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I. Beryn

Onrtuuni Ta enextpuuHi BiactuBocti CdTe —
CIEKTPU BUIIPOMIHIOBAHHS 1 NOTJIMHAHHS, MPOBIJHICTD,
e(eKTH 3aXOIUICHHsI HEPIBHOBAXXHUX HOCIIB — y 3Ha4Hii
Mipi BU3HA4YalOThCS aTOMHUMH nedexramu. Tomy s

OTpHUMaHHS Mmarepiary 3 MPOTHO30BaHUMH
BJIACTHBOCTSIMH HEOOXiIHO 3HAaTH NPHUPOJY TOUYKOBHX
aToMHUX  nedekTiB.  Bemmumra  Tta  xapakrtep

HECTeXiOMeTpii NPy BUPOIIYBaHHI, JIETYBaHHI Ta BiAmami
KpHCTaaiB OOYMOBJIIOIOTh THI MPOBIIHOCTI Marepiany.
3anexHicTh iHBepcil Tumy nposigHocTi kpucranis CdTe
Bil YMOB JIETYBaHHS 1 BiANaly TaKOX CBIXYUTH IIPO
JOMIHYIOYy pOJIb y 3MiHI €JIeKTpUYHUX [apameTpiB
BJIACHHUX aTOMHUX Ae(exTiB [1].

He nuBisturick Ha JOCTaTHBO TPUBAJI AOCIIHKEHHS
i€l CHONYKH, A0 IMX Mip HEMA€E €MHOI TyMKH BiJTHOCHO
NPUPOJN  €IEKTPUYHO-aKTHBHHUX BIACHUX aTOMHHX
nedekriB y CdTe. Tak, 3rigHo i3 pe3ynbraraMu poOOTH
[2] v Temypumi KamMmito DOMIHYIOUHUMH € IedeKTH 3a
OpenkeneM y miarparmi kaaMmito. Jnsg cmomyku CdTe
MOJKHA BUAUTUTH TPH OOJIACTI i3 TepeBayKaHHAM Pi3HUX
THIIB TOYKOBHMX Je(eKTiB. IIpM BHCOKHMX MapIiabHUX
THCKax mapu kKaaMito (Pcy) KOHIIGHTpAIisl €IeKTPOHIB

1
MpONopLIiHA Pcé, 110 CBIIYUTH NPO IOMIHYIOUY pOJIb
OJTHOKPATHO 10HI30BaHUX TOYKOBUX J€(PEKTIB JOHOPHOTO

THIy — MDKBY3JI0BHX atomiB kaamito Cd; uum BakaHciit

Telypy Vi, . Ilpu OLIbII HU3BKUX HApIalbHUX THCKaX

mapyd KaaMil0 eJeKTPOHH Ta JIPKH € B OIHAKOBUX
KUTBKOCTSIX, X KOHIIHTpAIlis He 3aleXuTh Bif Pcy. [Ipn
IIe MEHIINX 3HAYCHHSX Pcy JOMIHYIOUMM € OJHOKPATHO
ioHi30BaHuUi akuentop Vg,.

Hogi ysBneHHst npo aHcaMOJIb TOYKOBHUX AE(EKTIB
y TeIypuIi KaaMito Oyiu mpeicTaBieHi y podoTax [3,4]
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Ha OCHOBI JociiypkeHb edekra Xoia 1 camoandysii.
JlomiHyroua poJib TyT HaJIeKUTh ABOKPATHO 10HI30BaHUM

TOYKOBUM nedexTam. [pu HAUTAIIKY Cd
enekrpodizmuni  BrmactuBocTi CdTe BH3HAYArOTHCA
IBOKPATHO  10HI30BAHUMH  BIACHUMH  JTOHOPHUMH
nedekramu. [lpu BHCOKHMX TemIepaTypax —Biamany

T > 1200 K mominyrots Cd’*, a npu T ~ 1000-1200 K —
V7. V Henerosanomy Matepiaii i3 Hammumkom Te y

3HAYHIA KUTBKOCTI IPUCYTHI HE TUTBKH BakaHCii KaaMifo,
ajye 1 OTHOKPATHO 10HI30BaHI MIXKBY3JIOBI aTOMHU TEIyPY
Te; .

KpiM Toro 3po0iieHi MpHITyIieHHs PO MOKJINBICTh
ICHYBaHHSl 1 aHTUCTPYKTYpHHX IedekriB. Tak, aBTOpH
[S] BBaxaroTh, WO HEWTpAILHUMH ILIEHTPaMH, SKi
00yMOBIIIOIOTH 3HAYHI BIAXHWJICHHS BiJ cTexioMeTpii Ha
rpanuii  obmacti romoreHHocti CdTe 3i cropoHnm
HauMIIKy Te, OyyTh aHTHCTPYKTYpHI Aedextr Tecy.

Mertoto mi€i poOOTH € BH3HAYCHHS TOMIHYHOUHX
nedeKTiB Ta IX KOMIICHCAIlil y YACTOMY 1 JISTOBAaHOMY
tenypuni kagmiro (CdTe:In, CdTe:Cl) mpu Bigmami y
napax KaJaMmio.

II. Yucruii Texypua Kaamiro

Temypun KamMmito KpPHUCTaTi3YETbCI B CTPYKTYpi
muHKOBO1 00MaHKkH (ctanepur) (puc. 1) [8]. IIpocTopoa
rpyna coanepury F43m. Ha omHy enemeHTapHy
koMmipky mnpunanae gorupu Monekynun CdTe. Koxxawmii
atoMm Cd (Te) mae HaBkoso cebe yotupu atomu Te (Cd),
PO3MILIEHUX y BEepIIMHAX MPAaBWILHOTO TETpaeapa Ha

BIZICTAHSAX %\/ga, Jie a — mapamerp KyOiuHOI rpaTku.

Bynp-sxuii aTOM OZHOTO COPTY OTOYEHHH JBaHAALSTHMA
aToOMaMH TOTO JK COPTY, PO3MIMIEHMX Ha BIICTaHIX
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1

Puc. 1. ToukoBi aroMHi JedeKTH Yy KPUCTATIYHIN
crpykrypi CdTe tuny coanepury:

1 — arom kammito Cdcg; 2 — atom Temypy Tere; 3, 4 —
TeTpaepruyHa TOPOKHWHA B OTOYEHHI Kaamioo; 5 —
TeTpacApudHa TOPOXKHWHA B OTOYCHHI Temypy; 6 —
BaKaHCisA KagMito Vcg; 7 — BakaHcia Tenypy Ve, 8 —
BKOpiHEHHI aToMm Temypy Tei; 9 — BKOpiHEHHI aToM
kaamiro Cd;.

%\/Ea KOKHUH, — Jpyra KoopjauHariiHa cdepa.

Crpykrypy CdTe MoxHa TIpencTaBUTH SK  JIBi
TPaHEIIEHTPOBAaHI TPATKH KaIMil0 1 Temypy, 3MilleHi
OJlHa BIJJHOCHO OJHOI Ha 4YBEPTh TUIECHOI iaroHaii
KyOiuHO{ KOMipKH. BOHa BimoBinae IMiNbHIM ynakoBii
...ABCABC...(puc. 1).

PiBHOBa)kHUI1 CTaH BJACHHUX aTOMHHUX Je(eKTiB
kpuctanie CdTe mpum ix TepmiyHOMY Biamani y mnapi
KaJMIl0 MOXXHa OIHCaTH CHCTEMOIO KBa3iXiMIYHHX
piBHSIHB (Tabm. 1.).

Tyr: iapexkc V — mapa; Cdcyq — atomu y By3mi; Cd;,
Te; — MixkBY31OBi atoMu; Vg, Ve — BakaHCIi KaaMito i
Temypy BimmoBimHO; € — enexkTponu; h' — mipku; -, + —
3HaKH 3apsy.

VY Bubpaniii Moneni peakuis | omnucye 30ymkeHHs

BJIacHOI mpoBimHOCTI, peakmis Il — piBHOBary “mapa
KaaMito — BakaHcii tenypy”’; peakuii 111 i VI — piBHoBary
“mapa KaaMil0 — MDKBY3JIOBI aTOMH KajaMito 1 Temypy”
BiZIMOBiHO; peakuis V-V — piBHOBary “napa kaamito —
BakaHcii  kaamiro”; VII  — moBHe — piBHSHHA
€JIEKTPOHEHTPAIBHOCTI.

CyMicHHH po3B’s130K cucteMu piBHsHB [-VI nae
MOXJIMBICT BH3HAUMTH KOHIIEHTpALi0 NedeKTiB yepe3
KOHCTAaHTH piBHOBarn K, mapuianbHUii THCK TMapu

KaaMmio P.; Ta KOHIEHTpAIIO eNeKTPOHIB Nn:

[Vea1=Ky -0/ Py (1
[V 1=K, -0/ Pey; @)
[Te;]=K,, -n/Py; 3)
[Cdi2+] =K, Py /n?; “)
[Vir1=K,-P, /n’. 5)
PesynbraTi poO3paxyHKy, OTpUMaHi Ha OCHOBI
TEOPETHYHUX MOJeNed 1 eKCIepUMeHTANbHI JaHi,

HaBeseHI Ha puc. 2. I3 rpadikiB BUAHO, M0 MPpH Biamami
kpuctanie CdTe 3MiHIOIOTBCS HE TUIBKH KOHLIEHTPALLis
XOJUTIBCHKUX HOCITB CTpyMy, ajie i T mpoBigHocTi. [Ipu
HHU3bKUX 3HAUCHHSX MapLiaJIbHOTO THUCKY Iapu KaaMiio
P, = 1-10° ITa OZIEPKYEMO Marepian p-Tuny
npoBigHocTi. I3 30impmeHHsM P, cmocrepiraerscs
3MEHIIICHHS KOHIIEHTPAIIil AipOK p, iIHBEPCis MPOBIAHOCTI
3 p- Ha n-tun (TEPMOAMHAMIYHHIA p-n-miepexim) i
MoJajibllie  3POCTaHHS KOHIEHTpAIll eJNeKTPOHIB N.
Takuii xapakTep 3alIe)KHOCTI XOJUTIBCHKOT KOHIIEHTpALiT
HOCIiB 3apsay (puc. 2) 00yMOBJICHUI
HECKOMITEHCOBAHUMH BJIACHUMH TOYKOBHMH Ae(deKTaMu
KPHCTQJIIYHOI ~ TpaTKH:  BaKaHCIIMM ~ METally  4H
XaJIbKOTE€HY Ta MIDKBY3JIOBUMH aToMamH [6].

Ha puc. 3 mokasaHO 3aJeXHICTh IHTErpabHOTO
KoedilieHTa KOMIIEHcallil sIK BIIHOIIEHHS CyM BCIX
aKIENTOPHUX 1 IOHOPHUX BIACHUX TOYKOBUX JE(EKTIB y
kpucranax CdTe npu temmnepatypi Bigmamy T = 1070 K.
[Ipy HM3BKMX 3HAYEHHSAX MapLiaJbHOTO THCKY Iapu
kaamito (Pcg = 1-10? [Ta) OMiHYIOTH aKLENTOPHI BIacHI
nepextu Vo, Te;, VZ, sKi 3yMOBIIOIOTL p-THII
TPOBIHOCTI, N-TUI MPOBiTHOCTI MpH BHCOKMX Py (10°-

Taoauna 1.

KBazixiMiuHi peakiiii yTBOPEHHs BIaCHUX aTOMHHX Je(DeKTIB y KpUcTallaX TeIypuay KaaMiko Ta X
koHcrantH piBoBaru K = K°® exp(—AH /kT) [15].

Ne
/ T )
/1 PiBHsHHS peakuii KoHncranTa piBHOBaru (CM_3’ TTa) AH, eB
I |0ce +h° K; =np 5-10% 1,50
I | Cd" < Cdl, +Vi +2e K, =[V; Pn’ 3.10% 1,47
I | CdY < Cd" +2e K, =[Cd> In’P, 8-10% 2,09
IV | CdY, +2e < Vi +CdY K,, =[VZ P~ 1-107° 1,14
V | Cd, +e &V, +CdY K,, =[VePen™ 8-10" 2,08
VI | CdTe+e < Te; +Cd" K,, =[Te; [P, n" 410 1,19
VI n+ [V ] +2[VG ]+ [Te ] =p+2[Cd}"]+2[V;!]
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lg (n,, cm™)
S o >
I >
17 »,»»
16 | p n
15 |-
e o1 TR RRRTRIN SRR NN NI
1 2 4
° ° lg (P, Tla)
Puc. 2. 3anexxHicTh  KOHIEHTpalii BUTBHHX  HOCIiB

3apsiny B kpuctanax CdTe Bix Tucky mapu KaaMmito Pcg.
Temmeparypa Bigmamy T = 1070 K. A — ekcrepuMeHT
[7], cyminbHa niHisS — pO3paxyHOK.

Ka=Nai/ ¥Np;

21

18

B
w © N
o T

o

1 2 3 4
Ig (Pcq, I1a)

Puc. 4. 3anexHicth napIiagbHUX KoeilieHTiB
KoMITeHcalii akuenTopHux aedekriB y kpucranax CdTe
Bil THUCKYy NapH KagMil0 TPH TEeMIIepaTypi Bimmary
T=1070K: 1-Vg,,2-Te; ,3 - V.

10° a) naroth noHOpHi BiacHi nepexrn Cd’*, Vir.

Ha ocHOBi aHamizy maprianbHuX Koe(illieHTiB
KoMmmeHcarii (puc. 4,5) TPEACTaBICHO BiTHOCHHHA
BHECOK BIIACHUX TOYKOBHX Je(EKTiB y YHCTOMY
tenypunal kanmioo. [Ipy HU3bKMX NaplianbHUX THCKaX
mapn  Kagmito  Peg=1-10Tla  mepeBakarounmmu
JneeKTaMd € OJHOKPATHO 10HI30BaHI BaKaHCIl KaaMilo
Viq(puc. 4), a npu Pegq= 10°-10° [Ma nominyroua poms
HAJIGKUTh  JTBOKPATHO  10HI30BaHUM
atomam kaamito Cd™* (puc. 5, Tabm. 2).

MDKBY3JIOBUM

I11. JleroBanwuii ingiem Tesypun
Ka/AMiI0
Jdns  mpakTHYHMX — Iiled  ToTpiOHO  MaTH

MOXJIMBICTh OTPUMYBATH MaTepiall sIK eIEeKTPOHHOTO TaK
1 JipKOBOTO THITy TPOBIAHOCTI. 3MIHIOBATH THII

YNai/ YNp;

20

15 |

10|

> p

ot

ey e
0 ! 2 3 Ig (Pey, TTa)

Puc. 3. 3anexnicte  iHTerpasibHOrO  KoedimieHTa

KomIteHcanii BracHux nedekriB y kpucranax CdTe Big

THCKYy Tapu KaaMIIl0 TIpH TeMIeparypi BiAmaiy
T=1070 K.
Kn=Nni/¥Nai [
10|
|
g 2
707—
sof
30k
10F 1
e 1 ]
0 2
lg (Pcq, I1a)
Puc. 5. 3anexnicts napIiagbHUX KoedirieHTiB

KoMITeHcalii noHopHHX nedekTiB y kpucramax CdTe
Bil TUCKYy NapW KaaMil0 TIPH TEMIIepatypi Biamary
T=1070 K: 1 -V ,2-Cd*" .

MPOBIMTHOCTI MOXKHA BIiANIAJIOM KpHCTAliB y Hapax
KOMITOHEHTIB, a TAaKOX JIeTyBaHHSM. IHAIH € oxHiero 3
JIOMIIIIOK, SIKYy 3acTOCOBYIOTH st oTpumanHs n-CdTe
nUIIxoM JieryBaHHS [9-13]. AToMm iHZif0 y Temypumi
KaaMifo 3aMillye aToM KaaMil0 1 IMOBOAWTH cebe sK
TOYKOBUH gedekT moHopHOro THITy (pHC.6). Brmachi
TOYKOBI JIeEeKTH, B3aEMOJIIIOUH 3 JOMIIIKAMHU 33 IEBHUX
YMOB MOXXYTb yTBOPIOBAaTU PI3HOTO THUILy E€JIEKTPHYHO
aKTHBHI 1 HEaKTHBHI KOMIUIEKCH (acowiaTtu). Y TBOPEHHs
akuentoproro kommuiekcy tumy (Vi Ing,)” Moxmna
OTHCATH KBa3IXIMIYHOIO peakiiero [14-16]:
Ing, + V¢ & (Ing, Vi)™ = Ay, (6)
KoHcTaHTa piBHOBaru peaxiiii:
K,y =[A;, [Ing, T [VE T,
K,; =6-10* exp(0,92/KT).
3a yMOB 3ampoOITOHOBaHOI JAe(eKTHOI MifcHcTeMU
PIBHSHHSA MaTepiaIbHOTO Oamancy Ta
eJIeKTPOHEHTpaTEHOCTI OyIyTh MaTH BUTIIS:

(M
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Taoauns 2.

[MepeBaxaroui nedekru y kpucranax CdTe, CdTe:In, CdTe:Cl mis pisHUX 3HaYSHb TUCKIB Mapu Kaamiro Pey.

Tucku napis KaaMmito
P, ,Ila
10>-10°

CdTe
(T=1073 K)
n-p-Tepexina

(P, ~2,5:10% TTa)
CdTe:In
(In, =3,6-10" cm >, T=1073 K)

| 10°-10*

1-10° |

n-tun (Cd’")

p-rurt (Vey)

p-tun ( Vg, Te; ), n-p-
nepexif ( P, ~ 30 ITa)

n-tum (Ing, )

CdTe:Cl
(Cl =2-10"cm, T=1173 K)
n-p-Tepexina
(P.y ~ 1,5:10% TTa),

p-tum (Ve Ag)

p-tun (Vg . Ay,
n-p-nepexin (P, ~

n-tun ( Tel,
6,5-10° Ma), n-tum (CL, )

[An]=Ing /(P KisKign ™ +1), o)
[Ing,1=1In, (1-1/(Po KK gn ™ +1).
Ha puc. 7 mokazaHo po3paxoBaHy (CyIIbHA JiHis)

[Ingg J+[A, 1= Iny,, ®)
n+ [Vl +2[Ve ] + [Tef 1+ [A,] =p+

2[CdT 1+ [Ingg 1+ 2[Vi! 1.
Konuenrparii TOYKOBUX NIe(EKTiB MOXYTh OyTH
BUpaXeHI K  (QYHKIII  KOHCTaHT  piBHOBaru
KBa3IXIMIYHAX peakliii, MapIiaJbHOr0 THCKY Iapu
KaaMito, BMICTy momimku (iHOif) Ta KOHIIEHTpamii
€JICKTPOHIB!

3aJIEXKHICTD XOJUTIBCHKOI KOHIIEHTpAii HOCIiB 3apsiay Bij
THUCKy TMapiB KaaMito. Sk OaunMo, TpH JeryBaHHI
MaTepiary 1HIIEM BinOyBa€eThCs 3MIIIIEHHSA
TEPMOAWHAMIYHOTO N-P-TIEPEXOAY B OONACTh HIDKINX
3HAQUeHb IIapLiaJbHOrO THCKYy Mapu KagMmito P,

00yMOBJICHE JTOHOPHOIO Mi€r0 JoMimku. [Ipu Bimmaii sk

kpuctanie CdTe Tak i CdTe: In 3miHIO€TBCS HE TITBKU
KOHLIGHTpALlisl HOCIiB 3apsimy, aje i THI HpPOBITHOCTI.
[lpy HU3BKUX 3HAYCHHSAX MApIialbHOTO THCKY Mapu
kaamito P., =1-10Ila omepxyemo Marepian p-THIY
CHoCTepiraeThes

npoBinHOCTi. I3 30inbienHsM P,

3
g (ny, em™) >

[y
~

. N
T
) |
o
= . = - -
' )| &

[any
o

[any
a1

! 2 3 Ig (Pcy, Ta)

or—r——7F——7—

Puc. 6. ToukoBi aromHi JnedexkTd y KpHCTaTIuHINA
ctpyktypi CdTe:In tuny chanepury:

1 — atom kagmito Cdeg; 2 — atom Tenmypy Tere; 3, 4 —
TeTpaeJpuyHa MOPOXKHHHA B OTOYEHHI Kaamiio; 5 —
TeTpaeJpuyHa IOpPOXXHWHA B OTOYEHHI Temypy; 6 —
BaKaHCis KaaMmito Vg 7 — BakaHcia Tenypy Ve, 8 —
BKOpiHEHUI aToM Temypy Tei; 9 — BKOpiHEHHWI aToM
kagmito Cd;; 10 — momimka iHIII0 y IMOJOXKEHHI KaaMiro
Inca; 11 — aknenropauit koMrureke (Vealned).

Puc. 7. KonneHrpailis BUIBHUX HOCIiB 3apsay B
kpuctanax CdTe:In B 3amexHOCTI BiJ THCKY Hapu
KaaMmito Py mpu Temneparypi Bignamy T = 1073 K. A —
excriepument [15]. CymineHa JiHIS — pPO3paxyHOK.

Konuentparis inziro In ,, =3,6-10" cm .
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3MEHILIEHHs  KOHIEHTpamii  JOipok  p,  iHBepcis
NPOBITHOCTI 3 p- HA N-THN (TEPMOAWHAMIYHUH n-p-
mepexij) 1 mojanblue
eJIEKTPOHIB n (pHc. 7).
Omnmcana 3MiHa XOJUTIBCBKOI KOHIICHTpAIlii HOCIIB
3apsAy TOSICHIOEThCS — 3aJ@KHOCTSMH — KOHIIEHTpALii
IeeKTiB Bi TEXHOIOTIYHUX (PaKTOPIB i BMICTY iHIIFO.
Ha puc. 8-11 TIPECTaBICHO 3aJIeKHOCTI
IHTerpajbHUX, NaplialbHUX Ta BIJHOCHUX KoeillieHTIB
komrieHcanii ToukoBux gedekriB 'y CdTe:In. Ilpu

HM3bKUX MapLiallbHUX THUCKax Iapu Kaamioo Pg, =1-

3pOCTaHHS  KOHIEHTpalii

10 [Ta nmominytounmu nedekramu OyXyTh aKIENTOPHI
acomiatn tuny (VZ;Ini,)” Ta momimkosi aromu In(,.
Ha ocHOBiI TeopeTH4YHOro aHamizy KOHIIEHTpaliiHOT

YNai/YNp
p
a
09
o8|
07
06 -
o b
0 ! 2 3 4 g (Pey, Ta)
Puc. 8. 3anexHicth IHTErpaJIbHOTO koedirieHTa

komIteHcalii BiacHuX nedekriB y kpucrairax CdTe:In
BiZl THCKy Mapu KaJMil0 TpH TeMIeparypi Biamamy
T=1073 K. Komnrenrparis IH110
In, =3,6-10"% cm ™.

Kp=Np/ZN,;

14 |

0 1 2 3

1g(Pe,, Ia)

Puc. 10. 3anexHicts napIiajIbHUX KoedilieHTiB
KoMmIteHcalii JoHopHuX aedexTiB y kpucranax CdTe:In
Bil THCKy TIapW KaJMil0 TIpH TeMIeparypi Biamamy
T=1073K: 1 — [In;,], 2 — [Cd*], 3 — [Vi].

Konnenrparis inzito In ,, =3,6 10" cm .

3aJIeKHOCTI TOYKOBHX  Je(eKTiB Ta  BiIHOCHOTO
koedimienTa kommencanii nux nedekris (puc. 11, kpusa
2) MOJKHA 3poouTn BHCHOBOK po ix

B3a€EMOKOMIICHCALII0 y Wi obnacri. JlipkoBuid THI
MPOBIAHOCTI Oyne OOyMOBJICHUII HECKOMIICHCOBAHUMH

BJIACHUMU aKLENTOPHUMHU TOUKOBUMHU gAedekramMu Vg,
ta Te; (puc.1l, kpuBa 1). 3 pocToM mNapuiaJLHOTO
PCd

3MCHIITYE€THCA,

THUCKY Tapu KaJaMifo

2= 7.+t~
(VCd Il'ICd )
kommeHcanii (puc. 11, kxpuBa 2) i 32 n-THI TPOBIAHOCTI

KOHIICHTpALliS acoIliaTiB

MOPYIIY€EThCS  TPOLIEC

) . . . R
OyayTh BiINOBiZAMBHUMH JOMIIIKOBI meHTpH Ing,
(tabm. 2).

KAi=NAi/YNI')i7
08 |
06 |
04 f
T I |
lg (Pcq, Ia)
Puc. 9. 3anexHicTh napIianbHUX Koe]iLieHTIB

KOMITEHCAIlll aKIenTOpHUX Je(eKTiB y Kpucranax
CdTe:In Bixm THCKy mapu Kaamiro TpH TeMIeparypi

Bigmany T=1073K: 1 — [V, ;2 - [Te[ ;3 -[A, ]

Konuentparis inzito In ,, =3,6-10" cm .

300

200

100

0 1 2 3

lg(P,, ITa)

Puc. 11. 3anexHicts BiZTHOCHUX Koe(ilieHTiB
KOMITEHCAIlii BIaCHUX TOYKOBUX Je(peKTIiB y KpucTanax
CdTe:In Bim THCKy mapu KaaMmiro TpH TeMIepaTrypi
[Te; 1+[Veq ]
2:[CdI" ]+ 2 [V ]

Bigmamy T=1073K: 1

[Ing,]

[Ac]

. Konnenrpanis ingio In ,, =3,6 10" cm .

551



J.M. dpeik, B.B. IIpokomis, Y.M. [Tuckiuuers

IV. Teaypua kaamiro, JieropaHuii XJa0pom

Atomu xnopy y CdTe yTBOpIOIOTH MUIKI JOHOpPHI
piBHI i 3afiMafOTh B KPUCTATIUHIN TpaTHi MO3HILIT TETypy
Cl;. (puc. 12). Psan edekrie y kpucramax CdTe:Cl ne

MOKHa TMOSICHUTH Yy paMKaXx MoOJeNed 130/1b0BaHNX
TOYKOBUX JIe(eKTiB, TOMYy OyJM 3arporoHOBaHi MOJei
acoriatuBHUX HeHTPiB [17-19]. JlomiIkoBi aToMu XJopy
MOXYTh YTBOPIOBATH 3 BaKaHCIIMHM Ka/IMil0 KOMIUIEKCH

tunty  (Vo;Cli,)”, MNpOABASIOMM — TakuM  YHHOM
aKIENTOPHY [if0:

Cli, + Vi < (CL, VE) =Ag,. (10)
YTBOpeHHsST  aHTHCTPYKTypHHX  Je(eKTiB  MOXHa

Npe/ACTaBUTH K nepexix aromiB Te i3 By3diB 4
MDKBY370BHX Te; y BakaHCIi KaaMito Vg, KOHIICHTPAIis
SIKMX 3POCTa€ 13 30UIBLIEHHSIM MapIiajJbHOTO TUCKY HapH
KaJMIIOo:
Te; + V2, < Tel, +5¢ . (11)
KoncranTu piBHoBaru peaxiiii (10) i (11) OyayTs:
- “1pyr2-1-1
K =[AGIICL T [Ve IS

(12)
K,; =4-10" exp(-0,97 / kT);
Ky, =[TeGIn’[Te] T VG T, (13)
K,, =2,5-10% exp(-3,76/kT).
PiBHAHHS MaTepialbHOTO 6amancy i
€JIEKTPOHEHTPAILHOCTI 3aIHIITY ThCS:
[AE] ] + [C1¥e ] = Cltot ’
n+ [Vg] +2[VG] +[Tef] +[Aq]=p+

2[Cd}*] + 2[Vi 1+ [CLi, 1+ 2[Tel].(14)

1

Puc. 12. ToukoBi aromHi JedeKkTd y KpHUCTaTiuHIM
crpykrypi CdTe:Cl tuny chanepury:

1 — atom kammito Cdcg; 2 — atom tenypy Tere; 3, 4 —
TeTpaeJipiyHa TOPOKHUHA B OTOYCHHI KaaMiwo; 5 —
TeTpaeJipiyHa TOPOXXKHWHA B OTOYCHHI TeIypy; 6 —
BaKaHCIs KaaMmiro Vcg; 7 — Bakacis Tenypy Ve, 8 —
BKOpiHEHHH aTtoMm Temypy Te; 9 — BKOpiHEHHH aTtom
kagmiro Cd;; 10 — nomimka XJopy y HONO0KEHH] Texypy
Clre; 11 — aknenropruit kommmiekc (VcClre); 12 — anTH
cTpyktypHuit nedekr Tecy.
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3 cucremu piBHAHB (10-11) ta I-VI (muB. Tadm. 1)
KOHIIEHTpaIlii TOYKOBUX Je(EeKTiB MOXKHAa BUPA3UTH
yepe3 KOHCTAaHTH PIBHOBArd KBa3ixXiMIYHHX pEaKIlii,
mapuianbHUN THCK Tapu KaaMilo, BMICT XJIOpy Ta
KOHLICHTPALIIO €JIeKTPOHIB:

[Aal= K10K13C1mtn2 /(Pey +K10K13n2 ), (15)

[Teéd 1=K,K;;K,, / Pédnz . (16)
Peaynbrat  po3paxyHKy, OTpMMaHi Ha  OCHOBI
TEOPETUYHUX MOJIeNe 1 eKCIepuMEeHTal bHI JaHi,

HaBeaeni Ha puc. 13. Ilpu Bigmani kpucramis CdTe:Cl
3MIHIOIOTBCSI HE TIUIBKM XOJUIIBChbKA KOHLIEHTpALlis
BUJIBHUX HOCITB 3apsizy, ajie 1 THIT NPOBiJHOCTI. SIK BHIIHO
3 puc. 13 npu HU3bKOMY 3Ha4YE€HHI NapliaTbHOTO THCKY
napu kaaMito (Peq ~ 107 [1a) KpHCTaqu MAaTh N-THII
mpoBigHOCTL. I3 30iUmbmeHHAM Py  KOHIEHTpaIlis
JEKTPOHIB N 3MEHIIYEThCS | TIPH THCKY P, HacTymae
TEPMOAMHAMIYHHUEA n-p-miepexia. Bimmam kpucramiB mnpu
napiiaibHOMy THCKY MapH KaaMilo B Mexax Bin Pu, 10
. . . .
P.;, mae mipkoBy mposimHicTe. Ilpm THCKy Py, THI
MPOBITHOCTI 3MIHIOETHCS 3HOBY HAa CIEKTPOHHHHA i
KOHIICHTpALlisl EJIEKTPOHIB PI3KO 3pocTae. 3a3HAYNMO,
O VIS OAEP)KAHHS HU3BKUX 3HAYCHb MapLiaJbHOTO
TUCKY TIapX KaJMIIO BignaJ MPOBOASITH B Mapi TEIypy.
Ha puc. 14-17 npencraBieHO — 3aJI@KHOCTI
IHTETPATbHUX, MAPI[IAIbHUX Ta BIIHOCHUX KOE(II[IEHTIB
KOMITeHcallli TOYKoBHX JHedekTiB. B obmacti HU3BKHX
tHckiB mapu kaamito (1-10%la) gomimyioua poib
Tel,

OJIHOKPATHO 10HI30BaHMM BaKaHCISIM KaaMii0 Vé; , a TIpA

HAJICKUTh AHTUCTPYKTYPHUM JedexTam Ta

Pcg>10*I1a — nomimkoBMM aToMaMm XJopy Cl;, Ta

aKLENTOPHUM KoMILlekcaM A, . I3 aHanisy 3anexnocTeit

BiTHOCHMX  KOC(QImi€HTIB  KOMIIEHCAmii  TOYKOBUX
nepeKTiB MOXXKHA 3pOOHUTH BHCHOBOK, IO N-THII
MPOBIAHOCTI NPU HU3BKHMX MapLialbHAX THCKAX IapH

kaamito (1-10% [Ta) 06ymMoBIeHmi Tel,, a Ipu BUCOKHX

Ig (n,, em”)

16

14

12

10

>
| | | L

lg (Pcq, [Ta)

o

Puc. 13. 3anexHicTh  KOHLEHTpalii BUIBHUX HOCIiB
3apsay B kpuctanax CdTe:Cl B 3amexHOCTI Biff THCKY
napy kaamito Py npu Temneparypi Bianany T = 1173 K:
TEMHI TOYKA ® — N, CBITJIi TOYKH O — P, EKCIEPUMEHT
[20]; cymimpHa miHiT — po3paxyHOK. KoHIEHTparis
x5opy Cliy = 2- 10%em™.
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YNRi/YNA
- n
1
I p
0.99 -
0-98““1““1““1“‘1‘
0 ! 2 3 lgPey IMa)
Puc. 14. 3anexHicts IHTETPaTHLHOTO KoedirmieHTa
KoMmmeHcanii BiracHux nedektiB y kpucranax CdTe:Cl Bix
TUCKY Tapy KagMil0 T[pU TeMieparypl Biamany

T = 1173 K. Konnenrpauis x10py Clg = 2-10" cm™.

Kai=Nai/YNp; 2

0.4

0.2

0 1 ’
lg Py, ITa)
Puc. 16. 3anexHicts napIiajgbHUX KoediLieHTiB
KOMITEHCallii aKUeNTOpHUX JeeKTiB y KpHcTamax

CdTe:Cl Bin napuianbHOrO THCKY HapH KaaMilo Ipu
Temmepatypi Bignamy T=1173K: 1 - [V 1,2 - [Ag], 3
— [Te; ]. Konnentpauist xaopy Cli, = 2:10" e,

napIianbHEX THCKaX mapu KaaMmito (Pcg ~107 [a)

nomimkoBumu  ueHtpamu  Cly,, p-THO mpoBigHOCTI

OyyTh JlaBaTH aKLenTopHi nepextn Ay, V5, (puc. 17).

V. BucHoBku

1. BukoHaHO aHaIi3 KBa3iXiMIYHUX PIBHSHb YTBOPEHHS

Kni=Nni/¥YNa4;
o 1
0.4 -
0.2
0 I | | -
0 ! 2 3 lg Pey, ITa)
Puc. 15. 3anexHicTs mapHiaTbHAIX KoeQiIieHTiB

KoMmeHcarii JoHopHuX nedekTiB y kpuctamax CdTe:Cl
BiZl THCKy MNapy KaJMil0 TpH TeMIeparypi Bignaity
T=1173K: 1 - [Tel;], 2 — [CL;. ], 3 — [Cd[*], 4 -

[Vi]. Kornenrpanist xopy Cly = 210" em™.

Ki

1.2

0.8

0.6

0.4

0.2

o
Iy
N

lg (PCd, Ha)

Puc. 17. 3anexHicts BIZTHOCHUX KoediwieHTiB
KOMIICHCAIIll BIACHUX TOYKOBHX JAe(EKTiB y KpHCTajax
CdTe:Cl Bixm mapuiaJlbHOrO THCKY HapH KaaMmilo Ipu

2:[Tel;
2:[VE,]

E

temrnepatypi Bigmany T=1173K: 1 —

Cl;,
@ . Konuenrparis ximopy Cli; = 2-10" cm™.
[Aq]

JIedeKTIiB y YUCTHX 1 JIETOBAaHUX IHAIEM Ta XJIOPOM
kpucraigax CdTe.

2. Jlns BH3HAuUeHHs IepeBaaroumx Ae(eKTiB mnpu
peanizauii iX 3HAYHOTO CIIEKTPY 3alpOIOHOBAHO
BUKOPHCTOBYBAaTH  IHTErpaibHi, MapLiajbHi  Ta
BiTHOCHI KOe(illi€EHTH KOMITCHCAIIIi.

3. TokazaHo, mo mns umctux kpucraniB CdTe npu
temrepatypi Bixnamy T = 1070 K mnst TuckiB Peg =1-
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10% Ia JIOMIHYIOTh OJHOKpPATHO 10HI30BaHI BakaHCii
KaaMmito Vg, a npu Py = 10°-10° ITa — JIBOKPATHO
ioHizoBaHi MixkBy3/10Bi atomu kaamito Cd’* .

Bcranosneno, mio npu seryBanHi CdTe iHziem
(In,, =3,6-10" cm ) mpu T=1073 K ayst Py = 1-

10* [Ta — BOKpATHO ioHi30BaHi BakaHCil KaaMilo V7,
1 aKIEeNTOpHI KOMIUIeKCH A, a a1d Pgy >10%I1a —

. . N
noMimkoBi atomu xaopy Cl7, .

@Dpeik /I.M. — n.x.H., npodecop, aupekrop Dizuko-

10 Ia nepeBaxkaroTh OJIHOKPATHO 10HI30BaHI BakaHCIl XIMIYHOTO 1HCTHTYTY, 3aBigyBau Kadeaporo (i3uku
TBEPJIOro TLIa;

Ilpokonie B.B. — x.¢.-M.H., 1oueHT Kadenpu (Qi3uku
TBEPJOTro Tija;
Hucknuneusv Y.M.

TBEPZOTO TiJIa.

KaaMmito V;; Ta MDKBY3710BiI atomu Teaypy Te;, a
npu Py = 10%-10*Tla — momimkosi USHTPH 1HIIFO
g, - — acmipanT kadeapu izuku
5. Bimmanm xpuctanie CdTe 3 pmomimkor XIopy
(Cly =2-10"cm™) npu  Ttemmeparypi T=1173 K
OOYMOBIIIOE YTBOPEHHS IBOX nN-p-mepexomis. Ilpu
oMy, 1t Peg= 1-10° [a MepeBakalounMu €

auTUCTpYKTYpHi nedextu Tel,, mis Pey= 10%-
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On the basis of analysis of the quasi-chemical reactions, and on the offered method of determination of
compensation coefficients are definitely prevailing atomic defects in CdTe, CdTe:In, and CdTe:Cl crystals at
annealing in a wide range of cadmium vapour 1-10° Ia.
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