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3anpornoHOBaHi KPHCTAJIOKBa3ixXiMiuHi (GOPMYIH YHCTHX 1 JICTOBAHUX Mimmi0 KpucrtamiB ZnSe, MO MICTITh
CaMOaKTHBOBaHMI KHCeHb i BUmaaky yrBopenHs komiuiekciB SA(I) — Cu(l), SAL(II) — Cu(I), III — Cu(IID).
Po3zpaxoBano 3amexHOCTI KOHLEHTpamii AedeKTiB, XOJUTBCbKOI KOHIEHTpAIlil HOCIIB CTPyMy Bill BMICTYy JIETyIO4Oi
noMimku Cu Ut pi3HUX 3HaYeHb KOHIIEHTpamii ()OHOBOTO KHCHIO, SIK Y CTEXIOMETPHYHOMY LWMHK CEJICHiJI, TaK i n-
Ta p-ZnSe. BuznaueHo pons KHCHIO 1 Mifi y (OpMyBaHHI €IEKTPOHHOI MiJACHCTEMH KPHCTAiB IMHK CEJeHixy Ta

peanizanii y HIX TepMOAMHAMIYHHX P-N — IEPEXOIB.

KorouoBi ci10Ba: IMHK CelieHi, KUCHEBI KOMIUIEKCH, KPUCTAJIOKBa3iXiMiuHi Gopmyu.
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Beryn

Kucenp, 3aBasku HOro mnepeBakaHHIO Yy CKJaJi
aTMoc(epHHUX Ta3iB Ta 0cOOIMBIH XiMidHIN aKTUBHOCTI, €
HalOUIBII  MOMIMPEHO0  (OHOBOIO  JOMIIMIKOK Yy
HAMIBIPOBITHUKOBUX Matepianax. Moro pons Ha mpoTssi
BCBOTO TPOMDKKY PO3BHTKY POCTOBOi TEXHOJOTI 1
JOCIIKEHHST 0CO0IMBOCTEH (DI3MKO-XIMIYHHX IMPOIECIB
y MarepiajiaX eJIeKTPOHHOI TEeXHIKH OyJyia 1 3aluIInThCs
akTyanbHoMo [1].

Kucenp MoXe 3HaXOJMTHUCS Yy HaliBIPOBIIHUKOBUX
KpHUCTaJax SK B €IEKTPUYHO HEHUTpaJbHOMY CTaHi, Tak 1
YTBOPIOBAaTH 3apsKEHI aKTUBHI JIOHOPHI Ta aKIENTOpPHI
KOMIUIEKCH. Y KpHCTajaX IMHK CEeJEHily KHUCEHb €
OJHI€I0 i3 HeBiq'€eMHHMX (DOHOBHX JIOMIIIOK, HOro
rpaHMYHA KOHIeHTpauis € 3mauxoro (107 om™) i
repeBaXka€ y ps/li BUMAKIB SK BIACHY, TaK 1 JOMIIIKOBY
koHneHtpamito [2]. Ilg oOcraBmHa TPHU3BOAUTH JIO
JOMIHYIOUOTO BIUIMBY KHCHIO Ha BECh KOMILIEKC
BJIACTUBOCTEH Marepiany, OcCOONMBO Ha (opMyBaHHA
CaMOAKTUBOBAaHMX IIEHTPIB JIIOMIHECHEHLII Yy pi3HUX
Jiarma3oHax ONTHYHOTO CHEeKTpy [3].

Y nasHii poOOTI PO3MIISHYTO KPUCTAIOXIMIYHUI
ACIIEKT POJIi KMCHIO Y YHCTHX 1 JieroBaHuX Cu KpHCTaigax
LUHK CEJICHITY.

I. KucHeBi koMIIeKCH Yy KpUcCTaIax
ZnSe:Cu

[uuak  ceneHin MEPCTIEKTUBHUIA ~ MaTrepiai

828

ONTOCTICKTPOHIKH, TaK K Horo poOodwmil miama3zoH
BiANIOBia€e  CUHBLO-OJAKUTHIN  00JacTi  OITUYHOIO
cuexTpy [4]. BcraHOBIEHO, IO CHEKTPAIBHUM CKIIax
CMyT BHIIPOMIHIOBaHHS ZnSe CYTTEBO 3aJ€KHUTh BiJ
Jeryodnx JoMimok. [Ipu HasBHOCTI ()OHOBOI OMIIIKK
KUCHIO  XapakTepHUMH € TpU  Pi3HI  CMYyTH
KaTOJIOJIOMIHECIICHIIIT, sKi ieHTH(IKOBaHI B JiTepaTypi
ak SA (I), SAL (II) i III. onaTkoBe JieryBaHHS MiZJIO
noB’s3ytoth i3 meHrpamu Cu (I), Cu (II) i Cu (1)
BignoBigHO (Tabmmms) [5]. LluM cMmyram BigmoBigaroTh

.. X
KOMIIJICKCH 13 130JJbOBAHMMH aTOMaMHU OKCI/II‘CHY OS .

AKi 3HAXOJATHCS y BYy3JaX KPHUCTATIYHOI TpaTKH 1
YTBOPIOIOTH 130€IIeKTPOHHI HEHTPH. Bonn
00yMOBITIOIOTH 3MEHIIEHHS BiJICTaHEH MIDK
B3a€EMOJIIIOYMMHI YaCTKaMH KpHUCTaNigHOo1 TpaTtku 10 (40 -
50) %, mo y nepuoMy HaOIMKEHHI MOXKHA TIPEICTABUTU
SK YTBOPEHHS HOBUX BIIACHUX TOYKOBUX Je(PEKTIB —
MikBy3noBoro Luuky Zn; Ta Bakancii Lunky V7, [5].
3apsnoBuit CTaH BiZI3HAYEHUX LEHTPIB
KaTOO0JIIOMIHECIICHIIIT BU3HAYAETHCS THIIOM,
KOHIICHTPAIIIEIO 1 3apsiIOM BJIACHUX TOYKOBUX JC(EKTIB,
SKi TIOB’s3aHi 13 BIOXWJICHHSMH BiJl CTEXIOMETPUYHOTO
cKkiany ocHoBHOI Marpui. Tak, 30kpema, cmyru SA (I) i
Cu (I), 3a sKi BiANOBINAIOTH KOMILUICKCH BiAIMOBIIHO

(O;Zni'\/;n )/ 1a (0;Cu;V,, )/ (Tabnuus) XapakTepHi
Iuta Kpucrtaiis, 30aradennx Ha Llmak. Cmyrun SAL (IT) i

Cu (II), sKkUM BiATIOBiZAIOTH KOMIIEKCH (O;Zni"V;n )x

Ta (O;Cui"V;n )X (Tabmuis)  GopMyrOThCS  3a
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TEXHOJIOTIYHAX (PaKkTopiB, MmO 3a0e3MeUyroTh CKIA,
ONMM3bKMKA 1O CTexXioMeTpu4HOro, abo K He3Ha4YHe
30araueHHss Ha xanpkoreH. Cwmyru III, Cu (III)
BHUHUKAIOTh y ZnSe 3a yMOBM 3HAYHOTO HAaJJIMIIKY
Cerneny, sikuii 00OyMOBIIOE TOHIKEHHS piBHA Pepmi i
30UIbIIEHHS KOHLEHTApLil BJIACHUX  OJHO3aPSIHUX

aKuentopis Vv, , 110 BiANOBiJAIOTh KOMILIEKCAM

(O;Zni"V%n). abo (O;Cui"Vgn). BIAMOBITHO IS

HEJICTOBAHUX 1 JICTOBAHUX Mi IO KPUCTAIB.

KOMIUIEKCIB Yy IMHK cemeHimi [5], a  Takox
3alporoHOBaHnil Hamu y poborax [6,7] migxim 1o
aHaii3y JIedeKTHOI MiJCUCTeMH Yy HaIliBIPOBIJHIKOBHX
CHOJIyKax, 3allfIIeMO KpPHUCTAOKBa3ixXiMiuHi (opmynu
JUil  po3misiAyBaHuX MarepianiB. [lpn mepeBaxaHHi
KHCHIO y JIeTOBaHMX Kpucranax ZnSe:Cu Oyzemo Opatu
JI0 YBaru yTBOPEHHsI KOMIUIEKCIB sK 13 [lMHKOM, Tak i 3
Kymnpymom (SA(I) — Cu(I), SAL(IT) — Cu(Il), IIT — Cu(II)
- tabmuig), a mini — kommiekciB i3 Kynpymom (Cu(l),
Cu(II), Cu(IIl) — Tabmutis).

Y mepmomy Bumaaky ([O] > [Cu]) nmna
CTEXIOMETPUYHAX KPHUCTATIB i3 (DOHOBOIO JOMIIIKOIO

II. Kpucrajgokpa3ziximiuti (popmysiu kucHO  ZnSe:O  KpucTanokBasixiMiuna — Qopmyna
KpHucTadiB ZnSe i3 KHCHEBUMH SalnUICTBCA y BUTILAL
KOMIIJIEKCaMH
Martounr Ha yBa3i 3apsOBUH CKJIaJ KHCHEBHX

vl y
V,. Vs, +EO2 —V,, Og, - neryrounii Knacrep;
(1-£)Zn}, 8¢, +€V,, 05, — (20}, V;) (Sej,0;) +2sh'. (1.1)

Jna necosanux mioow xkpucmanie ZnSe:O:Cu:

V,, Vi, +Cu® — Cu), Vi, - neryrounii knactep;
(1-0){(zn},V;), (Se;,0;), +2eh'}+0Cu}, Vs, -

- (Zn(lfs)(lfs)cucvs(lfo') )Zn (Se(lfc)(lfs)vc;os(lfc) )Se + 28(1 - G)h -

(20} 00 Viiey )2n (Se; \'% )Se (Ox.Cu vy, ) (05,20, )

(I-o)(1-¢) "o

[Ipn BigxwiaeHHI BiJ CTEXiOMETPHUYHOTO CKIATy
IMHK CeNIeHIoy Ha OiK MeTally KpHCTaJIOKBa3iXiMiuHi

Henezosanuit n-ZnSe:

V, Ve, +Zn’ = (zn)V, ) Ve (zn;

Y (1-y)

(1-a)Zn}, Sej, +a (Zn;V(LY) )Zn Ve (Zn?l—y)
- (an

Kpucmanu n-ZnSe:O:

)i - (an

f(lf | F2oe2e(l-oh.  (1.2)

dopmynmu g HenmeroBaHoro — n-ZnSe  OyayTh

HACTyITHUMU.

e )i - JITYIOUHH KIIacTep;

Zn' V' )Zn (Se* V")Se(ZnZ(H))i—)

(I-a) ay *a(l-y) l-o "o

s Vain ), (S€a Vi ) (2000200 ps ), +a(1+7+8-18)e " (1.3)

(1- X)[(anl—a)ﬂlyvt;(l—y) )22 (S€1 Vo )se (Zn.u(l—y)(l—ﬁ)zn;(l—y)S ) +o(l+y+3-vd)e']+ X(Vénoéc) -

- (ZnE((lfotHoLy](lfx)V;(lfy)(lth-x )Zn (Se:kot)(lfx)vd;n(lfx)oj( )Sc (Zn;x(lfy)(lfé)(lfx)Zn;(lf‘/)(lfx)ﬁ )i +
+o(l-x)1+y+d—-yd)e'+ (a(l-x)+2x)h". (1.4)

Kpucmanu n-ZnSe:O:Cu:

(1-2) {(Zn(l—x)(lftxﬂxy)Vot(lfy)(lfx)+x )Zn (Se(l—a)(l—x)

. x . .
Von(lfx)ox )Sc (Zno((lfy)(IﬂS)(lfx)anxS(lfy)(lfx) )i +

+o(1-x)(1+y+8-y8)e'+ (a(l—x) +2x)h'} +zCu,, Vg, —

—>(an

(zn Zn

a(l-z)(1=y)(1-8)(1-x)

d X
(l—z)((1—x)(1—a+oty)—x)+z\](l—z)(a(1—y)(l—x)+x) )Zn (Se(l—z)(l—a)(l—x)

;6(1—2){1—*,/)(1—)() )i (O;ccu;V;n ) (O;cznliV;n )

V.

a(l-z)(1-x)+z )Se
/ /
z

x(1-z)-z

+Ha(l-2)A-x)A+y+6-yd)+z)e'+[(1-z)(a(1-x)+3x)]h . (1.5)

BinmoBimHO TpW BiOXWICHHI Bifl CTEXiOMETPHYHOTO
Henecosanuii p-ZnSe:

CKJIaly HUHK ceneHi,uy Ha OiK XaJIbKOTCHY OTpHUMAEMO.

. o o N .
V,. Vg, +Se” =V, Seg, - neryrounii knacrep;

(1—5)(Zn;n8egc)+B(v;n3e;c)a(an_ﬁVg)Zn(Sef_BSeé)Se = (20}, Vs Vi ), Sei +2Bh +PBue’ (1.6)

B(l-p) "pu
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Kpucmanu p-ZnSe:O:
B(1-p)
(Znu 01-9) Yoya-wey Vaua- y)) (Sel y y)s +(2B(1-y)+2y)h +Pu(l—y)e'. (1.7)

Kpucmanu p-ZnSe:O:Cu:
(1-1){(2n; \'A Vi ), (Se1,05 ) +(2B(1-y)+2y)h +Bu(l-y)e'}+ACu}, Vy, -

(1=(Z07 Vi Ve ) Sef, +2Bh +Bpe+y(V,, 05 ) >

(1=y)(1=P) " BU=y)I-p)+y "Pu(l-y)

(Zna AA-y)1-B)-y) 2 \/8 “MBA-y)(I- u>+y>Vﬁu(1—k>(1—y> )Zn (Se(l A1 y>V“) e(O;Cu;V ) (O ZnV, )y(l o T
+ (1= DA =)+ 200 + (1= D(Pu(l— y) + ) + 22)e" (19)
VY npyromy BHIIQJIKy, 32 YMOBH II€pEeBaXaHHS BMICTY ¢dopmyui, Ha BingMiHy Bif (1.2), Oyzae TUTBKH KOMILIEKC i3
migi [Cu] > [9], [0 aHAJOTI{ 6ygeM0 MaTH HACTyIHe. Kympymom (Oxcu_..vn )x:
[lpu  moxBiiiHOMY  JIeTYBaHHI  CTEXiOMETPHYHUX
kpuctanie  ZnSe:O:Cu y  KpHCTaIOKBa3iXiMidHIN
(1-0){(2n;,V,), (Se;,0;), +28h}+oCuy, Vi, —>
(Zn(l o)(1- a)Cuth(l o')) (Se(l o)(1- a)vcoa(l c)) +2¢(l-o)h’ -
(an 2¢e(1- G)VL(I G)Cuo' e(1- 0')) (Seilfo')(lfu)vé) (O Cu V ) (- )+
+Bo—-¢e(l-0))e'+2¢(1-o)h'. 2.1

Bionosiono ona n-ZnSe:O:Cu:
(1 Z){(Zn(] —x)(1- u-ny)VLX(] —y)(1- x)+x) (Se(l —a)(1- X)Va(l X)OX) (Zn-(x(l—y)(]—é)(l X)Znuﬁ(] =y)(1- x)) +
+ou(1=x)(1+y+8-yd)e'+ (ol —x) +2x)h'} + zCu,, Vg, —

X .
_)(Zn(l—z)(l—x)(l—u+ay)cuz x(1- z)\/(] —z)(a(1- )(l—x)+x)) (Se(] —z)(1-a)(1- X)Va(l—z)(l—x)+z )Se

(zn, 7n; O Cu;V,, )

a(l=z)(1=y)(1-8)(1-x) GS(I*Z)(I*Y)(I*X)) (

+
x(1-2)
+Ha(l=x)(1=2)(1+7 +5—78) + 2z —x(1- z))e +[(1 - z)(ou(1 - X) + 2x) + Z]h' 2.2)

ma p-ZnSe:0:Cu:

a- M{<Z“<1 ¥ B)Vg(l—y)(l—u)ﬂvl;u(l—y)) (Sel v y)s +(2B(1-y)+2y)h +Bu(l—y)e'} +ACu,, Vs, —
(Zna en-m Clyae MV(l “R)BA-y)(1- >+y>Vﬁu<l -A)(1-y) )Zn (Se(] —2)(1- y)V“) (OX CuV, )y(l " +
+(A-D)2AA-y)+2y)h + (A=) Pul-y)+y)+24)e" 2.3)
Taoauns
CriBCTaBJICHHS CMYT BUIPOMIHIOBAHHS CAaMOAKTHBOBAHMX KMCHEBHUX 1 MIJIHUX IICHTPIB B ZnSe
XapakTepHucTuKa eHTpa 3apsiioBuil cTaH CMyTHu BUNIPOMIHIOBAHHSI: A, HM; E,4, ¢B
SA(D)
oz..) £ 059
Hapmumox Lunky I 4=0.61(0.55)
cuth A =640
(oscu, ) EA=0.65
SA(D)
(O Zl’l Z”) }\‘ :_477
Crexiomerpist Jik Ex=0.15
XCu(fI)” < A=508
(OS Cui VZn ) EA:02 4
1
(320, ) n= 3385
Hammok Ceneny I EA=0.87
o ) =740
(0;curv,,) E,=0.87

830




CaM0aKTHBOBaHI KHCHEBI KOMIDICKCH Ta JIE(EKTHA MiICUCTEMA. ..

I11. Pe3yabTaTu po3paxyHkiB Ta ix

aHaJi3.
Konuenrtpauii  mepeBaxarounx  Ae(eKkTiB  Ta
OCHOBHUX  HOCIIB  3apsy MOXHa  po3paxyBaTH

HacTymHUM 4yuHOM. [[ns xpucraniB ZnSe:O:Cu 3rigHo
(1.2;2.1)

[V ]=4e0-0)

VSEJ = Ao,
n=2A4c, 3.1)
p=24e(1-0).
Tyt 4= g (Z =4 — gncno CTPYKTYPHUX OJAWHUID Y
P
eleMeHTapHii komipmi, a=5,67 A — mapamerp

€JIEMEHTapHOT KOMIpKH caliepury).
PiHsIHHSL €JIeKTPOHEHUTPATILHOCTI B I[bOMY BHIIAJIKY
Oyze MaTH BUTIIS

2[V;ﬂ]+n = Z[VS'E']+ P,
a XOJUTIBCbKA KOHIICHTPAITisl HOCITB ny:
ny =|n—p|=]4Q20c-2e(1-0))|. (3.2)
Jna kpucmanis n-ZnSe:O:Cu 32iouo (1.5; 2.2)
[V, ]= A1=2)@(-)1-2)+x),
(Ve ]= A@(-2)1-x)+2),
[ 20} = Aa(-2)1-p)(1-6)1-x) .

[z ] = 4as(1-2)1-p)1-x). (3.3)

Ig [N, em”]
181

174

164

154

144

13+

02 0.4 0.6 0.3 1.0
[Cu] 10° aT.macTxu

a)

Ipu [O] > [Cu] 3eiono (1.5)
[(O;Cu;VZ"n )’] = Az,

[(ogzn;VZ"n )’] = A(x(1-2)-2),
n=Ala(-2)1-x)1+y+5—y5)+z),
p=A1-z2)(a(l—-x)+3x)]. (3.3.1)

Ipu [Cu] > [O] 32iono (2.2)
[(O;Cu,.'VZ"n )/} - Ax(1-2),

n=Ala(l-z)1-x)1+y+06-p0)+2z—x(1-2)),
p=Al(l-z)(a(l-x)+2x)+z]. (3.3.2)

PiBHSHHS eNIeKTpOHEHTPATFHOCTI Ta XOJUTIBChKa
KOHIICHTpAITis
ona [O] > [Cu]
b Jeloscuvsy Lelosznv,y Jen =il [zn: [+ 2lzn |+ -
ny == pl =+ 2o} 2z -2l -loscurv,y |- 0s.200 ) |-

(3.4.1)

Hna [Cu] > [O]
oy, [+lscuv,y [+ n =y |+ |zn; [+ 2lzns |+ p

ny =l pl =i+ [z 2z -2l - loncur, y -

3.4.2)
Ig [N, em’]
191
3 3 2
18- 4
1
17
n-THI

16

15-

14

13 T T T T . )

0.2 0.4 0.6 0.8 1.0 12
[Cu] 10* atwacTiku
0)

Puc. 1. 3aexHiCTh KOHIEHTpALii IepeBakarounx Toukosux aedextis 1 —V,, , 2 —V;, , OCHOBHUX HOCIiB 3 —ni4 —p

Ta XOJUTIBCbKOI KOHIIeHTalii 5 — ny y ZnSe:O:Cu Big BMicTy serytodoi gomimku [Cu] 3a ymosu [O] > [Cu] (a) i [Cu] >
[O] (6) mpu BMicTi KucHIo € = 107 aT. yacTkH.
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1[N, eM’]
2 8
1,7 3
s e
8
17
5
6
16
151
14+
4
02 04 06 0g 10
[Cu] 10° ar.gacTiu
a)

Ig [N, enmr?]

19 !

8 2

3
18- 1
5

17

p-'mn N n-THI
16
15
14

4
02 04 06 08 10 12

[Cu] 10* sxmacTin

0)

Puc. 2. 3anexHicTh KOHIEHTpaIlil MepeBakarouux Toukosux aebekris 1 —V;, , 2V, ,3 —Zn , 4 —Zn; , KOMIUIEKCIB 5 —

Zn >

(O Cu, VZn) ,6— (0 Zn, VZn) OCHOBHHX HOCIIB 7 — 1 1 8 — p Ta X0JUTiBChKOI KOHIEHTali 9 — ny y n-ZnSe:0:Cu Bix

BMICTY Jierytodoi gomimku [Cu] npn [O] > [Cu] (a) Ta [Cu] > [O] (6) (0= 610" ar. yacTkn,
8=107, x =10 ar. actku, y— 107).

0.8

o_s—w

1.5

04-
1
5
021 0.5 \
3 2
2
02 04 0.6 038 1.0 02 04 06 03 10 12
[Cu] 10° ar7acTru [Cu] 10" armacTxe
a) 0)
" X . " /
. . .. . VZ (OSecui VZn)
Puc. 3. 3anexHicTh naprianbHUX KoedilieHTiB KoMIeHcalii akuentopaux K, =<4, K, =—————,
>'D >'D
X ors" /
<0Sezni VZn ) Zn
K, =———— (xpwusi 1, 2, 3) Ta noHopHUX K, = K, = (xpuBi 4, 5) ToukoBHX Ae(EKTIB y KpHCTalax n-

XD ZA

ZnSe:0:Cu BiJT KOHIIEHTPAIIIT JIETYIOYOT0 KOMIIOHEHTA [Cu] 3a ymoBH [O] > [Cu] (a) i [Cu] > [O] (6).

S D=(2n1+[Z0" 1+ V3], 3 A=, 1+[(0LCu;, ) 1+((0%

Komnrenrparis nedektie y Bunaaky p-ZnSe:0:Cu
srigno (1.8;.2.3) Oyne HacTymHa:

V. = 40- 2B )1 - )+ ),
;1= 4Bu-aya-y),
Vel=aa.

832

) ](o=0,5-10"* ar. gactkn, = 10,8 = 10'5).

pu [O] > [Cu] 32iono (1.8)
l(O;Cu,.“VZ'n )} ]: A,
(032077, ) |= acva-2)- 2.
pu [Cu] > [O] seiono (2.3)
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l(O§C“5'Vén y J =Ay(1-4), ny =ln- p| =l Jeloncury, e lozznrv, -2, -]
n=A(-A)(fuld-y)+y)+22), (3.6.1)
p=A01-D)R2L1A-y)+2y). (3.5 Iipu [Cu] > [O]
PiBHSHHS €NEeKTPOHEUTPATHHOCTI Ta XOJUTIBChKA 2[VZ”" ]+ [VZV” ]+ n= 2[V5.6. ]+ [(0;6 Cu; .VZyn )’ ]+ p

KOHLIEHTPAILLIS [IPU LIBOMY —ln— ol =l <oy ool 2l ]
o eunaowy [0] > [Cu] ny ‘n p‘ ‘Z[VSE ]+ [(OSeC”z Vo) ] 2[VZn] [VZn]

(3.6.2)
Z[VZn ]+ [VZn ]+ n= Q[VS: ]+ [(O;ecui“VZn ) ]+ [(O;eZni"VZn )t ]+ p>
Ig [N, ene?] Ig [N, ear?]
! 10 §
— ] 7
1
1
18 3
4
171
p-THIT 8 n-man
16
15
141 141
2 2
02 04 05 08 10 02 04 06 0% 10 12
[Cu] 10 atuacTsn [Cu] 10" aruacTsm
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Puc. 4. 3anexKHiCTh KOHIEHTpAIlil MepeBakarouux Toukosux nedekris 1 —V, , 2V, , 3 —V; , komruiekcis 4 —

(0;,Cul?'VZ'n ) ,5— (O;,Zn,i'VZ'n ) , OCHOBHHX HOCIiB 6 —n i 7 — p Ta XOJUTIBCbKOT KOHIEHTaIlii 8 — ny y p-ZnSe:0:Cu Bin
BMicTy Jteryrouoi gomimrku [Cu] mpu [O] > [Cu] (a) i [Cu] > [O] (6) (B = 6107 ar. wactku, p =107, y = 10” ar. acTkn).
4 K,
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6,
3]
3] 2.5
1
4 2]
1
3 1.51 2
2 1
1 0.5
4 2.3 3
02 04 06 [+F 10 02 04 0.6 038 1.0 12
[Cu] 10° ar.uscTEM [Cu] 10* ar.aacTrn
a) 0)

Puc. 5. 3anexHicTh naprianbHUX KoedilieHTIB KOMIEHcallii akuenTopHux K, = (xpuBa 1) Ta HOHOpPHHUX

>.D
S __ K,= , —, K, = , : KpuBi 2, 3, 4) ToukoBuX nedeKTiB y kpucranax p-ZnSe:0:Cu
+ VZn ’ VZn + VZn ) VZVI + VZn ( p ) (1) y p p
BiJl KOHIIEHTpaIlii jeryrouyoro kommnoHenta [Cu] 3a ymosu [O] > [Cu] (a) Ta [Cu] > [O] (0).
> D=1+ [(05.CuV,, ) 14104267V, ) 1 (B = 0,6:10™ ar. wactia, p=107).

VZn
ye (0z.cuv,,) (0nzn7v,,)

2=V

Zn
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Puc. 6. IIpocTopoBi 3aiexHOCTI XOJTIBCHKOI KOHIEHTpalii ny Bl BigXwieHHs Bix crexiomerpii a () Ta BMicTy

neryrouoi momintku [Cu] mis kpuctaniB n-ZnSe:0:Cu (a) Ta p-ZnSe:O:Cu (0).

Otpumani kpuctanokpaziximiuai ¢opmymu (1.1) —
(2.3) Ta mpoBeneHi po3paxyHku (puc. 1 - 6) BKa3yrOTh Ha
HacTymHe. Y BHIQJKy CTEXIOMETPUYHOTO cKiaay ZnSe
3a ymoBu [O] > [Cu] MAOMIHYHOYMMH TOYKOBUMH
nedekramu € HeraTWBHO 3apsiDKeH] ABO3apsi/iHi BakaHCii

Hueky V', Ta nosurusHi onHo3apsiaui BakaHcii CerneHy
L] . ser . . o
V, . I3 30inbleHHsIM KOHUEHTpALi Mifi mpy He3HAuHii

3MiHI KOHIEHTpaIlii VZn Ma€e MiCIIe 3pOCTaHHSI KIIbKOCTI

BakaHciit Ceneny (puc.l, a - kpuBa 2). Lle o6ymoBiIOE,
npu 3HayHOMy BMicti Mini [Cu] > 0,8:107 art. uactkw,
3HaYHEe 3MEHIICHHsI XOJUTIBChKOI KOHIeHTpaii (puc. 1, a
- kpuBa 5). Kpucran mae AipKOBHii THIT TIPOBIAHOCTI.
[Ipu [Cu] > [O] ZnSe ™Mae eIEKTPOHHUHA THII
npoBigHOCTI. [lepeBakarouuMH TOYKOBUMH JeekTamu €

"

L] . . .
V, ta Vg (puc.1, 6). 30iiblueHHs YacTKH Mixi
NpU3BOAMTL  BKE  JO  3POCTAHHA  XOJLIBCBHKOI
“ee . L] .
KOHLeHTpauii 3a paxyHok 30imbmenns [V ], sxi

HEPEBUILYIOTh [VZ"n ] (puc. 1, 6 - kpupa 2).

Jns wHectexiomeTpuuHmxX KpucTaniB n-ZnSe:0:Cu
[O] > [Cu] mnepeBaxkalOThb HACTYIHI TOYKOBI

neexrn: Vg, V, ta Zn' (puc.2, a - xpusi 1, 2, 3).

npu

KonmnenTparis ABO3apsIHUX MiKBY3JIOBHX aTOMIB IIMHKY
(1] . . . .
[Zn;"] Ha pmexinbKa NOPSIKIB HIDKYA Bif MONEpeaHix

(puc. 2, a - xpuBa 4). 11lo cTocyeThess KOMITIEKCIB, TO 13
30UIBIIEHASAM BMicTy Mii Mae mictie 3poctanHsa Cu(l) Ta
smenmennst SA(I) (puc.2, a; Tabmuus). [Ipu 30epexenHi
€JIEKTPOHHOT TPOBIZHOCTI XOJUIIBChKA KOHIIEHTPALis
JIe0 3MEHIIYEThCS 13 30UIbIICHHAM BMICTY Miai 3a

PaXxyHOK 3pOCTaHHsS KOHIICHTpAIIil [VS:_,] Ta [Zn; 1,
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MapmialbHAN KOE(Ii€eHT KOMIIGHCAmii SIKUX 3pOCTae
(puc. 3, a - xpuBi 4, 5). BHecok iHmMUX AedeKTiB € MEHII
BIUIMBOBUI, Ha 110, 30KpeMa, BKa3ye 3HAYEHHS iX
koedirienTiB komneHcanii (puc. 3, a)

3a ymoBu [Cu] > [O] maeMo, 1m0 TpH HE3HATHOMY
BMicTi Mimi (vemme 0,3¢10* ar.gactkm) KpucTanu
BOJIOZIIOTH  P-THIIOM MPOBITHOCTI, 32 AKu#
BiJINOBiTATFHUMH € MBO3apsaHi BakaHcii Luaky (puc. 2,
0 - xpuBa 2). I3 30iIbIICHHSIM BMICTY Mi/li KOHIICHTPAIIis
JpoK 3MEHIIYEThCA, BiZIOyBa€eTHCS KOHBepCis
MPOBITHOCTI MaTepialry 3 p- Ha N-TUO 1 MOJANIBIIE
3pocTaHHs KOHIIeHTpamii enekTpoHiB. lle oOymoBieHO
3pocTaHHIM KOHIEeHTparii BakaHcii Cemeny ta Lluaky y
MDKBY3IISIX, TapUiaibHUN KOe(iIlieHT KOMIIEHCAIT SIKHX
3poctae (puc. 3, 0 - kpuBi 4, 5).

[pu BimxuneHHi Bix crexiometpii Ha Oik Ceneny y
p-ZnSe:0:Cu, xomu [O] > [Cu], mnepeBakarouuMu

" . )
toukoBumu fedexramu € V, ta Vg, (puc. 4,a - xpusi 1,

3). KoHueHTpamisi O0JHO3apsSOHUX BaKaHCIi LUHKY
He3HavHa. AHAJIOTIYHO sK 1y Bumaaky n-ZnSe:0:Cu ([O]
> [Cu]), mnpu 30UTBLICHHI KOHIEHTpAmii  Mimi
crnocrepiraerbest 3MenneHHst SA(II) ra 3pocranns Cu(Il)
(puc. 4, a; Tabmums). Sk BumHO 13 pHC. S, a, i3
30UIBIICHASIM aT. YaCTKU MiJ{i KOHIICHTpAIlis BaKaHCIH
[{uHKy 3MeHIIyeThCs, a KOHIEHTpalis BakaHciii CeneHy
3poctae. Ile 0OymMOBIIOE Nesike 3MEHIIEHHS XOJUTiBCHKOT
KOHIIEHTpamii Tpu 30epekeHHI pP-THUIy MPOBITHOCTI
(puc. 4, a - xpusa 8).

3a ymoBu [Cu] > [O], npu He3HAYHOMY BMICTi Miji
(venme 0,6:10* ar. wacTkm), 3poOCTae KOHIEHTPAITis
Bakanciii Ceneny, onxHak Bakaucii I[uHKy MarTh
JnoMminytounit BrumB (puc.4, © — xpuBa 1). Ilpm
30UNBIIEHHI BMICTy Miai  BiZOYBaeThCsl  KOHBEpPCis



CaM0aKTHBOBaHI KHCHEBI KOMIUICKCH Ta Je(EKTHA MiICUCTEMA. ..

"

MPOBITHOCTI 3 P- HA N-THII, OCKLIBKYA KOHLEHTpALis VS; NPOBIZHOCTI  NepeBaXkaOTh V, Ta KOMIUIEKCH
3HAYHO 3pPOCTAE, Ha IO BKa3ye 11 mapiianbHuil KoedimieHT (O* TV, ) ,(OXCu -y ) .
N i Zn N i Zn
KoMmmeHcartii (puc. 5, 6 - kpusa 2). 4 . . .
. . . . ITpn ymosi [Cu] > [O] mig n-Tunmy OPOBIIHOCTI
st n-ZnSe:0:Cu  30iIbIIeHHS  BITXHJICHHS BiJ py [Cu] [0] . y .p .
crexiomerpii Ha 6ik [[WHKY He BIUTMBAE HA TTOJOKEHHS P- nepepaaiounmu aedexramu €V, Vg, Zn; ta
n-nepexony (puc. 6, a). IIpu 30iNbIICHHI BIAXUICHHS Bil KOMITIEKC ( orcuV, )/. Jlis p-THITY MPOBITHOCTI —
ctexiometpii Ha 6ik Ceneny y p-ZnSe:O:Cu p-n-mepexin . P
. . ™ e . . o s, )
peanizyerbcs mpu Oinblii KoHIeHTpanii Mini (puc. 6, 0). V,. . Vs, Taxommiekc (OS Cu, Vz") .
BHCHOBKH ABTtopu BHCJIOBIIIOIOTH BIYHICTH
npod. Dpeiky .M. 32 TOCTaHOBKY  Ipobiemu
. . JIOCII/PKeHb, JIOTIOMOTY TpH 1i BUKOHAHHI Ta I[iHHI
1. Buxonano aHaIi3 JiTepaTypHUX TDKeped, 3ayBakKeHHS

MPUCBSIYEHUX PO3IJISIAY JAePEeKTHOI MiICHCTEMH Y
KpUCTajax IIMHK CeJICHIy 3a Y4YacTI0O Miai Ta
(hOHOBOT JOMIIIKM KHCHIO.

2. 3amnpomnoHOBaHO  KpPUCTAIOKBa3ixiMiuHi  (opmynn
neroBaHux kpucraniB ZnSe:O:Cu cTexioMeTpu4aHOro
CKJIaJly Ta N- 1 p-TUILY TIPOBLAHOCTI.

3. Tloxkazano, mo 3a ymoBu [O] > [Cu] mns n-tumy

Poboma  suxomyemvcs 8  pamkax — npoexmy
(peecmpayitinuii nomep 0107U006768).

Baoywaxk I'.A. — acniipaHT;
Cmawxko H.B. — cryneHT;
Jucak A.B. — x.(-M.H., IOIIEHT;
i @peik H./]. — TIMHa3UCTKA;
nposigHocti mepesaxatote V, , Vg, Zn; ta  JKykoeckiILB. — [0KTOp HayK, acouioBaHuiA
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In the article the crystalquasichemical formulae of the clean and alloyed crystals ZnSe by a copper article are offered, which
contain the selfactivated oxygen for formation of the SA(I) — Cu(I) complexes, SAL(II) — Cu(Il), III — Cu(IIl). Dependences of
concentration of defects, Hall concentration of transmitters of current are figured out on maintenance of the alloying admixture Cu
for different values of concentration of background oxygen, both in stoichiometric zinc selenide and n- and p-ZnSe. The role of
oxygen and copper in forming of electronic subsystem of crystals of zinc selenide and realization at them thermodynamics p-n —
transitions is identified.
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