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Beryn

XanpKOreH1an CBUHILIIO - BY3BKOIIUTHHHI
HaIiBIPOBITHUKN [1]. BoHm  mepcrneKTUBHUMHU
MarepiaJiaMM  JUIS  CTBOPEHHS  TEPMOEJIEKTPUYHHX

HepeTBOPIOBaUiB €Hepril, siki (YHKIIIOHYIOTh B IHTepBaJl
temneparyp 300-950 K, a takox ¢oronmpuilMaipbHUX i
BUIPOMIHIOBaJIbHUX CTPYKTYp iH(ppauepBOHOTO
Jiarma3oHy ONTUYHOTO CHEKTpY [2-6].

ToHKI TMIBKM NHX CIONYK TPHBEPTAIOTH YBary
IOCTIMHUKIB BXe TpuBanmii dvac. Tak, 30Kpema, y
poborax 3emens [6], Jlomec-Orepo [7], Ppeika .M.
[8,9] pospobmeni 1 cucTemaTn3oBaHi  e(EKTHBHI
BaKyyMHI METOJI1 BUPOII[YBaHHs ILTIBOK i3 ITApOBOi (ha3u.
Mownorpadist ®dpeik .M., lanymak M.O.,
Mexunoscbka JLM. [10], y meBHiit wmipi, mizcymosye
JOCSATHYTI Ha TOM 4Yac YCHIXM Yy TEXHOJIOTii TOHKHX
wiiBok. JleranpHi JoCHipkeHHST (OPMYBAaHHS TOHKHX
IUIBOK 1 1X CTPYKTypHM TIpOBENEHI y  Iparpix
MManarnika JI.C., Kocesuua B.M., Copoxkina B.K. [11-
13], a Ttakox CewmimeroBa C.O. [14]. Coextp
MPAKTHYHOTO BUKOPUCTAHHS IUIIBOK  XaJIbKOTCHIIB
CBUHIIO PO3KpUTO B onpigax XomwioBes [15],
Cuzoa @.D. [4], bepuenka M.M. [3].

OcHOBHUM  (haKTOpPOM, IO BH3HAYae poOodUi
XapaKTepUCTUKH IPWIANOBUX CTPYKTYp € JedexTn
KpUCTamiyHOi OymoBu ©OazoBoro wmarepiany [2,5].
3ayBa)KMMO, 110 Ha JAaHWH Yac HENOCTaTHHO BHBUCHA
npupona ToukoBux JAedexriB. Tak, 30kpema, npu
BUBUEHHI npolecis nepexroyrBopenns y miiskax A"V BY!
BUHHMKA€ HEOOXITHICTh B OJHOYACHOMY BpaxyBaHHI
OiNBII IIMPOKOTO CIEKTpa 3apsAOoBHX CTaHIB BIIACHHUX
ToukoBUX aAedekriB [16]. HaykoBa cropoHa mHTaHHS
motpedye HAJICKHOT CcHUCTeMaTH3aIii

586

eKCIIEPUMEHTANIbHUX DPE3yJbTaTiB Ta IX TEOPETUYHOTO

OOIpYHTYBaHHSI.
VY naHiii poOOTI BHKOHAHO aHAJi3 TEOPETHYHUX 1
EKCIIEPUMEHTATbHUX JOCITIIKEHb NPOILIECIB

nedexroyrBopenns y mmiskax crmonyk A'VBY' mpu
BHPOIIYBaHHI 3 TapoBOi ()a3d 3 METO HampsAMIEHOI
Momudikamii BIacTUBOCTEH MaTepiamy, HeOOXiMHUX I
moTped OnTo- 1 MIKPOETEKTPOHIKH.

I. MeTtoauka eKkCliepuMeHTY i
pe3yabTaTu

[I1iBKM  XaJdbKOTCHIMIB CBUHIFO BHUPOIILYBAaTH 3
napoBoi ¢asu MeroJoM rapsiuoi crinku [8,9]. B skocti
OCHOBHOI ~ HAB&XXKH  BHKOPHCTOBYBAJM  Hamepen
CHHTE30BaHI KPHCTAIXM 3 TOYAaTKOBOIO KOHIIEHTPAIII€IO
HociiB ~ 2-10"fi . JIng 101aTKOBOro JKepena CIyKUB
MOPOIIOK YHCTOTO XaJbKoreHy. IlimkmamkamMu Oymm
cBixi ckomm (111) BaF,. TemmepaTypa OCHOBHOTO
JDKepela — TeMIlepaTypa BHIIapOBYBaHHAI — Oyia
T, =820K , temneparypa criHok kamepu — T, =850K. .

Temneparypy minkmagoxk T,
T =420-700K .

BUIIAPHUKA MOXKHa OYyJI0 3MIHIOBaTH MapLiaibHUH THCK
napu xanekoreny P, (X —S, Se, Te) y 30H1 ocamKeHHs

BapiloBaIi B MeEXax

Temnepartyporo JIOJJaTKOBOT'O

wriBoK. HIBUAKICTE pocTy IITiBOK ckiIagana ~ 3 Ac'l, aix
TOBILMHA 2-5 MKM.

CrpykTypa IUIIBOK  JOCIHKyBajacs  METOJOM
JIBOKPHCTaJIbHOT ~PEHTTeHIBCHKOI JU(paKTOMeTpii, a
€JIEKTPUYHI BJIACTHBOCTI — KOMIICHCALliItHUM METOJIOM Y
MOCTIHHUX €JIeKTPUYHUX 1 MATHITHUX TOJISIX.

PesynpraTamMm  eKCIIEpUMEHTIB  BCTaHOBJIEHO, IO
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Puc. 1. 3anexxHoCTi KOHLIEHTpaIii HOCIiB CTpyMy n,, y miiBkax PbTe Bil HOMiHaIBHOTO TUCKY TapH

tenypy (T, =653K, T, =833K ). A — eKCIEpUMEHT, — — PO3paxyHOK.
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Puc. 2. 3anexHicTh KOHLEHTpaLil HOCIIB 3apsaay n, B IiBkax PbSe Bin remneparypu ocamxenns T, :
()—- P, =1Ila, T, =820K;(2)- P, =10Ila, T, =820K; (3)— P, =10Ila, T, =800K,

O — eKCIIepUMEHTAIbHI Pe3yIbTaTH; — — PO3PAXyHOK.

TUTIBKM OCaJKYIOThCS Y BUTJISIII MO3aidYHUX KPUCTAIIB 13
cepefHiMu  JiHiMHEUMH posmipamu  0,2-0,5 MM,  sKi
opierroBani mwionaaMu (111) mapanensHO 10 MOBEPXHI
migKIagkyd. TUI MPOBIMHOCTI 1 KOHIEHTpAIlSl HOCIIB
3apsAAy — IUIBOK — BU3HAYAIOTHCS  TEXHOJOTTUHHUMH
(hakropamu BupouryBaHHs. Tak, /s wiiBok PbTe mpu

HU3BKMX THCKax mapu Temypy P =(107-107) Ila
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dopmytotbest  niBku  n-tuny  (puc. 1).  ITlomanbiue
HiBUIIEHHS TUCKY NapH XalbKOTEHY y 30HI OCaJDKEHHS
HPU3BOAUTH 0 3MEHIIECHHS KOHIIEHTpPALi]l eJIeKTPOHIB Ta
iHBepcii THIy NPOBIAHOCTI 3 HACTYIIHUM 3POCTaHHSIM
KOHLeHTpail  gipok. [ligBUIIEHHS  TemIepaTypu
ocajpkeHHs: T, Ipu NOCTIHHOMY 3HA4YEHHIO THUCKY
XallbKOTeHa, OOYMOBIIOE aHajoriuHi 3MiHW. Taki Xk
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Puc. 3. [30Tepmu KOHIEHTpAIIT HOCIIB 3apsAay n, B
rriBkax PbS mpu Temmepatypi BumapoByBaHHS
T =653K, T, =770 K (1), 800 K (2).
0 — EKCIIEPUMEHT, — — PO3PaxyHOK.

pe3yJbTaTu oTpuMaHo st iiBok PbSe 1 PbS (puc. 2-4).
Tak, THI POBIZHOCTI 1 KOHIIEHTpALlisl HOCITB 3apsay
wiiBok PbS (puc. 3, 4) BU3HAYAIOTHCS TEXHOJOTIYHUMU
(akTopamu BUpOIIyBaHHS. [IpH HH3BKHX THCKax Mapu
. i .
cipku Pg =(107-10) [la opmyroThCsi IUIBKH N-THITY

(puc. 3). lTlomamplne  MiABHMINEHHS  THCKY  Iapu
XaJbKOT€HY Yy 30HI OCa/[UKEHHS IPU3BOMUTH JI0
3MEHIIECHHS! KOHIEHTpalii eJIeKTPOoHIB Ta iHBepcii THIy
MPOBITHOCTI 3 HACTYIHUM 3POCTaHHAM KOHIICHTpAMii
nipok (puc. 3). Taki >k 3MiHH OOYMOBITIOE 1 TTiABHIICHHS
TeMIepaTypu ocajxeHHd T, Ipu MOCTIHHOMY 3HaU€HHIO

P (puc. 4).
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Puc. 4. [300apu KoHIIEHTpanii HOCIiB 3apiay n, B
mwriskax PbS: (1)— Py =11Ila, T, =770K; (2) -
P, =10Tla, T, =800K; (3)- Py =10Tla,

T, =770 K.

0 — eKCIIEPUMEHT, — — PO3PaxXyHOK.

I1. KBasiximMiuHi pIBHSIHHSI YTBOPEHHS
TOYKOBUX JAedeKTiB 3 BpaXyBaHHAM
CKJIQJIHOTO CIeKTPA iX 3apsii0BUX
CTaHiB

Hamu 3ampormoHoBaHa KBa3ixiMidHa MOZETH, SKa
BPaxOBY€ MOXKIIMBICTb YTBOPEHHS PI3HHUX 3apsAIOBUX
CTaHIB BJAaCHHX TOYKOBUX Je(ekTiB y KaTioHHIH
miarparii  1wiiBok PbX: MIDKBY3IOBUHHHX aTOMIB 1
BakaHciii ceunmo (Pb, Pb’*, Pb!, V., Vi, Vp).
[pumyckaetbesi, O  CKIag  3pa3KiB  y  30HI
BUIIAPOBYBAHHS BIATIOBiJa€ MiHIMYMY 3arajbHOTO THCKY.
Toni npu omepxkanHi miiBok PbX 3 mapoBoi ¢aszu B
TEXHOJIOTi1 Taps90i CTIHKK PIBHOBAry CHUCTEM ,,HaBaXKKa-
mapa” 1 ,Japa-KOHAECHCAaT  MOXKHA OIMCATH 3TiIHO
3akoHy nirounx Mac [17] cucTeMOr KBa3iXiMi4HUX
peakiiii:

PbX® > PbY + 1/ XY, K (T.) =Py, - Py (1)

Pb" <> Pb/ +e, K, ,(T.)=[Pb/]-n-P,; )

%XZ & Vi + X407, K o (T)=[Va 1-p-Py % 3)

Pb¥ <> Pb* +2¢, K, (T.)=[Pb>]-n>-P,; @)

VXY o Vi X5 420", K () =[V 1-p* P (5)

Tyr n — KOHIEHTpauis €JEeKTPOHiB, p — BiHOCUTBCA 10 TBepaoi ¢asu, ,,v’ — go maposoi. P, i
KOHIIGHTpAIliss JIiPOK, KBaJPATHUMHU Ty)KKaMHU [..;’]' P, — mapuiamemi THCKM TapiB CBUHIIO i XambKoremy

MO3HAYCHO KOHIICHTpAIil0 Jae(eKTiB, IHICKC .8
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BIZMOBIHO, € — eneKTpoHH, h' — mipku, K — KoHCTaHTH
piBHOBaru. PiBHsHHS (1) BH3Ha4ae piBHOBary CHUCTEMH
»HaBaXKa-Tlapa” mpu po3kiaai Teepporo PbX vy

BUNAPHUKY IIpU TeMIepaTypi BHIAapoByBaHHA T, .
Peakuii (2)-(5) xapakTepu3yloTh piBHOBary ,Iapa-
KOHJICHCAT’, BINNOBIZAJIbHY 3a YTBOPEHHS BJIACHHX
aTOMHUX Je(eKTiB TpH TeMIeparypi  OCaKeHHS
(mizxnagox) T,. IIposiBu BiracHOI MPOBITHOCTI 1 Pi3HUX
npoueciB  ioHizamii Ta  pexkoMOiHamii  gedekTiB
OIUCYIOTHCS PIBHAHHAMU:
"0"=e +h", K, =n-p; 6)
Pb), =V, +Pb/, K,.(T.)=[V,,1[Pb/]; @)
Pby, = Vp, +Pb7", KL (T,)=[Vy, I[Pb]"]; ®
Pb) <> Pb +e, K, (T,)=[Pb; In/[Pb]; ©)
VI(’)b oV, +h', K (T)=[V,Ip /[Vl?b]; (10)
Pb) <> Pb’" +2¢”, K, (T,)=[Pb/"In*/[Pbl]; (11)
Vi € Vi, +207, K (T)=[Vy Ip* [V, ] (12)

3aranbHa yMOBa eNEKTPOHSHTPATbHOCTI MA€ BUTIISL

p+[Pb; 1+ 2[Pb> ] =n +[V, 1+2[V2 1 (13)

3 (1)-(13) omepxxumo piBHSHHA IS BU3HAUYCHHS
KOHILIEHTpAIil HOCIiB (n) uYepe3 KOHCTAHTH PiBHOBaru
KBa3ixiMiyHUX peakiiii K 1 mapiianbHuii THCK mapu
XxanbKoreHy Py :

An* +Bn’ -Cn-D =0, (14)
Ie
A= ZK;(Z,VK;: : P;(iz : (KPbXKVPbA,V K;(Z,VKi )71;

B=1+ KF 'P>]<£2 .(KPbXK;’b,V )71;

Pb,V

I<PbX K

5

K;I/Z + 2KPbx KI’b,V K;l

C=K, +KPbXK;’b,V 'szln; (15)

D = 2K, Ky Py

PbX " Pb,V
ExcriepumeHTanbHO BH3HAauYeHa 3 edekty Xoiuia
KOHLIEHTpALisl HOCIIB CTpyMy ny Oyze piBHOIO

n,=n-p=n-K,-n". (16)
PiBHOBaXxHI KOHIICHTpAIIi1 3apSHKCHAX 1
€JIeKTPOHEHTpaTEHIX nedexTiB BHU3HAYAIOTHCS
BHpa3aMHu:
+ ' “1p-1/2.
[Pbi ]= Kpix KPb,vn PX2 >
" 2p-1/
[Pbih 1= KPbXKPb,Vn ZPXZI %
- ' 1/2 ' -1,
[Vp, ]=K; -n- PX2 (KPbXKPb,V) >
2- " vo2 /2 ' ' -
[Vl’b 1= KXZ,VKF -n 'P)l<2 (KPbXKPb,VKXZ,VKi) l; (17)

[Pbio ]= KPbX Kpb,vK;lP)EZ”z;
[VF('Jb] = KFKiP)l(LZ (KPbXKPb,VKb )71 .

Otpumani 3aranbhi popmynu (14), (15) 1 (17) natots
MOXITHBICTh PO3pPaxyBaTh KOHLEHTPALT HOCIIB CTPyMYy 1
JnedeKTiB y 3aleXHOCTI BiJi TEXHOJOTIYHHX (aKTOpiB
(mapmianbHOro THCKY Map XambKoreHy P, B 30HI

OCa/DKCHHSI 1 TEMIepaTypHHX YMOB BHPOIyBaHHS)
BpaxOBaHMX Yy MOJENi KBa3iXiMiuHUX peakmii. Y
Tabmuuax 1, 2, 3 HaBeneHo koHctaHTH K 1 eHTanbmii
yrBOpeHHs aedekriB ast PbS, PbSe, PbTe.

Tuck mapu XxaipkoreHa Pi,, mpu  sKoMy
BiZIOyBa€TbCS MEpexiJ BiX N- 10 P-THITy MPOBIIHOCTI,

3HAIIEHO 3 YMOBHU N = P:

Pb,v

P, =—
* K K;/z (Kppx K

I11. PiBHOBa:xHA KOHLeHTPAallis Ae(eKTiB

Po3spaxyHkn mnokasyloTh, mo OapuyHi 3aJeXHOCTI
n, (P ) CYNPOBO/DKYIOTBCSL ~ TEBHHUMH  3MiHAMU
PIBHOBaXHUX KOHIIEHTpAIi JeeKTiB pi3HUX 3apsSIOBUX
craniB (puc. 5). XapakTepHOW pPHCOI0 IUTIBOK PbSe €
JOCTaTHBO  BEJIMKAa  KOHIEHTpALid  OXHO3apsIHUX

BaKaHCil [V, ] 1 ABO3apsAAHUX MIXBY3JIOBUHHHX aTOMIB
[be*] CBUHITIO, SIKi Ha KUTBbKA MOPSIKIB MEPEBUIIYIOTh
KOHIIeHTpallii nedekTiB iHmmMX 3apsaaoBux cranis (Pb!,
Pb’, V, Vo).

bb > KOHIICHTPALIis
HeMTpaTbHUX MiKBY3JIOBMHHMX aTOMiB cBHHIIO Pb, a

Haiamxk4yoro €

KOHIIEHTpAIlisi HEWTPAIbHUX BaKaHCili Vy, € CyMipHOIO 3
2—

V;, . Hna

Ha puc. 6

KOHHCHTpaIIiCIO ABO3apsAAHUX BaKaHCIii

MOSICHEHHsT  1HBepcii THITy TPOBIJHOCTI

)_l + 2K;(2 RY KF (KPbX
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K, K. (18)

-1 °
Pb,VEX,,V )

moOymoBaHO OapwyHi 3aJeKHOCTI anreOpaigyHOi cymwu
3apsiay (B OOUHHIAX €JIEeMEHTapHOTO 3apsy), ITOB s3aHi
i3 CyMIpHHMH 3a IOPSAAKOM BEIHYMHH KOHIICHTPALisIMU

sapsupkenux gedektis: 2[Pb> ][V, ] i [Pb/ ]-2[V,, ].
B PSsZ
[Pb;]1-2[Vy ]1<0 (puc.6 — kpuBa 2), WO ChOpHse
BUHUKHEHHIO P-TUITy IPOBiIHOCTI, ajle 3 POCTOM THCKY

PO3TIISTHY TOMY Jiana3oHi THUCKIB

|[Pbi+]—2[VP2‘; ]| CYyTTEBO 3MCHINYEThca. B oOmacti

2[Pb;"1-[V;, 10, mo
MPOBIIHOCTI N-THUITY; NPU 30UIBIIEHHI TUCKY Ll BHpa3
3MIHIOE CBIif 3HaK Ha NPOTHJIEKHHUH, 3pPOCTAIOYH 32
a0COJIIOTHOIO BEJIMYMHOIO 1 JIIOYM BXKE B HANPSAMKY p-
THUITy IpoBigHOCTI (puc. 6 — kpusa 1). OTxe, ToUYKa n-p -
P ,

2[Pb;"1-[V,,1=—([Pb; 1-2[Vy, 1) (Beprkanbua ninis
Ha puc. 6).

HU3BKHAX  THCKIB Cripusie

iHBepcii  BIANOBIZA€  THCKY npu  SIKOMY
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Taoauns 1

Koncranru piBHoBaru K i entansnii AH K =K, exp(—AH/kT) xBa3ixiMiuHUX peakiiil yTBOPEHHs Ae(EKTiB

s PbS.

Komncranra K, AH,eB
Koy, 1 2% 1,88-10" 3,7
Ky, i “Ta” 0,61-102 -T2 2,17
K, ¢l “Ta™? 2,075-10% . T2 0,1
K, yoci “Ta” 0,77-107 - T° 2,17
Ky, y.ci PTa™”? 2,62-10" . T° 0,2
K,, K,,ci’ 1,27-10" -T2 0,01

Tadauus 2

Koncranrtu piBHoBaru K i entansmii AH K =K exp(—AH /kT) kBa3ixiMiuHHX peaxuiil yTBOpeHHs Ae(eKTiB

st PbSe.
KoHcranTta K, AH,eB
Kpeer 127 1,61-10” 3,86
Ky, ol ‘Ta” 1,72-10° . T2 -1,19
K, v.ci “Ta'? 7,07-10% . T 0,13
Kp,y,ci "Ta” 3,37-10% -1,68
K, y,ci “Ta™? 1,57-10% 0,49
K,.K,,fi 1,75-10" 0,14

Taoaunsa 3

Koncrantu piBHoBaru K i enransnii AH K =K exp(—AH/kT) xBasiximiunux peaxuiil yrBopeHHs 1edeKTiB

g PbTe.
KoHcTanTa K, AH,eB
1 2 3

K., 1a*? 1,4-10" 3,51
Ko ol *Ta” 5,510 -1,01
K., y.ci “Ta'? 1,2:10% 0,25
Kll;b,vﬂ(:i 791. 8.71 1’2.1051 -0,87
Ky, y.ci “Ta™? 1,5-10% 0,39
BB, ci? 6,5-10% 0,14

[epeBaxkanns B PbSe xoHIeHTpamii oqHO3apsAHUX
BakaHCii V. Hal IBO3apsIHUMU Vﬁb' € HacIiIKOM

MeHIIoi eHtanbnii AH yTBOpeHHs V,, HOpIBHSIHO 3
V,, 1O BiI0OOpaXeHO B YTOYHEHOMY 3HA4YEHHI
KoHcTaHTH piBHoBark K (Tabum. 2).

PospaxoBani 3aJIEKHOCTI KOHIICHTpAITiit
piBHOBaXXHHX Je(eKTiB BiA TemmepaTypH minknaaku T,
st miBok PbSe mokazano Ha puc. 7. Tyr i3
30UTBIICHAAM  TEeMIIEpaTypH T KOHIICHTpAITis

S
o cu 0
HEWTpaJIbHUX BakaHCii V,, 3pocTae (puc.2.5 — xpusa

6), a KOHIICHTpAIIIT IHIIKX JAe()EKTIB CHaTa0Th.
Jast maiBok PbTe i3 30idblIeHHAM HOMIHAJIBHOTO
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TUCKY P, (THCKY, KMl BU3HAYa€ThCS Ta KOHTPOIIOETHCS
He3aJle)KHMM Bin HaBaxkn PbTe mnpu QikcoBaHiit
temriepatypi T, IKepesroM YHCTOro Telypy) 3pocTae
KOHIICHTpAIlil OJHO3apSIHMX BaKaHCIH CBUHIIO i

3MEHIIY€ThCS KOHLICHTPALIiS OJIHO3APSAHUX
MDKBY3JIOBHHHUX ~ aTOMIB  CBHHII.  J[BOKpaTHO
3apsKeH] nedektu BUSIBJISTFOTHCSI CHJIBHO

KOMIICHCOBAHUMH. 32 pO3paxyHKaMH, iX KOHIICHTPALis €
JOCUTh Belukow i cknagae ~ (1—-6)-10% cm™, mo Ha
ONMH-BA  TOPSAKKA  IIEPEBHIIYE  KOHIEHTPALIIO
OJTHO3apsAAHUX Ne(]eKTiB, sika B CBOIO UEpry IepeBaxkae
KOHLICHTpAIlilo  eJleKTpoHeWTpansHux — nedekrie  Le
Y3rODKYEThCS 3  NPHUIYLICHHAM PO  TEHICHLIO
nepeBakaHHS OaraTozapsHUX BaKaHCIiit i
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Puc. 5. 3anexHicTh KOHIICHTpALil 1epEKTIB ¥
rtiBkax PbSe Bix tucky mapu ceneny. T. = 800 K,
T, = 653 K. CynuinbHi JTiHI1 BiAIOBITaIOTH
onHozapsinHuM Aedekram [Pb] (1) ta [V, ] (3),
IYHKTHPHI JIiHIT — [BO3apsaHuM aedekram [Pb’" ]
(2) ta [V, ] (4), WITPUX-TTyHKTHPHI — HEHTpaTLHAM
nedexram [Pb]] (5), [V, ] (2.6).

(P5 ], Ve, 1, IPB], ey, o™ ([PD], Vi 1), 10°" omt”

1.50
o~ J1.25
10 | \\\4 1.
\\ i
\\\ i
-~ ]
e T —1.00
N
107 ]
~.. i
\ —0.75
\ ]
15
107 \ ]
=0.50
10" ]
—0.25
10” I T T I -
600 650 700 750
T, K

Puc. 7. 3anexHicTh KOHIICHTpALIT 1e()eKTIiB y MUTiBKax
PbSe Bix Temnepatypu ocamxenns Ts. T, = 800K,

PSsz =10 Ia. CyuinpHi JiHii BiANOBINAI0TH

onnozapsinauM aedpexram [Pb] (1) ta [V, ] (3),
IIHKTUpHI JIiHii — nBo3apsanum nedexram [Pb’*] (2) Ta
[Va ] (4), Tpux-TyHKTHPHI — HeHTpanbHuM fedexTam
[Pb] (2.5), [V5,] (2.6).

MDKBY3JIOBUHHUX aTOMIB, 3IaTHHX IO 1OHi3amii pi3HOI
KPaTHOCTI NPH HAsBHOCTI JJOCUTh MUIKHX aKIENTOPHHX 1
JIOHOpPHUX piBHIB. BHaciigok cuibHOI, aje He MOBHOI
KOMIICH ATl ABO3APIIHUX JEPEKTIB CYTTEBY Ta CYMIpHY
3 HAMH DPOJIb y 3MiHI KOHIIEHTpamii HOCiiB cTpyMmMy B
IDTiIBKaX BiJIrparoTh TaKOXK OTHO3APATHI TEPEKTH.
AHanoriyHi pe3ynbpTaTd OTpUMaHi i uis iiBok PbS.
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Puc. 6. 3anexxHicTh KOHIEHTpaLii 1e(eKTiB y MTiBKax
PbSe Bin Tucky mapu ceneny. T, = 800K, T = 653K.
Jlinis (1) Bignosinae 2[Pb* ][V, ], minist (2) —

[Pb/1-2[Vy, 1.
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Puc. 8. 3anexnicts THCKy Py, , mo Bixnosizae n-p —

€2
iHBepcii nposigHoCTI 15t 1iBoK PbSe Bij Temneparyp
ocamkennss T, iBunaposysanns T, .

TakuM YMHOM OTpPHMaHi EKCIEepUMEHTaNbHI JaHi 1
TEOPETHUYHI PO3PaxyHKH KOHIIEHTpALii HOCIiB CTpymy
HiITBEPKYIOTh MOJENb PO3YNMOPSAKYBaHHS KaTiOHHOT
migrpatkn  PbX 3a wMexanismom @penkens. Tak,
HalpUKIIaL, 3aly4eHHS [0 pO3MIAYy JOJaTKOBHX
KBa3iXIMIYHAX peaklidf, TOB'A3aHUX 3 JePEKTaAMU B
aHIOHHIN miarpatui (3apspKeHi BakaHCIl XalbKOreHy



.M. dpeik, B.M. Knaniuka, JL.U. Mexunosebka, B.®. IMaciunsik

Bakancii Vg i

2+ +
Vi, Vg
MiDKBY3/0BHHHI atoMu X, )

Pb" <> Pb’, + V¢,

Ta eJEeKTPOHEHTpaJbHi

Vy & Vi +e,

Vy Vi +2e,

1,
EX; o X!, XV +Vy o XS (19)
TIPH 3aTajibHIA YMOBI €NEKTPOHEUTPATBHOCTI
[Veo 14 2[Vy, 1+ 0 =[Pb] ]+ 2[Pb" ]+ p+[ Vi ]+2[V{'] (20)
AKi  CIHPUYMHIOIOTH  TaKOXX  XapakTepHi  3MiHHM

1 BIZOMHUX 3HAYECHHSX KOHCTAaHT piBHOBarum [2]
MPU3BOJATh JIAIIC JO HE3HAYHUX 3MIH XOJUTIBCHKOL
KOHIICHTpALii HOCIiiB CTpyMYy.

3anexnicte THCKYy P, Bianmosimae insepcii Tuimy

NPOBIAHOCTI  Bifl TemmepaTypu oOcajokeHHs T, i
BUIIApOBYBaHHs T, IMOKa3aHO Ha MPOCTOPOBIH niarpami
(puc. 8).

OTpuMaHi 3aKOHOMIPHOCTI JalOTh MOXKIIUBICTh
BHU3HAUYUTH TEXHOJOTIYHI YMOBM [uisi (opMyBaHHS
IUBKA 13 Hamepex  33aJaHUMH  EJIEKTPUYHHUMH
BJIACTUBOCTSIMH.

BucHoBku

1. Ha ocHOBI 3amporoHOBaHOI KpHCTaJOXIMIi4HOI 1
TEpMOAMHAMIYHOI ~ Mozeni  1edeKTOyTBOpeHHS  3a
MexaHi3MoM DpeHkens y KaTiOHHIM MiATpaTIi BIEpIe
BpPaxOBaHO CKJIAJHUH CIIEKTp 3apsAAOBUX CTaHIB Ae(EKTiB
(Pb/, PbX, Pbl, Vi, Vi,
XaJIbKOT€H1/1iB CBHHIIIO.

2. TlokazaHo, WO THIl TPOBIAHOCTI 1 KOHLEHTpALis
HOCIiB 3apsay y miiBkax PbS, PbSe, PbTe BusHauaroThes

Vy,) Y IUIiBKax

PIBHOBa)XHHMX KOHIIEHTpamii Ae(eKTiB Pi3HUX 3apsIOBUX
CTaHiB.

3. BcraHOBIEHO, MO TMepeBaXAIOUNMH Ie(eKTaMH Y
wriBkax PbTe 1 PbS BUABIAIOTECS TBOKPATHO 3apsiKeHi

V,. i Pb’*, a B muiskax PbSe — oaHo3apsani BakaHcii
V,, 1 MDKBY3JIOBHHHI aTOMM CBMHIIIO be*. Jano

MOSICHEHHsI 1HBEpCii THUIy NPOBIJHOCTI 3a Y4YacTiO SIK
OITHO3APSAHUX, TaK 1 TBO3APSAHAX JE(PEKTIB.

Poboma uacmkoeo ¢inancyemoca denapmameHmom
HAyKo80-MexHOoN02iuHo20  pozeumky OD] MOH

Yrpainu (npoexm Nel0.02/030, oepaicasHull
peecmpayiiinui Homep 0105U007494).
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Defect Formation Processes in Lead Chalkogenides Films
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On the bases of the physical-chemical analyzes and from the quasi-chemistry and thermal-dynamics there are
shown defect formation processes in lead chalkogenides thin films at the growth from vapor phase. There are
calculated the charge states spectrum of defects on cationic sublattice and pressure and temperature dependence on
the both defect and charge carriers concentrations in PbX (X — S, Se, Te) thin films.
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