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3anpornoHoBaHa Mojenb aedekTHol mincucremu y miiBkax PbS, ska nepenbauae icHyBaHHS Pi3HHX 3apsOBHX
CTaHIB BakaHCili i MDKBY3JIOBHX aTOMIB y KaTiOHHiW miarparmi. Opmep)kaHO aHANITHYHI BHpa3u ISl 3aJICKHOCTI
KOHIIEHTpamii HOCIiiB cTpyMy 1 AeeKTiB Bil TEXHOJOTIUYHUX (PAaKTOPiB y METOMI rapsdoi cTiHKA. Bu3HaueHO yMOBH

peadizamii p-n-iHBepcii mpoBiTHOCTI.

KniouoBi c1oBa: cynbdin CBUHIO, TOHKI IUTIBKH, JIeEKTH, METOJ[ rapsrdol CTIHKH.
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I. Bcryn

XapKOTeHIN CBHUHINIO — ¢(EeKTUBHI MaTepiaiu s
BUKOPUCTaHHS B HPUIaJOBHX CTPYKTypax
iHppauepBoHOi  O0JIaCTI ~ ONTHYHOTO  CHEKTpa i

TEPMOCTIEKTPUUHUX TIepeTBOproBaviB eneprii [1]. BrmacHi
aToMHI AedeKTH y 3HayHid Mipi BH3HA4alOTh (i3uuHI
BJIacTHBOCTI Matepiany. Tomy nmocmimpkeHHs (i3uku i
iHKeHepii aTOMHHX nedekriB 3aJTUIIAIOTECS
aKTyaabHUMU npobnemaMu ¢izuaHOTO
matepianosnasctea cronyk A'VBY,

Hns PbS, sx 1 cenmeHigy Ta TelXypuLy CBHHIIO,
XapakTepHa IBOCTOPOHHS OONAacTh TOMOTCHHOCTI i
3HAYHE BIIXWJICHHS BiJ CTEXioMeTpii, mo 0OYMOBIIOE
peamizamifo K n-, TaK P-TUIY TPOBITHOCTI 1 BEIUKY
KOHIIEHTPAIII0 HOCIiB CTpyMy (10"-10% em™) (puc. 1)
[2,3].
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Puc. 1. ®azoBa T-x pniarpama piBHOBaru cynbdiny
cBuHITIO [1].

Ha nmanwmii wac y mitepaTypi BiACYTHS €AWHA AyMKa
BIZIHOCHO TEPEBAKAIOUOr0 BUAY 1 3apsI0BOr0 CTaHy
BiIacHUX aroMHuX naedextiB [4]. He mae nocratHbo
OOrpyHTOBAaHOTO JIOCHI/DKEHHS! Je(EeKTHOro CTaHy B
rtiBkax PbS.

Mertoro poOOTH € aHaNi3 NepeBaKaOUNX ACPEKTIB Yy
wriBkax PbS, BupomeHnx i3 mapoBoi ¢asmu.

II. BnuuB TexHo10riYHuX (paKTOPiB

[TniBkM cynbdiny CBHUHIIO BHPOILYBAIM 3 IapOBOi
(azm meTomoMm rapsuoi cTiHKHM [5]. B sKOCTI OCHOBHOI
HABAXKH BUKOPUCTOBYBAIlM  HAIEpe] CHHTE30BaHi
Kpuctamu n-PbS 3 modaTkoBOIO KOHIEHTpPAILI€I HOCIiB

~2:107cm3. Jlnst  ToJaTKoBOTO JDKEpeNa  CIIYXKUB

nmopomok gucroi cipku Mapku XY. [ligkmagkamu Oyim
ceixi ckomu (111) BaF,. Temmepatypa OCHOBHOTrO

Jokepena  (TemmepaTypa — BHUIIapOBYBaHHS) Oyna
T, =770-820 K, remmepaTypa CTiHOK KamepH —
T, =800-850 K, Bianosigno. Temmeparypy miakmazox
T, BapiloBali B MeKax T, =420 -700 K.

Temmeparyporo JI0JaTKOBOIO BUIIAPHUKA MOXHA OYIIO0
3MIHIOBAaTH TAapIialbHAM THCK Mapu CIpKU PSZ B 30HI

oca/pkeHHs TWIiBOK. IIIBUIKICTH pOCTY IUIIBOK CKIlajana
~3A c'l, a X TOBIIMHA 2-5 MKM.

CtpykTypa IDIIBOK [IOCTIKyBamxacs METOAOM
JIBOKPUCTANTBHOI ~ PEHTICHIBCHKOI  CIIEKTPOMETpii, a
€JIEKTPUYHI BIIACTHBOCTI — KOMITCHCAIlIHAM METOIOM Y
MOCTIHHKUX CICKTPUYHUX 1 MATHITHHUX TTOJISIX.

PesynbraTaMmn eKCIEPUMEHTIB BCTaHOBJIECHO, IO
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IUTIBKH OCA/DKYIOTHCS y BUTIISNI MO3aiYHUX KPUCTANIB i3
cepeaHiMu  JiHiHHEUMU po3mipamu  0,2-0,5 MM,  sKi
opierToBaHi mionmaamMu (111) mapaneasHo 10 MOBEpPXHI
MiAKTaaKd. Tl [poBiZHOCTI 1 KOHIEHTPAIs HOCITB
3apsay  IUTIBOK — BU3HAYAIOTHCS  TEXHOJOTTUHHUMH
¢daxTopamu BupolyBaHHs. [Ipn HHM3BKHMX THCKax mHapu

cipkn Py = (107*-10) TTa opMy!OThCS IUTBKM N-THILy.

[Nomanpie miABUINEHHS THCKY IApH XalbKOT'€HY Y 30HI
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Puc. 2. I30TepMu KoHIEHTpalii HOCITB 3apaxy N B

iiBkax PbS npu temriepaTypi BUNApOBYBaHHS
T, =653K, T, =770 K (1), 800 K (2).
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Puc. 4. 3anexHicTh KOHIEHTpaLii 1e(eKTiB y MIiBKax
PbS Bin tucky mapu cipku, T, = 653K, T, =800K..
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OCaIDKEHHS TIPU3BOIWTEL JO 3MEHIIEHHS KOHIICHTpAIil
€JIEKTPOHIB Ta iHBEpCii THIy MPOBIIHOCTI 3 HACTYIHUM
3pOCTaHHIM KOHIEHTpaIil mipok (puc.?2). AHalorivysi
3MiHM ~ OOyMOBIIIOE 1  TIJIBHUIICHHS  TEMIIEPaTypu

ocaypkenns Ty mpu mocriiinomy 3nauennto P (puc. 3).
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Puc. 3. I306apu koHIEeHTpalii HOCIiB 3apsaay N, B MmIiBKax
PbS: (1)~ Py =11Ila, T, =770K; (2)- P, =101la,
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=800K; 3)— P, =10Tla, T, =770K.

[Pb], [V,, ], [Pb. ], [V, ], oM™
10%

[Pb 1, [V, T, om”

1020
10" E

10"° F

17
107 F 10

10"

10"

10"
750

10"
600

Puc. 5. 3anexHicTs KOHIEHTpaii Ae(eKTiB y MTiBKax
PbS Bin remneparypu ocawkenns T . P =101la,

T,=770K.

(1)~ [Pb], (@)~ [Vay 1. 3) — [Pb] 1, (4) — [Vi 1. (5)— [PB], (6) — [V, ]
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I11. KBa3iximist nedeKkTiB 3 BpaxyBaHHAM
CKJIQJIHOTO CIIeKTPa 3apsA/I0BUX
CTAHIB

3rigao [6] po3risHEMO KBa3iXiMi4HYy MOJENb, SKa
BPaxOBY€ MOXIIUBICTh TEPMOAWHAMIYHOTO TIPOIECY 3
YTBOPEHHSIM  DI3HUX  3apsIOBUX  CTaHiB  BJIACHUX
TOYKOBUX JIe(eKTiB y KaTiOHHIH miarparui ok PbX
(me X = Te, Se, S): MDKBY3JIOBUHHUAX aTOMIB 1 BaKaHCIi

ceummo (Pb, Pb/", Pb, Vp. Vi, Vi)
[purmryctumo, o cKiIam 3pas3kiB y 30HI BUITAPOBYBAHHS
BIANOBiZa€ MiHIMyMy 3arajJpHOTO THCKy. Toai mpwm
onepkaHHi IUTiBOK PbX 3 mapoBoi dasm B TexHOOTII
raps4oi CTIHKH pIBHOBAary CHCTEM ,HaBaxKka-mapa’ i
,»[1apa-KOHJEHCAT” MOXKHAa OIKCATH 3TiJHO METOIy
Kperepa cucremMoro KBa3ixiMiYHUX peaKIiii:

PbXS <> PbY + %sz, Kppx (T.) = Ppy - Py (1)
PbY <> Pbf +e7, Kpyy(T,)=[Pb/]-n-Ppy; @
VXY o Vi + X5 +h7, Ky (1) =[Vi 1-p- P 3)
PbY > Pb}" +2¢7, Kpyy(T,)=[Pb}"]-n’ - Ppy; )
VXY o Vi X% +207, K (T)=[Va1-p* P 5)
Tyt n— KOHLIGHTpAILlisl ~ €NEeKTPOHIB, p— B=1+ KF _P)li/jz . (KPbXK'Pb,V )—1;
KOHIIGHTpAIlil JIPOK, KBaJApaTHUMH JyXKamu [...] 2 '
MO3HAYEHO KOHIEHTpauilo gedekri, ingekc ,,S” C=K; +KppxKpp.v .P)zz” 2, (15)

BigHOCHTBCS 110 TBepaHoi dasy, ,,V” — 1o mapoBoi. Py i

Py — mapuianbHi THCKM mapiB CBHHLIO i XaJbKOIEHY
2

. . - N )
BimnoBinHo, €  — enekrpond, h” — nipku, K-
KOHCTaHTH piBHOBaru. PiBHsHHA (1) BH3Hayae piBHOBAry
CHCTEMH ,,HaBaXKKa-Trapa” MpH po3kiai TBepaoro PbX y

BUIApoBYBaHHA T .
Peaxnii (2)-(5) xapakTepu3yloTh piBHOBary ,Iapa-
KOHJICHCAT”, BIANOBIZAJIbHY 3a YTBOPEHHS BJIACHHUX
aTOMHUX [Je(eKTiB TpH TeMIepaTypi OCaIKEHHS

(mipxaamox) T, . TIposiBu BnacHoi mpoBinHOCTI i pi3HHX

BUIIADHUKY TIpH TeMIeparypi

mporeciB  ioHi3amii Ta  pexoMOiHamii  medeKTiB

OIUCYIOTHCS PIBHAHHAMU:
"0"=e +h", K,=n"-p; (6)
Pbpy = Vi, +Pb/, Kp(T)=[VpI[PbT  (7)
Pbp, = Vp, +Pb]", Ky(T)=[Vy IPH{']:  (®)
Pb/ <> Pb; +e”, K,(T)=[Pb/In/[Pb{; (9
Vi <> Vi, +h*, Ky (T) =[Vi Ip/[Vp,1;  (10)
Pb) <> Pb" +2¢7, K, (T,)=[Pb;"In’/[Pb]; (11)
Ve, € Vi, +2h", Ky (T)=[Vey Ip* [ Vel (12)
3arajpHa yMOBa €JIEKTPOHEHTPAIBHOCTI Ma€ BUIIIS:
p+[Pb{ 1+ 2[Pb]" J=n+[Vp ]+ 2[ Ve, 1. (13)
3 (1)-(13) omepxuMo piBHAHHS MJIsi BU3HAYCHHS
KOHLIGHTpAIlil HOCIiB (n) 4Yepe3 KOHCTAHTH piBHOBaru
KBa3iXiMiyHMX peakuii K 1 mapmianbHuid THCK mapu
xanpkoreny Py :
An* +Bn’-Cn-D=0, (14)
Ie
A= 2K;<2,VKF 'P>l</22 '(KPbXK;’b,VK;(Z,VKi)_I;

D =2KpxKpp v - Px:/z-
ExcriepumenTanbHOo BH3HaueHa 3 edekty Xosuia
KOHLIEHTpAILisl HOCITB CTpyMy
nH=n—p=n—Ki-n_l. (16)
PiBHOBaXkHI KOHLEHTpALi] 3apsAIKEHUX i
€JIEKTPOHEHTPaIbHUX 1e(EKTIB JOPIBHIOIOTS!

[Pb]= KPbXK'Pb,Vnilp)zzl/z;
[Pbi2+] = KPbXK;b,Vn_ZP)zzl/z;
[Ve,1= KF ‘n- P>1</22 (KPbXKin,V )
[VPZI;] = K;(Z,VK'F -n’ ‘P>1</22 (KPbXK'Pb,VKIXZ,VKi)il; 17)
[Pb?] = KPbXK'Pb,VKailP);l/Z;
[Vlg)b 1= K'FKiP)‘(/zz (Kppx K'Pb,VKb )71 .

Otpumani 3aranbai popmynu (14), (15) 1 (17) narots
MOXJIMBICTh PO3paxyBaTh KOHLEHTpALil HOCIIB CTpyMYy i
nedeKkTiB y 3aleXHOCTI BiJi TEXHOJIOTIYHHMX (HaKTOpiB

(mapmiagpHOTO THCKY TapH XaIbKOTE€HY PX2 B 30HI

OCa/DKEHHS 1 TEMIIepaTypHUX YMOB BHUPOIIYBaHHS),
SIKIIIO TUTBKH BiIOMi KOHCTaHTH piBHOBaru K.

IV.Baachi atomni nedexTn y miiBkax
cyJIb(iay CBHHIIO

Hns  Bu3HaueHHs  pedexTHOI  migcucremMu i
KOHLIEHTpalii  HociiB  cTpyMy B IuniBkax PbS
BUKOPHCTAJIM OTPHMaHi BHIIe 3arajbHi (opmymu (1)-

(17). Koncranry BiacHoi nposinHocti K, ruriBox PbS 3a
YMOBH TEMITEPaTyPHOi 3aJIeKHOCTI IUPUHU 3200pOHEHOT
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Taoauuns 1.

K, exp(-AH/KkT) mms PbS [3].

Koncrantu piBHOBaru KBasixiMiunux peaxmiin K

aa)
C:—/”l”ﬁ/.m
Al | |la|ls|
M _ _ e
(o]
MWSST.Q
o o
| == wOwOnmU5
K&Olllo
81.%21
> T A X
—| 8|l || v
Sl S| )
02 —
—_ | o
IR
~ S = R
sl Elz|Elels
- R
ElRlES 2] 5
C.,CMCMK
| w2 .| Q «| O
O%VWV,W,
M| gl LB WS
VPVS.KHSK
MM e

OTpuMaHi eKCIepHMEHTaIbHI JaHl 1 TeOpeTHYHi
pO3paxyHKH KOHIEHTpalii HociiB ctpymy (puc.2 -

somn E,(T) i edexrusnoi macu rycrunn cranis m(T)

[1]:

MOYKHA 3HANTH 3rigHO

3
0000

SN0
KL
0

)
[e’e)
p—
N
s o
S ¥
on
<3S
T3
Al
o K
N
g =
—_— 7
=
0’ —
- E
o8
S o
ﬂD_K
)4
=
N °
g of
rJ\|\

%
0%

QL %

QL

%
0%,

R

...%.&N&:

Q
B
LR

E,(T)=0,307+4-107(T - 77)(eB),(T > 77K).

JJIA

peakiiiii

KBa31XIMIYHUX

IPOBEACHOTIO PO3PAXYHKY 3BE/ICHO B Ta0II. 1.

Koncrantu

PesynbraTi po3paxyHKy 3aJIe)KHOCTI KOHIIEHTpauii

nedekTiB  pi3zHOTO

3apsAIOBOIO  CTaHy B KaTiOHHIN

miarparii wiiBok PbS Bin mapmiansHOro THCKY cipku Pg,
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3MEHILYE TeMIIeparypa OCaJKEHHS Ts npu  SIKid
BiOyBaeThCSA TEPMOIMHAMIYHUH MEPEXiJ N-TUIY B P-THII
(puc. 3, 6), To migBumeHHS Ts 00YMOBIIOE 3pOCTaHHA
Ps” (puc. 2, 6).

OtpumaHi pe3ynbTat (puc.1-6) 1aroTh MOXKIHMBICTD
BU3HAYMTH TEXHOJOTIYHI YMOBH, ILIO 3a0e3MeuyloTh
BUPOIIYBaHHS TOHKOILIIBKOBOIO Marepiajiay i3 Hamepesn
3aJJaHUMH EJIEKTPUYHUMHU IIapaMeTpaMH, HEOOXiTHUMHU
JUTSL TIPAKTHKH.

V. BucHoBku

1. 3anponoHoBaHa  CKJaJHa  MOJIedb  aTOMHHUX
nedekTiB, 10 BpaxoBYE OJHOYACHE YTBOPEHHS
PI3HHMX 3apsJOBUX CTaHIB y KaTiOHHIM miarparii:

0 - 2- 0 + 2+
[Vpb]a [VPb]’[VPb ]_ [Pbi ]9[Pbi ]9[Pbi ]
2. aHO TOsCHEHHS iHBepcii THITy TPOBITHOCTI 3a

YUYacTIO SAK JBO3apSAIAHHX, TaK 1 OJHO3APSIHUX
ne(eKTiB.

3. [ocmimxena 3aJeXHICTb KOHICHTpaLii Ae]eKkTiB i
HOCIiB cTpyMy y IutiBkax PbS Bix TexHOIOTidHHX
(hakTOpiB Y METO/I Tapsdoi CTIHKH.

Dpeik JI.M. — 3aciTy>KeHH 1519 HAYKH 1 TEXHIKH
VYkpainu, tupexTop Pi3uKo-XiMIYHOTO IHCTUTYTY,
3aBigyBau Kadeapu (i3uKu TBEPIOro TijIa, JOKTOP
XIMIYHUX HaYK, Ipodecop;

Pysincokuit M.A. — noxkrop }iznko-mMareMaTHYHUX HAYK,
npogecop kadenpu Gpi3uKu TBEPAOTO TiNA;
Pysincokuit b.M. — xanauat (i3sHKO-MaTeMaTHIHAX
HayK;

Tanywax M.O. — xaununat Gi3uKo-MaTeMaTHIHUX
HayK, mpodecop kadeapu hizuxwy;

Kanumuyk I.B. — acnipant kadeapu (hizuku TBEpAOTO
Tina.
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The model of the defective subsystem on PbS films is offered. The model .

Model of defect subsystem on PbS films is proposed, that forecast exist any charge states of vacancies and
interlattice atoms on cationic sublattice. Analytics relation for concentration dependence of current carriers and
defects from technology factors on “hot-wall” methods is received. The conditions of n-p-junction is define.



