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BruiuB TeXHOJIOTIYHUX (PAKTOPIB i JIEryr04oi JOMIlIKH iHTi0
Ha Ae()eKTHY CHCTEMY i THII POBIAHOCTI Y TeJYPHUAL KAAMIiI0

Dizuxo-ximiunuil incmumym npu Ipuxapnamcoxomy ynieepcumemi imeni Bacuns Cmeganuxa,
eyn. [lleguenxa,57, leano-@pankiscok, 716000 Vrpaina

MeTon0M MOZIEITIOBaHHS KBa3iXiMIYHUMU PEAKIiIMH BUCOKOTEMIIEPATYPHOI piBHOBAaru Je()eKTiB ONUCAHO 3MiHY THUIy IPO-
BIZIHOCTI Yy TeJIypH[i KaaMilo ITiJl BILIMBOM TEXHOJIOTTYHUX (DAaKTOPIB i Jieryrodoi 1oMimky iHaito. OnepikaHo aHaNiTHYHUN BUpa3

*

JUTSL BU3HAYEHHS MapLialIbHOrO THCKY Mapy KaaMilo F’Cd , IO BiJIIIOBiJIa€ TEPMOAMHAMIYHOMY N-P-TIEPEXO.y, VI YHCTOrO 1 3 J0-

MIILIKOO 1HJIiIO TeIypuay KaaMito. BuzHaueni ymoBu GopMyBaHHSA Matepiany N- i p-THILy IPOBIIHOCTI 13 331aHOI0 KOHLIEHTpALli-
€10 HOCITB CTpyMy. YMOBH peaizallii TepMOANHAMIYHOTO N-P-TIepexoLy MOSCHEHO TeMIIEPATYPHUMH i OapUYHUMHU 3aJI€KHOCTAMU

KOHIIEHTpaii Ae(eKTiB.

KitrouoBi ci1oBa: Termypun xaamiro, iHAIH, 1eeKTH, KBa3iXiMist, KOHCTaHTH piBHOBarH.

.Cmamms nocmynuna 0o pedaxyii: 10.11.2001; npuiinama oo opyxy 12.03.2002.

. Beryn

Jlis mpakTHYHUX IiJIed TOTPIOHO MaTH MOXKIIH-
BICTh OTpPUMYBaTH Martepian sK eJeKTPOHHOI'O TaK 1
JIIPKOBOTO THITYy HpOBiAHOCTI. Temypua Kaamito — eau-

Huil MaTepian i3 cnonyk A "B (3a BUHSITKOM Xajb-
KOTEHI/IIB PTYTi), B SIKOMY MOKHA OJICPIKATH SIPKO BHU-
paKeHy MPOBIIHICTH P- 1 N-TUITY 1 HABITH BUPOMKECHUH
N-Tur. 3MIiHIOBATH THIT MIPOBITHOCTI MOYKHA BiIIaIOM

KpPHUCTaTIB Y apaX KOMIIOHCHTIB, a TAKOXK JICTYBaHHSM.
OfHi€ero 3 AOMIIIOK, SKa HaWKpaIle HaaaeThCsl J0 MbO-
ro € 1HIiH.

He nuBisiuuchk Ha 3HaYHY KUJIBKICTH POOIT 3 J0C-
JDKEHHS Ne(EKTHOrO CTaHy YHCTOrO 1 JISTOBAHOT'O
iHgieM Tenypuay Kaamito [1-8], mo nux mip He BcTaHo-
BJICHO YiTKO YMOBH (THCK, TEMIIEPATypa, KOHIIEHTPALlis
JOMIIIIKH), TPH SKUX 3MIHIOETBCS THIT IPOBIIHOCTI,
X04Ya BIZIOMO, II0 ONTHMAaJbHAMH EJICKTPUIHHMU IIa-
pamMeTpaMu BOJIOMIFOTH KPUCTAIU OJepXKaHi came y Ik

Taoaunusa

KBaziximiuHi peakxiiii yTBOpEeHHsI BJaCHHX aTOMHHX Je(peKTiB y KpUcTaaX TeIYpULY KaIMifo, JIErOBaHHX
. . . - —_ (o]
iniem, Ta ix xoncrantu pisnosarn K = K°exp(- DH/KT) [8].

rJ[\/rH PiBHSHHS peaKiiii KoHCTaHTa piBHOBArH (CME,O’Ha) AH, eB
| |00 € +h" K, =np 520% 1,50
I |Cd¥ 0 Cdd, +VZ +2e | K, =[VZ]Pin? 3207 1,47
| Cd¥ U Cd* +2e K, =[Cd*n*P; 830% 2,09
IV | Cdg,+2e U V& +CdY | K, =[VE]P,N? 140" 1,14
V | Cdg +e U Vg +CdY | K, =[V]P,n? 840° 2,08
VI |CdTe+e U Te +Cd" | K, =[Te |P,n* 395 1,19
VIl | Ing, +VE U (Ing,VE)™ | Ky =[ALIIINGT'VET | 640% | -092
VIl [Ing] +[A[]=1ng
IX N+ [Vegl +2[V5] + [Te ]+ [A]1=p+2[Cd"]+ [Ing,] + 2[Vy,]
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obmacti. B naniii poOOTi 3 MO3UIL# KBa3IXIMIYHUX TTiI-
XOJIiB JJOCITI/PKEHO YMOBH peaji3allii TepMoJuHaMiuHO-
ro n-p-nepexony 8 CdTera CdTelln.

Il. KsasiximiuHi piBHSIHHSI YTBOpeHHsI aToM-
HHX JedeKTiB

PiBHOBa)kHMIT cTaH Ae(eKTHOI MiJCUCTEMH Y KpHU-

cranax CdTei CdTeln npu ix tepmiunomy Bigmani
y mapi KaaMmiro MOXKHA OIMHMCATH CUCTEMOKO KBa3ixiMid-
HUX PiBHSAHB (1UB. Tab.).

3 piBHsiHb |-VI| KOHIIEHTpAIiT TOYKOBUX Je(EKTIB
MOXXHa BUPA3UTH Yepe3 KOHCTAHTH PIBHOBAard KpasixXi-
MIYHUX peakliil, MmapuiaJbHUH TUCK HapH KaIMmilo,
BMICT iHJIifO Ta KOHIICHTPAIIIIO CICKTPOHIB!

[Ve] = Kyn/ Py (1)

[chd] = K10n2/P ; (2

[Te'] =Ky,n/Ry; ©)
[Cd?*] = KPR, /0% @
[Vie]=KgPy, /0% ®)

[AL] = Ing (P KgKon 2 +1); ©)
[Inc,] =Ing - [AL] (7)

Bupasu ans xoHreHTpamii aeeKTiB 3 ypaxyBaH-
HSM YMOBH ITOBHOI enekTpoHeirpaiapaocTi (1X, Tabr.)
JIAIOTh MOKJIMBICTD 3aIUCATH PIBHSHHS JJIs1 BU3HAYCH-
HsI KOHIIEHTpallii eneKTpoHiB N y 4yuctomy (8) i mero-
BaHoMmy (10) Tenypuai kaamiro:

An*+Bn®- Cn- F=0. )

Tyr

a}<1)3/2 >(}<ll + K12 +2>K10 >(}<1)3/2)

A=2K,;
B=K, +K, +Py;
C=K,Py; ©)

F= 2P02d(K8+K9);
An® +Bn°+Cn*+Fn®- Ln?- Mn- P=0.(10)
Tyr
A =2Kf0K13;
B:K10K13(K11+K12+PCd);
C =K, oPey (KisINy +2);

F= PCd(Kll + K12 - K1K10K13 + Pca); (11)
L :PCZd(2K10K13(K8+K9)+Int0t);
M =P.K,;

— 9p3
P=2P, (K¢ +Ky).

XOmmiBCbKY KOHIIEHTpalilo HOCIIB cTpymy Ny,
0 BU3HAYAIOTh Ha EKCIIEPUMEHTI, 3HaXOAATh 3 YMOBH,
mo Ny =N- P. Marouyn Ha yBasi, IO p:Ki/n,

TO
n, =n-K./n. (12)
OCKIJIBKH TEpMOJIMHAMIYHUI N-P-Tiepexi] HacTae

3a yMoBH N = P, To Ha OCHOBI1 PiBHIHB €JIEKPOHEHTpa-
JIBHOCTI OJIEP)KMMO BHpa3 Uil MapliaibHOTO THCKY

*
napu Kaamiro PCd , 10 B1AIIOBLAA€ TECPMOJUHAMIYHOMY

N-P-nepexony, Ui YUCTOTO TEIYPUAY KaaMilo:

LA/2

I-O

P(*:d zg

1 JIETOBAHOT'O 1HJIEM TEITYPULY KaIMIIO:

APS +BP;- CP,- F=0. (14)
Tyr
A=2(K; +Ky);
B: K1(2K10K13(K8+K9)+Int0t); (15)

C = Kl(Kilz(Kll + KlZ) + K1K10(K13|nt0t + 2))!
F: KfK10K13(Ki/2(K11 + KlZ) + 2K1K10)'

[11. O6roBopennst pe3yabratiB

Ha puc. 1-5 HaBesieHi 3a/1€KHOCTI KOHLIEHTpanii
nedekTiB Ta HOCIIB CTpyMY BiJ HapliajJbHOTO TUCKY
napu KaJamiro PCd i Temmepatypu Bigmamy 1 s

HEJICTOBAHOI'O 1 3 JOMIIIKOI 1HIIIO TEIYPUAY Kaji-
Mito. Po3paxyHOKk 3poOJieHO 3TifiHO CIiBBiJHONIEHB

2>(K8 +K9)

(13)

Q.'.

(2)-(14). 13 rpadikiB BUAHO, IO TIPH Bigmali SK KpH-
cranie CdTe rak i CdTe: IN smintoerses e Tinmb-
KM KOHLIEHTpALlisl HOCIIB CTpyMy, aje i TUM MPOBif-
HocTi. [Ipy HU3BKHX 3HAYCHHSX MAPIiaATbHOTO THCKY

napu kaamito Py omepxyemo wmarepian [-ruimy
MPOBIAHOCTI. [3 301bIICHHAM PCd CIIOCTEPITaeThCs
3MEHIIEHHS KOHLEHTpauii Aipok [J, iHBepcis IpoBi-
nHOCcTi 3 P- Ha N-tHn (TepMmoauHamiyHMK N-P-
mepexij) i moaabliie 3pOCTaHHs KOHIICHTpAIlii eeK-
TponiB N. Jlomimka iHZiO 3Millye TepMOAMHAMIY-
HUH N - -nepexia B CTOPOHY MEHIINX 3HAYeHb nap-
IiaJbHOrO TUCKY HapH Kaamiro Py (puc. 1, 2, 6).

3MiHa TemmepaTypu Biamamy | BIUIMBae y
MIPOTHJISKHOMY HAaIpsiMi Ha 3MiHY XOJUTIBCHKOi KOH-
HeHTpaitii HociiB crpymy (puc. 3-5). Tlpu HU3BKHX
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TeMIepaTypax Bimany | omepyemo Martepian N -
TUIY TPOBITHOCTI. [3 miABHICHHIM T CIIOYaTKY
B1IOYBA€THCS 3MEHIIICHHS KOHIICHTPAIIi €JIEKTPOHIB,

(a0, . [Vl (VR Tl Cd) o)
] i Fi .

17 ¢

16 ¢

15 ¢

14

0 1 i 3 4 1z (Fey, Ia)

Puc. 1. 3aexHICTh KOHIIEHTPAIIIT HOCIIB CTPyMY 1 TOY-
koBux gedektiB B CdTe Bim THcky Kaamio Pey mpu
TemrepaTypi Bianamry T = 1070 K:

1-[Cd*];2-[VZ1;3-[VE];4-n;5-nx; 6

e

—[Te ], 7{Vy]; 8—P, A —excnepumenr [9].
lg(nx, om™®)

17 i

16§

15}

14}

1000/T, K

Puc. 3. 3anexHicTh KOHIIEHTpAIlii HOCIIB CTpyMY i TOY-
KOBHX Je(eKTiB BiJ TemmepaTypu Bianainy y KpucTa-

nax CdTe:1—n,2—p,3—[VT2;],4—[Cdi2+],5—

[Te ],6— [VCd]’ 7 - [VCZC"], 8 — [Nx]). Mapuia-

JBHUE THCK Tapu Kaamiro Poq = 10° Ia.

TaHHS KOHICHTpamii MipoK. BBemIeHHS MOMINIKU iH-
Jif0 TIPU3BOIUTH 10 TOTO, IO TepMOAUHAMIUHUKA N -
P -mepexin BinOyBaeTbca IpH OLIBII BHCOKUX 3Ha-

YeHHsIX TemmnepaTyp Biamany | (puc. 3-6).

Onwcana 3MiHa XOJUTIBCbKOI KOHIIEHTpaIlii HOCi-
iB CTpyMY HOSICHIOETBCSI 3aJISKHOCTSIMH KOHIIEHTpa-
i AeeKTiB BiJ TEXHOJOTIYHUX (AKTOPIB 1 BMICTY

528

HactaHHA - P-mepexony, a MOTIM MoAajblIe 3pOC

Ig(nX! CM_3)

17
16

15}

e
1g(Peg, Ia)

Puc. 2. 3anexHicTh KOHIIEHTpAIlii HOCIIB CTpyMYy 1 TOY-
KOBHUX jAedekTiB y kpucranax CdTeln Bix napuianbHo-

ro tueky mapu kaamito: 1 —[Ing,], 2 -[V], 3 -
[A,].4-[Te],5-n6-[V5] 7-[Cd]. 8
- [Vﬁ;r ], 9 — Nx, 10 — P. Temnepatypa Bigmary

T = 1070 K, konuentpawuis inzito | N = 10™ em™.

Ig(nX! CM_3)

14

0.9

11 1000/, K

Puc. 4. 3anexHicTh KOHIIEHTpAIlil HOCIIB CTpyMYy 1 TOY-
xoBux nedekriB y kpucranax CATeIN six temmnepa-

Typu Bimmany: 1 — Nx, 2 - [A,,], 3 - [chc'i], 4 —
[VZ],5-[Ini,].6-n7-[Cd*],8—[V,]. 9

e
- [Tei' ], 10 — p. Tapuianenuit THCK Tapu KaaMito

Pcg = 10° a, konuenrpauis ingito | Ny = 10 e,
1HII0

B HeseroBaHoMy TeNypuai KaJMii0 MPU HA3BKHUX

TeMIepaTypax Bifmany N-Tum oOyMOBICHUHN IBOKpa-

. . . 2+ . .
THO 10H130BAHMMHU BAKaHCIAMU TEIYPY VTe 1 M1IXK-

BY3JIOBOTO KaJMit0 Cdi2+ (puc. 1). Tlpu neryBanHi

HeBenmukuMH po3amu iHgi0 (I Nt = 10 CM'3) N-Tumn
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OOYMOBJIFOETBCSI B OCHOBHOMY — m:;d, a Ipu
Ig(nx, em" 7 lg(P,, [a) 1
_1:—
800 800 1000 1100 T k

1000/T, K

Puc. 5. 3anexHicTe KOHIEHTpalii HOCIiB cTpyMy i Tou- Pue. 6. 3anexHicTh NapiiallbHOrO THUCKY IapH KaJMifo,
KOBHUX JiedekTiB y kpuctazax CdTeln Big Temmeparypu 1[I0 BiJMOBigae TEPMOAMHAMIYHOMY N-P-TIEpEXOay, Bia

i AV .2 —ny, 3 - Cd* 4 —p, 5— Temneparypn BiIIAITY:
B1AIATTY [ Te] Nx [ i ] p 1—CdTe,2—CdTe+1018 CM_3|n_
[Vl 6=V 1, 7-[Te1,8-n9-[A; ] 10-

[ |néd]. [apuianbHuii THCK napu KaaMito Pog = 10% Ia,
KOHIICHTPAIIIS 1HTIO Nyt = 10 em,

Ig(Py, [a)
_—

T
=

17

16

15

14

2
1.5

1
lg(IN 0 oMY ** Ig(Pcy, Ta)

800

Puc. 7 HpQCTopOBa 3aJ'Ie)I<Hi$:TL THCKY TIapu KaaMilo, Ppye. 8. Tpocroposa dazosa N _|:>Cd -T-niarpama pis-
IO BIATOBiZa€ TEPMOAMHAMIYHOMY N-P-Tiepexony, y o .3

kpucranax CATe N six Bmicry inzito Ta Temneparypn HOBaru CdTeln(Ing =10%em ™).

BiJMIAIY.

e g + i i i

snausoMy BMicTi iniro (I Mot = 10% em®) — Ing, Oinbm cTpiMko. M 1 OOYMOBIIOETBCS 3MEHIIEHHS
) KOHILIEHTpaLil eleKTpoHiB N, iHBepcist THITY MPOBiAHOC-
i acomiaramu A, I3 36iIbIICHHsIM TeMIepaTypy Bif- Ti, HOZABIIE 3pOCTAHHS KOHLEHTpaLii Hipok P i3 36i-
nany | KOHILEHTpalii BCiX Ae(eKTiB, 3a BHHATKOM JIBILICHHSIM TEMIIEpaTypH Bimaiy.

In-. A AHaNOriYHUMH MIpKyBaHHSMH IOSCHIOETHCS 1

’ | . . . see
cd " .. o . 6apI/I'-IHa 3aJIC)KHICTh XOJIJIIBCHKO1 KOHIEHTpPAIIll.
HTpalll OAHOKPATHO 10HI3OBAHMUX BaKaHCIM KaIMI1KO

3pocTaroTh. IIpu 1IbOMY 3pOCTaHHS KOHIlE-

V(4 1 mixBysnosoro Temypy T€; BinGyBaerbes
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BrutuB TexHo0riYHNX (DaKTOPIB 1 JIETYIOUOi JJOMIIIKH 1HAIO. ..

V. BucHoBku

1. 3 no3umiil KBa3iXiMIiYHHUX MIAXOAIB 3HANWIEHO
3aJIeKHOCTI KOHIIeHTpauii JedeKTiB i HOCIiB cTpymy
BiJl TeMIlepaTypH Bijany, HapliajJbHOrO THUCKY IMapu
KaJIMit0, BMICTY JICTYIOUOI JOMIIIKH 1HIII0, OJCpPKaHO
AQHAJITUYHUHA BHpa3 Uil BHU3HAYEHHS MapIialIbHOTO

*
THCKy Tlapu Kaamito P, 1o Biamosimae TepmomuHa-
MiuHOMYy [ - P -mepexomy Ajsl YHCTOTO 1 JIErOBaHOIO
IHIEM TETypUAY KaJMifo.

2. BwusHaueHi TeXHOJOriYHI YMOBU (OpMYBaHHS
MaTtepiaiy N- i p-TUIYy IPOBITHOCTI 13 33J]aHOI0 KOHIIE-
HTpAIIi€l0 HOCIiB CTPyMY.

3. TlosicHeHO 3MiHY XOJUTIBCBKOi KOHIIEHTpAIii
HOCITB CTpyMY 3aJI©KHOCTSIMH KOHIIEHTpaIliil aedekTin
BiJl TEXHOJIOT'IYHHUX (PAKTOPIB 1 BMICTY iHIIO

JA.M. @peik — 0x.H., npoghecop, dupexmop Dizuxo-
XiMiyHO20 IHCmumymy, 3asidyéay Kagedpu @izuxu
meepoo2o ming,

B.B. Ilpokonie — k.¢p.-m.n, Ooyenm Kageopu @izuxu
meepoo2o ming,

Y. M. lTucknuneys — acnipanm xagedpu gizuxu meep-
0020 mina.
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D.M. Freik, V.V. Prokopiv, U.M. Pysklynets, I.M. Lischynsky

The Change of Conductivity Type on Cadmium Telluride at the I nfluence of the
Both Technology Factors and Doped Impurity by Indium

Physics-Chemical Ingtitute at the Vasyl Sefanyk Prekarpathian University
57, Shevchenko K., Ivano-Frankivsk, 76000, Ukraine, e- mail: prk@pu.if.ua

By method of simulation quasichemical reactions of hyperthermal equilibrium of defects change of the
conductivity type in cadmium telluride under influencing of technol ogy factors and dopant of indium is describe. The

analytical expression for definition of partial pressure a pair of a cadmium P;d is obtained, which one responds

thermodynamic n-p-junction, for both clean and with an impurity of indium of the cadmium telluride. Certain
conditions materia formation of n- and p-type of conductivity with given carriers concentration. Conditions of
implementation thermodynamic n-p-junction is explained from temperature and presses by relations of defects

concentration
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