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Po3paxoBaHo 3anexHicTh KOHUEHTpALii IedeKTiB 1 XOJUTBChKOI KOCLECHTpALil Bif CTyNeHs BiIXHJICHHS Bif
cTexioMeTpii Ta koedilieHTiB qucnponopiitoBaHHs AedeKkTiB. 3anponoHoBaHpP KPUCTAIOKBA3iXiMiuHi hopMyin 1uist
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Beryn

Iarepec [0 UMHKY CelieHiLy, HacamIiepes,
BUKJIMKAaHUHA MOTO TMEPCHEKTUBHICTIO IJISI CTBOPEHHS
IHKEKIIHHNX  CBITJIIOHIONIB 3  OJAKUTHO-CHHIM
ceiveHHsaM [1,2]. OxHiero 3 TOJOBHHX NpoOJieM Tpu
[[LOMY € OTPUMAaHHS KPUCTaIIB a00 IIapiB 3 BUCOKUMHU
€JICKTPOHHOO Ta J{IPKOBOO MPOBiTHOCTSIMH.

Hiarpama crany cucremu Zn—Se n00ynoBaHa
MeTozoM TepmivHoro anamizy [3]. LluHk i cemeH He
3MILIYETHCS B PIIKOMY CTaHi 1 (haza ZnSe yTBOPIOETHCS
TUIBKM Ha MEXi po3aury IBOX piakux mapiB. Touka
miaBiieHHss ZnSe 3a manumu [4] ckmagae 1788420 K,
1o cmiBmagae 3 ganumi [5] (puc. 1).

BaroBHi BiICOTKOBHF BMICT CelleHy
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Puc. 1. ®a3oBa nmiarpama piBHOBaru cucremu Zn — Se

[5].

ZnSe KpUCTATI3ye€ThCS TAKUM YMHOM, IO KOXKEH
aTOM PO3MILIIEHHH B LIEHTPI MPABUIILHOTO TETpaenpa, B
YOTUPHOX BEPIIMHAXX SIKOTO 3HAXOJSTHCS aTOMH
IHIIOTO eJleMeHTa. 3 TaKUX TeTpaelpiB MOXKIMBE
YTBOPEHHST JIBOX THIIB CTPYKTyp: cdayepury
(ky0OiuHa) 1 B’ropuuty (rekcaroHasipHa). ¥ CTPYKTYpi
cthaneputTy aToMH OIHOTO €JIEMEHTa PO3TAIllOBaHI y
BEepIIMHAX TPaHEICHTPUPOBAaHOI KyOIiYHOI TpaTKH,
ATOMH IHIIIOrO eJIeMEeHTa 3aiiMaroTh LIEHTPU YOTHPHOX
(3 BoceMmu) Manux KyOiB (puc. 2). IIpocTopoBa rpymna
F43m ( T;)- KoopaunaniiiHe ymcno st atoMiB 000X

€JIEMEHTIB OJTHAaKOBe 1 piBHE YoTHUpHhOM. [IpocTopoBa
rpyma B ropauty — P6;me( C ). Koopaunariitae umcio
.

JUTSL aTOMIB 000X €JIEMEHTIB PIBHE TAK0XK YOTHPHOM.

ZnSe, 3aJ€KHO BiJl YMOB BUPOIIYBaHHS, YTBOPIOE
KpucTam abo 4YHCTO KyOiuHI 3  TpHUIIApOBOIO
YIAaKOBKOIO THITy cdanepur abo 3MilIaHOK ABO- 1
TPUIIAPOBOIO YIAKOBKOIO — 3 YepryBaHHsIM 2- 1 3-
IIapOBHX TUITHOK [6].

CeneHi UHKY € HAIIBIOPOBIAHUKOM 3 ITUPHHOIO
3a00pOHEHOI 30HK TOPsAKy 2,6 eB [7] (Tadm.1).

B pobGori [8] OyB oTpumaHHMH HeJIErOBaHHHA
CeJIeHil LIMHKY 3 KOHIIEHTpaLli€lo eeKTpoHiB 6,9-10'°
CM™. pyXIHBICTH ENEKTPOHIB y TakoMy MaTepiami
cknamana ~700 cv/B-c mpu 300 K. Amamis ycix
MOXJIMBHX MEXaHi3MIiB PO3CiIOBaHHS IIOKa3aB, IO B
ZnSe OCHOBHUM MEXaHi3MOM PO3CISIHHS € B3a€EMOJIIS 3

onTuuHUMHU (GoHOHamMu. lle CBiMYMTH MPO HASBHICTH
3HAYHOI 10HHOI CKJIaJOBOT XIMI9HOTO 3B’S3KY.
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Puc 2. Kpucranorpagiuni cxemu ToukoBux aedekris 3a lllotki (a, 0) 1 3a ®penkenem (B,r) mis n-ZnSe (a,B) Ta p-

ZnSe (6,).@—Zn,O—Se, A —7n, A —Se;,0- v, -V,

OcHOBHI $i3uko-ximMiuHi mapamerpu Zn-Se [2, 8, 9]

Taoauns 1

1 [ Tupuna 3a00poHEHOT 30HK AE=27 eB
2 EdexTrBHA Maca eleKTpOHIB m*e/m0=0,17
3 EdextnBHa Maca nipok m ;,/my=0,6
4 | PyxumBicTb €NIEKTPOHIB 1.=530 cm’/Bc
5 | PyxumBicTh Iipok 1,=28 cM”/Bce
6 HienexTprudHa craja (ONTHYHA) 5,90
7 | HienextpuyHa ctana (craTniHa) 8,1
8 Temmneparypa Jle0as 400 K
9 TernonposigaicTs pu 300 K 0,19 Br/cm rpan
10 | Koedimienr miniitHoro po3mmpenHs npu 300 K 1,9:10rpan
11 | Crana rpatku

canepur a=5,6687 A

B IOpLUT a=4,01 A

c=6,54A

12 | Bixcranp Mixk pi3HOUMCHHUMH aTOMaMU 2,45A
13 | I'yctuna p=5,26 r/cm™
14 | Temnepatypa miaBieHus (S) 1793 K
15 | Tenmora yTBOpeHHS AH=39,3+1,0 xxan/MoIb
16 | BinmpHa eHeprisi yTBOPCHHS AG=39,294 xxan/mMoib
17 | EaTpomis S°298,15’=20,010,5 KaJI/MOJIb Tpaj
18 | TemnoemHicTs Cozgg,l s=12+1 xan/mons Tpasn
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Y  nganii  poOOTI  3ampPOIOHOBAHO  KPHCTAJIO-
KBa3iXiMi4Hi GOpMyJH JJIst n- i p-ZnSe 1 po3paxoBaHO
3aJIeKHOCTI KOHLEHTpaliil nedekTiB i HOCIIB cTpymy
BiJl BIAXWJICHHS BiJl CTEXIOMETPUIHOTO CKJIAAY 32 YMOB
JIICITPOTIOPIIFOBAHHS 3apsPKEHNX Je(DEKTIB.

I. Kpucrajgoxkpa3ziximiuti ¢popmysiu

OcHOBHUMH Je(EeKTAMH Y HEJIETOBAHOMY IMHK
CeleHIl € ABO3apsiiHI Ta 0HO3apsiAHI BakaHcii LIuHKy

" / .o . . .
(V,,»V,,) ta Ceneny (Vg ,V,), a TakKoX MDKBY3IOBI

aHaIizy nedeKTHOT MiICUCTEMA IOKJIaZieHa
CYyTIEPIIO3UIIis KPUCTATOXIMIYHOT hopmymm
JTOCTIIKYBaHOT CIIOTYKH Zn;, Sey, 3

KPHCTAJIOKBA3IXIMIYHUM KJIACTEPOM, SIKUH popMyeThCs
Ha OCHOBI aHTHUCTPYKTypH OCHOBHOiI Matpurmi [10].
1 /77 ee
AHTHCTPYKTYPOIO LIMHK CeseHiy € caneput V) Ve,
/s oo

ne v, 1w

Se JABOKPATHO 3ap>1z[>i<eHi HEraTuBHa

BakaHcist L[MHKy Ta mosutiBHa Bakaucis Ceneny, “/ i

“” — HeraTUBHUH 1 TO3UTHUBHUI 3apsAM BiMOBIIHO.
KpucranokBazixiMiuHe Npe/ICTaBICHHS JIETYIOUOTro
kiacrepa Ui n—ZnSe (Hagymumok L[MHKY y rpaHumsx

. . . obuacri TOMOT'€HHOCTI OIMCYETHCS SIK
aromu ( Zn; ,Sel./ ) [10], xpucranorpadigai Moaeni IKIX ) 1}: <Basi
I . o | I e o -
. VzVsetZn — ZnGZuV(lfd)ZnVSc(Zn(l—d))- s 4 KpHUCTaJIoKBas3
300paX€HO Ha pHc.2. 3 METOI aHalli3y BIUIMBY L i . .
BIIXMJIEHHA BiI CTEXiOMETPMYHOIO CKIady Ha XIMIMHA dopmyna BIATIOBIIHO:
KOHLICHTpAIlilo J1eeKTiB 1 HOCIIB CTpyMy HaMH
BUKOPHCTAHO KPUCTAJIOKBA3IXIMIUHI MTiAXOH.
B ocHOBY MeTomy —KpHCTalIOKBa3iXiMI4HOTO
(1= a)(ZniuSese) + & (ZnkViomVi(Znio),) -
d (Zn(xl-a)zngaVk/l-d)a)Zn (Selx-aV:;)Se (Zn;l—d)a)‘ g
g (Zn(l—u)+daV(l—d)a)Z" (Selqua )SC (Zn(l—d)u)i +2doe ( )
d ( an(l—u)+duv(1—d)u)zn (SCTqu:;)Se (Zn(.]—d)m)i +od+ 1)ev A d
And (an(lfahdav(//l—d)a)z" (Selx-avg:a V('l'-b)m)Se (Zn(.lfd)c()‘ +o(d+1De +boh”.
Tyt 7n%., Sei, — Hunk i Cenen y Bysnax JIACIIPOTIOPIIIFOBAHHSI IBO3APSIIHUX BaKaHCIii ceneny, d

KpHCTaNiuHOi rpaTky, “* — HeffTpanbHuil 3apsz, “ —

HyJIBOBUH 3apsi, O — MOJbHA JONS JIETYIOUOIo
KOMIOHEHTa, ¢ — KOHIIGHTpAIis eJeKTpoHiB, h —
KOHIICHTpAITis JIPOK, b - KoeQiIlieHT

— JIOJIS aTOMIB IIMHKY Y KaTiOHHHUX BY3JaX.

AHAJIOTIYHO KPHCTAIOKBA3IXIMIUYHHIA KiacTep p-
ZnSe (wmammmmok CeneHy Yy TrpaHUIIX 00JacTi
TOMOTE€HHOCTI):

Va Vs +2Se — VzSesSei

- (ZHHSVB)ZH sesC(Seé)i +2Bh" > (

x x . X i X / .
. +3h X / I/
ol ) ) s s

- "B 5B

Je B — MOJIbHA JIOJIA JITYIOYOTO KOMIIOHEHTA, C —
KoeimieHT JUCTIPOTIOPIIFOBAHHS JIBO3APSTHAX
BakaHciil L{uHky.

I1. Po3paxyHok koHueHTpauii negexrtin
Ta XO0JUIiBCbKOI KOHIEHTPaILil

3riiHO 3 OAEP)KAHUMH KPHUCTAJIOKBA3iXIMUUYHHMHU
dopmymamu (1) 1 (2) MoxHa po3paxyBaTH
KOHLEHTpalil JedekTiB y KaTiOHHIH, aHIOHHIN
miarparkax Ta MibkBysioBoro Iluaky i1 Ceneny, a
TaKOXX EJEKTPOHIB Ta JIpOK. XOJUTiIBChbKa KOHIICHTPALILS
HOCIiB CTpyMy BH3HA4Ya€eTHCs 32 YMOBH:
= [n-pl. (3)
Jis  Bumagky 30epekeHHS —cTexioMmeTpii  3a
METaJIOM 13 BpaXyBaHHsIM piBHsHHS (1) oTpumaemo:
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X /" X . .
Z“l—BVﬁ)zn (Selfﬁseﬁ)se(ses)i -

1-p <1—c)ﬁ)zn e, (Se/ﬁ)i +3h"+ cpe, @
[Via]=2A0(-d); )
[Vse = Aba (%)
(V& ]=2Aa(-b); (6)
(20} ]=Aa(1-d)* @)
ae A= g , Z — KoopauHalLiiiHe uYHCIO, ay —

P
rapaMeTp I'paTKHu.
PiBHSIHHSL  €JIEKTPOHEHTPANIBLHOCTI
BUIJIA:
20(1-d)[ VZ; [+n=ba[ Vg, |+20(1-b)[ V& |+ al-d)[ Zn] |+p,

Oyne wmartu

n=oa(+d)e> p=bah-
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3nadyeHHsax d: a—0,001; 6 —0,5; 8 —0,9999.
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Puc. 4. Po3paxoBaHi 3Ha4eHHsI KOHLIEHTPALT
nepeBakarounx nedekris 1 —[v2-7,2 -[ V2 |,3 -
P ned [VZn} |:VSe :|’

[Ve.]- 420 ]

OCHOBHHMX HOCIIB 5 —n, 6 — p, Ta XOJUTIBCHKOT
KOHIIeHTpawii 7 —ny 1t n-ZnSe mpu d=0.5 1 pizHux
3gaueHHsx b: a—0,001; 6 —-0,5; 8 —0,9999.
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I:VZn ], 3 —[Se;] , OCHOBHHMX HOCIiB 5 — n,6 —
P, Ta XOIUTIBCHKOI KOHIIEHTpAIii 4 —py UL p-
7ZnSe npu pi3HUX 3HAYCHHSX C:

a—0,001; 6 - 0,5; 8—0,9999.
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XoiiBChbKa KOHIICHTPALIIS:

n, = Aa?(b> +4(1-b)’ —3(1-a)*)- (3)
[Tpu HaaIUIIKyY CeJeHy BiANOBIIHO:
[Vaa = Abe: ©)
[V2,]=2AB0-c); (10)
Ve ]-Ap- o
B BOMY BHTIAJIKY PIBHSIHHSA

€JIEKTPOHEUTPATIFHOCTI Oy/e:
Be[Vy, ]+2B(1- c)[V%;J +2B[Se; |+n=p,
1€ n=cPe’s p=3ph°-
XoJuTiBChbKa KOHIICHTPALIIS:
n, = AR?(C? +4(1—c)’ +4)- (12)

PesynbraTi po3paxyHKiB HaBezeHI Ha puc.3-5.

II1. AnaJi3 pe3yJbTaTiB 10CTiIKEHHS

3 aHasi3y KpHCTAJIOKBA3iXIMIYHUX PIBHSHb VIS N-
ZnSe (1), a TakoX MPOBEIEHNUX PO3paxyHKIB (puc. 3, 4)
BUJIHO, IO JOMIHyIOUMMH JAedeKTaMu €: BakaHCil
Ceneny ta Mk By3noBi atomu Llunky (puc.3, 4 —
KpuBi 2, 3, 4). [Ipu upMy ciij 3ayBaXkuTH, IO SKILO 13
3pOCTaHHSIM 3aMIIICHUX KAaTIOHHUX BaKaHCIH aTroMaMu
[{uHKy Mae Miclie 3MEHILIECHHSI MDKBY3JIOBUX aTOMIB Ta
Bakancii Llunaky (puc.3 — xpusi 1, 4), To TO 13
30LIBIICHHSIM BEJIMYUHU JICTIPOTIOPIIIFOBAHHS
BakaHciii CeneHy BigOyBaeThCI iX TIEPEPO3MOALIT
(puc.4 — xpuBi 2, 3). Ilpu mpOMYy KOHIIEHTpAIlis
BakaHCiil LluHKY He 3MIHIOETRCS, O 1 3po3yMino. [lpu
30UIbIICHHI CTYNEHs BIAXWJICHHS BiI cTexiomerpii B
CTOPOHY HAQUIMIIKy MeTaly, KOHLEHTpAIs YyCix
nmedeKkTiB, TaKk 1 XOJUIIBCbKA KOHIICHTpAIis HOCIiB
CTpYMY 3pocTatoTh (puc. 3, 4).

3rilH0 KPHUCTAJIOKBA3iXIMIYHUX PIBHSAHb ISl P-
ZnSe (2) Ta nMpoBeneHUX PO3paxyHKiB (puc. 5) ciinye,
IO MepEeBAXAKYUMH Ae(EKTaMH €: OHO- i ABO3apsAHI
BakaHcii [{luaky Ta Mix By310Bi aromu Cenery (puc. 5
— kpuBi 1, 2, 3). Ilpm upMy i3 3pOCTaHHIM
JUCTIPOTIONIiOBaHHS BakaHcii L{uHKy Mae micie ix
mepeposmonin (puc. 5 — xpumBi 1, 2). Sx 1 B
MOTNepeIHbOMY ~ BUMANKy, 30UIBIIEHHS  HeCTeXio-
MerpuyHoro CeneHy OOYMOBIIOE 3pOCTaHHS YCiX
nedeKTIB Ta XOJLTIBCHKPI KOHIIEHTPAIlT HOCITB (puc. 5).

BucunoBku

1. 3anporoHOBaHO KPHUCTAIOKBA3iXiMidHI  Qop-MyIu
IUTSE HECTEXIOMETPHUYHOTO N- 1 p-ZnSe.

2. Iokazano, 1o 11t n-ZnSe JOMIHYIOUUMH BIaCHUMHU
TOYKOBUMH JIe()eKTaMH €: OJTHO- 1 IBO3apsiiHI BakaHCil
CeneHny Ta MK By3JIOBi aToMu [[MHKY, KOHIICHTpAIis
SIKUX 3pOCTae€ 13 30UIBIICHHSAM BIAXWICHHS B[
CTEXIOMETpii.

3. dnsa p-ZnSe nedextHy migcucreMy (GopMyIOTH
OJIHO- 1 IBO3apsiaHiI BakaHcii [[MHKY Ta MiX BY3JOBI
atomn CeneHy, KOHIEHTpAIlisl SKHX 3pOCTae i3
30UTBIIICHASM BIIXWJICHHS BiJl CTEXiOMETpIii.
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ABTOpU BHCIIOBIIOIOTH BIsUHICTH mpod. Opeiky .M.
3a MOCTaHOBKY MPOOJEMHU AOCIIKEeHb, OOTOBOPEHHS
OTPUMaHMX PE3yJIbTATIB Ta IiHHI 3ayBa)KCHHSI.
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Dependence of concentration defects and Hall concentrations is calculation from the degree of deflection and
coefficients of disproportionation defects. Are offered crystaloquasichemical formulas for nonstoichiometrical n- and
p-ZnSe on condition of existence singly- and double-charged vacancies and internode atoms of zinc and selenium
accordingly.
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