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. Beryn

Ontuyni Ta enexktpuuHi BiactuBocti CdTe —
CHEKTpU BUIIPOMIHIOBAHHS 1 MOTJIMHAHHS, IPOBIIHICTS,
e(eKTH 3aXOIUICHHS! HePIBHOBAXXHUX HOCIIB — Yy 3HA4HIiH
Mipi BH3HAYarOThCsl aTOMHUMH nedexramu. Tomy st
OTpUMaHHS MaTtepiainy 3 MIPOTHO30BaHUMH
BJIACTHBOCTSIMH HEOOXiHO 3HATH NPHUPOJY TOYKOBHX
atoMHux  gedektiB.  BemmumHa — Ta  Xapakrep
HecTexioMeTpii Ipy BUPOLILYBaHHI, JIETyBaHHI Ta Bianaii
KpHCTaJIiB OOyMOBJIOIOTH THI MPOBIIHOCTI Marepiainy.
3ajexHicTh iHBepcii TUMy mpoBigHOCTI Kpuctanis CdTe
BiJl YMOB JIETyBaHHS 1 BiJlaly TaKOX CBIOUUTH IPO
JIOMIHYIOUY pPOJIb y 3MiHI €JNeKTPUYHUX IapaMeTpiB
BJIACHUX aTOMHUX jaedekTis [1].

He nuBnsiancs Ha JOCTATHBO TPHUBA JOCHIHKEHHS
i€ CIONYKH, 10 NUX IMip HEMA€ €IMHOI TYMKHU BiTHOCHO
NPUPOIN  EJIEKTPUYHO-aKTUBHHUX  BJACHHX aTOMHHX
netpekris y CdTe. Tak, 3rifHo i3 pe3yabrataMmu pobOTH
[2] y Tenypumi kaaMmiro MOMiHYOUHUMH € JeheKTH 3a
@penkenem y miArparii kaamiro. Jias crmonyku CdTe
MOXXHa BUJIJIMTH TPH 00JACTi i3 MepeBayKaHHSIM Pi3HUX
THUITIB TOYKOBHX JedekTiB. [Ipn BUCOKMX mNapliagbHUX
TUCKax mapu Kaamiio (Pcg) KOHIIEHTpallis €IEeKTPOHIB

TpoIopIiiHa PCZZ, IO CBiYUTH TPO JOMIHYIOUY POJIb
OJTHOKPATHO 10HI30BaHUX TOYKOBHUX JE(EKTiB JOHOPHOTO
THITy — MDKBY3JI0BHX aToMiB kaamito Cd 4u Bakamciit

tenypy Vy.. Ilpu Oinbll HE3BKHX NMapuiajibHUX THCKAX

mapu KajaMil0 CJICSKTPOHH Ta IIPKH € B OIHAKOBUX
KUTBKOCTSX, iX KOHIIGHTpAIliS HE 3aJeKUTh Bil Poy. [Ipu
II[e MEHIIUX 3HAYCHHSAX Pcy TOMIHYIOUUM € OJTHOKPATHO

ioHi30BaHuMi akuentop V.
Hogi ysBieHHS 1po aHCaMOJIb TOYKOBHX JIe(EKTiB

y TeNypui Kaamiro Oyau mpeacTaBieHi y pobotax [3,4]
Ha OCHOBI JociijpkeHb edekra Xomrma i camoandysii.
JloMiHyroua pojib TYT HAJIEKHUTh ABOKPATHO 10HI30BAaHUM

TOYKOBUM nedekram. [Ipu HaJTUILIKY Cd
enektpodiznuni  BractuBocti CdTe  Bu3HAYaIOTHCA
JBOKpaTHO  10HI30BAaHMMH  BJIACHUMH  JIOHOPHHUMH
nepekramu. Ilpu BHCOKMX TeMIepaTypax Bimany

T > 1200 K nominyrots Cd”*, a mpu T ~ 1000-1200 K —

\Valin ' iami i T
te - Y HEJNEroBaHOMy Martepiail 13 HaJUIMIIKOM Te y

3HAYHIN KIJBKOCTI MPUCYTHI HE TUTBKU BakKaHCIi KaaMito,
ajie i OMHOKPATHO 10HI30BaHI MIXKBY3JIOBI aTOMH TEIyPY
Te .

Kpim Toro 3po0iieHi npuIymieHHs Ipo MOXINBICTh
iCHYBaHHS 1 aHTUCTPYKTYpHHX nedekriB. Tak, aBTOpM
[5] BBaxaroTh, IO HEUTpalNbHUMH [EHTPaMH, SKi
00yMOBJIIOIOTH 3HAYHI BIJXWJIEHHS BiI crexioMerpii Ha
rpanuni obxacti romorenHocti CdTe 3i croponu
HA/UTMIIKY T€, OyIyTh aHTHCTPYKTYPHI AeeKTH TEcy.

Meroto 1i€i poOOTH € BHU3HAYEHHS JOMIHYFOUHX
nedekTiB Ta IX KOMIIeHcalii y YHUCTOMY i JIETOBaHOMY
tenypuni kaamito (CdTeln, CdTeCl) npu Bimmam y
mapax KaJamiro.

[1. YncTuii Teaypua Kaamiio

Tenypua KaaMir0 KpHCTaJi3yeTbCs B CTPYKTYpI
UHKOBOIT 00MaHnku (chanepur) (puc. 1) [8]. IIpocroposa
rpyna coanepury F43m. Ha ofHy eneMeHTapHy
KOMIipKy mpunagae gotupu mojekynmu CdTe. Koxuwmit
atom Cd (Te€) mae HaBkoso cebe yotupu atomu Te (Cd),
PO3MINICHUX Y BepIIHHAX MPABUIBLHOIO TETpaeapa Ha

BIJICTaHAX %\/éa, Jie a — mapaMmerp KyOi4HOi TpaTKH.
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Puc. 1. ToukoBi aToMHi JAeeKTH Yy KpUCTAJIuHIH
crpykrypi CdTe tumy chanepury:

1 — atom kaamito Cdcg; 2 — atom Tenypy Tere 3, 4 —
TeTpaelpruyHa TOPOXKHMHA B OTOYEHHI KauMmilo;, 5 —
TeTpaepryHa IOPOKHWHA B OTOYEHHI Tenypy; 6 —
BakaHCis KamMito Vcg; 7 — BakaHcis Tenypy Vre 8 —
BKOpiHEHUI aToM Teinypy 1€; 9 — BKOpiHEHHH aToM
kxaamiro Cd;.

Bynp-sxkuii  atoM  OogHOrO  COpPTY  OTOYEHUH
JBaHAIATHMAa aTOMaMH TOTO  COPTY, DPO3MIILIEHUX Ha

BiJICTaHSIX % J2a xosxuuit, — Jpyra KoopJuHalliiHa cepa.

Crpykrypy CdTe MoxHAa  [peiACTaBUTH  SIK  JBI
TpaHelEHTPOBaHI TPaTKU KaJMIIO 1 Temypy, 3MilleHi oaHa
BIIHOCHO OJHOI Ha 4YBEPTh TUICCHOI MiaroHaji KyOI4HOI
KOMIpPKH. Bona BIJIIOBiAa€ IUJIBHIA YIaKOBIII
...ABCABC...(puc. 1).

PiBHOBa)XKHHII CTaH BJIACHMX aTOMHHUX JAc(eKTiB
kpucranis CdTe npu ixX TepMiuHOMY Biamami y mapi KaaMito
MOYKHA OITMCATH CHCTEMON0 KBa3iXiMiYHHX pIiBHsHB (Tab.
1).

Tyt: ingexc V —mapa; Cdeq —aromu y By3:i; Cd;, Te —

MDKBY3JI0BI atoMu; Vcg, V1e — BaKaHCIl KaaMiio 1 TeIypy
BIJIMIOBITHO; € — CJICKTPOHH; h' - IpKH; -, + — 3HAKH 3apsy.

Y BuOpanii Momem peakuis [ ommcye
30y/KeHHs1 BiIacHOI mpoBimHocTi, peakmis I —
piBHOBary “mapa kaamiro — BakaHcil Tenypy” ; peaxuii
11 i VI — piBHOBary “mapa kaaMil0 — MDKBY3JIOBI
aTOMU KaJMIiI0 1 TelTypy” BiamoBimaHo; peakiis 1V-V —
piBHOBary “mapa kaamito — BakaHcii kaamito”; VII —
TIOBHE PIBHSHHS €JIEKTPOHEHTPAIBHOCTI.

CyMicHuii po3B’ 5130k cucremu piBHsHb |-VI nae
MOXIIUBICTh BH3HAUUTH KOHIEHTpAalilo Ae(eKTiB
4yepe3 KOHCTaHTH piBHoBard K, mapriasbHuil THCK

napu Kaamiro P, Ta KOHIEHTpaIlilo eNeKTpoHiB N:

[V, ] =Ky, n/Py; (1)
[V& 1=Ky IRy )
[Te]=K,x/Py; ©)]
[Cd" ] =Ky R, /0% 4
[V 1=K, /n*, ®)

PesynmpTaTH po3paxyHKy, OTpUMaHi Ha OCHOBI
TEOPETHYHHUX MOJIeNell 1 eKCIepUMEHTaJbHI JaHi,
HaBeqeHI Ha puc. 2. I3 rpadikiB BHAHO, WO NpH
Bigmami kpucraigie CdTe 3MIHIOIOTBCS HE TiIBKA
KOHILIEHTpAIisl XOJUTIBCBKUX HOCIIB CTpyMYy, aje i TUI
npoBigHOCTi. [Tpy HU3BKUX 3HAYEHHSX MaplialbHOrO

THCKY mapu Kaamioo P = 1-10°[la omepxyeMo
Marepian P-TUITy HpoBifgHOCTI. I3 36imbmenHamM P,

CIOCTEpIraeThcsl 3MEHIIEHHS KOHIIEHTpalii Aipok P,
iHBEpCis MIPOBIIHOCTI 3 p- Ha N-TUn
(TepMoaMHAMiUHMI  P-N-Tiepexim) 1 mojablie
3pOCTaHHA KOHIIGHTpAIlii elekTpoHiB N. Takuit
XapakTep 3aJIGKHOCTI XOJUIIBCBKOI KOHIIGHTpAIlil
HOCITB 3apsay (puc. 2) 00yMOBIIEHHH
HECKOMITEHCOBAaHUMH BJIACHUMH TOYKOBUMHU
neeKTaMu ~ KPUCTATIYHOI TpPaTKH:  BaKaHCIIMU
MeTajJy 4YM XaJbKOr€HY Ta MIKBY3JIOBUMH aTOMaMH
[6].

Ha puc. 3 nmoka3aHo 3aj1eXHICTh iHTErpajJbHOI0
Koe(illieHTa KOMIIEHCalil SIK BiIHOIIEHHS CYM BCIX
aKIEeNTOPHUX 1 JOHOPHUX BJACHUX TOYKOBHX
nepektiB 'y kpucramax CdTe mpu Temmeparypi
Bigmaxy T =1070K. Ilpu HU3BKMX 3HAYCHHSIX
apIiagbHOr0 THCKY mapi kaamio (Peg = 1-107 ITa)

Taonunsa 1.

KBaziximiuHi peaxiiii yTBOpeHHsI BIaCHUX aTOMHHX JIe(DeKTiB y KpUcTajlaX TeIYpULy KaJMifo Ta iX
koncranTu piaosaru K = K° exp(- DH /kT) [15].

No
. . K°,

n/n PiBHAHHS peakmii KoncranTa piBHOBaru (CM_3, TTa) AH, eB
| 00 e +h* K, =np 50%° 1,50
I |cd” O Cdd,+V2E +2e K, =[VZ]P.In? 340> 1,47
[ cd” 0 Cd* +2¢ K, =[Cd* In’P} 840 2,09
IV | Cd, +2e U VZ +Cd Ky =[VE P2 140" 1,14
vV | Cd,+e U vy +Cd” Ky =[Vg]P,n™t 840" 2,08

VI | CdTe+e U Te +Cd' Ky, =[Te JP,n™ 440’ 1,19

Vil n+ [Vl +2[V4] +[Te ] =p+2[Cd"]+2[V]]
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Puc. 2. 3anexHicTh  KOHIEHTpalii BuUIbHHX HociiB Pue. 3. 3anexHicTs IHTerpaabHOro  KoedillieHTa

3apsy B kpucranax CdTe Bix Tucky mapu kaamiro Peg.
Temneparypa Bigmany T = 1070 K. A — ekcrepuMeHT
[7], cyuinbHa JiHisS — pO3paxyHOK.

Kai=Nai/ ZNp;

21
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B
w © N o
o T T

o

i I IR SR
1 2 3 4 5

|g (P(;d, Ha)
Puc. 4. 3anexHictp napiagbHUX Koe(iIlieHTIB
KOMITEHCAIli1 akienTopHux aedekTiB y kpucranax CdTe
Bil THCKY IapH KaJIMil0 NpW TeMIlepaTrypi BiAmamy

T=1070K: 1-V,,,2-Te ,3- V3.

JOMiHYIOTb aKI[ENTOpHi BacHi gedexktn Vi , T€ , VCZC', , K1
3YMOBIIIOIOTH P-THIT IPOBIAHOCTI, N-THI IPOBIAHOCTI MpH
BHCOKHX Peg (10%-10° [Ta) naroth 1oHOpHI BiacHi gedexTH
Ccd, V2,

Ha ocHoBi aHamizy mapuiadbHUX KOe]ili€eHTIB
komrteHcarlii (puc. 4, 5) npencraBieHO BiAHOCHHN BHECOK
BJIACHMX TOYKOBHX JE(EKTIB Y UACTOMY TEIYpHi KaIMilo.
[Ipyn HU3BKMX MapLiabHUX THUCKaX HapH Kaumito Py = 1-
10°Tla  mepeBaxkarouuMi  ge(peKTAMH €  OJHOKDATHO

ioHi30BaHi BakaHcil kagMmito V ,(puc. 4), a npu Pgy= 10°-

10° I1a KoMiHyI0Ya PONb HAJEKUTH ABOKPATHO iOHI30BAHUM
. . 2

MixBy310BuM atomam kaamito Cd’* (puc. 5, Ta6u. 2).

.
KaJIMiI0

JleroBanuii inaiem Tesrypua

Jlis mpakTUYHUX [ied MOTpiOHO MaTH MOXKJIMBICTH
OTPUMYBATH Martepial sSK EeJIEeKTPOHHOTO TaK 1 ipKOBOTO

Puc. 5. 3anexHicts
KOMIICHCAIli JOHOpHUX AedekTiB y kpucramax CdTe
BiJl THCKy NapH KaJaMII0 IIpU TeMIlepaTypi Biamaiy
T=1070K: 1=V

KOMIIeHcaIlii BracHuX JedekTiB y kpucranax CdTe Bix
TUCKY TIapu KaJMil0 TIpU TeMIepaTypi
T =1070K.

BiATIATY

Kni=Nni/ZNai

[
@ ~ © [
=) o o o

w
o

© T T e

1

10 (Pea, ITa)

[
o

NI R |
1 2

napiagbHUX Koe(iIli€HTIB

2 2-Cd*.

TNy TPOBITHOCTI. 3MIHIOBATH THI IPOBITHOCTI
MOXKHa BiJIIaJIOM KPHUCTAJIB y Mapax KOMIIOHEHTIB, a
TaKOX JIETYBaHHSM. [H/IH € OJHI€I0 3 AOMIIIOK, SKY
3aCTOCOBYIOTH Juisi orpuMmanHs N-CdTe numsxom
neryBanusa [9-13]. AToM iHiIO y TETYpUAi KaaMio
3aMIiIlye aTOM KaJIMito i IOBOJUTH ceOe K TOUKOBUI
nedekt monoproro tumy (puc. 6). BrmacHi ToukoBi
Ie(eKTH, B3a€EMOIIIOYM 3 JOMIIIKAMHM 33 IEBHUX
YMOB MOXYTh YTBOPIOBATH Pi3HOTO TUILY €IEKTPUIHO

aKTHBHI 1 HEaKTHBHI KOMIUIGKCH (acoriarty).
VYTBOpeHHS ~ aKIENTOPHOIO  KOMIUIEKCY  THITY
(V& Ing,) MOXKHa  OMHCaTH  KBa3iXiMi4HOIO
peaxiiiero [14-16]:
Ing +VC2c-i u (InEdVCZC', ) =AL. (6)
KoHcTaHTa piBHOBaru peaxuii:
Ko =[AG 1N IVE T -
K, =630 exp(0,92/KT).
3a YMOB 3aIpPONOHOBAHOT JeeKTHOT

MiJICHCTEMH PIBHSHHS MarepiajbHOro OajaHcy Ta
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Tabauns 2.

IMepeBaxaroui gedektu y kpucranax CdTe, CdTe:In, CdTeCl ams pisHHX 3HAYCHB THCKIB MapHd Kaamito Py

Tucku mapie KaaMmiro
P, Ila
10°-10°

CdTe
(T =1073K)
N-p-miepexin
(P, ~2,5:10° Ta)
CdTeln
=3,6-10" cm®, T = 1073K)

10%-10°

1-10°

n-tun (Cd*")

p-tun (Vgy)

(In

p-tun (Vg,, T€ ), n-p-
nepexin ( P, ~ 3011a)

tot

n-tun (Ing,)

CdTeCl

(Cli = 240%cm T = 1173 K)
N-p-miepexin p-tun (VZ, Ag),

(Py ~ 1,5-10° IMa), n-p-nepexing (P, ~

prum (VG , Ay) 6,5-10° I1a), n-rumn (Cl%, )

Cd

n-tun (TeX,)

[AL] = Ing /(R KisKion ™ +1), ©
© (1251 = I (1- V(P K 2K +1).

Ha puc. 7 mokaszaHo po3paxoBaHy (CyLiibHa
JiHis) 3aIeKHICTh XOJUTIBCHKOT KOHIIEHTpAIll HOCIiB
3apsmy BiJ THCKY HapiB kaamito. SIk Oaummo, npu
JIeTyBaHHI MaTepiaity iHAieM BigOyBaeThCS 3MIIEHHS

TepMO)Z[I/IHaMi‘IHOFO N-p-niepexony B 00J1aCTh HIDKYHX
PCd ’

€JIEKTPOHEUTPAILHOCTI OYIyTh MaTH BHUTJISI
[Inca] +[A ] =Ing,
N+ Vel +2[V4] +[Te ]+ [A ]l =p+
2[Cd ]+ [Ing, ]+ 2[V21].

KoHneHnrparii TOukoBHX JAe(pEKTiB MOXYTh OyTH
BUpaxxeHl SK (YHKIIT KOHCTaHT PiBHOBAarW KBa3iXiMiYHHX
€aKiild, mapIiajJbHOr0 THCKY NapH KaJMilo, BMICT . .
PCAKIIH, - plul y P I[ ’ y 3HAUYECHb NApLIAILHOIO THUCKY Mapu KaaMIIo
nominike (iHaiit) Ta KOHIEHTPAIlil eleKTPOHIB! ) ) ) X
00yMOBJIEHE JOHOPHOIO Ji€ro Aomimku. [Ipu Biamai

sk kpucraiie CdTe Tak i CdTe:In3MmiHtoeThCS HE
TIIBKA KOHIIGHTpAIlisl HOCIIB 3apsnay, aje 1 Tl
nipoBigHOCTI. [Tpy HU3BKUX 3HAYEHHSX MapHialbHOrO
P, =1-1011a ogepxyemo

TUCKY TIapu KaJMifo
Marepian P-TUITy HpoBifgHOCTI. I3 36imbmenHamM P,

lg (ny, em™)

\
S \
. \
/
\

L . — 8<>

la (Pca, I1a)

- - L1
0 1 2 3

Puc. 6. ToukoBi aTomHi nedexkTH y KpHCTaJIiuHIH
crpykrypi CdTeln Tuny chanepury:

1 — atom kaamito Cdcg; 2 — atom Tenypy Tere 3, 4 —
TeTpaelpruyHa TOPOKHMHA B OTOYEHHI KauMmilo;, 5 —
TeTpaeipruyHa TOPOKHMHA B OTOYCHHI Temypy; 6 —
BakaHCisg KamMito Vcg; 7 — BakaHcis Tenypy Vre 8 —
BKOpIHEHUI aToM Telaypy 1€; 9 — BKOpiHEHWH aToM
kaamio Cd;; 10 — gomimka iHAiI0 Y HOJOKEHH] KaaMiro
INcq; 11 — akuenropuuii koMmiuieke (V egl Ned).

Puc. 7. KonneHrpamis BUIbHHX HOCIIB 3apsay B
kpuctanax CdTeln B 3aj1eXHOCTI Bil THUCKY NapH
KagMiro Peg ipu Temmiepartypi Bianany T = 1073 K. A —
ekcriepument [15]. CyminpHa miHiIS — pO3paxyHOK.

Konnentpanis inzito In,, = 3,6 10™ oM 3.
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CIIOCTEpIraeThCcss 3MEHIIEHHS KOHIEHTpalii JAipok P,
iHBepCis MPOBITHOCTI 3 P- HA N -THI (TepMOTMHAMIYHU#H N-
p-mepexin) i momanblie 3pOCTaHHs KOHIIEHTPALIi1 €JIEKTPOHIB
n (puc. 7).

Onucana 3MiHAa XOJUTIBCHKOI KOHIIEHTpamii HOCIiiB
3apsity MOSICHIOETHCS 3aJIEKHOCTSIME KOHIIEHTpAIi] 1eeKTiB
BiJl TEXHOJIOTIYHHUX (PAKTOPIB 1 BMICTY iHIIO.

Ha puc. 8-11 npencraBiieHO 3aJIe)KHOCTI IHTETPAIbHUX,
mapmiaJbHUX Ta BIJHOCHUX KOEQII[iEHTIB KOMIICHCAIIiT
toukoBux JepektiB y CdTeln. [Ipu HU3BKUX HapHialbHUX

TUCKax Imapu kKaamiro P., =1-10Ila noMi"HyroYuMH
p cd yro

nedextamu GynyTh akuentopi acomiatu thiy (Vi Ing,)

aHaNI3y KOHIICHTPAMIWHOI 3aJeKHOCTI TOYKOBHX
nedekTiB Ta BiIHOCHOrO KoedillieHTa KOMIIEHCaIii
X Jedekrie (puc. 11, xpuBa 2) MOXHa 3pOOUTH
BHCHOBOK MO IX B3aEMOKOMIICHCAIIII0 y Hil 00JIacTi.
JipkoBuii THm TpoBigHOCTI Oyne 0oOyMOBIIECHHI
HECKOMIICHCOBAHUMH  BJACHHMH  aKIENTOPHUMH
ToukoBuUMH Jepekramn Vo, Ta T€ (puc. 11, kpusa
1). 3 pocroM mapuiajabHOrO TUCKY mapu kaaMmiro P,
. . . 2- o=
KoHIeHTpawia acomiatiB (VS INg,)” 3Menmyerscs,
MOpYIIYEThCsT TIporiec KommeHcariii (puc. 11, kpusa
2) i 3a N-THIT OPOBIAHOCTI OYAYTh BiAMOBIAAIBHUMHU
. . R
JomimkoBi nentpu Ing, (tadm. 2).

ta gomimkosi atomu In,. Ha ocHOBI TeopermdHOro
ENai/ZNp
' P Kai=Na/ZNpi
ir 08
09 06 :_
08 L
i 04l
07 | r 1
i 0.2
06 F L2
.0 ——l h e
0 1 2 3 4 10 (Peg, I1a) 0 1 2 3 19 (Pcq, TTa)
Puc. 8. 3anexHictp IHTErpaJIbHOTO koedinienra Pwuc. 9. 3anexHicth napiagbHUX Koe(iI[i€HTIB

KOMITEHcAIlii BiacHUX aedekTiB y kpucraigax CdTeln
Bil THCKY IapH KaJaMil0 NpU TeMIlepatypi BiAmamy
T =1073K. Konnenrpariis IHIO
In, =36 10" oM 3,

KD|=ND|/SNA|

14 +

1 1

8-10*
6-10"

410*

2 .10*

0 1 2 3 19(Peo, I12)
Puc. 10. 3anexHicts napIiagbHAX Koe(illieHTIB
KOMTIIeHcaIlii JoHOpHUX nedekTiB y kpucramax CdTeln
Bil THCKy IapH KaJIMil0 NpU TeMIlepaTrypi BiAmamy
T=1073K: 1 — [Ing], 2 — [Cd*], 3 — [VZ].

e

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

KOMITEHCAIlli aKUEeNTOPHUX Je(eKTiB y Kpucraizax
CdTeln Bim Tucky mapu Kaamilo MpU TeMmIeparypi

Bigmanmy T=1073K: 1 —-[V,]; 2—-[Te ]; 3{A,, ]
Konnentpanis inzito In,, = 3,6 10™ em 3.

0 1 2 3

lg(Pe,, Ta)

Puc. 11. 3anexHicTsb BIJIHOCHHX Koe]iIliEHTIB

KOMITEHCAIli] BIACHUX TOYKOBHX JIe(pEeKTiB y Kpucraizax

CdTeln Bim Tucky mapu Kaamilo MpU TeMIeparypi
[Te ] +[Vedl

24Cd" +24VZ ]’

Bigmany T =1073K: 1 —

[Inc,]

A ] . Konnenrpauis ingiro In,, = 3,6 10" em 3.
Cl




ATOoMHI fedeKTH Ta iX KOMIIEHCallisl Y YUCTOMY 1 JIETOBAHOMY TEITYPHUIII KaJMil0

V. Teaypua kaamiio, JieroBaHuii XJa0pom

Artomu xnopy y CdTe yTBOpIOIOTH MiNKi JIOHOPHI
piBHI i 3aliMarOTh B KPUCTAIIIYHI} TpaTIi NO3ULIT TeIypy
Cli, (puc. 12). Psax edekriB y kpucranax CdTeCl e

MOXKHa TIOSICHUTH Yy paMKaxX MoOJeNeil 130Jb0BaHUX
TOYKOBUX J€(EeKTiB, TOMYy OyJH 3alpoIlOHOBaHI MOJEIi
aconiaTuBHUX 1eHTpiB [17-19]. JlomimikoBi aTomMu XI0py
MOXYTh YTBOPIOBATH 3 BaKaHCISIMU KaJMil0 KOMILIEKCH

muny  (VECly.), TOposBIfiouM  TaKuM  YHHOM
aKIENTOPHY Ji0:
+ 2- 17 + 2- \- -
Cli. +V5 U (CILVE) °Ay. (20)
VTBOpPEHHS ~ AHTHCTPYKTYpHHX  JedeKTiB  MOKHa

NPE/ICTABUTH SIK TepexiJi aroMiB T€ i3 BY3JIiB 4YH

MDKBY3JIOBUX 1€ y BakaHcii KaaMito V gy, KOHIICHTPAIIiS

SIKMX 3POCTA€ 13 301IBIICHHAM MapIiaIbHOIO TUCKY MapH

KaJMiIo:

- 2- M 2+ -

Te +Vg U Teg, +5€ . (11)

Koncrantu pisHoBaru peakiiit (10) i (11) OymyTs:

—TA- + 1-1pv/2- 1-1
Ky =[AGI[Cl] [Vl

(12)
K,s =4X0 " exp(- 0,97/ KT);
Ku =[TegIn’[Te I IVE ], (13)
K., =2,5X0% exp(- 3,76/ KT).
PiBHsHHS MaTepiaJbHOr0 OanaHcy i

CJICKTPOHEUTPATIBHOCTI 3aIHIITYThCS:
[Ag]+[Cl.]=Cl,,
N+ Vel +2[V4] +Teg] +[Agl =p+
2[Cd"] + 2[Vy, ]+ [ClT ]+ 2ATel].(14)

12

1

Puc. 12. ToukoBi aroMHi AedeKTH Yy KpUCTANIYHIN
crpykrypi CdTeCl Tuny chanepury:

1 — atom kaamito Cdcg; 2 — atom tenypy Tere, 3, 4 —
TeTpaeApryHa IOPOXKHWHA B OTOYEHHI Kaamito; 5 —
TeTpaepruyHa MOPOKHMHA B OTOYEHHI Temypy; 6 —
BakaHCis KaaMmito Vg, 7 — BakaHucis tenypy Vre 8 —
BKOpiHEHUII aToM Tenypy 1€; 9 — BKopiHeHHi aTom
kaamio Cd;; 10 — gomirika XJIopy y HOJOXKEHH] TETypy
Clye 11 — akuenropuuit kommieke (VcgClre); 12 — antu

cTpyKTypHUit nedekT Tegq.

3 cucremu piBusiEb (10-11) Ta I-VI (aus. tabm. 1)
KOHLIEHTpalil TOYKOBUX JAe(pEKTIB MOXXHA BHPA3UTH
4yepe3 KOHCTAaHTH pIBHOBarM KBa3iXiMIYHUX peaKIii,
napriaJpHANA THUCK TapH KaJMilo, BMICT XJIOpYy Ta
KOHLIEHTPALIII0 €JIEKTPOHIB:

[Agl= K10K13C|lmn2 /(Pey +K10K13n2), (15)

[Tel,] =K KKy, /Pczdnz. (16)
PesynmpTaT  po3paxyHKy, OTpHMaHi Ha  OCHOBI
TEOPSTUIHUX MOIENeHd 1 eKCIepUMCHTaIbHI JIaHi,

HaBezneHi Ha puc. 13. Tlpu Bignami kpucranis CdTeCl
3MIHIOIOTBCS HE TIIBKH XOJUTIBCBKA  KOHIICHTpAIIis
BIUJILHUX HOCIiB 3apsity, ajie 1 THIl IPOBiAHOCTI. SIK BHIHO
3 puc. 13 npu HU3bKOMY 3HAa4YEHHI MapIiajJbHOTO THCKY
napn kagMmito (Pog ~ 10°Tla) KpHCTamd MaroTh N-THIT
MPOBIAHOCTI. I3 30imbImeHHIM Pcy KOHICHTpaIis

*

eJIEKTPOHIB N 3MEHIIYEThCs 1 IpH TUCKY P, HacTymae
TepMoOAMHAMIUHUN N-P-miepexin. Biaman kpucraniB npu

*

HapiiadbHOMY TUCKY NapH KaaMilo B Mexax Bin Py 10

* *

P4, nae nipkoBy mposignicts. Ilpm Tucky Py, Tun
MPOBITHOCTI 3MIHIOETHCSI 3HOBY Ha €JNEKTPOHHHU 1
KOHIICHTpAIlisl CJIEKTPOHIB PI3KO 3pocTae. 3a3HaYMMo,
o JUIs OfiepKaHHS HU3bKUX 3Ha4YeHb IMapliajibHOro
TUCKY Mapy KaJMiI0 BiJiIaj MPOBOASATH B Mapi Telypy.

Ha puc. 14-17 npexacraBieHO  3aJICKHOCTI
IHTETpaIbHUX, MaPIliaIbHUX Ta BIJHOCHUX KOCQIIIEHTIB
KOMITeHcallii ToukoBHX JedekTiB. B obmacti HU3BKHX
tHcKiB mapu kaamito (1-10%Tla) momiHyroua pomb
Tel, Ta

HAJIOKUTh  AHTUCTPYKTYpHUM  JedeKTam

OJIHOKPATHO iOHI30BAHMM BaKaHCisAM Kaamito V7 , a pu
4 : +
Pcg>10"ITa — nomimkoBum atomam xuopy Clp, Tta

aKIENTOPHUM KoMIuIekcaM Ay, . I3 aHami3zy 3anexHocTeit

BIMHOCHMX  KOE(iIli€HTIB  KOMIICHCAIl  TOYKOBHX
neeKTiB MOKHA 3pOOUTH BHCHOBOK, MO N-THII
MPOBIHOCTI TPH HU3BKHUX MapliaJbHUX THCKAX MapH

Ig (ny, cm™)

16

14

12

10

s - - L ON
19 (Pcq, ITa)

Puc. 13. 3anexHiCTh  KOHIEHTpalii BUIBHUX HOCIiB
sapsany B kpucranax CdTeCl B 3amexHOCTI Bi THCKY
napu kaamito Pey ipu Temneparypi Bianany T = 1173 K:
TEMHI TOYKH ® — N, CBITJII TOYKU O — P, EKCIIEPUMEHT
[20]; cyminpHa miHis — po3paxyHOK. KoHIEHTpaIlis
xi0py Clig = 240%em™.
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Puc. 14. 3anexHicts IHTErpaJIbHOTO koedimieHTa

KoMIeHcallii BracHux aedekrtis y kpucragax CdTeCl Big
TUCKYy Tapu KaJMil0 TIpH TeMIeparypi Bianamy
T = 1173 K. Konnentparis x10py Clig = 2:10 cm>.

Kai=Nai/ZNp; 2

0.4

0.2

[0 Pcg, ITa)

Puc. 16. 3anexHicts napIiagbHAX Koe(iI[i€HTIB
KOMIIEHCAIlli aKmenTopHux nedekTiB y KpucTajiax
CdTeCl Bim mapIiansHOrO THUCKY Mapu KaJMil0 MpH

temneparypi Bignany T = 1173 K: 1 —[VZ],2-[A4], 3
—[Te ]. Konnenrpauist xiaopy Clio = 2:10" em®,

kaamito (1-10? ITa) oGymoBIeHHIA Tel,, a npu BUCOKHX
napianbHuX THcKax mapu kaamiio (Peg ~10° ITa)

+

gomimkoBumu ueHtpamu Cly,, p-THD 1poBigHOCTI

OyayTh naBatu akuentophi nepextn Ay, VZ, (puc. 17).

Kni=Nni/ZNai
- 1
04 |
02|
0 i 1 L
0 ! 2 ¥ 1gPea Ia)
Puc. 15. 3anexHicts napIiaJbHAX Koe(iI[i€HTIB

KOMIIeHCAIlii JoHOpHUX aedekTiB y kpuctanax CdTeCl
Bil THUCKy Napu KaJMil0 TpU TeMIlepaTypi Bianairy
T=173K: 1 - [Te%], 2 — [CIL], 3 — [Cd*], 4 -
[VZ]. Konuentparist xopy Clig = 2:10% em,

Ki
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Puc. 17. 3anexHicTsb BIJIHOCHHX KOe(]iIiEHTIB

KOMIICHCAII1 BIACHMX TOYKOBHX Je(EKTiB y KpHcTamax

CdTeCl Bia mapIiajgbHOTO THCKY Mapd KaaMmilo MpU
. 24Tes,

temrnepatypi Bigmaxy T =1173K: 1 — >{—2C_d, 2 —
24V5 1]

[Clr]

. Koruenrparist xopy Cli = 2:10™ cm,
[Aa]

V. BucHOBKH

1. BukoHaHO aHaji3 KBa3iXiMiYHUX PiBHSIHb YTBOPEHHS
Ie(eKTIB y YMCTUX 1 JICTOBAHUX IHIIEM Ta XJIOPOM
kpucranax CdTe,

2. Jlng BH3HAuUeHHS TMepeBaKalOuMX Je(QeKTiB Npu
peamizamii iX 3HAYHOTO CIIEKTPY 3aMpPONOHOBAHO
BUKOPDHCTOBYBAaTH  IHTETpaJIbHI, MapHiaibHi  Ta
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BITHOCHI KOS(IIIEHTH KOMITCHCAITIi.

IMokazano, mio s uuctux kpucrainie CdTe mnpu
temnepatypi Bignany T = 1070 K mis tuckiB Py =1-
10° Ta OMIHYIOTb OXHOKPATHO iOHi30BaHi Bakamcii
kaamioo V¢,, a mpu Py = 10%-10°ITa — JIBOKpPaTHO

aHTUCTPYKTYpHi jedektn T€h,, min Peg= 10%-
10*Ta — JIBOKPATHO 10HI30BaHI BaKaHCIi KaMir0 VCZC',

a st Pcy >10*1a —

i akuenTopHi KomIekcn Ay,

nomimkosi atomu xiopy Cl7, .

10HI30BaHI MIXKBY3JIOBI aTOMH KaJIMiI0 Cdi2+ .
@peik I.M. — n.x.H., npodecop, mupexrop Dizuko-
XIMIYHOTO IHCTUTYTY, 3aBigyBau Kadempor (i3uxu
TBEpJOro Tia,
Ilpokonie B.B. — x.¢.-M.H., noueHT Kadenpu }izuxu
TBEpJOro Tia,
npu Pog=10%-10°Tla — nomimkoBi meHTpH iHmio0 Iucknuneys Y. M. — acmipant kadenpu Gi3uUKH
Ing, . TBEPJIOTO Tija.
5. Bigman kpucraxiz CdTe 3 gomimkow Xjaopy
(Clit = 240%cM™>) npu  Ttemmeparypi T =1173K
00yMOBIIIOE yTBOpPEHHSI IBOX N-p-miepexoxiB. Ilpu
npoMy, it Pgg= 1-10%T1a MEePEBAKAIOUUMU €

4. Bcranosneno, mo mnpu JjeryBanni CdTe iHmiem
(In, =3,6:10" e ®) mpu T = 1073 K s Py = 1-
10 ITa mepeBaxar0Th OMHOKPATHO 10HI30BaHI BaKaHCIT

tot

Kaamilo Vi, Ta MIDXBY3NOBi atoMu Tenypy 1€, a
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