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3anpornoHOBaHO KPUCTAJIOKBA3iXiMiuHI GOPMYITH, BUSHAYECHO JOMIHYIOUi TOUKOBI A€(EKTH Yy JIETOBAaHUX KHCHEM
KpucTranax muHK Tenypuny ZnTe:O. Po3paxoBaHo 3anexHiCTh KOHLIEHTpauil nAedeKTiB, BUIBHUX HOCIIB CTpyMy Ta

XOJUTIBCHKOT KOHIIEHTpALIT BiJ] CKIIay.
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Beryn

[uak  Texypun — TMEPCHEKTUBHHN  Matepial
CBITJIOBUTIPOMIHIOIOYHX JIOMIB 3 BHUCOKOIO SCKPaBiCTIO
[1]. SIx mpsMO30HHUI HAMIBIPOBIMHUK, BiH Mae BHCOKY
(OTOUYTIMBICTH 1 MOXKE 3 YCIIXOM 3aCTOCOBYBATHCS JIJIsS
MePETBOPEHHSI COHSAYHOI eHepril B efaekTpuyHy [2]. ZnTe
KPHUCTAJI3yeThCSl Y CTIPYKTypi THIy cdanepury 3
napamerpom rpatku  0,61037 wm. Temmnepatypa
mwiaBienHs ZnTe ckimamae (1512+20) K, a mwpuna
3aboponenoi 3ouu — 2,3 eB mpu 300 K [3].
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Puc. 1.

JleryBaHHsS ~ KpHCTaliB ZnTe  i30BaJICHTHOIO
JIOMIIIIKOI0 ~ OKCHUCEHY TMpPHU3BOMUTH 0 IIOSBH B
3a00pOHCHIM 30HI JIOKaJi30BaHUX CTaHIB, AKi HAHOUIBII
WMOBIDHO  CTBOPIOBATHMYTHCS  OKCUT'CHOM  IIPH

samimenti tenypy (Ore). IliATBepIKEHHSM IBHOTO €
HasIBHICTh y JIOBI'OXBMIJIbOBIH YacCTHHI CHEKTPIB CMYTH
(~ 1,88 ¢B), 3YMOBJICHOT BUIPOMIHIOBAHHSIM
130€IeKTPOHHOr0 HeHTpy okcureny Ore (puc. 1) [1222].
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Kpim toro, cymstuu 3 paxiycie okcureny (0,065 um) Ta
tenypy (0,142 um) (tabn. 1), y kpucramax ZnTeO 3

BEJIMKOIO HAMOBIPHICTIO MOKJTUBE YTBOPEHHS
MixkBy310oBoro okcureny (O;).
Y poboTi BIIEpIIIE, Ha OCHOBI

KPHCTAJIOKBAa3iXIMIYHUX  YsIBJIEHb, BHUKOHAHO aHaJi3
JIOMIHYIOUMX TOYKOBUX Je(eKTiB y kpucramax ZnTe,
JITOBAaHUX OKCHI'€HOM Ta IIPOAHaJi30BaHO YMOBH
peaizauii y HUX TepMOIUHAMIYHUX N-P- IEPEXO/IiB.

|. Kpucraaoxsa3ziximiuni popmyiu ta
KOHLEHTPallisi TOYKOBUX J1e(peKTIiB

BpaxoByroun Te, IO OKCHUTEH IIpU B3aeMoii 3
KpHCTaJlaMH IIMHK TeNypHoy MOXe IepedyBatu y
HeWTpaibHOMY a00 ABiUi HEraTHBHO 3apsIHKEHOMY CTaHi,
MOXKHa BWJAUIMTH KUIbKa MeEXaHi3MIB  YTBOPEHHS
TouKoBUX AedexTiB y ZnTe 0, a came:

1) mexanizm 3amimmeHns (A) — Oy, ;

2) mexanism Bropinenns (B) — O ;
3) omHouacHe yTBOpeHHS aeekTiB 3a MexaHisMaMu A i

B-0O

o, OF (mexanizm C);

4) yreopenns komruiekcy nedekris (V2 O>) Tta O,
(mexanizm D).
3a ymosu ytBopenHs O, (Mexawism A) neryrounit

KJIACTEep MaTUME BUTTIAM.

D)

a KpucranokBasiximiuna popmyna s N-ZnTe: O Oyxe:

\VARVAR % 0,® V, O, +2h",
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. I 4 . 4 . .
® (Zn(l-x)(ya+1-a) Vx+a(1—)<)(1~y) )Zn (Te(l-x)(l-a) Va(l—x) Ox )Te (Zna(l-x)(lﬂ{)(l-ﬁ) Zna&(l—x)(l—y) )i +

+Ha(1-X) (y+8-8y+1)]€ +2xh" . (2
Konnenrpariis nedeKTiB BU3HAYaTUMEThCS p=2AX, n, :|n- p| )
S?HS)K\HOCTHMH' o s Y  HamoMmy  BUNAAKy  pIBHSHHA  ITOBHOL
&z, B=AKX+a(1-x)(1-y)) e fFAU(1-X) , eJIeKTPOHEHTPaIBLHOCTI MaTHMe
go’Te EI:AX , gzm E|=Af1(1-X)(1-Y)(1-5) , BUTJISII: 23V H+ n= 23 H+ 2@Zn2+ H+ an H+ p.
ani2+ EIZAOLES(l—X)(l-y) , N=Aa(1X)(y+5-5y+1) , Jusa p-ZnTe O ananoriyHo OyaeMo MaTH:
(Zn(l -y)(1- B) +[3(1 ) )Zn (Te(l -y)(1- B+BX)V[3(1 -y)(1- x)o )Te (T B-y)(1%) ) +2(B'By+y)h. . (3)
Hpu ae0My K_OHI_leHTPaHﬁ TOYKOBHX JCEKTIB Ipu BKOpiHEHH] HOHIB OKcHTeHy y MixkBy3s O
B,PBHa\anOTI’CH 31 CH]BBIHHomeHI’. R (Mexauism B) seryroumii  Kimacrep — 3alMIIEMO
&2 B=AY+B(LY)) ; e FFAB(L-Y)(10) 5 HACTYITHUM YHHOM:
0. B=AY ; ETe” B=AB(L-Y)(1-0) ; P=2A(B-By+Y) . VAVt o ® VIViol+2h. (4)

PiBHSHHS TIOBHOI €TEKTPOHEUTPATLHOCTI ! .
P ™ KpI/ICTaJ'IOKBaSIXIMllIHa ¢dopmyna n-ZnTeO B

23V H+23Te H+n 2@ TQEI"'p- JTAHOMY BUIIAJIKy Oy1e:

’ n . o . /Il
(Zn(l-x)(ya+1-a) Vx+a(1—)<)(1—y) )Zn (Te(l-x)(l-a) Vx+a(1—x) )Te (Zna(l-x)(lﬂ{)(l-ﬁ) Z a&(l X)(1-y) O ) +

Ho(1-X)(y+5-5y+1)]€ +2xh". (5)
KonmenTpariii geexTis: ngzzr-] H+ 230.2 H+ n= ngng H+ anr H+ ngni2+ H+ 0.
gVZZF'] =AbFa(lx) (1) o re H=AK+(1X)) ; Kpucranoksasiximiuaa gopmyna p-ZnTeO:

&2 f=Aa(1X)(1y)(1-8) ;  EZn" B=AaS(1-X)(1-7);
gOi H:Ax; n=Ao(1-x)(y+5-6y+1) ; p=2AX .

PiBHsHHS IIOBHOI €JIEKTPOHEHTPATBHOCTI !
(ZN w0 Vo) 20 (T€wpyapepy Vs Jre (TEhapan Oy )i +2(B-By+y)N’ (6)
Konuentpauii Ile(beKTiB' iomis  okcucenmy y mimrpatmi Temypy O;, Ta
észé EI:A(V"'B(J-'Y)); o EI—A(y"'B(l'y)(l 0) 5 NBO3apsA/HUX HOHIB OKcUreHy y MikBysisx OF
§O7 BFAY ETe” A1)} P=2A(-By+y) ey KIGCrEp Oy Math irax
PiBHsHHS TTOBHOT €JIEKTPOHEHTPATBHOCTI ! VoV += O ® Vi (VlUOU) (Oi/_0 ) +2h’ (7)
287, B+ 26T€" [+ 2607 f+n =28V f+p- KpI/ICTaJ'IOKBaSIXIMllIHa (opmysa Bixnosinuo Gyxue:

3a yMOBU ICHYBaHHS OIHOYACHO HEHTpaIbHUX

(an(l-x)(y(ﬁl a)V/+a(1 X (L) )z (Te(l X)(1L-01) Va -aX+X-0X Oxo )Te (Zna(l X)(1y)(1-5) Zn :;5(1—X)(1—y) O/x/(l-o) )i+ [o(1x)(y+6-8y+1)] ¢ +2xh’. (8)

Konuenrpaii nedexris: gzni2+ EI: AxS(1X)(1y) @IZ EI: AX(L-0) ;
A /2 N— . A\ 7 2+ N — .
EVz, B=AKFa(1-X)(1)) ; Te H=A(0-ax+X-ox) ; N=Aa(1-X)(y+5-5y+1) | p=2AX .
gO'Te H=Axo ; &Zn" f=Aa(1-x)(1-y)(1-5) ; PiBHSAHHS NOBHOT eneKTpOHeﬁTpanLHOCTi'

ZgV H+2g0 H+n—23 g+ 6zn H+2@Zn2+

Awnanoriyno s p-ZnTeO:

1l .
(ZN 1y Vyspan ) zn (T€yapenn Victeyen Ove )1e (T€ayan Opaey )i +2(B-BY+YN". (9)
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Y 1pOMYy BHIAJKy KOHIICHTPAIlil TOYKOBUX
nedexTiB OyayTh:

&V, BEAY+B(LY)) ; o BEABLy+Y0) ;
€0 H=AYo ; &Te” B=AB(L-yY)(1-0); 807 B=AY(1-0);
P=2A(B-By+y) -

@n v/

. o~/
(1-X)(yor+1-0) ¥ x+a(1-X)(1y) ) zn (Te(l X)(1-0) a(l X) Om )Te (zna(l X)(149)(1-5) zna&(l—x)(lﬂ) )i + ( VTeOiI )X(l_c)

Y 1pOMYy BHIAJKy KOHIICHTPAIlil TOYKOBUX
nedexTiB OyayTh:

V2, H=AG+a(1-X)(1)) ;

g0, f=Axa ;

2 s f=Ax(1-X) ;
620" A1) (19)(1:5) ;

(Z V//

A-y-p)

Konnenrparii nedexris:
&V B=AY+B(L-Y)) ; s BEABLY)(10) ;
§0ref=Ayo 6Te" f=AB(LY)(1)
&V5.0! §=AY(L-0); p=2A(B-By+Y) -
PiBHSTHHS TIOBHOT €IEKTPOHEHTPaIBHOCTI!
28V, H+26Te” g+n =28V H+Pp.

1. Pe3yabTaTH 10CHiIKeHHS Ta IX
aHaJi3

Y wmarepiani p-ZNnTeO i3 30UIbIICHASIM BMICTY
OKCUTEHY ]ISl BCIX BHITQJIKIB YTBOPEHHS JOMIIIKOBHX
Je(eKTiB KOHIEHTpallii ABO3apAAHUX BaKaHCiH IUHKY

lg[N,em]
19+ z
B e
181
3
4
17 \Ef
p-Tun
16+
n-TKn
a
154 )
I T T T
0 02 04 08 0'.8 1 1'2 1'.4

X, 10" ar.uactiu

PiBHSTHHS TIOBHOT €IEKTPOHEHTPaIbHOCTI!
28V H+ ZSTE H+ 280 H+ n= ZSVTe H+ p.
3a ymoBU yTBOpeHHS aedekTiB 3a MexaHizmMoM D

KjgacTep  3anmmerscs y  Burmam o (7), a
KpHCTaJIOKBa3ixiMiuHa (popMyrna Oyzie MaTH BUTIISL!

Ho(1-X) (y+3-oy+1)] € +2xh’
(10)

i) zn (T€apunono Vinn Oy e T8y (VieO! )

§Zn7" =Aad(1X) (1)
N=Aa(1-x)(y+3-0y+1) ; p=2AX.
PiBHsHHS TOBHOT eneKTpOHeﬁTpanLHOCTi'
28V2 H+N=28Vi Bt 28207 g EZn 4t p

Awnanoriyno s p-ZnTeO:

&v.0! f=Ax(1-0) ;

, F2(B-By+y)h a1

[VZ] (puc.2, 6 — xpusa 1), sk i KoHIeHTpauii
nomimkosux gedekris [O;.], [VZO?] 3pocrarors.
Koeoginientn caMmokomIieHcallii Bka3aHUX Je(eKTiB
TaKoX 3pocraroTh (puc. 3, a) HaroMicTh KOHIIEHTpaLis
NBO3apAIHUX BakaHciit Temypy [VZ] (puc. 2, 6 —
KpuBa 2) 3MEHIIYEThCS. TakuM YHHOM, JIETyBaHHSI
OKCUTEHOM p-ZNT€ mnpu3BOAUTH JO 301IbIICHHS
TIPKOBOTO THUITy MPOBigHOCTI Matepiany (puc.2, 6 —
KkpuBa 8).

[epeBaxkatounmu nedexkramu  N-ZNTeO  npu
MamuX KoHHeHTpaumisx pomimku ([O] < 1,2:10*
aTOMHOI YacTKM € JBo3apsiHi BakaHcii Temypy Vi
(puc. 2, a — xpuBa 2), xoedillieHT caMOKOMIICHcaIIii
SKUX CIAJA€E i3 301IbIICHHSIM BMicTy JoMimiku (puc. 4,

6 — xpuBa 6).
lg [N, cm”
g [N, cm] "
o 1
2.10
18— 5 6
174
16
15+ 0)

T
0 02 04 06 08 1 1."2 14

y, 107 ar.uactku

Puc. 2. 3anexHicTh KOHIICHTPAIlii TOYKOBHUX JME(PEKTIB, HOCITB CTPYMY Ta XOJUTIBCHKOI KOHIICHTPAITIT BiJl KOHIICHTPAITi1
nerytouoi omintku O y kpuctanax N-ZnTe:O (a) ta p-ZnTeO (6): [VZ ] (1), [VZ] (), [2Zn?'] (3), [2n]] (4), [Of.]

(5), [V20!'] (6),n(7),p(8), N (9), [T€'] (10) (e, B = 1,25-10* ar. wactxu, y = 0,9, 5= 0,7, = 0,3, = 0,8).
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K K,
10 G
8 34 4 90—
6—
P
4—:
a) 0)
2 1 8
7
| |
0 02 04 06 08 1 12 14 0 02 04 06 08 1 12 14
x, 10" aruacriu 4
y, 107 aT.yacTkH
&zn"u éZni2+ u a2 u
. . . _ 1] € u _€eTeyq
Puc. 3. 3anexxHicTh NapiiagbHUX KOe(ilieHTIB KOMIIEHCallii JOHOPHUX Kl_,—2\! K, == ra Ke=—= e
e'Zn g/Zn H g/Zn u
o + o
40 NI La I T I
K ' , (xpusi 1, 2, 5, 6) Ta akuenropaux K , Kg= , Kg = , K, =- (xpuBi 3)
5 a/z 4~ "9 & D+ 8 é/2+l] 9 é/2+l] 2+
Zn U i &'Te &'Te ] Te

nedexTiB y kpucranax n-ZnTe'O (a) ta p-ZnTe:O (6) Bix xoHueHTparii gomimku [O].
é_ D a/ U+ eZq U+ eZ u, a A a/zzn' 8+ g'l'q2 H (o, p= 1,25-10"* aT. wactku, vy=0906=07,%4=030=

0:8).

lg [ny,cm ‘] lg [ng,em™]
194
18
p-THN
17
161
151 6)
155 n-Lmn a)
0 02 04 06 08 1 12 14
0 0!2 0!4 DI‘G DI,B |1 1|'2. 1!4 x, 107 aruacTkn
X, 107 arwactku
lg [ny.em7]
19
Puc. 4. 3anexHiCTh XOJUTIBCHKOI KOHIIEHTpAIii Ny Y
187 kpuctanax N-ZnTe:O Bix BMICTy OKCUTeHY VIS
a) BiIXWIIEHHS BiJ CTEXiOMETPIi O, aT.4aCTKH: 0,1-10'4
17 (1), 1,2¢10* (2), 2,5+10™ (3);
6) yacTKM LMHKY Y BIacHuX By31ax y: 0,1¢10 (1), 0,5
o (2), 0,999 (3);
B) JIMCTIPOMOPIIIOBAHHS MIiXKBY3JIOBOTO IIUHKY 0!
0,1¢10* (1), 0,4 (2), 0,999 (3);
1571 B)
0 02 04 06 08 1 12 14
X, 107 ar.yactkn
3MEHIeHHS] KOHIEHTpamii BakaHCIH  Telypy MPOBIJIHICT ~ MaTepially € JoMiHylouuM. SIKiio
BiJIOYBAETHCS 332 PAXyHOK IX <«3aJiKOBYBaHHS» HOHAMU kpuctanu ZNnTeO 1moYaTkoBO BOJOMAIIOTH N-THUIIOM
O?. Tlpu 1BOMY 3pOCTA€ KOHIEHTPAIis BaKAHCIH npoBigHocTi, TO i3 30inbieHHsM [O] KOHIEHTpais

weky [V7,] (puc. 2, a — xpusa 1) i ix BMB Ha €NIEKTPOHIB 3MEHILYETHCS, BiAOYBAa€THCSI KOHBEPCis
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Puc. 5. IIpocTopoBi 3a1€KHOCTI XOJUTIBCHKOI KOHIIEHTPAIIT Ny BiJ BiAXUIEHHS Bia cTexioMmeTpii a (Zn) — @, B
(Te) — 6 Ta BmicTy Jteryrouoi gomiriku [O] mis kpuctanis N-ZnTeO (a) ta p-ZnTeO (6).

MPOBITHOCTI 3 N- Ha P-TUN 1 TOAAIBLIE 3POCTAHHS
KOHIIEHTpaIIi1 aipok (puc. 3, a—kpusa 9).

Ha xonBepcito THITy IPOBiTHOCTI BILUTHBAE L€ PSIIT
¢dakropis. Tak, 30kpema, i3 30UIBIICHHAM BiIXUICHHSI
Bi crexiomerpii Ha Oik HMHKY y LWHK TEIypui
KOHLIGHTpALlisl OKCHUTEHY, IpU sIKii BigOyBaeThcs N-p-
nepexig Oyme 3pocratu (puc.4, a). Tak camo
3pOCTaHHs BEJMYMHU LIUHKY Y BIacHHX By3nax ZnTe
(y), OOYMOBIIOE KOHBEPCIIO THIY MPOBIAHOCTI MPH
BIDKYMX  KOHIIEHTpamisx okcureny (puc.4, 0).
JucnporiopuitoBaHHsS HOHIB MK BY3JIOBOI'O IIMHKY HE
BIUIMBAE Ha TOJIOXKEHHSI N-P-TIepexoay.

BucHoBku

1 3anponoHOBaHO KPHCTaJIOKBa31XiMiuHi
dbopmynu HecTexiomeTpuyHoro N- ta p-ZnTe:n 3a
YMOBH peayizalii CKJIAIHOTO CHEKTPY TOYKOBHX
Te(eKTiB.

2. JleryBanHs In kpucraniB N-TUMy NpPOBiTHOCTI
MIPU3BOJUTH 10 30ULIBIIEHHS! KOHLEHTPALIT eIEeKTPOHIB.
IMpu neryBanni IN kpucramiB p-TUNy BiAOYBa€THCS
IHBEpCisl THUIy TMpPOBIAHOCTI 3 p- Ha N-THM, IO

[1]
[2]

hal'kogenidnyh poluprovodnikov” (Chernovcy, 1991).

[3]
[4]
(5]

MiATBEPKYE JOHOPHY Aito |N y kpucranax ZnTe.

4. OtpuMmaHi JBOBHUMIpHI Ta TPUBHMIpPHI JiarpaMu
“koHreHTpalii medektiB (HOCIIB 3apsmay) — ckiang
BU3HAYAIOTH TEXHOJOTIUHI (akropu (XiMiUYHUX CKIas,
YMOBH Biamanay), M0 3a0e3MeuyloTh OTPUMAaHHS
KPHCTAJIB i3 Hanlepe 3aJaHUMH BIACTUBOCTSIMHU.
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M echanisms of Crystals-Chemical I nteraction of Zinc Telluride Crystals with
Oxygen ZnTe:O
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The crystals-quasi-chemical formulas and dominant point defects in doping crystals ZnTe:O was determinate.
The concentrations of defects, free charge carriers and Hall’ s concentration due composition was cal culate.
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