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I. Beryn
Tenypun kagmilo NMpUBEpTa€E yBary IOCITITHUKIB Y
3B’SI3Ky 13 MOJMJIMBOCTSMH MOTO BHUKOPHCTAaHHS B

00NacTsX HENHIHHOI ONTHKH, paiallifHOi J03UMETpii,
onrroenekTponiky [1]. BiH xapakTepu3yeThes IMHPOKAM
KOMIUIEKCOM (hi3MKO-XIMIYHUX BJIACTUBOCTEH: BEIMKHI
aTOMHUII HOMEp Ta IIMpPHHA 3a0OPOHEHOI 30HH;
MOXJIMBICTh OTPHMaHHS Marepiayly K Nn- Tak i p-THIY
NPOBIJHOCTI; MIMPOKMH Jianma3oH 3HAYEHb IHMTOMOTO
oropy; BHUCOKe mnpomyckanHs B IY-obmacti Ta iH.
JleryBanHss Marepiany BIACHUMH KOMIIOHCHTaMHU Ta
JIOMIIIKOBUMHA ~ aTOMaMH  JIO3BOJsIE  MoaudikyBaTu
BIIACTHBOCTI  CIOJNYKH y TICBHOMY HampsMKy i
OTPUMYBATH MaTepiall 3 MOTPIOHUMH XapaKTEPUCTHKAMHU
Ta CTPYKTYPHOIO JTOCKOHATICTIO.

Tamit — ogna 3 gomimok, nmosedinka sskoi B CdTe
YiTKO HE€ 3’sCOBaHa, IO, OYEBHMAHO, IIOB’S3aHO 13
CKJIQIHICTIO TEXHOJOTIYHOTO TIPOIECy JICTYBaHHS Ta
HEBEJIMKOI0 PO3YMHHICTIO JOMImKH. TemmepaTypHi
3ajexnocti posumnHocti Tamiro B CdTe [2] Hocars
peTporpagHuil XapakTep 3 MAaKCUMATbHUMHU 3HAYCHHIMU
300" em? mpu Pegmin 1 500" em opa Pcd, max
(T =1173°K). 3menmuendst Pcy mMiaBUILye PO3YMHHICTD
TaJlil0 y BCHOMY TEMIIEPaTypHOMY Jiamas3oHi, IO
CBIIYUTH NP0 YTBOPEHHS TBEPAMX PO3UYMHIB 3aMIILICHHS
y miarparii KajaMmito.

[Ipu neryBanui temypuny kaamiro pomimxamu 11
rpynmu Ilepiomuanoi cucremu (In, Ga, Al) omepXkyroTh
MaTepiall eJIeKTPOHHOT TpoBiAHOCTI. Moxna Oyio O
yekatu MoHOpHOI mii i Tamito B CdTe. Ane, sk mokasye
aHaji3 HaBEIEHWUX HIDKYE JDKeped, Ime 1  Termep
3UIMIIAIOTHCS  TUCKYCIHHUMH TUTAaHHA TPHPOIU 1
3apsAIOBOTO CTaHy Taliio y miarparii kammito. Tak, B
po6oti KucenpoBoi i3 criBpobiTHHKaMU [3] BKa3aHO PO
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OJlep)KaHHs, NPH JIETYBaHHI TajJieM, Mmarepialy n- i p-
tury nposigHocti. Ha nymxy Yonra [4], Tamiii Moxe
NpOSBIATH aMQOTEpHi BIACTHBOCTI, MOXe OyTH SK
JIOHOPHOIO, TaK 1 akIENTOPHOIO JIOMIIIKOI0, Oyaydd B
MOHOBaJIeHTHOMY cTaHi. Ha ocHoBi anamizy EIIP
kpuctamiB cuctemMu CdTe:Tl, BuUpOImEHHX METOIOM
bpimkMena, 3po0JeHO TPHUITYHIEHHS TPO YTBOPEHHS
uentpa TIg, [5].
3MeHIIeHHsT ~ KOHIIGHTpAIii  €JeKTPOHIB Y
TOPIBHAHHI 3 HEJETOBAaHUM MAaTepiaJioM, BCTAHOBJICHE B
[6] mipu BumiproBanHsx nposigHocti CdTe:Tl sk dynkii
HapliajgbHOTO  THUCKY mapiB  kaamito Pcg  mnpm
temneparypax 973-1173°K, cBimunth, Ha TyMKY aBTOPIB,
Npo HasBHICTH B KpHUCTaNl akuentopiB. [ Takumu
aKIENTOPHUMH LIEHTPAMHU MOXYTb BUCTYIIATH SIK
TI&y +e~ - Tlgy,
TakK 1 acoriaTu
Tlgq +Vea = (TIggVe)’

(TlggVeg)" +e™ = (TIGVED ™

Takox Oy MpoBeIeHi BUMIpIOBaHHS
eNeKTpuIHuX Xapakrepuctuk kpuctamiB CdTe:T1 mpu
KIMHATHUX  TeMIleparypax. B  ycix  BUImagkax
ONICPXKYBaIM  JOCTATHRO  BHUCOKOOMHHH  MaTepiai

JPKOBOT ITPOBITHOCTI.

Inmioro xapakrepy naHi ozxepkani B [7] mpum
BHUCOKOTCMITCPATYPHUX BUMIPIOBaHHAX edekry Xoiuia
quist 3paskiB CdTe:Tl. TlopiBHSIHHS eKCIepUMEHTAIbLHUX
KpUBHUX 13 3ajexHocTsMu ans HeieroBaHoro CdTe
moka3ye, IO BBeOCHHs 11 gemo  miABHINYeE
KOHIIEHTpaIlito eJeKTpoHiB. Lle cBimunth, mo atomu T1 B
CdTe 4YuHATH JOHOPHY [it0, TOOTO TIPOSBISIIOTH
BanentHuit ctan (I1I).

Ha ocHOBi 3amporoHOBaHUX Mojaened aeeKTHOT
migcucTeMu Matepiany sk B [2], Tak i B [7] 3 momomororo
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METOAY anpoKcuMarllii MmoOyqoBaHi JIKIIE 3aJEXKHOCTI
KOHIEHTpalill nedeKkTiB Ta BUTBHUX HOCIIB 3apsmy BiJ
aKTUBHOCTI JIOMIIIKH. ATpOKCHMAIlIHI JiarpaMu €
HaOJVMKCHAMH 1 HETOBHO OMHUCYIOTh Ne(DEeKTHHUH cTaH
KpHCTaNiB, 30KpeMa Ha MeXi oOjacTel ampoKCHMAIIii.
Kpim ToTO, Ha MaHW MOMEHT iCHYE€ NOCTaTHRO Oarato
eKCIIEPUMEHTAJIBHOIO Martepiany, SKWid e He MaB
BiJIOBITHOTO TEOPETHYHOTO MOSICHEHHS.

VY naniii poOOTI 3a Teopi€ro KBa3iXIMIYHMX PeaKIii
nedexroyreopenns Kperepa [8] Ha ocHOBI po3B’s3aHHs
TIOBHOTO DIBHSHHHS EJIEKTPOHEHTPAIILHOCTI MPOBEACHO
anani3z nedextaoi migcucremu CdTe:Tl.

0-e +h",

CdY = CdY, + V] +2e7,
cdV - Cd¥ +2e,

Cdy, +2e” = Vi +CdY,
Cdly +e™ = Vg +CdY,
CdTe+e™ « Te; +CdY,

Cucrema onepkaHUX pIBHAHb Ja€ MOXJIUBICTh
BU3HAYUTH KOHIIEHTpAIlit0 NePeKTiB depe3 KOHCTAHTH
piBHOBaru KBa3iXiMIYHHX peaxiii
K =K, Bxp(—AH/kT) (tabmuus), napiiaibHUA THCK

napu KaaMmito Py Ta KOHIEHTpaIiro qoMiiku Tl

[Veal = Kyeq B/ Peq; (7
[Véa1=Kycgr B/ Peg; ®)
[Tej 1=Krejl th/Pcd : 9)

[CdZ*]=K cain [PCd/nz; 10)
[V%;] =KvTe2 Pcd /nz. (an

PiBHSHHS eneKTpOHEHTPaIbHOCTI MaTepiany:
- 2- - _ 2+

n+ [Veg] +2[Veg] + [Tey ] £ Tl =p +2[Cdi "] +

2+
2[Vre 1. (12)

B piBHsIHHI €JIEKTPOHEUTPATBLHOCTI KOHIICHTPAIIist
tamito Tl OepeTbcst 13 3HaKOM ““+” 'y BHIAAKY
aKIenTopHOI il MOMIMKH i “—” KOJM Tallili BHCTYIIa€e
nmoropoM. Ha ocHoBi crmiBBimHOMmEHs (7-11) Ta ymMoBH
esleKTpoHelTpanbHocTi (12) 3HalineHo piBHSHHS IS

Tabauus
KoncranTu piBHOBaru KBa3ixiMiYHUX peaxuii
K =K [&xp(-AH/kT) y CdTe [9]

KoncranTtu (CM'3K, OHa) AH (eB)
K 500% 1,50
Kyrer 3007 1,47
Kcai 800> 2,09
Kvea 1ao”’ 1,14
Kvear 810" 2,08
Kreit 40’ 1,19
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II. KaziximMmiunuii anaJis

Hns ananizy nepexrnoro crany CdTe:Tl posrisnyro
JIBI MOJICTI, B SIKUX HPHUITYCKAIIOCS, IO JOMIIIKa YHHUTH
a00 OHOpHY, a00 aKLUENTOPHY Ail0.

Bucokxoremneparyphay piBHOBary nedekriB
Mmarepially IpuM iX TEpMIYHOMY BiATali OIMCaHO
HACTYITHUMH KBa3iXiMIYHUMH peakiisMu (iHmekc V —
mapa; Cdcq — aromm xkxagmito y Bysmi; Cd;, Te; —
MDKBY3JIOBI aTOMH KaJIMil0 1 TeNypy BilMOBiAHO; Vg,
Vr. — BakaHcii B 000X MiArparkax; € — eJIeKTPOHH; h -
TPKH; -, + — 3HAKH 3apsy):

K; =np; (D
Kyres =[Vie IPgn’; 2)
Keain =[Cdi2+ ]nzp(;é; (€))
Kycar =[Vé; ]PCdn_z; 4
Kyeq =[Vay Pegn

VCdl [ Cd] Cd ; (5)
Kreir =[Te; ]PCdn_l' (6)

BH3HAYEHHS KOHIICHTPAIIii HOCIIB 3apsay eleKTPOHIB:

Am*+BMm® +Cm* -DmM -E =0. (13)

Tyt

A =2Kyeq, :

B=Kycar +Kreir +Peq. (14)

C = Tltot DPCd ’

_ 2

E =2MP¢y [Kegin tKyren) :
3ak  “+” mepex koediuientom C y BUNAAKY
aKIENTOPHOI Mii AOMIIIKK 1 “—” KOJIM Taslii BUCTYIA€e
JIOHOPOM.

Po3paxoBaHa i eKcIepuMeHTalbHA XOJUTIBChKA
KOHIIEHTpAITisl TIOB’sSI3aHi CITiBBiIHOIICHHM

—n—p=p —-K.n"}
n, =n-p=n-Kn .

(15)
Tuck mapu KamMmito, MU SKOMY BigOyBaeTbes
mepexiy 3 p- A0 N-THIy TMPOBIJHOCTI, 3HAWACHO 3

YMOBH 1 = p:

AP B[P, —-C=0. (16)
Tyt

A=20Kcg +Kyrea) s

B=K; [Tl,; (17)

- 2 3/2
C=2Kycqr Ki +(Kyeq +Krer) K7,
“4+” — aKk1enTopHA Jisl TOMIIIIKH;
“-* — MOHOpHA [ITisT JOMIIITKH.

II1. O6roBopeHHs pe3yabTaTiB

Pesynerat po3paxyHKiB, MPOBEICHUX HAa OCHOBI
criBBimHOMIEeHS (14-17) TpencTaBieHi Ha pUCYHKax 1-
6. ITlpu KOHIEHTpAIliAX JOMIIIKKA TaNi0 TOPSAKY
107 ¢cm®  monens Ne(eKTHOT  MiJCHCTEMH 3
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g (n,, em™)

0 1 2 3 4 lg (Pey, TTa)
Puc. 1. XosutiBchbka KOHIIEHTpAIliST HOCIIB 3apsmy sK
(yHKIIST TapmiambHOTO THCKY TapW  KaJMIlo Y
kpucrtanax CdTe:Tl: 1 — nmoHOpHA Iisi MOMIIIKY,
2 — akuenTopHa Jis poMimku. Temmeparypa Bianamy
T =1073 K, xonnentpais tamiro Tl = 1,5 10" em™.

Cy1inbHi 1iHii — po3paxyrok, A — excriepument [6].

BpaxyBaHHAM akuenTopHoi il nomimkum y CdTe
aJIeKBaTHO OIMCYy€e eKcmepuMeHT (puc. 1, kpuBa 2),
TOMI SK IIOHOpPHA i JOMIIIKOBUX IICHTPIB TAIitO
IpOTO He 3abesneuye (puc. 1, kpusa 1). [IpoTunexanii
pe3yNbTaT OTPHUMYEMO TIPH KOHIICHTpAIlisiX TAaJIifo
(10" cm™. Came po3paxyHOK Ha OCHOBi IPUITYIICHHS
PO JOHOPHUH BIUTUB JOMIIIKOBUX aTOMIB y CIOJYII
3HAYHO Kpalie KOPENE 3 EKCIIEPUMEHTAIbHIMU
TouKamu (puc. 2, kpusa 1).

XapakTep KpPHBHX XOJUIIBCHKOI ~KOHLIEHTpALl
BUIBHMX HOCIIB 3apsiny (puc. l, 2) TOSCHIOETBCS
3aJIeKHOCTSIMA KOHIEHTpAIil TOYKOBHX AE(PEKTIB y
marepiami  (puc.3, 4). Y BceoMy mdiama3oHi

Ig (n, eM7)

lg (n,, em”)

Ig (Pcq, ITa)
Puc. 2. XosmiBcbka KOHIEHTpaLisi HOCIIB 3apsiny sK
(yHKIIS DapIiagbHOrO THCKY HapH KaaMilo Y
kpucranax CdTe:Tl: 1 — noHopHa mis mpomiiku; 2 —
aKienTopHa nis jgomimkd. Temmeparypa Biamamy
T=1073 K, konnenrpamis tamito Tl = 300" em™.
Cyuinesi minii — pospaxysok, & — excriepumenr [7].

TEXHONOTIYHUX (akTopiB (THCK mapu Kaamito Py,
TeMrieparypa Bignany T Ta KOHIEHTpAIlis ITOMIIIKH
Tly,;) MOXKHA BUIUIATH TPU OOJIACTI 13 MepeBaKaHHAM
pi3HOrO BHIy Ta 3apsiIOBOrO0 CTaHy TOYKOBHX
nedekTiB. Y BHIAJKy aKIEeNTOPHOI dii Tamiro obmacti I

i II BigmoBimae mpocTip MiJ MOBEPXHEIO Péd ,a Il —
HAaJ  IIOBEPXHEIO Péd, npudoMy  obmacte 11

0e3mocepeIHbO MpHisirae 10 Ifiei moBepxHi (puc. 5).
JlipkoBa TPOBIAHICTH TPH HHU3BKHX Pcy (puc. 3)
3yMOBJICHA SIK OJTHOKPATHO 10HI30BAHUMH BaKaHCISIMU

KagMito Vg4 (obmacte I), Tak 1 JOMIMIKOBHMH

I 2
17

3
16
15 F

I 4
14 |

0 1 2

8
7
6
5
4
lg (PCda Ha)

Puc. 3. 3anexnicth KoHIeHTpawii ToukoBux JedekriB y kpucranax CdTe: Tl (akuenropHa aist JOMILIKK) BiJ

napuiaabHOrO THCKY napu kaamito:1 —p, 2 — [Tl ], 3 - [Cdi2+] ,4— [Vég] ,5—[Te;],6— [V, 7—

[Vng 1. 8 — n. Temmeparypa Bignany T = 1073 K, konuentpaist tamito Tl = 1,500"7 cm™.
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lg (ngep, oM7)

Puc. 4. 3anexnicte xoHueHTpauii ToukoBux nedekriB y kpuctainax CdTe:Tl (moHopna nisi nomimiku) Bifg

1,7 [Cd* 1,

2+
Te

V.

[

6 —

1,5 [Veal,

1,4 [Te

2_
Cd

1,3-1V,
8 —n. Temneparypa Bignany T = 1073 K, xonuentpanist tanito Tl

+
Cd

napuiajgbHOro THCKY napu kaamiro:1 —p, 2 — [T1

300" em™.
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(obmacte II), n-tum mpoBiAHOCTI

cd
aroTh

uenarpamu  T1

BJIacHI  JeQeKTH

JIOHOPHI

MaTtepiaity

Cdinr (obnacte III). ¥V Bumaaky JOHOPHOI Iii Tamiro Ha

Vg (puc. 5,

POCTOM KOHIIEHTpAIlill BaKaHCiH KaaMmito
6). 30LIbIICHAS BMICTY JOMIIIKA MPHU3BOJHUTE JI0 TOTO,

O -
ISEERY)
&
3
=
(=9
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=
MH
g g
© I
Q
B
o =
=5
o
= O
= O
o O
g E
2 8
Y
= 9
—
m
5
g,
£
s =
23
Mmoo

0 iHBEpCis THITy NPOBIJHOCTI BiAOYBa€Tbcs NpPHU
OibII BUCOKHX Pcy y BUIaIKy akuentopHoi Jii aToMiB
TaJIilo, a P BpaxyBaHHI iX JOHOPHOI NPHUPOAU — MPU
HIDKYMX 3HAYEHHSX MapIiajbHOT0 TUCKY Mapu KaMio.

(puc. 6). OCKiIbKH 3 POCTOM MAapPIHiAIbHOTO THCKY TTapH

KaJMiro

KOHIICHTpAIIi1

BJIaCHUX

AKICITOPHUX

TOYKOBHUX AE(PEKTIB Pi3KO NaJaroTh, TO NPU BpaxyBaHHI

OacTi

3Ha4YCHb PCd ,HOMiHyIO‘Ia POJib HAJCKUTh HEHTpaM

Tl

BY3bKIKM O

JOHOPHOTO BIUIMBY JIOMIIIKH Y

N-THUIT

BIANOBIIAJILHUMH 33

ki  OyayTh

+
Cd»

MIPOBITHOCTI MaTepiady B IbOMY MPOMDKKY (00JacTh

Ig (Péd , [1a)

1200

CMJ% An QNN

lg (Tltota
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Puc. 5. TIpocTopoBa 3aeXHICTh TUCKY Mapy KaaMIIo,

IO BIiANOBIAA€E TEPMOIUHAMIYHOMY N-p-TIEPEXony, Y

y kpucranax CdTe:Tl Big BmicTy Tamito

(monopna migs gomimku) Tl Ta Temmeparypu

nepexoy,
Bimmamy T.

kpuctanax CdTe:Tl Bix BmicTy Tamito (akuentopHa

nist nomimku) Tl Ta TemnepaTypu Bignamy T.
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IV. BucHoBku THITy MPOBiHOCTI.

JI.M. @peik — n.x.H., npodecop, aupexTop Di3uKo-
XIMIYHOTO 1HCTHTYTY, 3aBimyBau Kadeapu Qi3uku
TBEPJIOTO TiJa;
B.B. IIpokoni¢ — x.(p.-M.H, HOUEHT Kadenpu (izuku
TBEPJIOr0 Tija;
Y.M. Mucknuneyy — acnipant kadenpu Qizuku
TBEPZOTO Tila.

[ToxazaHo, MO TpH KOHIEHTPAIliAX 10" ¢m?
Talii TOBOAWUTH ce0C SIK TOYKOBUH IEPEKT
JIOHOpHOrOo  Ttumy. Jng  y3ro/pkeHHs i3
eKCIIEPUMEHTAJIbHUMHA  JTAHUMHM  TIPH  BMICTI
nomimkosux nerpie (10" em™ crix BpaxoByBatH
X aKkIenTopHy Ail0 B MaTepiai.

3HaiiieHo 3aJIeKHOCTI KOHIEHTpauii JedekTiB i
BUIBHHMX HOCIIB 3apsiay BiX TemIlepaTypH Binmaiy
Ta NapLiajIbHOTO THCKY TapH KaJMilo.
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D.M. Freik, V.V. Prpkopiv, U.M. Pysklynetsj, M.I. Beley

Donor and Acceptor Influence of Thallium on CdTe: Tl Crystals

‘Vasyl Stefanyk’ Prekarpathian University,
57, Shevchenko Str., Ivano-Frankivsk, 76000, Ukraine, E-mail: freik@pu.ifua

At the both of donor influence of thallium on CdTe at the low carrier concentration (10" ecm™) and acceptor
influence of thallium at the high concentration ((10'7 cm™) the experimental dependence of n, us annealing
temperature and partial pressure of cadmium vapor are explain. The dependence of defect concentration and
realization of n-p-junction on CdTe:Tl crystals from technology factors are calculation.
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