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MeTonoM MOJENIOBaHHA 3a JOIIOMOIOK KBAa3iXiMIUYHMX peaklliii ONHMCAaHO YTBOPEHHsS BJIACHHX aTOMHHUX
nedexTiB y KpucTalax LMHK TeJIypHay30aradyeHoro TeypoMB IPUIIYIICHHI iCHYBaHHS ABO3apsAiHMX Je(deKTiB 3a
Mlortki. Ha ocHOBI aHaii3y yMOBH €JIE€KTPOHEHTPAIBHOCTI 3HANICHO 3aJIeXHOCTI KOHIEHTpalii nedeKTiB i HOCIiB
CTpyMy BiJl TEeMIEpaTypu Ta MapLiaJIbHOrO THCKY IApu TeNypy IpH peaiisalii ABOTEMIEpAaTYpHOroO BiAmaiy.
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Beryn

[uek  Texypun — TNEPCHEeKTUBHUN  Matepial
CBITJIOBUIIPOMIHIOIOUMX JIOIIB 3 BHCOKOIO SCKPaBIiCTIO.
BiH mMpOKO BHKOPUCTOBYETHCS B SIKOCTI Oap’ €pHOrO
MaTtepiaiy pu CTBOpPEHHI pizHOrO pony
HU3BKOPO3MIpHHUX CTPYKTYD. OcHoBHI poboui
XapaKTEePUCTUKH BHUIIIE 3rajlaHux TIPUIIAIIB
BU3HAYAIOTHCS EHEPreTUYHOI0 30HHOK CTPYKTYPOIO
MaTepialy, Ha SKy 3HA4YHO BIUIMBAIOTh BJACHI 1
JIOMIIITKOBI TOYKOBI Je(heKTH.CTYIiHb BiAXWICHHS Bin
CrexioMeTpil BU3HAYAETHCSI YMOBAaMHU BUPOIIYBaHHS Ta
00poOKku  Marepiany  (Temmeparypa, THCK, CKJIaj
napu).O67IacTh TOMOTECHHOCTI IMHK TETYPHUIY JIKHUTH
IIJJKOM Ha CTOPOHI HAJIUIIKY TEIypy BITHOCHO
CTEXIOMETPUYHOrO cKiaxy. Tomy BiH 30epirae p-Tum
MIPOBITHOCTI SIK y MaTepiayiax, 30araueHuX MeTajoM, TaK
i xanpkoreHoMm. Ha nied yac BiACYTHsS €lMHa JyMKa Mpo
repeBaYKarounii BHJ 1 3apsaoBuil craH AedexTiB, sKi
BH3HAYAIOTh BIOXWICHHS BIJ CTeXioMeTpii B IUHK

TENypUIi.
3rilH0 BUCOKOTEMIIEPAaTypHUX IOCIIPKEHb e(eKTy
Xomnma 1 TPOBIXHOCTI,  BJIACHUHA  JIOMIHYIOYHH

aKLENTOPHUM neeKkT MoBUHEH OyTH IBO3apsIHHMA,

HATPHKIIAL Viiaso T8 Ommbka! McTodHuK
CCHUIKU He HaijeH.. [Tpore mani mo camonudysii
xomnonentis Ommolka! McTOYHMK cCHLIKM He
Ha#M/IeH. cBigyath npo HelTpaibHicTs TE. Buxonduu 3
OO MOXXHa 3POOMTH BHCHOBOK, IO JOMIHYIOUHMH
BJIACHHMU aKIENTOPHUMHU Ae(EKTaMHU € BAaKAHCITHHKY.
HeneroBanuii HWHK TETypHJ XapaKTepU3YETbCS P-
THUIIOM ITPOBITHOCTI, TOMY iH(pOpMAaIlii PO JOHOPHI PiBHI
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Hebarato. Y pobori Ommoka! MHcrouHuk
CCHIJIKM He HaiiJIeH., Ha OCHOBi aHaji3y 3arajbHHUX
3aKOHOMIpPHOCTEH y 3MiHi CIIEKTpiB

(OTOCTUMYIILOBAHOTO  EIEKTPOHHOIO  IapaMarHiTHOrO
pesonancy (poro-EITP) ta ®JI poOUTHCS BUCHOBOK MPO
Te, WO y IUHK TENypHAi BIACHUMHU IOHOPHUMHM
nedeKTaMu € BakaHcii Tenypy.

Buxomsium 3 BuIIe CKa3aHOrO BBaXKalW, UIO
NepeBaKarouuM B JTAHOMY MaTtepiaii €
nedexroyrBopennss 3a  IllorTki 3 JIBOKpaTHOIO

HoHi3alli€lo 1e(eKTiB.

|. KpasixiMmiuna MoaejbL aTOMHHX
nedexriB

CrexiOMETpUYHUHN CKJIa] LUHKTEIYPHUIY MOKHA
3MIHIOBaTH, 3aJaBIIM TapUiaIbHUHA TUCK CKIIQJOBHX
KOMIIOHEHTIB (LUHK, Tenyp) HajJ TBepAon (a3orw uu
TEMIIEpATYpy Y METOMI ABOTeMIlepaTypHorosiamany [3].
PiBHOBary «KpHcTaj-miapa» Mmpu IbOMY MOXKHA OIHCATH
3a JIONIOMOT'OI0 CUCTEMH PIBHIHB KBa3iXIMIYHUX peaKIii,
HaBefneHnx y Tabmumi. Tyr K =K,exp(- DH/KT) —

P

KoHcTaHTa piBHOBary, e DH — enranbmis peakuii; Py,

— mapiiansHUi THCK TIapH TeNypy; € — enekrpon; h'™ —

nipka; N | P—KOHLEHTpalii eNeKTPOHiB 1 MJipoK
BiJMOBiHO, «V» — Mapa.
Peakiist  (I) ommcye yTBOpeHHS HeHTpalbHUX

BakaHci# 3a Mexanizmom Illottki, a (I1) — HelTpambHUX
BaKaHCIMIMHKYIIPH B3a€MOJii 3 TMapol XaJbKOreHY;
(1N)-(1V) — peakuii Honizamii yreopeHux Bakanciii; (V) —
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Tabanus
KBaziximMiyHipeaKIliiyTBOPEHHSIBJIACHUXaTOMHUXIE(EKTIB Y KPUCTATIAXIIMHKTEITYPUILY
ri\}.gn PiBHsHHApeaKITT KoHcranTa piBHOBaru KO,(CM'3, Ia) DH, eB
] "0"=Ve +V;, Ks = BVrPEVzan 9,69 107 0,51
] ;Te\zl = Vgn + Te?e KTez v= gvgn HXPT';JZ 5,21.1017* 0,97+
NI | Vg, =V, +2h" K¢= gV g’/ &Vl 6,302075 0,40
IV | Vi =Vi+2e K§=gvregn”/ éVr.g 1,86407° 0,21
V. | "0"=e +h" Ki=nx 3,43407°7° 2,12
VI 28V BN =28V gtp
* —e(ekTUBHIZHAYCHHS.
peaxiiis 30ymkeHHs BIacHoi nposigHocTi. Pisasaus (V1) HamiBrpoBinHKUKiB. KoHcTaHTy piBHOBarm  peaxiii
— 3arajibHa yMOBa €JICKTPOHEHTPAILHOCTI KpUCTAIA. HoHi3amii  aknentopHux JAc(eKkTiB  BU3HAYATH 3
Pigusuns (1)-(V1) maroTh MOXIIMBICTE BH3HAYHTH bopmymnu:

KOHIICHTPAIIIF0 TIPOK Puepe3 KOHCTAHTH KBa3iXiMIYHHX
peakuiii K i napuianbauii tuck napu tenypy P, :

Ap*+Bp’- Cp- D=0. (1

Tyr
A= ZKQKS(KT%VK?P;(JZZ)J;
B=1 C=K; )
D= ZKQKT%VP;J;
Ha ocnoi cmieeigaomrens (1)-(VI) ta (1) moxHa
BU3HAYHUTH TaKOX, KOHIICHTPAILi 10 TpoK

P,KOHIIEHTpAIIitO eIEKTPOHIB NTa BakaHcil munky [V2:] i
tenypy [V ]:

n=K,/p

[Vin]= KKy, P 07

[V7]= KK (Kr, v K P,

3)
(4)

)" ()

Il. KoncranTn piBHOBaru kBa3ixiMmiyHmux
peaxkuii yTBOpPeHHsI BJIACHUX
aTOMHUX AedekTiB

3anporoHoBaHa MOJETb KBa3iXIMIYHHMX peaKIii
MOXe OyTH 3aCTOCOBaHa ISl YHCENBHHX PO3pPaxyHKIB
PIBHOBO)XXHMX  KOHIEHTpAIliii  HOCIiB  cTpymMy Ta
KOHLIEHTpAILliil BIACHUX aTOMHHX JIe(eKTiB y KpHcTajiax
LUUHKTENYPHUIY, SKIIO BiZOMi 3 JOCTaTHHOI TOYHICTIO
KOHCTaHTH PIBHOBaru KBa3iXiMiYHUX peaklid Ta ixHi
TeMIlepaTypHi 3anexHocTi. B miTeparypi BimcyTHi Taki
BimoMocti. Tomy B AaHiii poboti Oyi0 3pobiieHa cripoda
3HAWUTH 3HAYEHHS KOHCTAHT PIBHOBArW KBa3iXiMiYHUX
peakiiii yTBOPEHHsS BJIACHUX TOYKOBHX HE(PEKTIB Yy
LIUHKTETYPHII.

3HavyeHHs1 TepeNeKCIIOHeHIIHHNX MHOXHUKIB Ko
s koHcTaHT K, Ky, Kjpo3paxoByBamu TeopeTHUHO,
BUKODHCTOBYIOUM  30HHY  TEOPII0  HEBHPOKEHHX
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K,=N,exp(- E,/kT), (6)
ne E, - eHeprisiionizanii akuentopaux aedekris; N, —
T'YCTHHA CTaHIB y BaJICHTHIH 30Hi

N, = 2(2p m',, KT/n)*, 7

TYT M, - e(eKTMBHA Maca IipOK Ul I'YCTHHH CTaHiB

© (2 Y3y =g
mpd - (gvmplmpzmps) Qv = 4! mpl: mpZymp3 -
KOMITOHEHTH Te€H30pa epEeKTHBHOI MacH IipOK.
Awnanoriyao 1Ky
K, =N.exp(- E, /KT) (8)
ne Eq- eneprisiiionizanii nonopis; N, — rycTiHa craHiB y
30HI MPOBITHOCTI.
— * 2\3/2
N, = 2(2p m, KT/HA)¥?, ®
TYT M, - edeKTMBHA Maca ENEKTPOHIB VISl T'yCTHHH
. o 2 3 — A
craniB m,, = (gZm,,m,,m )"°,gc=4; My, MM -
KOMITOHEHTH TE€H30pa €(EeKTUBHOI MacH EJIEKTPOHIB.
2 — 2
Ob? K ga =K Oa *
KoHcTanTy piBHOBaru peaxuii 30y/mKeHHsS BIACHOT
MIPOBIIHOCTI OJICPIKUMO 3 BUPA3Y
Ki = NoNyexp(—E4KT),
ne Eg- mupuHa 3a00poHEHOi 30HH.
UucnoBi 3HauYeHHs MapaMeTpiB, HEOOXITHHX JUIs
pO3paxyHKy, B34Ti 3 [4-5].
Koncrautu Kg 1 Ky, |, 3HaXOMIN alpOKCHMYIOUH

Ipuitmamu, mo K§ = K

(8)

eKCIIEpUMEHTAJIbHI 3aJIKHOCTI KOHLEHTpalii Iipok P
Bifl sorapudMa MapuianbHOrO THCKY Temypy P

(puc. 1)Ta Bim obepHenoi Temmeparypu UT (puc. 2).
3Haiineni, TakuM umHOM,3HaueHHs K, i DH mia

koHcTaHT K, Kp,Ki K s1K HaBeJeHl B TaOJIuIIi.

Te, V

[11.O6roBopenHs pe3yJbTaTiB

PesyneTaT po3paxyHKy KOHICHTpamii JeeKTiB i
HOCITB CTpyMY B 3aJIGKHOCTI BiJl MapIialbHOTO THCKY



B.B. IIpokormis, b.I1. Bomoyanckka, JL.U. Mexunoscbka

napu tenypy P, mpu craniii Temneparypi Bimnany Ti
BiJ TeMIeparypu Bifnany T mpu cTaioMy napuiaibHOMY

THUCKY mapu Tenypy P, 3a 3HaiiieHUMHU 3HAYCHHAMH

Te,
KOHCTaHT HaBeJleHi Ha puc. 3-4.

Po3paxyHOK KOHIIEHTpaIlil Je(eKTiB MoKa3as, 10 Yy
kpucranax ZnTe BakaHcii Tenypy [VZ] yTBOPIOIOTBCA y
HE3HaYHUX KUIBKOCTSX 1 KOHIEHTpalis HOCIiB CTpyMy

Ig (p, em™)
pry
18,8s
4 v
<
3
18,61
18,4s o @ [
18,2
1 -
L] l’ L L] L] L]
4.5 4,7 4.9 Ig(PTez,Ha)
Puc. 1. 3ajexHOCTI KOHIIGHTpaIlii JipoK P Bifg

TUCKY Tapu  Temypy

temrepatypi Biamany T, K: 1 —1088; 2 — 1131; 3 —
1244; 4 — 1304.Touku — eKcriepuMeHT [6].

NapuiaJbHOro P, pu

Ig (p. on’)
=
_._____.H__ 2__
18,5 1
181
16,57
3
16 . . . i
46 48 5 52 Ig(P,.Ma)

Puc. 3. 3anexHocti KoHueHTpauii mipok p (1),
BaKaHCii HI/IHKy[VZZr_]] (2) rta BakaHciii Temypy
[VTZe+ ] (3) Bim maprianeHOrO THCKY Tapu TEIypy
Pre, ipu Temneparypi Bianany T = 1244 K Touku —

eKCTiepUMeHT [6].

BU3HAYAETHCA, B OCHOBHOMY, BakaHcismu muuky[VZ].
IligBnineHHs: napuialbHOro THCKY mapu Tenypy Pr

Npy He3MiHHIN Temneparypi BianamryT npu3BOgUTH IO
3pOCTaHHA KOHIEHTpallii Aipok P, IO 3YMOBIEHO
3pOCTaHHSAM KOHIIEHTpallisi HOHI30BaHUX BaKaHCIi LUHKY

[V7, 1 (puc. 3).

I3 30inpmieHHsM TemrepaTypu Bigmanyl mpu
lg(p, em?)
18,6 1
18,57
(J
18,4+
18,31 ©
18,4 °
0,74 0,78 0,82 10001
Puc. 2. 3anexHicte KOHUIEHTpamii MJipok P Bix

TemriepaTypu Binnany T npu napiiiaqbHOMY THCKY Mapu

tenypy B = 1,33-10" ITa. Touxu — excriepuMenT [6].

Ig (p,em ™)

Puc. 4. 3anexxHocti koHueHtpaii aipok p (1), Bakaxciit
wunky [V ] (2) Ta Bakanciii temypy [VZ] (3) Bin
TeMmepatypH Bimmany T mpu mapuiaqbHOMY THCKY MapH

tenypy P, =1,33 10" IMa.Touku — excriepumenT [6].
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CTaloMy TapuUialbHOMy THCKY Tapu —Tenypy P
2-

KOHIICHTpAIlisl BakaHCili HMHKY[V, ] 3MeHIIyeThCs, IO

MPU3BOIUTH 10 3HIKEHHS KOHICHTpaIil Tipokp(puc. 4).
Crig BiAMITUTH,IIO SIK 130TepMiuHi, Tak i GapuyHi
3aJICKHOCTI  100pe Y3TrOKYIOThCS 3 EKCIICPUMEHTOM

(puc. 3, 4).

BucHoBkn

3a momoMoror KBasixXiMiYHMX peakliil onucaHo
neeKkToyTBOpeHHsT B KpHCTajlaX IMHKTEIYpUAY MpH
JIBOTEMIIEpATYpPHOMY BiIIaji y HPHUIYIICHH] iCHYBaHHS
nBozapsiHux nedexris 3a LoTTki.

OpepxaHO aHANITHYHI BUpPa3W JJIsl BH3HAYCHHS
KOHIICHTpAIIii AipOK ], CJICKTPOHIB N Ta BaKaHCIi IUHKY

[1]

[2]
(3]

[4]
(5]

6]

1988).

1987).

12(4), 834 (2011).

2+
VT

-] depe3 KOHCTaHTH KBa3iXiMiuHHX

[VZ] i Tenypy [
peaxuiii K i napuiansuuii Tuck napu tenypy B .

3HalIeHO3HaYECHHS KOHCTaHT KBa31XiMIYHHX
peakiiii yTBopeHHs 1eeKTiB y IIMHK TEITYpHUIi.

[TokazaHo, 1m0 B Kpuctasax ZNTe KOHIEHTpAIlis
HOCIiB CTpyMy BU3HAYae€Thcs BakaHcisaMu muHKY [V2],

2
a BakaHcil Temypy [V;.] YTBODIOIOTbCS y HE3HAYHHX

KIJIBKOCTSX.

IlpokonieB.B — xaunuar ¢i3uKo-MaTeMaTHYHUX HayK,
JIOLEHT Kadenpu (i3uKH TBEPAOro Tija.

Bonouancokab Il. — cTyneHT;

Mexcunoscoka JI.H. — xanmuaat Bisuko-MaTeMaTHIHEX
HayK, JAOLEHT.
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Quasychemical Description of ZincTelluride Enriched TelluriumOwn Point
Defects

Physical-Chemical Institute,
Precarpathion National University named after V. Stefanyk,
Shevchenko Sr.,57, Ivano-Frankivsk, Ukraine

The offered model of quasychemistry reactions of own point defects formation in zinc telluride
enriched telluriumcrystals with simultaneous existence two-charging defects behind Schottky. On the
basis of the anaysis of arequirement of an e ectroneutrality the dependence of defects concentration both
carriers of current from temperature and fractional pair pressure of a tellurium is found at embodying of
two-temperature annealing. It is specify value equilibrium constants of corresponding reaction.
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