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Beryn

bazoBi  Oimapui cnomykn ZnS Ta  ZnTe
KPHUCTAJI3YIOThCS Yy CTPYKTypi TuUmy cdanepury, 3
napamerpamu Tpatku 0,54093 M Ta 0,61037 HM
BignoBinHo. Temneparypa maBneHHs ZNS cnabo
3aIeXHUTh Bix THCKY i nipu (9,8:10° — 1,5-107) Ta cknamae
(2070-2170) K [2], mpu 1,510° Ila — (2100+20) K.
[upuna 3a6oporenoi 30au ZNS — 3,7 eB mpu 300 K [5].
Temnepatypa miaenenns ZnTe ckmamae (1512+20) K
[3], a mmpuna 3a6oponeHoi 3ouu ZnTe — 2,3 eB npu
300K [3].

[uHk cynbdin Ta UHK TETYPUI XapaKTePH3YIOThCS
CKITQJIHUMH CIIEKTpaMu TOUKoBUX nedektiB [4]. Tak, y
IUHK CYAb(Ial OTHUM i3 IEpeBaXKalOUUX BHUIIB JAc(heKTiB
VZ

€ ABO3apsaHi BakaHCii IMHKY V,, ,

Ipo IO CBiAYaTh
cmyru BunpominioBanus (1,5 — 1,7) mxm [2, 5, 6, 7].
OpnHo3apsiIHa BaKaHCid IUHKY V,, Mae piBeHb, TEpMiuHa
eHepris sxoro ckiagae E.y=(0,35 — 04)eB mo
BiJIHOIIEHHIO 10 BajeHTHOI 30HM Ey. JlocmimkeHHs
ONTHYHMX BJIACTUBOCTEN KpucTaiaiB ZnS [2] mokasaio,

110 OHO3apsAIHI BakaHCii cynbdypy Vg BiImoBinaibHi 3a

noinocu npoparkoBoro noriauHaHHg 430 HM 1 540 M.
BaraTo excHepMMEHTaJIBHUX Pe3YJbTATIB CBIMYATH IMPO

n oy
mominecueHnii. TeopetmyHo po3paxoBaHa TINIMOWHA
JIoHOpHOTO piBHA ckiaanae ~0,2 ¢B 1 Moxxe BiAmoBimaTH
TaKOX JIBiYi HOHI30BAHOMY CTaHY MiXBY3JIOBOTO LIMHKY

Zn*" [5]. TlpucyTHicTb y ZNS MiKBY3JI0BOTO Cylb(ypy

y4acTb romy0ii CaMOaKTUBOBaHI’

He OYJI0 BUSIBIIEHO €KCIIEPHUMEHTAIBHO.
3rilHO BUCOKOTEMIIEPAaTypHUX JOCIIPKEHb e(eKTy
Xomna i mpoBiaHocTi [8], JOMiHYIOYMMH aKIENTOPHUMHU

nedexramu y ZnTe e gBo3apsaHi BakaHcii muuky Vo i
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MikBy3J0BHi Tenyp T€” . BBakaeTbcs, 1O TOHOPHMI

piBeHb 3 eHepriero Howizamii 0,6 eB, Bu3HaueHwit 3a
pe3ynbTataMu  JIFOMiHecHeHIii 1  QoTompoBigHOCTI,

Bi/INIOBi/Ta€ IBo3apsIHUM BakaHcisM Tenypy Vo~ [8].
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Puc. 1. Jliarpama crany cucremu ZnS-ZnTe[9].

dazoBa pmiarpama cra”y cucremu ZnS-ZnTe
HANeXUTh 70 eBTekTuyHoro Tumy (puc.1) [10].
EBTekTHuHMI CKJIaJ 1 Temreparypa ckiamants 26 %
Momsapaoi Macu ZnS i 1530K BimnomigHo. Teepmi
po3umHH, yTBOpeHI Ha ocHoBi ZNnS mnpu 1270K,
KPHCTAJI3yIOThCs B CTPYKTYpY chaneputy, a npu 1370 K
y crpykrypy B'ropuury. Ilepexin «cdanepur-
B'ropuuT» y ABodasHiii obmacti mae miciie npu (1340 +
10) K.3riggo 3 JaHMMHU aHali3y PEHTreHiBCHKOTO
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BUIIPOMIHIOBaHHs, po3unHHICTH ZNTe B ZnS i ZnS B
ZnTe mpu 1170K cknamae Biamosigao (8-10) % i 5%
MosekymsapHoi Macu [11]. Braxarots [6], 1o ozHiero 3
NpUYUH  OOMEXEeHOI PO3YMHHOCTI KOMIIOHEHTIB Y
cUCTEeMI TBepAMX pOo3uuHIB ZNS-ZNTEe € HecyMiCHICTH
cynb(dypy 1 Tenypy B KpHCTAIIIYHUX TPAaTKaX.

@Di3uK0-XIMIUHI  BJIACTHBOCTI CHUCTEMH BHBYCHO
HEOCTaTHBO. J{esKi i3 pe3ynbTaTiB HaBEACHO Ha puUC. 2.

OCHOBHE TPOTMHAHHSA 3a00pPOHEHOI 30HM BHUHHUKAE
yepe3 3CyB BHHM3 Kpalo 30HH IPOBITHOCTI, 31 CTOPOHH
30araueHoi Te€, i 3cyB Bropy BaJICHTHOI 30HH, 31 CTOPOHH
30araueroi S. Illo6 me miaTBepaUTH, HEOOXIiTHO
BH3HAYUTHU 3MIIICHHS 30H MPOBITHOCTI 1 BAJIGHTHOCTI 5K
¢ yHKIIO ckIany. Y IbOMY BUIAAKY, BAKOPHCTAHO M'sKE
X-punpomintoBants (SXE) B ZnS,Te, [10]. 3uaune
MepeMIlIeHHs] BaJCHTHOI 30HH IIOB'sA3aHE 13 THM, IIO
JIoKaJTi3oBaHui piBeHb Te € 3Mmimenuit Ha ninux 1,2 eB
BiJI Kparo BaJeHTHOI 30HH B ZNS[11].
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Puc. 2. TunoBi cmektpm S2p wM'sikoro  X-

BUNpoMiHioBaHHs (8) i mormuHaHHA (6) MiHIMyMy 30HH
npoBigHOCTI E; Ta BanenTHoi 30uu E, TBepaoro po3unny
ZnS;,Te [10].

Ha puc. 2 — a mpezcraBieHi Tunosi crektpu SXE
U ACKUTBKOX ZNSy.4 1€ 3pa3kiB, 30ymMKeHI Ha PiBHI S.
IMoporoBa eHeprisi 30ymkeHHS (BUIPOMiHIOBAHHS)
BU3HAYA€ EHEPrif0 MIHIMyMy 30HU NPOBITHOCTI IO
BIJTHOIICHHIO 0 OCHOBHOrO piBHi. Ha puc. 2 — a BoHH

(

n’

(1- a; +a;0 ) x+(1- a5 +a,0, ) (1- x)

(Zn%

+(a,(1+g +d,- gd,)x+a,(1+g, +d,- g,d,)(1- x))e

Tyt a; = (0,0 — 0,6:10™) ar. yacTka Zn, Bu3HaueHa 3
0051acTi TOMOT€HHOCTI CIIOAyKH ZNS Ipu TemIiepaTypi
T=1720 K [4], y1 — uacTuHa 3aMil[CHUX [MHKOM
BaKaHCii B KaTioHHi# miarparmi ZnS ( ) ) (0<y1 <),

d1 — YacTKa BOX3apsAHOTO MIKBY3JIOBOTO IMHKY Y ZNS
(0<8,<1), ap = (0,0—0,2510™) ar.zomnst Zn, Bu3HAYEHA
3 00J1aCTi TOMOTE€HHOCTI CIIOyKH ZNT e 1pH TemIiepaTypi

Vz;l(l- a)x+az(1- g)(1- ) )Zn (

(1 @)(2- dy)x+a,(1- g,)(1- dy)(1- X)
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rokasaHi y mpaBiii cropoHi kpuBux SXE. PosmernienHs
JyOJIETHOI CTPYKTYpH BiamosiasHo 10 S (~ 1,6 eB) € itko
BHSBJICHE OCOOJMBO 3i CTOpoHH 30araueHoi ZnTe
CrieKTp BHIPOMiHIOBaHHS ITOKa3aHO Ha pUC. 2 —a Y JiBil
croponi SXE  kpuBux. Takum uwmHOM, Oynum
Oe3rocepeIHbO BUMIpsIHI BiJTHOCHI 3MiHH MiHIMyMa 30HU
MPOBIAHOCTI  (CXEeMATHYHO IIOKAa3aHO MYHKTHPHOIO
CTPUIKOIO Ha pHC. 2 — a) i MaKCUMyM BAJICHTHOI 30HHU
(cyminpHa cTpika Ha puc. 2 — a), 9K GYHKIIT CKIay.
OTpuMaHi  pe3ynbTaTd  BKa3ylOTh, 10 BEpLIMHA
BaJICHTHOI 30HM Ma€ HEJIHIMHY 3aIeKHICTh BiJ] CKIIaTy 31
croponn 30aradeHoi Ha ZnS (puc.2 — 6). s 3miHa
BUK/IMKaHA II€PEXOJIOM HAMBHIIOIO Kparm BaJICHTHOI
30HM 4YUCTOro ZNS 10 JIOKaJi30BaHUX | E-MoAiOHMX
CTaHIB TiOpUAM30BaHUX 3 PO3IIMPEHOI BAaJICHTHOIO
30HOIO MaTpuii ZnS.

Po3paxynku Ta ix TIOPiBHSHHS 3
eKCIIEpUMEHTAJIbHUMH  pE3yJbTaTaMH BKa3ylOTh Ha
pi3HUI MeXaHi3M 3MiHM IIUPUHU 3a00pPOHEHOI 30HH Yy
crutaBax 30araueHux Si 30arauenux Te y ZnSy,Te,. Li
pe3yNbTaTH TaKOXK BAXKIMBI JUI PO3YMIHHS ITOBEHiHKH
JIETYBaHHS Yy IMX CHOJyKax. 3 TOYKH 30py ULHUX
pe3yabTatiB y cronykax |1-VI| moBuHeH OyTu cramHuin
3CYB Kpal 30HM IIPOBIMHOCTI Yy TBEpPAHUX PO3UUHAX,
30araueHnx Te 1 3CyB Bropy y TBEpAHX pPO3UMHAX
30araueHnx S. Ile Mae mpu3BecTH 10 IOKpAIEHHS
epeKTUBHOCTI aKTHBalil JJOHOPIB s Tepuux i
aKLENTOPIB YIS IPYTHX.

|. Kpucraaoxsa3ziximiuni popmyiu ta
KOHLEHTPaIlisi TOYKOBUX J1e(peKTiB

Kpucranoksaziximiuai  gopmynu 1 nmedexrHa
migcuctema ZNS i ZnTe N- Ta P-TUITY MPOBIAHOCTI Oyiu
npencraBieni y poborax [12, 13]. Ockineku ZNS Ta
ZnTe Moxyrp OyTH OTpuMaHi K N-, Tak 1 P-THmy
MPOBITHOCTI, MOXHA BUAUIATH MOXJIHMBI  YOTHPH
BapiaHTH YTBOPEHHS TBEpIUX po3umHIB ZNSTe . N-
ZnSn-ZnTe (1), n-ZnS—p-ZnTe (l1), p-ZnSn-ZnTe
(1), p-ZnS—p-ZnTe(1V).

Kpucranoksaziximiyaa (opmysaa TBEpJOro po3unHy
n-ZnS—-ZnTe (Bapiaur I):

X

S{l— al)xTe

(1-ay)(1- x)Vel\llx*raz(l- X) )X

Zn +

2y (1 6)dcas (1 ) (1 %) )i

D)

T=1380K [4], vy, — dYacTuHa 3aMilICHUX [MHKOM
BaKaHCIH B KaTiOHHIN miArparii ZnS (Zné ! ) (0<y,<1),

0, — dYacTKa IBOX3apsiTHOTO MIKBY3JIOBOTO IMHKY Y
ZnTe (0<8,< 1), e' —enekrpoun, h' — mipku.
KoHneHnTpariii BiANoBiAHUX 1eQeKTiB OyIyTh:

[\ :A(a1 (1- g)x+a,(1- g,)(1- x)) 2)
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[VZ1=A(ax+a,(1- X)) ©)

[Zn'1=A(a, (1- g)(1- d)x+a,(1- g,)(1- 4,)(1- x)) (4)

[zn*]=A(a,(1- g)dx+a,(1- g,)d, (1- X)) (5)
)

n=A(a,(1+g +d - gd)x+a,(1+g,+d, - gd,)(1- x)) (6)

2z
Tyr A=—, Z — 4ucino CTpyKTYpHUX OJMHHIIb
a
(Morekyi) B eneMeHTapHiit koMipit (Z=4).

Y  wamomy Bumaaky 3rigHo (1)  piBHAHHSA

(ZnX

CIIEKTPOHECUTPATBLHOCTI MATUME BUTJIS:
2+ + N A 2+
ZgV H*n=2&Ve H+&Zn g+282n g (7)
XOmmiBCbKY ~ KOHIIGHTpAIifo  HOCIIB  CTpyMy
3HAXOJWIIH 13 PIBHSHHS €IEKTPOHEHUTPAIHHOCTI 32 YMOBHU
L =n-p.
Y Bumaaky Bapianty II kpucramokBaziximiuHa
dbopMyna yTBOPEHHs TBEpIOro po3uumHy N-ZnS-p-ZnTe
oyne:

(- b)(1- x)+((1- a)+ag)xVb(1- x)+a(l- g)x )Zn

(S( a)x Te(l b+be)(1- x )Va;;<+b(1-c)(1- x))x (ana(l- g d)xzn.al(l- g)deeb(l-c)(l- x))i +

+2b(1- x)h +(a(1+g+d- gd)x)e

Tyr, B1 — (0,0 — 0,6:10) ar. wactka Zn, Bu3HAYCHa 3
0051acTi TOMOT€HHOCTI CIOAyKH ZNS Ipu TemIiepaTypi
T=1720 K [4], € — yacTKa MiX BY3JI0BOTO JABO3aPSIHOTO
mMHKY y MikBy3max ZnS (0 < ¢ < 1), p — yactka
OJIHO3APSIHUX BakaHciil uHKyY ¥y ZnS (0 <p < 1).

Bupasu s KoHIEHTpaIlii BigmoBiAHUX Je(eKTiB
OyIyTh MaTH BUIJISI

[\ :A(b(l- x)+a(1- g)x)

9
[VZ1=A(b(1- x)(1- c)+ax) (10)
[Zn]=Aa(1- g)(1- d)x (11)

(ZnX

(1-b)(1- e)x+((1- ) +ag)(1- x)V((l b)e+b)mx

(8)

[Zn*]1=A(a(1- g)dx)

(12)

[Te’ ]=Ab(1- c)(1- x) (13)
:A(a(1+g+d- gj)x) (14
p=2Ab(1- x) (15)

PiBHsiHHS enekTpoHenTpatpHocT s (11) 3amumiemo
HACTYITHUM YHHOM:

28V7 B+ ETe” g+n=28Vy g+ 8Zn f+28Zn; g+ p (16)
Amnanoriyno aus Bunaaky Bapianty I1I p-ZnSe-nZnS
KpHCTaJIOKBa3ixiMiuHa (popMyna Oyzie MaTH BUTIISL;

V((l b)e+b)(1- mx+a(1- g)(1- X) )Zn

(SXTe(l- a)(- x)Vel\kl- x) )X (Zn.a(l- g d(- x)zn{i- bex+a(L- gjd(1- x) )i +

+2x(b+e- be)h +((e(2- 2b+m- nb)+nb)x+a(1+g+d- od) (1- x))e'

(17).

KonmenTpariii BiAmoBiaHuX Ae()EKTiB BU3HAYAIOTHCS
CITiBBITHOIIIEHHIMH:

[V;]=A((1- b)e+b)mx

(18)

[VZ] :A(((l- b)e+b)(1- mx+a(1- g)(1- x)) as)
[VZ]=Aa(1- x) (20)

[Zn]=Aa(1- g)(1- d)(1- x) (21)
[Zn*]=A((1- b)ex+a(1- g)d(1- X)) 22)

(ZnX

n=A((e(2- 20+m- nb)+nb)x+a (1+g+d- ) (1- x)) (23)

p=2Ax(b+e- be) (24)

PiBHSIHHS €JI€KTPOHEHUTPAILHOCTI MaTUME BUTJISIA:

28V5 Bt &V, Bt N =28V gt 82 gt 26207 g+ p- (29)
Kpucranoksaziximiyna ¢opmyna mis Bapianty 1V

p-ZnSe-p-ZnS Gyne MaTH BUTIISL!

(3- by ) (1- &) x+(1- b, ) (1- x)V((l by)e; +b; )mx V((l by)e +by )(1- m)x+b, (1- x) )Zn

(SXTel b, +byc)(1- x)Vblz.(l-c)(l- x)) (Zn(l bl)eleell;z(l-c)(l-x))i +

+(x(el(2- 2b, +m- mb1)+mbl))e +(2x (b, +& - b )+2(1- x)b,)h |

Bupasu s KoHIEHTpaIlii BigmoBigHUX Je]eKTiB
OyIyTh Taxi:

[VZ1=A(((1- b)e +b,)(1- m)x+b, (1- x)) (27)
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(26)

[Va]=A(((-
[Vi']=Ab, (1-

b,)e, +b,)mx) (28)
c)(1- x) 29)
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[Zn?]= A((l- bl) elX) KpucranokBasziximiuaux gopmyi (1) — (34) HaBeneHo Ha
(30) puc. 3.  us  TBepmoro po3umHy N-ZnSn-ZnTe
[T€" ]=Ab,(1- c)(1- x) (31) KOHIEHTpaIlii Je(eKTiB, BUIBHUX HOCIIB Ta XOJIiBCHKOI

KOHIICHTpAIlii 3pOCTAal0Th 13 3OULIBIICHHAM KiIBKOCTI

pP=A (2X (e +b,- eb,)+20, (1- X)) 32) muHK cynbdypy (x) (puc. 3 -a).

Teepmi po3uumnu pP-ZNnSn-ZnTe i n-ZnS—p-ZnTe
n=A (X (el (2' 2, +m - nlbl) + nlbl)) (33) XapaKTePU3YIOThCS MEPEepO3IoaiiioM Ae(EeKTiB Ta HOCITB
PiBHSIHHS €JI€KTPOHEHTPATBLHOCTI: 3apsmy, a OT)Ke HasIBHICTIO B HUX [P-N- Ta N-P-TIepexoiB.

Otpumani 3ajexHocti koHuentpamiii pedekris (N) Ta
HOCiiB cTpyMy (Ny) BiA CKIagy TBepaoro posuuny (x),
M ATBEPIXKYIOTH, 110 g ckiagiB 0 < X < 0,5 momiHyOTH
Taki x nedektu sk y ZnTe, a misa cxianis 0,7 < x < 1
nepeBakaroTh  AedekT, mnpuramanHi ZnS. s

ngzﬁ B+ EVa B+ gTef' g+n= ngj* H+ 8Zn’ g+ p .(34)

1. Pe3yabTaTH 10CHiIKeHHS Ta IX

aHaJIi3 kpucranis ZnS,Te;, B obnmacti cxiagie 0,5 < x < 0,7
CIoCTepiraroThes aedekTH, sKi TUMoBi sk it ZnTe, Tak
Pe3ysnpraT npoBeeHUX pO3PaxyHKIiB KOHIIEHTpPAIii i m1s ZnS. (puc. 3 -6, B).
toukoBux gaedpekrtie (N), BimbHHX HociiB (N, p) Ta
XOJUTIBCBKOI ~ KOHIEHTpAIii (ny) HAa  OCHOBI
3 3
1g[N, cm ] Ig[N, cm ]
19,2
19 —
19—
7 9
18,8 3 18
18,67 N-THIT _‘
17
18,4 1
- 5
18,2 {i-
18] p-THUI N-THII
17,8 //__i_,,/"’”:r 15 6
0 o2 04 06 08 10 I ! l ol
AT M(;J]. ‘IaCT;(l/I " fi-Znl 0 0,2 0,4 0,6 08 1,0
\ p-ZnTe MOJI. YaCTKH n-ZnS
Ig[N, eM ] : o Ig[N, cv”]

N-THUII p-THIl
14 4
12
B
I I I I I I I I I |
0,2 0,4 0,6 0,8 1,0 0,2 0,4 0,6 0,8 1,0
n-ZnTe MOJL. YaCTKH p-ZnS p-ZnTe MOJI. YaCTKH p-ZnS

Puc. 3. Banexnicts KoHeHTpallii ToukoBux aedektiB (N) Ta xommiBcbkoi KoHmeHTpamii (Ny) Bix cKmamy s
TBEpAMX po3unHiB ZNS,Tey,: 1- gVZZr'] EI, 2- gV%nEI , 3 ani2+ EI, 4- anl)' EI, 5- gi EI, 6- gTeiz' EI, 7-n, 8-p, 9-n4.
(puc. 3—r, kpuBa 4).

Jns  tBepmoro  po3umHy  pP-ZNnS—p-ZnTe i3
36impIIeHHAM ~ KimbkocTi  ZNS  (X)  KOHIEHTparlii

Ginbimocti  geekTiB, BiMbHMX HociiB sapiry Ta ~— BHCHOBKH
XOJUIIBCBKOI KOHIIEHTpALil 3pOCTal0Th, a KOHLEHTpaLis
IBO3ApAMHMX BaKaHCii B amioHHilM migrpaTtmi chamae 1. 3anpornoHOBaHO KpPUCTAJOKBa3iXiMiyHi (OPMYIH
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YTBOpEHHS TBepAuX po3unHiB ZnSTe; s N- ta p-
TUITY TIPOBIJJHOCTI BUXIAHUX OlHapHUX cnoiyk ZnS i
ZnTe.

Ha  ocHoBi  KkpucTanokBazixiMiyHHX  (opmyn
BU3HAYEHO JOMIHYIOYI MOJEIeld TOUKOBHX Ae(eKTiB
y TBepaux po3uuHax ZnSxTel-x.

OtpumaHi 3anexxHocTi KoHueHTparii aepexris (N)
Ta BUNBHHX HOCITB cTpymy (NH) Bix ckiamy TBepauX
po3untis (X).

ITokazaHo, TBepai po3uunu ZnSTe;., HA OCHOBI N-
ZnS—p-ZnTe npu x > 0,1 MaroTh N-THIT POBIHOCTI,
BIIMOBITAJILHUMH 3a SKUH € BakKaHCIi XaJbKOTCHY

V2+

<, p-tun (x < 0,1) Bu3HAYaIOTH IBO3APSIHI

BakaHcii MHKY V.. Ta MikKBY3JIOBi aTOMH Telypy
Te” . V teepaux pozuuHax P-ZnS-n-ZnTe 3 Goky
ZnTe nominytote Zn>" i VZ*, a3 6oky ZnS— V2,
V

2-

y P-ZnSp-ZnTe — nepeBaxkatouumu € V.,

Zn?

V,, Ta T€ , KOHUEHTpalisi AKMX cHajae i3

30ibIIEHHSAM X; s N-ZNSN-ZNnTe XxapakTepHUMHU
e V', Zn', Zn*.

ABTOpH BHUCJIOBIIIOIOTh BIISIYHICTh
npod. ®peiky [1.M. 3a mocTaHOBKY 3aj1a4i JOCHIPKEHHS,
Ha/laHi KOHCYJbTAIlll Mpu OOTOBOPEHHI iX pe3ynbTaris,
JIOTTOMOTY TIPH IMiATOTOBII CTATTI.

Poboma euxonana y pamxax npoexmy MOH
Yrpainu (0eporcasnuti peecmpayiinuil HoMep
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Crystal Chemistry of Points Defects and Formation of the ZnSe,S,.« Solid
Solutions
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The crystal quasi-chemical formulae of the formation of the solid solutions ZnS,Tey, for n-and p-types of
conductivity of the basic binary compounds ZnS and ZnTe are proposed. The dominant models of point defects in
solid solutions ZnS, Te,., were determined. Dependence of concentration of defects, free current carriers and the Hall
concentration of the composition of solid solutions were a so cal culated.
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