymicHUEl  pO3B'sA30K cHCTeMH piBHsAHB |-V

(tabum. 2.1) mae MOKJIMBICTH BH3HAYUTH KOHIICHTPAILIIO
JIedeKTiB dyepe3 KOHCTAaHTH piBHOBard K, mapriiambHUiA

THUCK I1apu KajMito P, Ta KOHLEHTpaLilo eIeKTPOHIB N

Taoauns 2.1.

KgaziximiuHi peakuii yTBOpeHHS BIACHUX TOYKOBUX Ae(EKTIB y KpHCTANaxX KaaMill Texypuay Ta ix
koHcTanTH piBHOBarn K=K exp(- DH/KT) [27]

Ne
. . . K°

/ .. 3

n/n PiBHsAHHSA peakuii KoncranTa piBHOBaru (CM_3’ TTa) AH, eB

I oU e +h* K, =np 530 1,50

Il |Cd" O Cd2, +VE +2e Ky =[VZ]P.In? 340>’ 1,47

| cd" 0 cd* +2¢ K, =[Cd* In?P} 840% 2,09

IV | Cdd,+2¢ O V2 +cCd” K, =[VE]Py,n2 120" 1,14

V | Cd,+e U Vg +Cd Ky =[Vg]Pyn™ 810° 2,08

VI | CdTe+e U Te +Cd" Ky, =[Te JPyn™ 395 1,19

Vi n+ Vgl +2[VG] +[Te ] =p+2[Cd™]+2[Vy]

[Vegl =Kyn /Ry (21) V1=K, /0% (25)
[VE]1=K,? /Py, ; (2.2) Matoun BHpasu ISl KOHIEHTpalii gedekris (2.1)-

Tel1=K /P - 23 (2.5) i BPaxoBYIOYN YMOBY MOBHOT
[Tel 1=Ky n/Fy; (23) enexTporeiirpanpHocti VI (Tabm. 2.1), MokHa 3amucati
[Cd*] =Ky X, /n?; (2.9 PIBHSHHS [UTsl BU3HAYCHHS KOHLICHTpALil €leKTPOHIB N:

836
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XoJUTIBCbKY KOHIICHTPAIIF0 HOCIB CTpyMy Ny, IO
BU3HAYAIOTh HAa GKCIIEPUMEHTI, 3HaXOIATh 3 YMOBH, IO
Ny = n-p. Ockineku p = Ki/n (tabn. 2.1), toxi:

ny = n-Ki/n. 2.7)

2.2. Cranym Teaypupa. PiBHOBary «kpucran — mapa»
IpU JIBOTEMIIEPATypHOMY BiAmNali MOXKHa OIMCATH 3a
JIOTIOMOTOI0  CHCTeMH KBa3iXiMIYHMX peakiiif, 1o
BpPaxoBYIOTb  YTBOPEHHS IIUIOTO  CIIEKTpa  PIi3HUX

25K o 0t + (K, + K, + P ) 0 - KR on- 2502 XK, +K,) =0. (2.6)
Ap® +Bp° - Cp’- Dp* +Fp=0. (2.8)
Tyr

A =2KE K (KR)Y
B=1
C=K, +RxX,; (2.9)
D=2K¢ <R;
F=4KE R.

3apsI0OBUX CTaHIB BakKaHCi y KaTiOHHIM migrparmi

Vg, , V& VS (tabn. 2.2)
Peakiiis  (I) ommcye yTBOpeHHS HEHTpalbHHUX

BakaHciil 3a mexanismoM LloTrtki, a (1) — He#TpanbHUX
BaKaHCI CTaHyMy IpU B3a€MOJil 3 Mapoi0 XaJbKOTEHY;
(11)-(1V) — peaxuii ionizamii yrBopeHux Bakauciit; (V) —
peaxitist 30ymkeHHs BracHoi npoBinaocti. Pisrsaus (V1)
— 3arajibHa YMOBa eJICKTPOHSHTPaIbHOCTI KpHCTAaIa.
PiBusuuas (1)-(V1) nmaooTh MOXKIIMBICTH BU3HAYUTH
KOHIICHTPAIIIO JipOK P Yepe3 KOHCTAHTH KBa3iXiMIYHUX
peaxkuii K i mapuianbHuii Twek mapu tenypy P

(R=Kpy P2,

IMpn npomy XOIUTIBCBKAa KOHIEHTpAIlA IipoK P,
KOHIIEHTpaIlisi eNeKTPoHiB N, Bakaucii cramymy [VZ ],
[V& ] itenypy [VZ] GyayTs piBHi:

Py =p- Ki/p, n=K;/p;

[V 1= RX¢p? (210
[Val=RX& "
V1=K K oop? (RXKF)

Taoauns 2.2.

KBazixiMmiuHi peakilii yTBOPEHHS BJIaCHUX TOYKOBUX NE(EKTIB y KpHCTaIaX CTAHYM TETypUIY
Ta iX KOHCTaHTHU piBHOBaru [28].

g;_ln Pli)lzzizgﬂ KoncranTa piBHOBaru ( CMgf)’H 2) DH, eB
| "0" =V +Ve Ks = Vo HPEVr. f 1,140%* 2,38*
I 1Tel =V +Te, Kre,v = BVar P2 4,040 -0,38*
I Ve =V +e K, = 8Vo g/ Vo 1,2140"°7% 0,01
a Vy, = Vis +2e K¢= Vi gn’/ Vo H 1,4620%7° 0,02
Y Ve =V, +h' = Vo Bpr/ EVa i 1,210 0,01
IVa Vo, =VZ +2nh° K¢=ava Bp’/ EVa i 1,4620%37° 0,02
V6 Ve =V& +4h7 K$=gvs go'/ &Va § 2,1440%%° 0,04
\ "0"=e +h’ K =n>p 3,66:40°'° 0,18
VI 46Vg Pt 28Va BN =28VE TP

* — e(eKTHBHI 3HAYCHHS.

2.3. Tlnroméym tesrypua. CrexioMeTpUYHHUN CKIa]
IUIIOMOYM ~ TeIypHAY MOXKHA 3MIHIOBAaTH, 3aJaBILIH
nmapIiajJbHUM THCK CKJIQJOBMX KOMIIOHEHTIB (ILIIOMOYM,
TEeNyp) Haj TBEPIOIO (a3010 UM TEMIepaTrypy B METOIi
JIBOTEMITEPATYPHOTO Bimany.

PiBHOBary “kpmctanm — mapa” B I[bOMY BHIAIKY
MOXKHA OINKCaTH 3a JONOMOIOI0 CHCTEMH pIBHSHB
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KBa3iXIMIYHUX peakuiii, HaBemeHux y T1abdi. 2.3. Tyr
P

e, — APLIAIBHUI THCK NApH TENypY; € — ENEKTPOHHY;
h* — nmipku; N i p — KOHUEHTpAaLii eJIEKTPOHIB i JipoK
BimmoBigHO; , V" — mapa.

Peakiiis  (I) omucye yTBOpeHHS HEHTpanbHUX
BaKaHCIH Ta MDKBY3JIIOBUX aTOMIB ILTIOMOyMy 3a



JI.M. ®peik, B.B. IIpoxkomis (Mo1.)

mexanismom Dpenkenst, a (V) — HeWTpaTbHUX BaKaHCIit
mioMOyMy Tipe B3aemoii 3 maporo temypy; (I1)-(111) —
peaxiiii ioHizamii yrBopenux nedekris; (IV) — peakiis
30ymKeHHs BiacHol mposimHocti. PiBasuas (VI) —
3arajbHa yMOBA CJICKTPOHEHTPAIBHOCTI KpUCTAIa.
PiBusaus (1) — (V1) maoTe MOXKIHMBICTE BU3HAYHUTH
KOHLICHTPALIF0 ~ €IEKTPOHIB N  depe3  KOHCTaHTH
pisHoBarn K Ta mapuianbHuii THCK mapu Tenypy Pr .

OTpuMyeMO PIBHSHHS 3-TO CTENEHS BITHOCHO N:

An®+Bn’-C=0, (2.12)
pi (SN

A=2K, R?,

B=K R(K,R+K,),

C=K2(K, XK, +K, R).

3Ha0YN KOHIICHTPALIIO EICKTPOHIB, KOPHCTYIOUHCH

crigBinHomenusmu (1)-(V), MoXKHA 3HAWTH XOJUTIBCHKY
KOHIIEHTpAIIif0 HOCIiB 3apsay Ny, KOHIEHTPAIIIO TipoK P,
OZHO- Ta JBO3apsiHMX BakaHciii ruromMOymy [Vi],
[V5 1, omHo- Ta JBO3apsAIHHX MiKBY3JIOBHX AaTOMIB
wiromMGymy [Pb; ], [Pb?*] Bimnosinuo:

Ny =n- Ki/n;p:Ki /In,

Vo f= Ky RN,

ngi*H: KaKFR'ln'l, (2.12)
ngiz+H: K'aKFR'ln'z,
gVPZt; H: K'b R xn? ><Ki'2,
ne R = KTez,V ID'I]'/ezz .
Taéauua 2.3.

KBaziximMiuHi peakiiii yTBOpEHHs BIACHUX TOUKOBUX A(PEKTIB y KpUCTATIaX IIFOMOYM TENypUy Ta IX KOHCTAaHTH
piBHOBaru [29]

Ne PiBHsiHHSA peaxiiiit Koncrantu piBHOBaru K%, (ow”, Tla) DH, eB
n/n [25] [29] [25] | [29]
I | Pbg, =P+ Vg, Ke = &Ve BEPDT H 6,4040" 4,820% 307 | 29
I | P} =Pb +e K, =gPb g/ gPbl g 1,1000° | 1,2540°3%2 | 0,14 | 0,01
lla | Pb° =Pb? +2¢ K¢=gPb g’ /P’y | 1,2120° | 1,5640°F° | 028 | 0,02
I | Vg =Vg +h' K, = V5 BP0/ &V 1,1040° | 1,8340"°%32 | 014 | 0,01
Hla | Vg =V& +2h" K$=gV5 B0’ 18Vl | 12140° | 33540°7° | 028 | 0,02
IV | "0"=¢ +h" K =nx 3,0040% | 7,4240°%% | 052 | 0,38
v %TEX =Vo +Te, | Koy = &V BPre” 4,1020% 4,000 019 | 028
Vi &V;o B+ 28V 0= D)+ P

[11.Po3paxyHOK KOHIEHTpPalil TOUKOBHX
nedexTiB

3.1. Kanmiii Teaypua. PesympTaté po3paxyHKY,
OTpUMaHi Ha OCHOBI MOJENIOBAaHHS Je(eKTOyTBOPEHHS
KBa3iXiMiYHHUMH peaKIisaMu (rabm. 2.1) i
eKCIIepUMCHTaNbHI JaHi, HaBeaeHi Ha puc. 3.1-3.2. I3
rpadikiB BuaHO, 1O TpH Bigmami kpucraixis CdTe
3MIHIOIOTBCS HE TUIBKH KOHIIGHTpAIlSl XOJUTIBCHKUX
HOCIlB cTpyMy, ame 1 Tun mnpoBigHocTi. Ilpm upomy
Pes

(puc. 3.1), sik i 3HWKeHHS TemmepaTypu Bimmamy T
(puc. 3.2), 3yMOBIIOIOTH TOTIOJOTIYHO iMEHTHYHI 3MiHH.

30UTBIICHHST TApIiaIbHOTO THCKY Maph KaaMilo
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Ilpn HHU3BKMX B3HAYECHHSX MApIialbHOIO THUCKY IapH
kaamito P, oxepxyemo marepian P-THILy IPOBIZHOCTI.
I3
KOHIIEHTpaLil IipoK P, iHBepcis MpOBiAHOCTI 3 P- HA N-
TUN  (TepMOOWHAMIYHHMA P-N-Tiepexim) 1 momasbiine
3pOCTaHHsI KOHIeHTpalii enekTpoHis N (puc. 3.1).
TIpoTunexHi 3aKOHOMIPHOCTI XapaKTepHi pu
HiBUILEHHI TEMIIEPaTypH Yy METOAI JJBOTEMIIEPAaTypHOTO
Bimmany  (puc. 3.2): 3MEHILEHHST  KOHLEHTpail
€JIEKTPOHIB, IHBEPCIIO THUITY MPOBIAHOCTI 3 N- HAa P-THI i
MOJTAVTBIIIC 3POCTaHHS KOHIICHTPAIIIT IPOK.

3.2. CranyMm Tenypua. BecraHoBieHo, mo y Mexax
00acTi TOMOTEHHOCTI 3 MIiJBHUIIEHHSM TEMIIEpaTypu
BiIITaiy XOJUTIBChKa KOHIIGHTPALS MipOK 3MEHIIYETHCS
(puc. 3.3, kpuBa 1), a 3pOCTaHHS MAPLIATBLHOIO THCKY

30ibmeHHAM P, cmocrepiraeTbcs 3MEHILIECHHS
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lg(nX! n,p, [VCd]! [VTe],[TQ],[CdJ, CMGZ Ny

AA

17 A

16

15

14

0 1 2 3 4 19 (Pcq, Ia)

Puc. 3.1. 3anexHicTh KOHIIEHTpalii  HOCIIB
crpymy 1 ToukoBux aedextiB B CdTe Bin THUCKy
kamgMmito  Poy  mpu  Temmepatypi  Bigmaiy
T =1070K:

1-Cd*;2-VZ;3-V%;4-n,5-ny; 6—
Te ; 7—-Vg,; 8—p, A —ekcnepument [30] [27]

mapu Telnypy, NpH HE3MIHHIA TemmepaTypi Bimmary
MPU3BOAUTH JI0 3pOCTaHHs KOHIeHTpallil aipok (puc. 3.4,
kpuBa 1). [Ipu Biamaii cTaHyM TeaypUIy B yMOBaX, KOJIA
Marepial HACHYYETBbCS METajJOM YU  XaJbKOTCHOM,
KOHIICHTpAIlis JipOK BU3HAYAETHCSI MEXaMu O0O0JacTi
TOMOTEHHOCTi. Po3paxyHOK KoHIEHTpamii aedekris
nokasas, Mo y kpuctanax SnTe sakaucii Tenypy [V ]
YTBOPIOIOTHCS y HE3HAUHMX KUIBKOCTSIX 1 KOHIIGHTpAILlist
HOCIiB CTpyMy BH3HAUYAETHCS B OCHOBHOMY BaKaHCISIMH
CTaHyMy. [\ i3
30ibIIEHHAM TeMItepatypH craae (puc. 3.3, kpusa 2), a
[V& ] 3pocrae (puc. 3.3, kpusa 3)i mpu TemmepaTypax

[Mpuyomy,  KOHIEHTpALis

OJIM3BKHUX A0 TEMIEparypu IUIABJICHHS  3HA4YC€HHA

[a(p, n, [Vsd, [Vrd, ear®)

21 k

19/—/_/7_’_’

17 : : : :
500 700 900

T,K

Puc. 3.3. 3anexniocts KoHIEeHTparii gipok p (1),
Bakanciit onosa [VS ] (2), [Va ] (3), enextponis
n (4 rta Bakamciii tenypy [VZ] (5), Bin
TeMnepaTypu Biamany Tp Opu mapiiaibHOMY

THCKY napu tenypy Pr, =100 Ila [28].

17 T 1g(ny, n, p, [Vad, [Vd [ Te] .£0d], o)

15

13

800 900 1000 1100 T.K
Puc. 3.2. 3anexHiCTh KOHIEHTpalii HOCIIB

crpyMmy 1 ToukoBux paedpekriB B CdTe Bix
TEMIIEpaTypy BiANaIy TpU THCKY KaaMiio
Pca=10°ITa
1-m2-p;3-VZ;4-Cd*;5-ny; 6-Te ;
7- Vg, 8- V& [27].

KOHIIEHTpamiii 000X TUMIB JedeKTiB BUpiBHIOETECS. [Ipn
HIDKYMX ~ TeMIlepaTypax IepeBaKaroTh  JABOKPAaTHO

3apspkeHi Bakancii onosa [V ] (puc. 3.3, kpusa 2).
[lixBrINeHHS NApUIaIbHOTO TUCKY Hapy Tenypy Prg

Npy HE3MIHHIH TeMIleparypi BiAnaiy, HTPU3BOIUTH IO
3pOCTaHHS KOHIEHTpalil aipok (puc. 3.4, kpusa 1). IIpu
2-
[VSn ]
KOHIICHTAIist

KOHIICHTpAIlisI  JABOKPATHO

CTanymy, a
YOTUPUKPATHO iOHi30BaHMX BakaHciit [Vg ]

[bOMY  3pOCTa€

I0HI30BaHUX BaKaHCIH
criajac

(puc. 3.4, kpusa 2,3).

la(p, [Vsd, [Vrd, om®) 1
2
20 |
3
N
19 |
I 5
18 ‘ ‘ ‘ ,
0 05 1 15 19(Prez T12)

Puc. 3.4. 3anexnicts KoHieHtpamii mipok p (1),
Bakauciit onosa [VZ ] (2), [Va ] (3), enekrpownis n
(4) Ta Bakanciit Tenypy [VZ] (5) Bin mapiianbHoro
TUCKY napu Tenypy Pr, npu Temmeparypi Bignany:
T =600 K [28].
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3.3. IlaromOym Tesrypua. Po3paxyHOK KOHIIEHTpAIIii
BUIBHUX HOCIiB 3apsiy Ta 10HI30BaHMX Je]eKTiB
[OKa3aB, W0 INPH HHU3BKUX TeMIlepaTypax Bimmamy
NEepeBaXaroTh JBOKPaTHO ioHi30BaHi1 BakaHCii

mmombymy VZ  (puc. 3.5 — kpusa 4). 3 pocTom
TEMIIepaTypu 3pOCTa€ KOHIICHTpalis BCiX Ae(eKTiB i
HaliuBuaue — PH’, mo i nosicHioe TemneparypHuil Xin
XOJUTIBCHKOT KOHIIEHTpAIIIT Ny.

[TinBuIeHHs mapuianbHOTO THCKY HapH TeIypy MpH

|g (p!nl [VDb-]i [VDbz-]v [Fbi-’]i CM-3)

20.5

=
[e)
) LAY LEERN RRRAN LEEES RERRS LANEE RRRRN LANEN ERRRN RERES REN

T(K)
I L L I L L I L L I L L I I}
800 900 1000 1100 1200

Puc. 3.5. 3anexHicTh KOHLUEHTpAILIH HOCIIB 3apsay Ta
ioHi3oBanux nedexriB mis PbTe Bing temmneparypu

Bijaiy npu TucKy napu renypy P, = 0,086 [la:
1-p,2-n,3-[V,],4=[VZ], 5P ][29].

V. Tepmogunamiunuii N-p-nepexia

4.1. Kaamiii Ttenypma. Maroun Ha yBasi, o
TEPMOJUHAMIYHIN N-P-TIepeXif HacTae 3a yMOBH N = P,
3 piBHAHHA eleKTpoHekTpanbHocTi (Tadn. 2.1, VII)
0JIEPKUMO BUPA3 JUTs MAPIIATBHOTO THCKY KaaMito Ps,,

10 BiATIOBia€ TEPMOIMHAMITHOMY P-N IepexXoIy:

o K" AK Ky + 2K XK ) 8 @1
e 2x(K; +K,) o

BcraHoBieHO, IO  MIABUILCHHS  TeMIEpaTypH
Bianany T 3Mmillye BeJIMYMHY MapIiajJbHOTO THUCKY

KaJMIIo Péd , IO BIAMOBINAE TEPMOJUHAMIYHOMY P-N-
nepexony B Oik OiubIn BuCOKuX 3HaueHb (puc. 4.1). Tlpu
bOMY, 3MIHUTH THII IPOBIAHOCTI MaTepiary 3MiHIOIOYH
aunie Temreparypy Bianmamy T MokHa sl iHTepBaily

tckis kagmioo (10 -10%) IMa. [pu THCKax P, <10Ila
0JIEpKYEMO MaTepiall TUIbKHM P-TuIy, a mpu Py, > 10° Ma

— TUIBKM N-TUNY TPOBIIHOCTI AJIsI BCHOTO IHTEpBAIY
temmeparyp Binmany T = (800-1200) K (puc. 4.1).

HE3MIHHIA TeMmmepaTypi BiAmany NPHU3BOAUTH OO POCTY
KOHIeHTparlil Aipok (puc. 3.6, kpuBa 1), KOHICHTpaILis
CIEKTPOHIB B KpPUCTaJi MpPH NHOMY 3MEHIIYETHCA
(puc. 3.6, kpuBa 2). Lle 0OYMOBIECHO 3pOCTaHHAM
KOHIIEHTpaLil OJJHO- Ta JBO3apsIHUX BAKAHCI CBUHIIIO
Vi, V& (puc.36, xpusi 3, 4) i 3MeHuIeHHAM
KOHIIEHTpalii MDKBY3JIOBUX aTOMIB  CBHHIIIO Pbi+
(puc. 3.6, xpuBa 5) i3 30LIBLICHHAM MAPIATEHOTO THCKY
HapH Telypy.

Ig (p,n, [VDb-]i [VDbz-]! [H)i+]! CM-S)

194
19.2

19
18.8
18.6
184
18.2

18
17.8
17.6
174
17.2

17
16.8
16.6

Ig (Pre, T1a)
L I | I | I I I | I Ll Ll I I
5 -4 -3 2 -1 0

Puc. 3.6. 3anexHicTh KOHIEHTpAIii HOCIB 3apsmy Ta
ioHi3oBaHux nedekriB mis PbTe Big Tucky mapu tenypy
po3paxoBaHa TEOPETHYHO MpU TemIlepaTrypi Biamany Tp
970 K:

1-p.2-n,3-[V,],4-[Vg ], 5-[Po][29].

[ 19(Pcq , a)

0 L | L | L | L
800 900 1000 1100 T,K

Puc. 41 3anexsicTb THCKY Mapu  KaaMiro
TepMOIMHaMigHOTO P-N epexony P, st CdTe Bix
TeMmeparypu Bianany [27].
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T

(n-p)
TEepMOJAMHAMIYHOTO N-P-mepexoay misi PbTe wmoxHa
3HaWTH 3a ymoBH, mo Nn=p. Tom, 3rigHO 3
KBa3ixiMivHUMH piBHAHHIME (Tabi. 2.3), MaeMo:

Tinp =(2>0OH, |, - DHp)/(k >4n((K?<2'V)2 B, 1K?2)).(4.2)

I3 3anmexHOCTI mMapLiaIbHOTO THCKY MHapH TeIypy

4.2. Tlaromoym Tteaxypua. Temmeparypy

PTez , IO BIANIOBIIa€ TEPMOJMHAMIYHOMY N-P-TIEpEX0Oay
Bim Temmeparypu Bigmamy T (puc.4.2) BumHo, 10
Marepian N-tury popmyeThes B obnacti P;z = (10%-10
) a 3a ymoBu 3minn temmeparypu Bix T = 670K 10
T = 1250 K BignosigHo. [Tpu P:ez , BUIIIAX 34 Bi3HAYEHI,
B IHTEpBaIi KX JX€ TEMIIEPaTyp Bimmamy, KpPUCTaIH
PbTe Bxxe MaroTh TipKOBY TIpOBimHicTh. Taka 3MiHa THITY

MIPOBITHOCTI TOB’si3aHa i3 OCOOJMBOCTAMHU JIeEKTHOT
migcucremu [4].

lo(Iy, 1la)

[}

-b

-5

-1

A
e

8 1.0 1 14 1000T, K
Puc. 4.2. 3anexHicTh NapuialbHOTO THCKY IapH
TeNypy Big oOepHEHOT Temneparypu npu p-n-nepexoai
(p=n) y PoTe. Touku — excriepument [25], [29].

[Io crocyeTbcs CTaHYM TENYypUAY, TO ICHYBaHHS
TOMOT'€HHOT CrIoJIyKu SNT €, MoBHICTIO 3MilieHoi Ha Oori
TETypy, HE Ta€ MOXKIIMBOCTI peasizyBaTu P-N-miepexis.

V. Po3paxyHok Me:x 00J1acTi rOMOTeH-
HOCTI CIOJIYK

5.1. Kanmiii TeJIypua. BukopucroByBani
TeOpeTHYHi Mojeni JedeKTHOI TMiACHCTEMH JaroTh
MOXUIMBICTh OLIHUTH MeXi obnacti icuyBanust CdTe mpu
MakCHMaIbHOMY  HacudyeHHi  kaamiem  (puc. 5 1).
BenmuuHy BiIXWIICHHS BiJ CTEXiOMETPHYHOTO CKIIAIy
CdTe B obnacri Hagmuiky Cd BU3Ha4aNH K

X, =10°(—X&_05),

Cd Te

(5.1)

=N+d deg =[Cd]- [Vl
d. =[Te]- [Vy], N — ximbkicte By3miB y miarparii

nae Xcd(re) Cd(Te) *

KaJIMIIO YH TEIypY B CIOJIYIIL.
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Po3paxoBaHe  BimxwieHHs  Big  cTexioMeTpii
3aOBUTPHO  Y3TOIUKYETBCS 13  EKCIIEPHIMEHTAIBHO
BUMipIOBaHUM 3Ha4deHHsM (puc. 5.1). 3ayBaxumo,iio
MaKCHMaJIbHE BiIXUJICHHS Bin crexioMmerpil
craHoBuUTH < 3,510° (Xcqg — 0,5) mpu T = 1300 K, Toxi six
EKCIIEPUMEHTAILHO CIOCTEPEKYBAHE CKIIAJIAE ~ 5,510°
(Xcg — 05) mpu T 1100 K (puc.5.1). Take

HEY3TO/DKEHHS TEOPETHYHUX PO3paxyHKiB 3
eKCIICpUMEHTOM  TIOB’s[3aHE 13 HEBpPaxyBaHHSAM Yy
MOJICNSIX TEBHUX THINB JAe(eKTiB, IO MOXYTh
nominyeatn B CdTeCd, cepem skux HaWOLIbII

HMOBIpPHO, € HEUTpaIBHI.

Mopgeni kBa3ixiMi4HUX peakiiii nedeKkToyTBOpeHHs 1
TePMOAMHAMITHIX MMOTEHIIATIB 3 OJIHAKOBOIO
BIPOTIZIHICTIO ONUCYIOTH XiJ| TEMIIEPATYPHOT 3aJI€XKHOCTI
KOHIIGHTpalii HOCIiB 3apsAgy 0OpH MaKCHMaJIbHOMY
napIiaTbHOMY THUCKY NapH KajaMilo npu Biamani. B Toi
JKe Yac BIIXWJICHHS Bin CTeXioMeTpii, BU3HAYCHI 3a I[MH
MOJICISIMH, ~ BIIPI3HAIOTRCS. BimcyTHicTh y  Momemi
KBa3IXIMIYHUX peakmid JIeQeKTOYTBOPEHHS peaKiiii
YTBOPEHHS HEHUTPAIFHUX TOYKOBHX JE(PEKTIB OUEBUIHO 1
3YMOBIIIOE ~ MEHIIE 32 BEJIMYMHOIO  PO3paxOBaHE

BIIXWJIEHHS BiJ CTEXiOMETPHUYHOTO CKJIALy Marepiamy.
T,K

1300
1200

1100

7(1) T T T T T 1
0 1 2 3 4 5 6

10° (X c4-0,5)

[31], 2

KBa3ixXiMidHUIA po3paxyHok[32], 3 — TepmoauHAMiUHHI

pospaxyHok[32], A —[33], m —[17].

Puc.5.1. T-x giarpama CdTe 1

5.2. Cranym Teaypua. B ocHOBY po3paxyHKy
MOKJIAJICHO TMIAXiN, SKWi TOJNATae y BHU3HAYCHHI MEX
oOmacTeii TOMOTEHHOCTI SIK  PI3HHMII TPaHUYHUX
KOHIICHTpAIiil TePMOAMHAMIYHO PIBHOBAXHMX BaKaHCIH
PI3HOMMEHHHMX KOMITOHEHTIB CITOJIYKH, PO3pax0BaHOT st
IIMPOKOTO IHTEpBaTy TEMIIEPATyp:

d » NVTe ) VSn

(5.2)

Jle KOHIICHTpalii BakaHCI Temypy i CTaHyMy MaroTh
BUIJISAL

DS, e DH, 0o
=eX = expec- A, 5.3
v, T&P— pg =T ga91 (5.3
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D e DH,_ o
S, expe- = A, (5.9
R ¢ RT 4

tyr DH, , DH, , DS, , DS, - 3mina enranbmii i

Ny, =exp

SHTPOTIi IpK YTBOPEHHI BiAMOBITHUX BaKaHCIH.
3a yMOBH, LIO:
DH,, =50,3 x/lx (0,52 ¢B)

DS, =23,9 Jix/K
DH,_ =415 x/lx (0,43 ¢B)
DS,, =23,0 [Ix/K

(5.5)

BucnoBkun

1. 3poGieno  aHami3s  ocobnmBocTed  (hasoBUX
niarpam piBHoBaru Ginapaux cucrem Cd(Sn,Pb)-Te, a
TakoX obmactedl romorennocti crmoiayk CdTe, SnTe,
PbTe.

2. Ha ocHOBI 3aKOHY [iFOYMX Mac 1 KBa3iXiMiYHUX

peaxIiii  BCTAaHOBJIICHO  3aJICKHOCTI  KOHIIGHTpAIl
BJIACHUX TOYKOBHX JAe(eKTiB, OCHOBHMUX HOCIiB Ta
XOJUTIBCBKOT ~ KOHIIEHTpalii HOCIlB  CTpymMy  Bix

TEMIIepaTypy Biinajly Ta NapLialbHOTO THCKY MapiB
KOMITOHEHTIB.

Puc. 5.2. Po3paxoBaHi Mexi 00J1aCTi TOMOT€HHOCTI
cranym tenypuny: 1 —mikingyc, 2 — cominyc [34].

Po3paxoBana TeMmneparypHa 3aJeKHICTh TPaHUYHOT

T,K 3. Bcranosneno yMOBU peanizarii
TepMOJUHAMIYHIX N-P-miepexoniB y kpucramax CdTe i
970 PbTe npu nBoTeMmeparypHoMy Bigmaii.
4. Po3paxoBaHO MexXi 00macTe# TOMOT'CHHOCTI
L crionyk CdTe SnTe.
770 Poboma euxonyemvcs 6 pamxax npoexmie MOH
| Yxpainu (0eporcasni peecmpayiiini HoMepa
0109U007537, 0107U006768, 0110U000144).
370 (I IRV A

50,0 50,4 50,8 Te, ar. %

@Dpeik /.M. — 3acmyXeHHH Aif4 HAyKH 1 TEXHIKH
VYkpainu, JOKTOp XIMIYHHX Hayk, mpodecop,
qupekrop Di3nko-XiMIYHOTO IHCTHTYTY, 3aBimyBad
kadeapy ¢hi3uky 1 XiMil TBEPIOTO TLIA;

Ilpokonie B.B. — acnipant kadenpu ¢i3uka i Ximii
TBEPIIOTO Tilla

KOHIICHTpaLii BaKaHCIi KOMIIOHEHT y CTaHyM TeIypHIi
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puc. 5.2, mo ngobpe Y3roKyeThCs

ekcriepumentoMm (puc. 1.2, 6)

(1]
(2]

(3]
(4]
(5]
(6]
(7]

(8]
(9]

[10]

(11]

[12]

[13]

C.A. Mexnsene. Qusura u xumus coedunenuti A"B". Mup, M. 624 c. (1970).

I0.U. Papuy, B.A. Epumora, B.A. CmupHOBa. Memoosi ucciedo8anus nomynpogoOHUKO8 8 NpUMeHeHUU K
xanvkoeenuoam ceunya PbTe, PbSe, PbS Hayka, M. 384 c. (1968).

H.X. Abpuxocos, JL.E. IlllenrnmoBa. [loaynposooHuxogvle mamepuansl Ha 0CHO8e COOUHEHU AV BY. Hayxka,
M. 196 c. (1975).

J.M. ®peik, B.B. IIpokomnis, M.O. 'anymak, M.B. [Tuu, I'.J]. Mareik. Kpucmanoximis i mepmoounamirxa
Oepexmis y cnonykax AVBY. Tlnait, IBano-Ppankiscsk 164 ¢. (1999).

B.M. llInepyn, .M. @peik, B.B. [IpokoniB. Terypuo onosa. Dizuxo-ximiuni eracmusocmi. Ilnait, IBaHo-
®pankisesk 250 ¢. (2000).

B.M. UInepyn, .M. ®@peik, P.I. 3anyxnsak. Tepmoenekmpuxa menypudy céunyro ma io2o ananozig. Ilnai,
IBano-®pankiscek. 250 c. (2000).

H0.M. UBanos, B.A. Jleii6oB, A.B. BanrokoB. O6nacte roMOTeHHOCTH Teiutypuna kammus /| Peghepamet,
doknaowl u coobwernus Xl Menoeneesckoeo cvezda no obwei u npuxnaonou xumuu. Hayka, M. 1. cc. 50-51
(1981).

J.B. KopOyrsx, C.B. Mensunuyk, €.B. Kopoyr, M.M. Bopucuk. Tenypuo xaodmiio i domiwxogo-deexmmi
cmanu ma oemexkmopni enacmusocmi. Isan @enopos, K. 198 c. (2000).

OM. ®peik, M.O.Tanmymak, B.B.IIpokomnis, I.B.Topiwox, H.A. ®peik. Disuxo-ximiuni npobremu
Hanienpogionuxkogoeo mamepianosuagcmea. Tom |11.  Cnoayku A"BY. Yacmuna 1. Kaowiii menypuo.
Mmonoepagiunuii 36ipnux. Bunas. 1s.-Opank. Hall. TEXH. YH-TY Ha(TH i rasy, [Bano-®pankiscek. 394 c. (2010).
P.P. CuzoB. TBepable pacTBOpPBI XalbKOTCHHOB CBHHIA U OJI0Ba M (OTONPHEMHHKH Ha HX OCHOBE //
3apyb6eacnas snexkmponnas mexnuxa, 2, cc. 31-38 (1977).

JOM. Opeik, B.D.Ilaciunskx, B.B.bopuk, Bb.C.Axynmza, O.JI. CokonoB. @izuxo-ximiuni npobremu
Hanienpoeionuxkogoeo mamepianosnaecmsa. Tom |. Kpucmanu A"VBY, Bunas.-mu3aitnepebkmii Bimmin LT
[pukapnaTchKoro HamiOHATBEHOTO yHiBepcutety iM. Bacuis Credannka, IBano-Opankiserk 338 ¢ (2007).
H.H. Bepuenxo, K.U. I'eiiman, A.B. MarBeenko. MeTozp! nosyuenus: p-N nepexonoB u d6apbepos llloTTku B
XaJIbKOTCHHUIaX CBUHIIA M TBEP/BIX PACTBOPOB Ha WX ocHOBE // 3apybescnan snexmponnas mexnuxa, 14, cc. 3—
70 (1977).

D. Nobel Phase equilibria and semiconducting properties of cadmium telluride // Phil. Res. Repts, 14, pp. 361—
399, 4340432 (1959).

842



[14]
[19]
[16]
[17]
(18]

[19]

[20]

[21]

[22]

[23]
[24]
[25]

[26]
[27]

[28]

[29]

[30]
[31]
[32]
[33]

[34]

®a30Bi giarpaMu piBHOBAr i KBa3ixXiMis BIIACHUX TOYKOBHX NE(PEKTIiB KaaMii. ..

R. Grill. Point defects and diffusion in cadmium telluride // Progressin crystal growth and characterization
of materials, 48/49, pp. 209-244 (2004).

R. Fang. CdTe |: solidus curve and composition-temperature-tellurium partial pressure data for Te-rich
CdTe(s) from optical density measurement // J. Phys. Chem Solids, 57(4), pp. 440-450 (1996).

J.H. Greenberg Vapor pressure scanning implications of CdTe crystal growth // Journal of Crystal Growth,
197, pp. 406412 (1999).

J.H. Greenberg. P-T-X phase equilibrium and vapor pressure scanning of non-stoichiometry in the CdeZneTe
system. //Progressin Crystal Growth and Characterization of Materials, 47 pp. 196-238 (2003).

Su Ching-Hua, Yi-Gao Sha, S.L.Lehoczky, Hao-Chieh Liu, R.Fang, R.F.Brebrick Vapor-phase
stoichiometry and heat treatment of CdTe starting material for physical vapor transport // Journal of Crystal
Growth. 183, pp. 519-524 (1998).

I[1.M. ®ouyk. Ilpupooa mouxosux deghexmie 1e208ano20 KaOMil meaypudy: ouc... 0-pa xim. nayk: 02.00.21 /
HAH Vkpaiuu; [H-T npo6a. matepianos3naectsa iM. [.M.®panrnesuya. K., (2006).

0.0. Kopossiako. Keaziximiuni peaxyii mixc oepexmamu ¢ CdTe, necoeanomy memanamu 11-4 nioepynu:
ouc... kauo. xim. nayk: 02.00.21 / HAH VYxkpainu. [H-T npo6a. martepiano3HaBcta iM. [.M. @pannesuua. K.,
(2003).

Y .M. [Muckmunens. Mexanizmu degpekmoymeopents i mepmoournamiunutl N-P-nepexio y 6e300miukogomy ma
JIe208AHOMY KAOMIll menypudi npu 080mMemMnepamypHomy eionani. ouc... xamo. xim. uayx. 02.00.21 /
[Npukapnarcekuii HaOHATBHUH YH-T iM. Bacums Credannka. IBaHo-OpankiBesk, (2005).

I.B. Topiuok. Tepmoounamixa i Kpucmanoximis moukoeux Oeghexmis y 6e300MIuKOGUX Md N1e208aAHUX
eanozenamu (Cl, Br, 1) kpucmanax xaomiv menypudy: ouc... kano. xim. nayx: 02.00.21 / Tlpukaprarcbkuit
HaiioHadpHUH yH-T iM. Bacuis Credanuka. IBano-®pankisebk, (2010).

Xancen M., Aunepko K. Cmpykmypul 0goiinvix cniasos. M.. Meramnyprusaar, (1962).

Brebrick R. F., Strauss A. J. // J. Chem. Phys, 41(1), p. 197 (1964).

B.II. 3nomanoB, A.B. HoBocenoBa. P-T-x-duaepammsl cocmosiHusi cucmemvl Memaii-xanvkocen. Hayka, M.
207 c. (1987).

R.P. Elliott. Congtitution of Binary Alloys. First Supplement. N. Y.: McGraw-Hill Book Co, (1965).

@peik .M., [Ipokomnie B.B., [Tuckaunens Y.M. TepmoauHamiuHuil N-P mepexiy y KpucTanax Teaypuay
kaaMmito /| Dizuxa i ximis meepdozo mina. 3(1), cc. 5861 (2002).

J.M. ®peik, B.B.IIpoxonis, B.B. bopuk, f.I. [lponsik. Kpucranoximis BiacHUX aTOMHUX Je]eKTiB y
KpHCTaNIax Teypuay oioBa. Pisuka i ximis meepooeo mina, 2(4) cc. 543-548 (2001).

B.B. Ipoxomis, JLM. Mexunosceka., B.B.Bambuyk, B.B. Ipoxomis (mon.) KomcrauTu piBHOBaru
KBa3iXIMIYHHX peaki(iii yTBOpEHHS BIACHUX TOYKOBHUX AE(EKTIB PI3HOTO 3apsOOBOTO CTaHy B TEIypHIl
cBuHIO /| @Disuka i ximis meepdozo mina, 6(4) cc. 622—627 (2005).

[1.M. ®Douyk, O.0. Kopos'sinko, O.E. [TaHuyk. Po3paxyHOK KOHCTaHT BIPOBA/PKEHHS JIETYIOUUX €JIEMEHTIB B
CdTe/l ®isuxa i ximis meepdoeco mina, 2(3), cc. 475 480 (2001).

R. Grill, A. Zappettini. Point defects and diffusion in cadmium telluride // Progress in crystal growth and
characterization of materials, 48/49, pp. 209-244 (2004).

B.B. IIpokonus, 1.B. T'opnuok, Y.M. Iluckmmnen. Cobcmeennsie TOUSUHBIE Je(QEKTHI B TEIUTYpHIE KaaMUs C
u30bITkOM Kaamust // Heopean. mamepuanet, 45(10), cc. 1177-1181 (2009).

Su-Huai Wei and S. B. Zhang. Chemical trends of defect formation and doping limit in 11-VI semiconductors:
The case of CdTe. // Phys. Rev. B., 66, pp. 155211-1-155211-10 (2002).

Axuypun P.X., Youmies B.B. Pacder rpanuil o6macti TOMOTEHHOCTH TEJUTYPUIOB CBHHIIA U 0Ji0Ba // JKypH.
@us. xumuu, 53 (6), cc. 1441-1445 (1979).

D.M. Freik, V.V. Prokopiv (Jr)

Phase Diagrams of Equilibrium and Quazychemistry of Own Point Defects of

Cadmium, Tin and Lead Tédlluride
CdTe, SnTe, PbTe
(Review)

Vasyl Sefanyk PreCarpathian National University,
Shevchenko Str., 57, Ivano-Frankivsk, 76000, Ukraine, E-mail: frelk@pu.if.ua

The analysis of features of phase diagrams of equilibrium of the binary systems of Cd(Sn,Pb)-Te and areas
of homogenity of connections of CdTe, SnTe, PbTe is done. On the basis of law of operating the masses and
KkBasiximivaux reactions certainly kind and concentration of own point defects at different deviations from
crexiomerpii, the terms of realization of thermodynamics n-p-niepexoxis are set in the crystals of CdTe and PbTe
at neoremmneparypuomy falling off.

Key words: Cadmium Telluride, Tin Telluride, Lead Teluride, phase diagrams, area of homogenity, point
defects, Quazychemistry.
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