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HocnimpkeHo 3MiHy HHTOMOro OIOpy p Mo3aiunux I1iBok PbTe Bim uwacy t iX BHUTPHUMKH y BakyyMi.
3anponoOHOBAHO AHAJITUYHY 1 €JICKTPOTEXHIYHY MOJeli sl o0paxyHKy omopy muiiBok. ITokasano, mo 3mina p(t)
MOB’s3aHa 13 TpolecaMH peKpHcTaizamii. BuzHaueHO 3aleXHICTh JiHIHHUX PO3MIpIB 3€peH MO3aiku BiA dacy

Bifmamy.
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Beryn

[I;1iBKM XanbKOTEHIIB CBHUHIO € MEPCHEKTHBHUMHU
JUTSI CTBOPEHHS Ha X OCHOBI aKTUBHHX €JIEMEHTIB MiKpO-
i OTITOENEKTPOHIKH: JIETEKTOPU i JoKepena
iH(PavepBOHOTO BHUIPOMIHIOBAHHS ONTHYHOTO CIIEKTPY
[1], TepmoenexkTpuuHi TnepeTBoproBadi eHeprii [2].
3ayBa)XMMO, 1[0 3HAYEHHS pOOOYMX XapaKTEePHUCTUK
NPWIAJIOBUX CTPYKTYp 1 1X crabinpHicTh y 4aci
BU3HAYAIOTHCSI CTPYKTYPHUM CTaHOM 1 AerpajiaumiiHuMu
NpoLecaMy, 110 MaloTh Micle Y TOHKOIUIIBKOBOMY
marepiai.

Mertoro poboTH € po3poOka (Gi3UIHNX MOHeNeH, sAKi
JTAIOTh MOJKJIMBICTh MTOSICHUTH BCTaHOBJICHI
EKCIIEPUMEHTAIbHO 3MIiHH EJICKTPUYHUX BIACTUBOCTEH
Mo3aiuHuX wiiBok PbTe mpu iX i30TepMidHOMY Bigmaii y
BaKyyMi.

I. MerToauka ekciepuMeHTy i
pe3yabTaTu
Jns  npuroryBaHHS IUTIBOK  BHKOPHCTOBYBAaBCS

METOJ, TEPMIYHOTO BUITAPOBYBAHHA y BaKyyMi. B skocTi
miakmanok Oymu cBixi ckomu (0001) ciroma — MycCKOBIT,
npu Ttemmepatypi T,=500-600 K. TlouaTkoBa mmxTa
roTyBajiacsi i3 CIDIaBy CTEXiOMETPHYHOIO CKJIAAdYy,
IIBUIKICTH OCA/UKeHHS 3Haxommiacs B Mexax 10-13 A/c,
a ToBmKHA ckianaia ~0,3 Mkm [3].
EntexTpoHHO-MIKpPOCKOITiYHE 1 eJeKTpoHHO-TpadiuHe
BUBYEHHS CTPYKTYpH IPHUTOTOBJICHUX IUIIBOK TOKa3aJo,
10 BOHM MalOThb MO3aiuHy CTPYKTYpPY 3 OpI€HTAIi€l0
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(111) [110] PbTe || (0001) [10TO] cmoau; JTiHiiHi

po3Mipu OJOKIB y JeKiibKa pas3iB II€peBHUILyBaIn
TOBIIWHY IUTiBKH.

VY pe3yiabTaTi MPOBEJEHUX AOCIIKEHb €JIEKTPUIHUX
BJIACTUBOCTEH OYIIO BCTAHOBIICHO, IIO MICIIS 3aBEPIICHHS
MPOIECY OCAKEHHS IUTIBKA Majll N-THI IIPOBiTHOCTI.
KonreHTparisi eneKkTpoHiB, BH3HAYCHa 3 XOJUTIBCHKUX
BHMIPIOBaHb, 3aJIe)Kaya BiJl TemMreparypu miakimaaka Ty i
3pocTana Big 6 10" em™ mpu T, = 500 K mo 8 10" em
mpu T,=600 K, mo oO0yMOBIIOBaIO 3MEHIICHHS
MUTOMOTO OTIOPY IUTIBOK

Ha puc. 1 mokaszaHi 4acoBi 3aJ€KHOCTI ITHTOMOIO
onopy 1miiBokPbTe ocajkeHNX Ha CIIOQy NMpH Pi3HUX
Temrepatypax nigkinanaku T,. BuaHo, mo nuromuii omip
IIPY BUTPHUMII 3 4acOM Ma€ TEHJCHIIO /0 3MEHIICHHS.
Le#t dakt Bkazye Ha Te MO B IUIIBKaX BigOyBarOThCA
MpOIleCH, TIOB’SA3aHi 13 BIIOPAOKYBAHHSM CTPYKTYpPH,
30KpeMa TpoIecH MCIAKOHAEHCAIIITHOT
peKpucTaTizarii.

II. AnajiTH4Ha anpoKcHUMALiS
eKCIIePUMEHTAIBHUX Pe3yJIbTATIB

[Ipencrasneni eKCIIEPUMEHTaIbHI  pe3yJIbTaTH
3Ha4YeHb NUTOMOro onopy miiBok PbTe mpu pizaux T,
Bi Yacy BUTPHUMKHM Yy BakyyMi (puc.l) mMoxHa
AHAJNITHYHO  OIMCAaTH  TAaKOK  €KCIHOHEHIIAJIBLHOIO
(hyHKIi€I0:

_t
p=p,tpe (D
TyT py, p1 — TUTOMI OIOPH IUTIBOK SIKi 3aJIeKaTh Bif iX
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CTaHy 1 € MiIrTOHOYHNMH TTapaMeTpaMH; T;, — CTaJli yacy
pernakcariii uisi BIAMOBIAHUX 3MiH MMTOMOTO OIOPY, LIO
BU3HAYAIOTHCS Ha OCHOBI anpokcumarii
EKCIICPUMCHTAIBHUX KPUBUX aHATITHYHUM Bupazom (1).
OTpuMaHi 3HaYCHHS Py, P, TA T) HABEJCHO Yy Ta0MII 1.

Ta6aunsa 1

3HaueHHs KoeDillieHTIB y anpoKcuMaliitHii GpyHKuii
(1) 3anexnocti nuTomoro onopy 1iBok PbTe Bix yacy

BimIasy.
Kpusa-1 Kpuga-2 Kpuga-3
T,=500K | T,=560K [ T,=600K
Po. Omem 0,043 0,003 0,052
Ti,xs 540,5 391,1 325,3
P1. Omcm 0,023 0,058 0,028
p ,Om cMm
LLA A — l
0,06 A
0,051
0,04 1
0,031
0,021
0,011
3

20 40 60 80 100 t, XB
Puc. 1. 3mina nuromoro onopy (p) MO3aiuyHMX ILTIBOK
PbTe Bix yacy Biamany (t).
Temneparypa migxaakun T, K: 1 — 500; 2 — 560; 3 —
600. Touku €KCIIePUMEHT; CyLUIbHI  JiHii
po3paxyHoK 3rigHO (1).

Cuif 3ayBaXUTH, 10 MOHOTOHHI 3MiHHM IIUTOMOTO OIIOPY
IUTIBOK JI00pe anpoKCHMYIOTBCSI 32 JONOMOTOI0 OJHi€l
excrioHeHIianbHoi  ¢yHkoii (1), mo Bka3dye Ha
MepeBaXaHHsS OJHOTO TIEBHOTO (Di3MIHOTO TMPOIecy,
SIKUH MU OB’ SI3YEMO i3 TIpoIecaMu
MICIIAKOHACHCAIHHOT peKprCcTai3allii.

II1. EnekTpoTexXHiuyHa MOJeJb ONOPY
ILTIBOK

ToHKy MO3aluHy IUIBKY IIPEACTaBHMO SIK CUCTEMY
KPHUCTAIITIB Yy BHIVIAAI TapayiesienineniB BUcoToo 1 1
OCHOBOIO |;X || sIKi MarOTh MIK3EpEHHI MEXi TOBIIUHOIO
h (puc.2,a) [4]. Tonmi miHIAHWA pPO3MIp CaMOToO
MOHOOI04YHOTO 3epHa Oyne mopiHioBatd d; =1 —2h, a

o . —1 o .
Moro omip R,=p,d, ", me po IIUTOMUH  Omip
kpucrainiTiB. KpiM TOro, Taka enekTpoTexHidHa KOMipKa
OyJie MaTH 11e YOTHPHU ONOpU Ry MixK3epeHHHX MeX, 110

BKJIIOYCHI MapayiesibHO 1 1Ba ormopu R ol [OCIIIIOBHUX 10
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Ry (puc. 2,6):

0
Rgl]

O—"_l R, }—l R, }—0—0

Puc. 2. Mogens Mo3aiunoi cTpyktypu miiBok PbTe (a),
Ta 11 eKBIBAJICHTHA €JICKTPOTeXHIUHA cxema (0,B).

1 1

R, = o T P, ﬁ (@)
1 1
R = ERgnz =Py ﬁ
2h
RglzzRgl:pgd_dl (3)
TyT pg — nIuTOMMUIA OMip 06IACTI MiXK3EPEHHUX MEXK.
BpaxoByroun  exBiBaJieHTHy cxeMmy (puc. 2,B),

3arajJbHUI OMip KpUCTaliTa 3 MK3epeHHUMHU Mexkamu R,
OyzIe BU3HAYATHUCS CITiBBiTHOIICHHSM:

1 1 1 1
—= + + ,
Rc RO +Rg1 Rg21 Rg22
R _ (RO + Rgl)RglegZZ (4)
‘ Rng + Rg22 +(R0 + Rgl )RgZZ +(R0 + Rgl)RgZI

3Hal04M OIip eJIEKTPOTEXHIYHOT KOMIPKH IUIIBKU R,

MOXXHa BU3HAYUTH 11 €KBIBaJIEHTHUI TUTOMUI OITip:
p. =R Q)

Bepyuu 1o yBaru oO0rpyHTOBaHe TBEPPKEHHS TIPO TE,
110 MUTOMI OIIOPH KPUCTAIITIB (Pg) 1 MIK3EPEHHUX MEXK
(pg) y mpoueci CTPyKTypHMX 3MiH Yy IUTIBKaXx He
3MIHIOIOTBCSI, MOKHAa 3HAlTH 3aJICKHICTH HHTOMOTO
OTIOpYy IUTIBOK Bij JIIHIHHKMX po3mipiB kpuctamitis (1;, h)
3a YMOBH p = p, 3rifiHO criBBigHOMmEeHb (1) 1 (5).



[MicnsxoHAeHcaliiHI IpoIecH peKprcTatizamnii Mo3aigHux miiBok PbTe...

p .Om cMm

0,061 '
0,05

0,04 1

0,021

0,011

20 40 60 80 100 t, XB
Puc.3. 3miHa TUTOMOrO OIOpPY TOMIKPUCTATITHIX
wriBok PbTe Bix gacy Bigmamy.
Temmeparypa migkmamka Tp,K: 1 — 500; 2 — 560; 3 —

600. Touku — eKCHEpUMEHT;, CYLUIbHI JIHIT —
PO3paxyHOK 3TiJJHO €IeKTPOTEXHIYHOT MOETI.
Anpokcumartist CNIEKTPOTEXHIYHOK ~ MOJCIUIIO

(puc. 2) 3aJ1€KHOCTI MUTOMOT'O ONOPY HONIKPHCTATIYHUX
wiiBok PbTe Big wacy ix Butpumku (puc. 3) Bkasye, 1o
moOpe cmiBmagaHHA pe3yJbTaTiB  SKCHEPUMEHTY i
pPO3paxyHKIB Ma€ MicClle MpH HACTYITHOMY Xapakrepi
3MiHH JiHIHHUX pO3MipiB KpUCTaNiTIB (puc. 4):

1(t) =1,e™" . (10)
Tyt 1y nouaTkoBuUit po3Mip MO3aid4HUX 3€peH Y IUTIBKaX,

ap Jlesika CcTaja BelWYMHA, sKa 3aJeKHTh  BiJ
CTPIKTYPHOTO CTaHy ILTIBKH.
3ayBaKMMO, [0  pe3yJibTaTd  anpoKcumarii

HiATBEP/KYIOTh TAaKOX 1 TOH (haKT, 110 Ha MUTOMUIL OTIip
IUIIBOK  CYTTEBO HE  BIUIMBAE 3MiHa  TOBIIMHHU
Mik3epeHHHX MeX (h): BOHa CyTTEBO HE 3MIHIOETHCS TIPH
CTPYKTYPHHUX TIpoIlecax y MaHii rriBmi (Tadur. 2).

Taéauns 2

3Ha4yeHHS KOS]ILi€HTIB Y eNEKTPOTEXHITHIN Moemi
omopy Mo3aivHuX mriBok PbTe

Kpusa-1 Kpusa-2 Kpuga-3

T,=500K T,=560K | T,=600K
h, cm 310° 910° 610°
po, OM cM 0,062 0,012 0,006
P OM cM 0,068 0,05 0,02
ly, cM 2,1107 24107 46107
ag, XB. 0,0017 0,038 0,018

Kpim Toro y enekrporexHiuHiil MozeIi BBaXaJH, 110
BHCOTa OJIOKIB MO3aiKu HE 3MiHIOBajacs i JOPIBHIOBAJIA
ToBUIMHI IUTiBKH (/).

Crix 3BepHYTH yBary TakoX i Ha Te, IO MATOMUI
omip obnacTei MiX3epeHHUX MexX (p,) y JeKiJbKa pasis
MEpeBUIIye Omip KpucTamTiB (pg) (tabnm. 2). Ile
MOB’SI3aHO 13 THM, 1[I0 KPHUCTaliyHa CTPYKTypa
MDK3EPEHHHX MEX € MEHII JOCKOHAJIOI HDK y caMHX
MO3ai4HMX 3€pHaXx.

110" em
5 4

(5]

(o]

10 20 30 40 50 60 70 80t XB
Puc. 4. 3anexxHiCTh po3MipiB MO3aiUHHX 3€pEH IUTIBOK
PbTe Big wacy Bigmay.
Temmeparypa migknaanku T, K: 1 —500; 2 — 560; 3 —
600.

IV. Anaji3 pe3yabTatiB 10CTiIKeHHA

ExcniepumenTanbHi pesynsrata (puc. 1,3), a Takox
X aHamiTH4HA anpokcumailist (puc. 1) Ta po3paxyHKH Ha
OCHOBI €JICKTPOTEXHIYHOI Mozeni (puc. 3) 3ajeKHOCTEiH
MUTOMOTO oropy Mo3zaiunux rmiiBok PbTe, Bin wacy ix
BUTPUMKH Y BaKyyMi IIiCisl 3aBEpLIEHHs NpoLecy
OCa/DKCHHS BKa3ylOTh Ha Te, IO MalTh Micle
pekpucramizamiiiai  mpomecu. [lpm  mpomMy  crmig
BI3HAYUTH Taki ix ocoomuBocTi. IlmiBku PbTe ocamxkeni
OpH  HU3BKHX  TeMIlepaTypax MiAKIaZOK  MAaroTh
HAHOLIBIINI MUTOMUN Omp py 1 HaWMEHIIE 3HAYCHHS
po3mipiB Mo3aiuHux 3epeH [, (Tadu. 2). IligBuIeHHS
TEeMIepaTypu OCAJDKEHHS OOYMOBIIOE  3MEHILICHHS
MIUTOMOTO OIIOPY 3€PEH Ta 3POCTaHHS PO3MIpPIB OKPEMHX
KPHCTAJIITIB (tabmn. 2). e OB’ 5I3aHO i3
KOHJCHCAlliIlHUMHU  TpollecaMM Ha  MiAKIani, 10
NPUBOJUTH JIO TOKPAIIEHHS CTPYKTYPHOI JIOCKOHAJIOCTI
IUTIBOK 13 MiJBUINEHHSIM TeMIepaTypu ocampkeHHs. Ciix
TAaKOK BIA3HAYUTH 1 T€, IO HAHMEHII JOCKOHAII ILIiBKU
MalOTh HAWOUMBIIE 3HAYEHHS TMHTOMOTO  OMOPY
MDXK3epeHHHUX TPaHUIb (Tabm. 2).

[30oTepMiuHa BHUTpUMKAa LUX IUIBOK Yy BaKyyMi
3YMOBJIIO€ 3POCTAaHHS BEIMYMHH KPHUCTAJITIB JJIsl BCIX
JOCHI/pKYBaHUX — 3paskiB  (puc. 4). Ilpu  upomy
peKpucTatizaliiiHi NpoLecH NMPHU HU3bKUX TeMIlepaTypax
ocamkenHs (T, =500 K) nesnauni (puc.4, xpusa l):
BEJIMYMHA 3€PEeH 3 YacoM BHUTPUMKH CYTTEBO HE
3MIHIOETBCS. I3 MOKpaIIeHHIM CTPYKTYpHOT
JIOCKOHAQJIOCTI IUTIBOK 1 IIJBUIIEHHSAM TEMIIEpaTypu
BiZialy IHTEHCHUBHICTh PEKPUCTANI3ALIMHMX IpOLECiB
3HAYHO 3pOCTa€: BEIMYMHA 3epeH 30UIbryeThes(puc. 4,
kpuBi 2,3). Tak 30kpema AN IUTIBOK OC3DKEHHX i
BigmaneHnx mpu Temmeparypi T,= 600K Bemnmumna
0JIOKIB MO3aiku 3pocTae OUIbII HiK Ha MOpsAIoK (puc. 4,
KpuBi ,3).
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BucHnoBku

1. JlocnimKeHo 3a1eKHOCTI MIMTOMOT'O OIIOpYy MO3ai4HUX
mwriBok PbTe Bix gacy ix Biamamy y Bakyymi.

2. BukoHaHO  ampoOKCHMAII0  EKCIEPUMEHTAIbHUX
pe3yIbTaTiB 3MiHH HMHTOMOTO OIOPY MOJIKPHCTATIYHUX
mwiiBok PbTe Big wacy 1ix Biamamy y Bakyymi
AHAJITUYHMUMH BUPA3aMH SIKI MICTATh SKCIIOHEHIianbHI
GbyHKLii.

3. 3ampornoHOBaHa ENEKTPOTEXHIYHa MOJEIb OMHOpY
MOJIIKPUCTANIYHKUX TUTiBOK PbTe, BU3HAYCHO 3aJIC)KHOCTI
3MiHM JIHIHHUX PO3MIpIB KPUCTAIIITIB BiJ] Yacy Bifmainy..
4. 3MiHy IMTOMOTO OIIOPY MO3aIUYHHX IUIIBOK HOSICHEHO
MPOIECAMH PEKPHUCTANTI3ALIII.
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The change of specific resistance (p) of PbTe polycrystal films us time of their self-controls in vacuum (t) by
mathematical dependences are researches. The analytic and electrical-techniques model for resistance calculation of
PbTe films are proposed. It is shown, that the p(t) change is related with crystallization processes. The dependence of
linear sizes of grain us time of their annealing is determine.
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