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OKTaeAPHYHHUX MOPOKHUHAX IMUIBHOI YIAKOBKH TEypy KpUCTamiqHOl CTpyKTypHu PbTe, BUCTymaroTh JOHOpaMu.
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I. Beryn

Tenypun CBUHILIO XapaKTePU3y€eThCA
JIBOCTOPOHHBOIO 00J1acTi0O roMmoreHHocTi [1]. Bmachi
JneeKTH, oB’ s13aHi 3 BIIXWJIEHHSIMHA BIJT
CTEXIOMETPUYHOTO CKJIAAy, OOYMOBIIOIOTH BHCOKY
KOHIIEHTpAII0 HOCIiB 3apsiy, sika cknamae 10'°-10"
em”, [Tpu npoMy BakaHCIi € €NEeKTPUYHO aKTUBHUMU: Y
MIATPaTIi CBUHIKO — akKIEeNTOpH, a Yy Miarparii
Tenypy — JoHopH [2, 3]. JleryBaHHs Tellypuay CBUHIIO
JOMIIIKaMH — eQEeKTUBHUH CIIOci0 BIUIMBY SK Ha
nepeKTHy aTOMHY IMACHCTEMY KpHCTana, Tak 1
EHEepreTUIHNI CHeKTp HOciiB 3apsmy [4]. 3ayBaxumo,
mo ¢i3uKo-XiMiuHA TIPUpPONA TIPOLECIB JIETyBaHHS
€JIEMEHTAMH TPEThOI TPYNU BUSBHIACA JOCTaTHBO
cknannom. Tak, 30kpema, 3aminrytoun aromu [V rpynu
(cBUHEIB) i MOMIIIKYM, HA MEPIIANA MOTJISAA, MOBUHHI
OyTu akuentopamu. HacnipaBai TiUIbKM Taniid AiHCHO €
aKIenTopoM, a ranii Ta inaid — nonopu [4]. Kpim toro
nomimka iHgito y PbTe crabinisye (miHHIHT) piBeHb
ximigHoro motenmiany [5]. Ile moB’s3aHO i3
ICHYBaHHSIM YacTKOBO 3allOBHEHHMX KBa3UIOKaJIbHUX
(pe3oHaHCHMX) JIOMIIIKOBHX CTaHIB, pPO3MIIIEHUX
BUILE, TPH HHU3BKHX TEMIIEpaTypax, Bill IHA 30HH
npoBigHOCTi. Tak, Tpu 30UTBIIEHHI BMICTY iHJIO
eHepris depmi 1 KOHIEHTpAIlisl BUIBHHUX EJEKTPOHIB
3pOCTAIOTh 10 THUX TMip, IOKH piBeHb DepMi HE TocsTHE
eHeprii JomimkoBux craHiB. Ilicas 1poro moganbmui
piCT KOHIIEHTpAIlil eJEeKTPOHIB Yy 30HI IPOBITHOCTI
3ynuHsieTbest, a eHeprisi ®depmi crabimizyerbes. 13

MiJBUIIEHHAM  TEMIepaTypu  JOMIIIKOBI  piBHI
OIYCKAaIOThCS 'y 3a0OpOHEHY 30HY, 3MIIOIyIOYl 3a
coboro piBeHr Depmi i, BIAMOBIAHO, 3MIHIOETHCS
XOJUTIBChKA KOHIIEHTPAIIisl €TICKTPOHIB.

Hes3Bakarounm Ha [OCTATHBO JETajbHE BUBYCHHS
EHEepPreTUYHOro CcrekTpa Aomimku iHmio y PbTe,
KPUCTAIOXIMIYHUN acleKT MpoOJIeMH 3aUIacThCs He
BUSICHCHHUM III¢ 1 Temep.

Y nanidi poOOTI BIUIMB IHIII0 HA EJNEKTPHYHI
napametpu 1uiiBok PbTe, 30araueHux Temypom,
MOSICHEHO 3 TTO3UIIIH KBa3IXiMIYHHX i
KPUCTAJIOKBA31XiMIYHUX ITiIXOIIB.

II. Mertoauka eKCliepMMEHTY Ta Horo
pe3yJbTaTH

TOHKI TUIIBKK TENYpHIy CBUHLIIO, JIETOBaHI 1HAIEM,
BUPOILYBAJIH i3 MapoBoi (a3u METOJOM rapsiuoi CTIHKH
Ha ckonax (111) kpucranis BaF, [6]. Kpim ocHoBHOTO
BUIapHUKa 13 crniosrykoto PbTe, BukopucToBYBanu mie
IBa JONATKOBUX BHIAPHUKH 13 YHCTHMH TEIypOM
(Te) i inniem (In). Bubpana texnosoris, 3rigHo [7],
3a0e3medyBaiia HE3aJIC)KHE BapilOBaHHSI y IIHPOKHUX
TpaHUIAX KOHIICHTpALii SK BIacHUX Ae(deKTiB, Tak i
JIOMIIIKOBHX aTOMIB y MaTepiaji OCa/pPKEHHX ILTiBOK.
Tak, 30kpema, TeMIepaTyporo JOJaTKOBOI'O BUIIAPHUKA
i3 Temypom Tr.=600-700 K 3amaBamu movaTtkoBy

KOHIIEHTPAILi0 AipoK y Mexax 2-107 —=3-10" cm™.
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Puc. 1. 3anexHicTs XOWTIBCHKOT KOHIEHTpaLii HOCIiB cTpyMy (ny) y mwiiBkax PbTe : In
BiJl THCKY JDKepena iHIio Py,. U pi3sHUX 3HAYCHD TEMIIEpaTypu
JIOJATKOBOTO JpKepena Tenypy Tr.: 1 — 640, 2 — 680.

A B — excriepuMeHT [7]; CYLUTBHI JIiHIT — pO3paxyHOK 3rigHo (4.4).

Temmneparypa [0JaTKOBOTO JpKepesia 1HAIO, 13-3a
3HA4YHO HWXKXYUX 3HA4YCHb napuiaﬂbﬂoro TUCKY
P,=10%-10"*Ila, nigrpumysanacs B inTepBaii
T, =1100-900 K. TemnepaTypa OCHOBHOTO BUIIapHHUKA
cknmaganma Tp=920K, a criHok — Tc=950K.
Temmeparypa ocamkenss (minknanku) Trp= 620-700 K
3a0e3nedyBania (OPMYBaHHS CTPYKTYPHO ITOCKOHAIHX
IUTiIBOK TOBIINMHOIO 2-5 MKM. IIIBHAKICTE pOCTY IUTIBOK
6yna y Mexax 3-6 umc™.

OpepkaHi IDTBKH  JOCHIKYBAJIUCS METOIAMU
JIBOKPUCTAILHOI PEHTTEHIBCHKOI CIEKTPOCKOMil Ta
0’Ke-eJIeKTPOHHOI CIIEKTPOCKOIT. Enextpuuni
BJIACTUBOCTI IUIIBOK BHU3HAYAIKCSA KOMIICHCAI[IHUM
METOJOM Y TMOCTIHHUX €JIEeKTPUYHUX 1 MAarHiTHHAX
TIOJISIX.

v pe3yabTati MIPOBECHUX JOCITIKEHb
BCTaHOBJEHO, mo IUIiBkn PbTe wmaroTh Mo3zaiuHy
CTPYKTYpy i3 BemmumHOO OmnokiB b=0,1-0,5 cMm, ski

OpIEHTOBaHI  IJIOMIMHAMU <1 1 l) " (1 1 1) BaF,. Kytu

po3opieHTarii CKJIaJIal0Th 15-30'". 3HaueHHs
SJICKTPUYHMUX IapaMeTpiB IUIIBOK CYTTEBO 3alieKaTb
Bil yMOB ocapkeHHS. Tak, 30KkpeMa, 3a BiICYTHOCTI
KOMICHCYIOUHX TIapiB TeMypy Ta iHAII0 (OPMYIOTHCS
wiiBku PbTe Tinbku enekrpoHHoro tuimy. [Ipu upomy
migBUIIEHHS Ty OOYMOBIIOE J€SKE€ 3MEHIICHHS
KOHIICHTpaLii eXeKTpoHiB. 30aradeHHs mapu Ha TeIyp
y 30HI OCa/[PKeHHs 3a JOIOMOIOK JI0JaTKOBOTO
JoKepena crpuse (GopMyBaHHIO MaTepialy p-THILY.
KoHueHTpauisi JipoKk BH3HAYAETHCS B OCHOBHOMY Tre.
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3MIHOIO TeMIlepaTypy J0JaTKOBOTO JDKEpena IapH
inaito Ty, MOXKHA KepyBaTH piBHEM JIETYBaHHS IUTIBOK 1,
TaKUM YUHOM, iX EJNEKTPUYHHMH IapaMeTpaMu.
JloHopHUM#T XxapakTep neryrouoi nii iHzpito PbTe mae
MOJJIMBICTh HE TIUIBKA 3MEHIIYBATH KOHIICHTPAIIIIO
IIipOK, aJie IpH TeBHUX 3Ha4eHHAX Py, peanizyBaru p-n-
mepexim, 1 Tmopmanbime 3pOCTaHHS — KOHIEHTpAIii
enektpoHiB (puc. 1). [Ipu mboMy 3HAYECHHS TUCKY TTapH
iHJiI0, IO BiANoOBigae n-p-nepexopy P, cyrreBo
3aJIeKUTH BiJ MapLiaIbHOTO THCKY Mapu TEIypy B 30HI
OCaUKeHHs. A came, i3 3pOCTaHHAM OcTaHHboro (P, )

Pinpn 30inbmyerscs (puc. 1). Ha ocHOBi aHamisy
eKCIIEpUMEHTAIBHUX ~ pe3yJibTaTiB  aBTopamu  [7]
3HaHICHO aHANITUYHUIN BUPa3 ISl L€l 3aJIe)KHOCTI:

Ig(Py, ,, )(Ia) = =7,1+381g(Py,, )(ITa). (2.1)

ITI. Kpucrajgoksasiximisi negexrin

Mopeni, 3amponoHoBaHi y poborax [4,5] mis
MOSICHEHHsT ~ (PI3MYHMX  BIACTHBOCTEH  KpPHUCTANIB
PbTe:In, He matoTh MOBHOI BiAIOBi/I HA MHUTAHHS TPO
XapakTep  PpO3MILIEHHS  JIEryrouoi JOMIIIKH Y
KpHCTaJiuHii Tparii ocHOBHOiI Matpuui. [Ipo e,
30KpeMa, MOJKHA JU3HATHCS Ha OCHOBI
KPUCTATIOKBA3IXiMIYHUX MIAXOMIB [8].

Bimomo [1], o Temypu CBUHITIO KPHCTANI3YEThCS
y crpykrypi NaCl i3 mapamerpom rpatku a = 6,452 A.
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a

v

0

Puc. 2. KpucraniuHa cTpyKTypa TEIypUIy CBHHIIO 3 OKTACAPUIHUM (@) 1 TeTpaeApUIHUM (6)

CYCIZICTBOM aTOMIB TeJIypy:

lg[nH s CM_3]

18.3|

17.9

17.5

17.1

16.7

16.3

—Pb, ® —Te.

p-TUI

1
640

A
660

1
680 Tro K

Puc. 3. 3anexHicTh X0TIBCHKOT KOHIIEHTpaLlii HOCIiB cTpyMy (ny) y mwiiBkax PbTe:In
BiJl TEMIIEpaTypH JpKepeia I0JaTKOBOTo Tenypy Tr. AJsl pi3HUX 3HAUSHb
MmapIiabHOTO TUCKY TapiB iHmito Py, [Ta: 1 — 10752 -10"*% 3 - 105, 4 — 10,
(po3paxyHok 3rimHO (4.4), (4.5)).

Ll crpykTypa Xapakrepusyerbes okraeapudauM (O) i
terpaeapuuHuM (T) OTOYEHHSAM aTOMIB, a TaKOX
okraenpunuaumu  (OIT) 1 Tterpaenpuunumu  (TII)
nopoxxarHaMu (puc. 2). OIl — me Bakascii Tenypy y
KaTiOHHIHM, 9M CBUHIIO B aHIOHHIH miarpatkax, a TII —
HEe3alHATI MiCIll y TeTpaeApHUIHOMY OTO4YeHHI Pb um
Te BigmoBigHO (puC.2). ATOMH CBHHIIO 1 TEIypy
MalOTh  KOH(QIrypaImiro  BaJCHTHHX  €JEKTPOHIB

6s’6p°(Pb), 5s°5p*(Te), a BimnoBimmi ix pamiycu

YUCETIBHO PIiBHI: TIopy= 1,62 A, rrpu= 1,46 A,
tore= 1,64 A, rrre=1,34 A [9].
KpucranokBasixiMidyHHH METOJ] OMHCY MPOIIECIB
Te(heKTOyTBOPEHS MOJIATAE y HaKJIaJaHH1
KPHUCTAJIOKBA3iXIMIYHOTO KJIACTEPy HA AHTUCTPYKTYpPY

OCHOBHOiI ~ Marpumi. Jns  Temypuay  CBHHIO
aHTHCTPYKTYpOIO € ranmenit Vp, Vi, . Tlpn Hammmmky

TeIypy AaHTUCTPYKTypa PbTe
YTBOPIOE KIIACTED i3 aHIOHHUMHU BakaHcismu V,, :

CTeXiOMeTpI/ILIHOFO
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Puc. 4. anexuicts konuentpauii nedexris ([V,, ] — 1, [In;, ] —2) y mwiiBkax PbTe:In

BiJl TeMIepaTypu pkepena 101aTkoBoro tenypy Tre. (Tp= 623 K, P, = 1077 ITa)
(po3paxyHok 3rigHo (4.2) 1 (4.3)).

lg[n,,cm™]

18.7F 1
18.1 5
175k

16.9

16.3

| |
-9 8 -7 6

lg [P, [1a]
Puc. 5. anexuicts konuentpauii nedexris ([In;, ] — 1, [Va ] —2) y mwiiBkax PbTe:In

BiJ TUCKY Jukepena iHito Pp,. (Tp= 623 K, T, = 640 K)
(po3paxyHok 3rigHo (4.2) 1 (4.3)).
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Puc. 6. IIpoctopoBa 3aekHiCTh XOJTIBCHKOT KOHIIEHTpALi1 HOCIiB cTpyMy (ny)
y mwiiBkax PbTe:In Bix rexHonoriunux daxropis Tt i Py,
y Metozi rapstdoi crinku (T = 623 K)
(po3paxyHok 3rigHo (4.4) i (4.5)).

Tere — Tedxyp Ha Micli aToMiB TeNypy KpHUCTaIIYHOL

" . 0 X X )
Vi Vie + Te” <>V, Tes, . (3-1)  rparkm, Te’ ~— meiiTpamemi atomMm  Temypy.
. Cyneprio3uniiss  otpumanoro  kmacrepa (3.1) i3
Tyt “ ” — HeratuBHUH 3apsa, “” — MO3UTHBHUN KBa3iXiMIYHOIO  ()OPMYJIOI0  OCHOBHOI  MaTpHIi
sapsn, “*7, “°” — mymbosi 3apamM, Vpy, Voo Pb;, Ter, omucyerses piBHAHHSM:
3apspKeHl BakaHCIi CBUHIIO 1 TeJIypy BIAIIOBIJHO,
X X X X X " X .
(1- 0)Pb}, Tel, +aVyTel, )< (Pb} V) ), Tel, +20h'. (32)

MOJKe BiZOyBaTHCS PI3HUMHU MEXaHI3MaMH: 3aMiIeHHS
aToMaMu 1HIIO BaKaHCIN CBMHIIIO, TOOTO
OKTaeJIpUYHUX MOPOXKHUH OTOYEHHS aTOMIB TEIypy
(In° — OIl, wmexamisM A) Ta BKOpiHEHHA IHAIIO Y
MDKBY3JIs, TOOTO y TeTpaelpHyHi MOPOKHUHH
(In’ — TII , Mmexanism B).

Je o — BIOXWIGHHA Bix cTexiomerpii, h —
KOHLICHTPALS TIPOK.

I3 cniBBigHOmeHHs (3.2) BuAHO, MO JipKOBa
npoBigHicTE  p-PbTe moB’s3aHa i3  HEraTWBHO
3apsAKEHIMHA BaKaHCISIMA Y KaTIOHHIM miarpatii

(V,py)- Y Hawmomy npejcTaBicHHI BaKaHCIi CBUHLIO

"

V., Haiibinbmr iMOBipHO, € He M0 iHmE sK

OKTaePUYHI MOPOXKHUHH Y BUILHOMY OTOYCHHI aTOMIB
Tenypy (puc. 2).

JleryBaHHs  TenypuAy CBHHIIO  IHIIEM, 3
BpaxyBaHHSIM HOTO TOHOPHOI il i oHO3apsaHOCTI [7],

3.1. MexanizMm A (3aMiIieHHs).
Cyneprio3uiisi iHIi10 i3 aHTUCTPYKTYPOIO OCHOBHOT
MaTpHLli YTBOPIOE KIIacTep:

" . o ! .
Vi Vi +In° <> In, Vo,
Toni:

(3.3)

(1= X)[(Pb}, V, )y, Teq, +2ah T+ x(Inp, Vi, ) €

PO 0In, Voo I [Tel o Vilr +20(1—-x)h" <>
ISV, Ioo[Tel o Vi lre +20(1—x)h" +2xe .

X
A [Pb(l—a)(l—x)

3.4
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Puc. 7. [IpocTopoBa 3aeXKHICTh KOHLEHTpaLii Bakauciii ceuHio ([V,, ])
y mniBkax PbTe:In Big TexHosoriunux ¢akropisB Tt 1 Py,
y Metozi rapstaoi crinku (T = 623 K)
(po3paxyHoK 3rinHo (4.2)).

VY npoMy BHIAAKY (MeXaHi3M A) Mae MicIe mpsMe

(2a(l-x)h" > 20h’;  20(l-x) <20, 60

3aMIilICHHS IHJIEM CBHHIIO B  OKTacIpHYHHUX .
MOPOKHUHAX IIUTFHOI YIMAKOBKH aTOMIB  TEIypy X < 1) ta nosBy BinbHUX enekTpoHiB (2X€ ).
oIl
(In————>Pb), sxe o6ymoBmOE 3MeHmIEHHS ] )
. ) " " 3.2. Mexani3m B (BkopiHeHHS).
KaTIOHHUX BAaKaHCIU Va(l—x) -V al-x)<a, 3a aHAJIOTI€I0 10 HOMEPEHBOTO, OyIEMO MATH:

Vp Vi, +In® <>V, Vi (In")., (3.5)

Tak K X < 1 i, K HACTiTOK, 3MEHIIICHHS KOHIICHTpAIIii
TipOK

(1=X)[(Pb}, V, )py Te, +20h ]+ X[V, Vi (In); ] >

g [Pb?l—a)(l—x)v(;(l—x)ﬂ Ips [Te?l—x)v); Ite(In"); +2a(1-x)h" + xe .

(3.6)

Tyr, 3a paxyHOK mepeposmoninry aedektiB y BPaxOBYIOUH YUCTO TEOMETPHUYHI, po3MmipHi

KaTIOHHIN MArpaTIi i 3pOCTaHHs BaKaHCIH y aHIOHHIH,
Ma€ TaKOX MiCIle 3MEHIICHHs] KOHLEHTpalil JipoK i
TNOSIBA €JIEKTPOHIB.

TakuMm unHOM, K MeXaHi3M 3aMmimieHHs (3.4), Tak i
MexaHi3M BKOpiHeHH (3.6) Jeryto4oi JOMILIKH aTOMiB
IHAII0 Yy KpHCTAIi4HY TpaTKy OCHOBHOI MaTpHIli
TENYpHUIy CBHHIIIO OOYMOBIIOIOTH JOHOPHY Aito. Ale,
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XapakTepucTuku (ron= 1,27 A [9]), a Takox Gimbm
e(eKTUBHY IOHOpHY [iI0 IHJII0 NpH MeXaHi3mi A
(In —2>Pb), MOXKHA CTBEPIKYBATH TPO TE, IO

3aMIIlCHHs 1HII€EM OKTaeJpUYHUX ITOPOXKHUH IIIIIBHOT
YIIAaKOBKHM aTOMIB TeNlypy KpHcTaiiuHoi rpatku PbTe
(BaxaHCI1 CBMHIIIO) € HAHOLIBII IMOBIPHUM.
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Puc. 8. IIpocTopoBa 3aexHICTh KOHIEHTpaLi] Jeryrodoi qomimky inaito ([In,, 1)

y mniBkax PbTe:In Bix texHomoriunux ¢axtopiB Tt i Py,
y Metozi rapstioi crinku (T = 623 K)
(po3paxyHok 3rigHo (4.3)).

IV. KBa3iximMiuHi piBHSIHHSI yTBOpEeHH
nedekTiB

%Tey < Teq, +Vp +2h",

In" < Inj, +e,

""<e +h",

Tyt peakuis (I) omucye mepexin HaJIHIIKOBOTO
TENypy 3 Tapu Te;/ y anionny migrpatky Te., . Ilpu
I[bOMY YTBOPIOIOTBCSI HEraTHBHI JBO3apsiHI BakaHCIi
ceunmo (Vp, ) i mipkn. Peaxuis (IT) omucye mepexin
IHAII0 3 Tapu In" y Kpuctamiyny rpatky PbTe i3
moropis  (Inp,) i
enexktpoHiB e . Peaxmis (III) ommcye BnacHy
nposigHicTs. TyT Ky, pp Ky, Ki — KOHCTaHTH piBHOBarun

BiJIMOBITHAUX KBa3iximMivyHuX piBHsHS [, 11, 11
3rigHo [2]

0
K; =Kj exp(-AH; /KT),

e Kj’ — crana BenuumHa , AH, — eHTaIbIIA, kK — cTana

YTBOPEHHSM  OJHO3aPSAHUX

4.1)

PiBHOBakHMIT CcTaH JAeeKTHOI MiJCUCTEMH Y
niBkax PbTe, 30araueHux TenypoMm 1 JIerOBaHHX
IHIIEM MOJKHA OIIMCATA TAaKUMH KBa3iXiMiYHUMU
CIHIBBIIHOILIECHHSIMH:

2- 2 1/2

Kyp =[Ve, 1P /[PTez I; ey

K, =[Iny]1-n/[P,]; (1)

K, =n-p. (110)
bonbsimana, T - Ttemmeparypa. PiBHsHHS
EJIEKTPOHEHTPANLHOCTI, 32 YMOB 3alpOIIOHOBAHOI
JNeEeKTHOT MiICHCTEMH, Oy MaTH BUTJIS:

2—
n+2:-[Vy I=p+[In,,]. (IV)
Ha ocuoBi piBusup (I)-(II) ogmepxkumo s
KOHLIGHTpAalliil ~BakaHCIi CBUHLIO 1 JIETYIOYOT'O
1HI0:
2- 2 1/2 2
[Vi, 1=n 'KV,PbPTe2 /K7, 4.1
[Inltb 1= Ky, Py /n. (4.3)

. . e 72—
3ayBaxuMo, 1o piBHOBaXHi KoHUeHTpauii [Vy, ]

. + .
i [Ing, ] Bu3Hauarore mpu Temmeparypi ocalKeHHs
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Puc. 9. 3anexHicTs THCKY TepMOIUHAMIYHOTO n-p-niepexoxny (P, ) y muiBkax PbTe:In

In,p—n
BiJl TEMITEPATYPH JPKEpETa JOJaTKOBOTO TENypy Tt Y METOMI rapsvoi CTIHKU:
O — ekcniepumenT [7], CyliibHA JIiHISI — PO3paXyHOK 3TifAHO (4.6).

Ty, a 3HaueHHs mapiiaTbHuX THCKIB Tenypy Pr, i Bpa?mBonqI/I OZICpXKaHi CIBBIIHOIICHHS “42) i
L : (4.3), piBusHHS enektponeiiTpansHocTi (IV) Halyne
1HAO BUTJIAY:

P,, — temmeparypamu nomarkoBux BumapHukiB Tr. i

T}, BIAIIOBiAHO.

n+2-n° K, P /K =K, /n+K, -P, /n. (4.4)

Otpumannii Bupas (4.4) € pIBHSHHSIM TpPETHOTO
CTEIIEHA BIJHOCHO N 1 BH3HAYa€ 3aJIEXHICTH
KOHLIEHTpAIil ~ €JIEeKTPOHIB Bifl KOHLIEHTpALi1
HaJUTMIIIKOBOTO TeJIypy Ta iHAil0. Marouu Ha yBasi, 1o
XOJITIBCbKa KOHIEHTpAIlisl HOCIIB CTpyMy IOB’s3aHa i3

V. AHajgi3 pe3yJabTaTiB 10CTiAKeHHS

Pesynbratn KPHCTAJIOKBA3IXiMIYHOTO Ta
KBa3iXIMIYHOTO aHAJ3y IAf0Th MOXKIUBICTH BUKOHATH
PO3paxyHOK 3aJIeKHOCTI K XOJUTIBCHKOI KOHIIEHTpAIIil

KOHIIEHTPALIIMHU €JIEKTPOHIB 1 IIpOK . .

CHiBBiJIHI())IHeHHHM p p HOCIiB cTpymy (4.4), (4.5) Tak i KoHIeHTpalii Ae]eKTiB

2- + : :

4.2 In 4. miiBok PbTe:ln Bi

n,=n-p, p=K,/n, ocratouno Oynemo marw, [Vi,] (42), [In,] (4.3) mniso bTe A

o TEXHOJIOTIYHUX (PAKTOPIB BHUPOILIYBAHHSI y METOMi

5 rapsyoi crinkd. Ha pwuc. 3-8 mpexacraBieHo neski i3

n, =n(1-K;n™). (45)  Hux. Koncrantn piBHOBaru KBa3iXiMIYHHX peaKIlii

YMoBa n-p-mepexofy (n=p) 3a 3aJaHHX YMOB  yTBOpeHHsi BakaHcii cuHmo K., 1 3amilieHHs

neheKkToyTBOpeHHs Oy/e BiANOBiAaTH 3HAYCHHIO TUCKY immiem ceuHmo Ky, OfIepkaHi METOMIOM HaMMEHIIHX
. . 2

1HIIHO: . . cee

a KBa/IpaTiB Ha OCHOBI anpoKcUMAaIli

P _ pl/2 2. Kv,pb 4.6) eKCIIepUMEHTANBHUX JaHuX (puc. 1, 9) TeopeTHUHUMH

sanexHocTaMu (4.4), (4.5), (2.1) i (4.6) BianoBigHO.

In(p=m) =T Tey o gel2
In ! Jnist iHTepBasiB 3MIHM THCKY MNapu IHIIIO y 30HI
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ATOMHI fe(heKTH 1 eJIEKTPUYHI BIIACTUBOCTI EMITAKCIHHUX TUTIBOK ...

P, =10"-10"Ila,
JIOJTATKOBOTO  JpKepena Ttenypy Tr.= 640-680 K i

0Ca/IKCHHS TeMnepaTypu

Ko K, =13-10%cM™TIa™"? (K% =9,0-10%cmTIa "2,
vy = LO" 10%em Ta™"?, AH=0,2 eB).

Ky, pb:

Ky =4,0-10%cmTla ™" (K

Ha ocHoBi ananizy excriepuMeHTaibHuX (puc. 1, 9)
i po3paxyHkoBux (puc. 1, 3-9) pe3ynbrariB BUIHO, L0
30UIBIICHHS MapLiaIbHOTO TUCKY Iapu TEIypy Yy 30Hi
OCa/DKEHHSI OOYyMOBIIIOE  3MEHILEHHS  IOYaTKOBOL
KOHLIEHTpAallil ~ €JIeKTPOHIB Yy IUIBKax N-TUIY,
peaizamito n-p-mepexoay i TOoJanblie 3pPOCTAHHS
KOHLeHTpamil nipok (puc.3). Takumii xapaxrep
CIpUYMHEHHH, Yy Tepmy dYepry, IHTEHCHBHUM
3pOCTaHHIM KOHIIEHTpAIA BaKaHCiH CBUHIIO (puc. 4 —
kpuBa 1), aki 1 e akmenrtopamu [2]. 3a cramoro
3HAYeHHA Mapu iHAil0 Py, 1MpH ocapKeHHI IUIIBOK,
koHneHrpauis [In; ] y 1mBKax cyTTeBO He

3MiHIOETBCST  (puc. 4 —  kpuBa2).  30LIbLICHHS
MapIiajgbHOTO THCKY IapH IHAII0 NPHU BUPOIIYBaHHI
wiiBok PbTe oOymoBmoe mpoTwiiexHi epexTu: s
KOHJICHCATy 13 MOYAaTKOBOIO [IPKOBOIO IPOBiIHICTIO
Ma€ MicCIle 3MEHIIIeHHS KOHIIEHTpaIlii HOCiiB, peari3amis
p-n-mepexomy 1 mopmaiblie 3pPOCTaHHSA KOHIIEHTpAIil
eneKkTpoHiB (puc. 1).

[Ipu upomy [OHOpHA mis IHIIIO TOB’s3aHa i3
30UIBIICHHSAM y Marepiaii IUIBKA aTOMHHUX Ae(EeKTiB
3aMillleHHs] 1H/I€EM BaKaHCI CBHHINIO Y KPHCTAJIuHIH
rparui PbTe [In;, ] (puc. 5 — xpusa 1). 3Beprae Ha cebe
yBary XapakTep 3MiHM BakaHCii cBuHIIO [V, |B
obmacti 3HayeHp THCKIB iHmiro P, =107 -10"Ila
(puc. 5 — xpusa 2). BugHo, 1m0 KOHIICHTpAITis [Vlfb’ 1
3pOCTae aHAJIOTIYHO A0 KOHUeHTpauil inamito [In) ] y
wriBmi. OcTaHHE BKa3zye Ha Te, MI0 MAa€ MICIE SBHIIC
CaMOKOMIICHcallil, MPU SKOMY YTBOPEHHs Je(eKTiB,
MOB’SI3aHUX 13 JIETYIOYOIO JOMILIKOK KOMIIEHCYEThCS
BJIACHUMHU aTOMHUMH Jedekramu. 3ayBaKuMoO, HIO0 Y
poborax [10, 11] sBHIE camMOKOMIIEHCAIli BUSABICHO
NP JIETYBaHHI TEIypUAY i CEJICHiAy CBUHIIO TalieM.
IIpocTopoBi  miarpaMu  3aJEKHOCTI  XOJUTIBCHKOT
KOHIICHTpaIlii HOCiiB cTpymy ny (puc.6), Ta
xoHuenTpauii nepexris [V. ] (puc. 7), [In;,] (puc. 8)
BiZl TexHONOTYHUX (akTopiB Py, Tr. OLIbII HAOUHO
BiZIOOpaaloTh BHIE BiJ3HAYCHI 3aKOHOMIPHOCTI.
3HaueHHA TUCKY iHAiI0 Py, ., 10 BixMOBiNaE peanizanii
p-n-nepexonay y miiBkax PbTe:In i3 migBumeHHsIM
TEMIIEpaTypu JOJATKOBOI'O BUIApHUKA TEIypy Tre
3pocrae (puc.9). Ile moB’s3aHO i3 TUM, MO 3a IHMX
YyMOB  Mae  Miclle  30UIBIICHHS  KOHIICHTpAIIil

aKIENTOPHNUX BAaKaHCIH CBUHIIIO [V,fb’ ], AKi HEOOXimHO

KOMIICHCYBATH JICTYIOWil JOMIIIII.

Temnepatypu migkmagka  Tp=623 K orpumano
HACTYITHI 3HAaYEHHSI KOHCTAHT PIBHOBArH:
AH =01 eB):

TakuM 4YMHOM, OJiepXaHI pe3ylNbTaTH HE TUIbKH
JIAIOTh BIJMOBIIb PO MeXaHi3M B3aeMOIl 1HAIIO 13
wiiBkamu  PbTe, 30araueHumu Ha Temyp, ane i
BU3HAYAIOTh TEXHOJIOTIYHI yMOBH 1 aHAJIITHYHI
3aJ@KHOCTI, M0  3a0e3NeduyloTh  BHPOILYBaHHS
TOHKOILIIBKOBOTO Marepialy 13 Hamepen 3aJaHUMHU
CITiBBiTHOIIICHHSIMH KOHIICHTpALii €JIEKTPUYHO
aKTUBHUX BJIACHUX 1 IOMIIIKOBHX IE()EKTIB, a TaKOK
THTIOM TIPOBITHOCTI.

V1. BucHoBKkH

1. JlocnipkeHo BIUTUB JOMIIIKH iHAIO HA €IeKTPUYHI
BIIACTMBOCTI €IiTaKCiaabHUX IUIIBOK PbTe <Te> :In,

BUPOIIEHUX 13 MapoBoi (azu MeToqoM rapsioi CTIHKH
Ha ckonax (111) moHokpucTaniB ¢gropucroro Gapito.

2. MeTogaMu KpUCTaIOKBa3iXiMii OKa3aHo, MO 1HIIH,
3aMIIAlOYM  OKTAeIpWYHI  MOPOXKHMUHM  IIIIBHOL
YOAKOBKH aTOMIB TEIypy Yy KPHCTaNidHIN CTPYKTypi
PbTe (BakaHcii CBHHIIIO), BUCTYIIAE TOHOPOM 1, TAKUM
9HHOM,  OOYMOBIIOE  3pPOCTaHHS  KOHIICHTpAIIil
€JIEKTPOHIB y MaTepiaJii.

3. 3anporoHoBaHi KBa3iXiMi4HI peakiii YTBOPEHHs
epextTiB y 1wriBkax PbTe <Te> In 1 BuU3HauYeHO
KOHCTaHTH PIBHOBAaru.

4. BcTaHOBJICHO 3QJICXKHOCTI XOJUTIBCHKOT KOHIICHTpAITIT
HOCIIB CTpyMy Ny, a TaKoX aAe(eKTiB (BakaHCIH
ceuHmio  [Vo ], [In;,]) Bin
TEXHOJIOTTYHUX (PaKTOPIB Y METO/I Tapsdol CTIHKH.

5. BusHaueHo  yMoBM  peamizamii y  IUTIBKax
PbTe <Te> :In TepmoamHAMiYHOTO p-n-TIEpEXOTY.
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By methods both of crystal-quasichemistry and quasichemistry is analysed the mechanisms of process
doping of PbTe films by indium, enriched tellurium. Is established, that the one-charge atoms indium In;b The

atoms replace of lead in octahedron hollows of tellurium dense packing of PbTe crystalline structure, act by the
donors. Is determined constants of an equilibrium and enthalpy of quasichemistry reactions of vacancies of lead

[Vsz_ ] formation and substitution by indium the atom of lead [In;, ].



