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Beryn

BnactBOCTI TOHKHMX MOJIKPUCTaJIIYHUX ILTIBOK
XaJIbKOTEHI/IIB CBUHILIO Y 3HAuHIM Mipi 3ajiexaTh Bil
CJIEKTPOHHHUX TIPOIIECIB, IO BiAOYBalOThCI B 00’eMi
KPHUCTAJITIB 1 MDKKpHCTAITHUX Mexax. Jlokamizaris
HOCIIB CTpyMy Ha ITOBEPXHEBUX CTaHaX 1 iX 3aXOIUICHHS

o0ipBaHMMH  3B'SI3KAMM  Ha  MeXaxX  KpPHUCTAITiB
NPHU3BOIATE OO YTBOPEHHS Ol HUX oOmacTei
MPOCTOPOBOTO  3apsimy, KOHICHTpALis 1 pPYyXIUBICTH

HOCIiB CTPyMy B SIKHX MOXYTh 3HAYHO BiJPi3HATHUCS Bix
BIONOBITHUX mapaMeTpiB B 00'emi. CTymiHb BIUTUBY
MUPIIOBEPXHEBUX o0JacTeld Ha BJIACTUBOCTI ILTIBOK
3aJ@KHUTh BiJl TOBIIMHM OCTaHHIX, CTPYKTYPH, DIBHs
JIeTYBaHHs, TeMmepaTypu i T.1. [1].

I. Meroauka Ta pe3yjbTraT
E€KCIIePUMEHTY

Touki 1rBkn PbTe ToBmmMHOH H0 1 MKM
BUPOIIYBAIM METOJOM TEPMIYHOIO BHUIIAPOBYBaHHS Y
Bakyymi 1 10° MM pr. cr. IImiBku ocamkyBamucs Ha
migkmaaky i3 cBbkux ckoxiB (0001) cmrogm (MyCKOBIT)
npu Temmeparypax T, =400-600 K. IlriBku w™mamm
MO3ai4Hy  CTPYKTypy. 3OUIbLICHHS  TeMIlepaTypu
oca/ukeHHs T, TPUBOAMIO 10 3pPOCTaHHS CEpeqHIX
PO3MipiB KpUcTaliTiB [2].

BumipioBaHHs e€NEKTPUYHHMX IapaMeTpiB  IIIBOK
PbTe mnpoBomwim y Bakyymi OesrocepenHbo y Tid
Kamepi, J€ BOHM OTPUMYBAIHCS. 3ayBa)KMMO, IO THI
MPOBIAHOCTI IDTIBOK SK 1 KOHIEHTpALis HOCIiB CYyTTEBO
3aJIe)XaTh Bil TeMIepaTypH OcaJukeHHs. Tak, 30Kpema,
mpu T,=400-530 K mmiBkm MamOTh TUIBKH P-THI
npoBimHocti, a mpu T,>540K — n-tun. OcraHHE

NOB’SI3aHO 3 BIAMIHHOCTSAMH Yy  TeMIIEpaTypHHX
3aJIEKHOCTSIX KOE(DIIIEHTIB MPUIMIIAHHS aTOMIB TeNypy 1
cBuHIIO (vactmHa Monekyn PbTe, sk Bimomo, mpu
BumapoByBaHHI  amcomitoe  [3]). Ilpm  BHCcOKuX
TeMIepaTypax OCaDKCHHA KOEQIIlieHT NpUIHIIAHHS
aTOMIB TEIypy CYTTEBO 3MEHIIYETHCS, IO OOYMOBIIOE
YTBOPEHHs BaKaHCii B aHIOHHIA MmArpaTti sKi €
noHopamu [3,4]. 3ramaHuM TpolecaM TaKOX CIpHUsE
BiZIaJ IUTIBOK Y BakyyMmi IpH TemIleparypax OuIbIIMX
HDX TeMneparypa KoHaeHcauii. [Ipu npoMy MaroTh micue
SK TPOLIECH PEBUIIAPOBYBAHHS TEIypy TaK 1 JecopOuis
aTOMIB KHCHIO, 1[0 NIPU3BOJHUTH A0 POCTY KOHLEHTpALl
eNeKTpoHiB [3,4].

Ha pwuc. 1, 2 moxaszani TemmepaTypHi 3aJeXHOCTI
€JIIeKTPUYHUX ITapaMeTpiB IS TOCTiIKYBaHUX IUTIBOK. 3
NPUBEACHHUX EKCIEPUMEHTAIBHUX JaHUX BUIHO, IO UL
IUIBOK OTPMMAaHUX IPH HU3BKHX TeMIepaTypax
ocamkenas (T, =400-530 K) enexTpompoBigHICTE ©
3pocTae 3 TeMueparyporo (puc. 1, KpuBa A), B TOif yac Ak
koedirient Xomna Ry 3miHoe 3Hak (puc. 1, kpusa 0).

Jist TuTiBOK OcaJDKEHUX NPU BUCOKHUX TeMIlepaTrypax

T,>540 K migkmagox  TemIepaTypHi — 3aJeXHOCTI
CJIEKTPUYHHUX TapaMeTpiB He 3HAYHO BiIPI3HIMCH BiJ
maHux Uit o0’emHuX 3paskiB  [S5]. [lpm 1mpomy

BU3HAYAJILHUMH MEXaHi3MaMU PO3CIIOBaHHS € B3aEMOJIIS
3 KOJIMBaHHSMH KPHCTAIIYHOI IPATKU 1 3HAYHOTO BILTHBY
Me)X KPHCTANITIB Ta TOBEpXHI He crocrepiraerses[l,5].
AHaNOTIYHAN BUTTISA MAIOTh 1 TEMITEPaTypHI 3aJICKHOCTI
€IeKTPUYHUX TapaMeTpiB Ui IUTIBOK BiANAJIEHUX Y
BaKyyMi IIpH BUCOKHX TemIeparypax (puc. 2)

II. Mopaeas IleTpina

[oseninky ¢ i Ry y miiBkax, ocaKeHUX TPU HA3BKIX
Tn (puc. 1), MOYKHA TTOSICHUTH HasBHICTIO
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Puc. 1. 3anexHicTh KoHIeHTpamii (n—¢), koedimieHTta
Xomia (Ry—0O), mutoMoi enekTponpoBigHOCTI (G—A) i
PYXJIUBOCTI HOCIiB (p—®) cTpymy Juis twiiBok PbTe Bin
TeMIepaTypu, TeMnepatypa ocamkenss T,=500 K.
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Puc. 2. 3amexHicTe KOHIEHTpalii (n—¢), koedimieHTa
Xomra (Ry—0O), mATOMOI eNeKTponpoBinHOCTI (0—A) i
pyxJmBOCTI HOCIiB (u—®) cTpymy st mwiiBok PbTe Bin
TemmepaTrypu, Temmepatrypa ocamkeHHI T,=500 K,
BinnaneHux y Bakyymy npu T=620 K mpotsrom 1,5 rox.

NOBEPXHEBUX ILIAPIB P-THIIy IPOBIIHOCTL. Y 1bOMY
BUIAJKY aHall3 eJIEeKTPUYHUX BIACTUBOCTEH IUIIBOK
JIOLIBHO TIPOBOJUTH 3a JOTIOMOTOIO JIBOIIAPOBOT MOJIEI]
[erpina [6]. ToHKy MUTIBKY y Wil MOAEINI NPEACTABISIOTH
CKJIaJICHOIO 3 J1BOX IuapiB: nosepxHeBoro (I) (obmacth
MTOBEPXHEBOTO 3apsiiy) 3aBTOBIIKA d;, KOHICHTpPAIis
HOCIiB CTpyMy B SKOMY nj, a iX pPyXJHBICTB [, i
o6'emHoro (II), mo xapakTepu3yeTbCs aHAIOTTYHHUMH
BenuurHaMu dp, Ny, |, SIKI 3’€IHaHI napanenbHo(puc. 3).
Topmuua mnisku d =d; +d,

3 aHami3y eneKkTpuyHOoi cxemu (puc. 3,0) cuimye, 1Mo

V:l;
G
G=G,+G,;
L=1+1,;
V=V, =V,
L =ViG;
Yy = Rl _ 1 _ VG + Gy o
d G G, +G,

ne I — moBHHMiT cTpym uepe3 3pa3ok, G — mHOBHa
MPOBIAHICTb.
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Puc.3. [IgomrapoBa wmogens Ilerpima (a) Tta i

enekTpuaHui anasor (0).

Bupasu nnst Hanpyru Xosia, IpoBiTHOCTI 1 CTpyMy
B 00’€Mi MOYKHA MPEJICTAaBUTH Y BUTIISI

V, = R,LL,H :G, =0, Ld, : L_G__ ody .(2)
d, w I G od+0,d,
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o ) d s, ) d
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c) d c) d

Mopens Ilerpima 1ma€ MOXIIMBHUCTh HaOIIMKEHO
BU3HAYHMTH MapaMeTpH TIOBEPXHEBOTO LIAPY.

I11. AnaJjii3 oTpuMaHuX pe3yJibTAaTIB

TemmeparypHi 3aI€XKHOCTI U ITUTIBOK, OCAaKEHIX



Brmie moBepxHi i MIKKPUCTATITHIX MEK Ha IeKTPHYHI BIACTHBOCTiI TOHKHX IDTIBOK. . .

Tadanus
EnextpuuHi BiacTuBocTi miiBok PbTe
ChioBHpoIICHi ITicnsa 2 ni6 3§epiraHHﬂ ITicns 1,5 roz BiAmany
Temmeparypa, T=500 K Ha TOBITpi y Bakyymi mipu 620 K
T.K Tn=500 K Tn=500 K
o, Ry, o, Ry, o, Ry,
Om'em™! em’Kur! Om'em™! em’Kur'! Om'em™! em’Kur!
115 4,4 34,2 5,0 37,4 1534 -3,6
135 4,6 31,9 5,1 34,7 — —
155 5,0 29,5 5,6 32,0 151,2 -3,4
171 5,2 27,1 5,8 30,0 1428 -3,1
197 5,6 23,5 6,1 25,6 — —
231 5,9 16,6 6,4 20,8 — —
256 6,2 10,4 6,7 15,8 137,6 -2.9
294 7,0 1,1 7,4 43 128,0 -2,7
361 10,1 -8,5 8,6 -4,8 108,9 -2,5
389 11,7 -9,2 10,6 -7,6 101,0 -2,2
417 13,2 -8,8 12,3 -7,6 93,6 2,1
450 18,0 -7,6 16,7 -6,6 — —
468 21,0 -6,6 19,6 -5,5 85,3 -1,9
488 23,6 -5,7 22.4 -4,6 — —
npu T,=400-530 K (puc.1) i abcomoTHI 3HAYECHHS OLIHUTH e(pEeKTHBHY KOHIIEHTpaWilo MdipoK y TpH
CIIEKTPUYHUX TMapaMeTpiB (TaOnuIsl) TpH HU3BKUX ) 1 Glzdl _ 5 3
TIOBEPXHEBOMY ILIAPI n) = —— = ~2,510" cm™.

TEMIIEpaTypax TOBOPSTH PO Te, IO MIPKOBHi ra3 y
TIPUIIOBEPXHEBOMY IIapi CHIBHO BHpokeHUil. [lpm
pO3CifOBaHHI Ha BUTBHIM MOBEpPXHI i MIKKPHUCTATITHUX
MeXaX PYXJHMBICTh JTIPOK Yy NMPUIOBEPXHEBOMY IIapi B A\
YMOBax BHUPO/DKEHHS MPAKTHYHO HE 3aleXKUTh BIl 8.54)\
temnepatypu [1]. 3pocTaHHf © 3 TemIeparyporo
00yMOBJICHO TEMIIEPATypHOIO 3aJICKHICTIO G, B 00'eMi

eR; - GRHGZd
In(c, OM'M™")

TUTIBKH. Taxa TOBE/IiHKa €JIEKTPOIIPOBITHOCTI 81 \"
XapakTepHa ISl TIOJIIKPHCTATIB, B SIKMX IPOLECH >
TIEpEeHECEHHs 3apsily BWU3HAYAIOTHCS IOTEHLIAIBHUMH y <
Oap'epamu Ol Mex KpucraniriB. PyxmmBicTh HOCIIB 7,51 4
CTpyMy B MO3ai4YHMX IDIiIBKaX 3 MOTEHI[IAEHIMHA :__
Oap'epamu y 007acTi MDKKPHCTATITHUX MEX MOXKHA 7] ‘s
MPEICTaBUTH Y BUTIISII [7] “d
=1 exp(=ep/kT), @) \
Je ¢ — BHCOTa NOTEHIiaJIbHOTO Oap'epy; Wy — 6,51
BEJINYMHA, c71a00 3aJIe)KHa BiJl TEMITEpaTypH.
BpaxoByroun  (7), eneKTPONPOBIAHICTH  IUTIBKA
3TigHO (5) MOYKHA MIPEICTABUTH Y BUTIISIL. 61
oo c,d; +en, g, exp(—ep/kT)d, ) . i . i ‘ . . i
d ' 2 3 4 5 6 7 8 1000/T,K’
3a yMOBH, IIO EJNEKTPONPOBIAHICTH IUTIBOK NpHU Puc. 4. 3anexxHicTh MUTOMOT €JIEKTPOIPOBIAHOCTI IITIBOK
HHU3BKHX TeMIIepaTypax BU3HAYAETHCS TLTBKA PbTe Bix TemmepaTypu. ® — CBDKO BHPOILECHI,
MPOBIHICTIO G| MPUIOBEPXHEBOTO JIPKOBOTO WIapy, a A — BUTpUMaHI Ha ITOBITpi, M — BilNaJIeHI Y BaKyyMi.
TOBUIMHA IIbOTO IIApy Ma€ BEIUYUHY TMOPSAKY
nebGaeBckoi mOBXMHM ekpaHyBaHHA d; =L =40 HM, Bucoty moreHuiansHuX 0ap’epiB y IUTIBKaX MOXHA
MOXHa OI[IHUTH HOTO €IeKTPONpPOBiIHICTH BU3HAYUTH BUKOpHCTOBYIOuM (7) 3 TeMIepaTypHHX
od i 3aJIeKHOCTEH  enekTporpoBimHocTi  (puc.  4). I3
6, = d =67,50M em . HHU3BKOTEMIIEpaTypHOI 00J1acTi, 3riAHO pHc. 4, AT CBIXKO
! o . BHPOIIEHNX IUTBOK oxaepxkumo ¢=0.013 eB, micns
Bukopucrosyon CHIBBIHOMICHHA ©) ! BuTpuMka Ha moBiTpi ¢ =0.011 eB, micmsa Bigmamy y
BPaxXOBYIOUH, 1[0 IPU HU3BKHUX TEMIIEpaTypax o, >> G, Bakyymi @ =0.023 eB.
i3 CKCIEePUMEHTAIbHUX JaHUX Ui Ry MOXKHA TaKoX 3MiHa 3Haky koedimienta Xomna (puc. 1, kpuBa 0O)
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BiIOYBAETHCS 32 YMOBH

2 2
Rl(ﬁj LRZ[&J d_y.
c) d c) d

R,0%d, =R,05d, . )
KonreHTpariss eIeKTpoHiB B 00'eMi IDTIBKH 3TiTHO
L _moydy _
eR, Glzdl
=510" cM”. Ty 3HaueHHS G, BU3HAUAKOTHCS (5).

IMpu rtemmneparypax Bume 300 K Ha enexktpudHi
napaMeTpH iCTOTHHUIl BIUIMB POOWTH BlacHa MPOBIIHICTh
00’eMHOT 00JIaCTi, IO MPU3BOIUTH JO MamiHHI R,, 1 5K
Hacimimok Ha 3aiexHocti Ry(T) (puc. 1, kpusa O)
CIIOCTEpIraeThes MIHIMyM. 3pocTaHHs
€JIEKTPOIPOBiAHOCTI 3 TemmepaTyporo mpu T > 300 K
(puc. 1, xpuBa A)OOYMOBIIEHO SIK 3MIiHOKO PYXJIHBOCTI
HOCIiB cTpyMy B 00’€Mi KPHCTAIIITIB, TaK i 3pOCTAHHAM iX
KOHIICHTPAILII.

[Tpu 30epiranHi Takux IUTIBOK y aTMocdepi moBiTps
TPOTSTOM JTOOU CIOCTEPIraeThcs 3MiHA 1X EICKTPUUHUX
nmapameTpiB, OOYMOBJICHa 3aXOIUICHHSM EJICKTPOHIB
asicopOOBaHMMU MOJIEKYJIaMH KHCHIO. L{e npu3BoanTh 10
PO3ILIMPEHHS TOBEPXHEBOTO MIApy P-THUITY MPOBIIHOCTI i
MOCWJICHHS MOTO BIUIMBY Ha BHMIPIOBaHI EJIEKTPUYHI
rapamMeTpy BHACTIJOK 4Oro 3MiHa 3HaKy KoedimieHTa
Xomra BigOyBaeThCS TPH BHUIIUX TEeMIEpaTypax.
Ockinmpku ipu T < 200 K mpoBimHICTE BU3HAYAETHCS, B
OCHOBHOMY, TIPOBIIHICTIO ITOBEPXHEBOTO MIApy 1 >y,
posmpeHHs 1miapy | mOpu3BOAWTE A0  301TBIICHHS
esleKTporpoBinHocTi mwiiBky, mpu T > 300 K pp>py, mo i
00yMOBITIO€ 3MEHIIIEHHS G (TaOIHUII).

cniBBiHOWEHHS (9) cKi1ajgae n, =

Hdus  mmiBok, ocamkernx npu T, >540K i
BignaneHux y Bakyymi npu 600 K pyxnusicts y 00’emi
TUTIBOK I, TIEPEBUILYE 11 3HAYSHHS y MPU TOBEPXHEBOMY
mapi w; (Ww>Wy) 1 tomy, mo d,>>d; enexTpuuHi
BJIACTHBOCTI BU3HAYAIOTHCS npoLecamMu, 110
BiZI0OyBalOThCs Y 00'€Mi TLTIBOK

Bucunosku

1. JlocmimKeHO  eNEeKTPHYHI  BIIACTHBOCTI  SIK
CBIXKOBHPOIIIEHUX MO3aidHUX TUTiBOK PbTe Ha cironi,
TaKk 1 BIYIaHMX BiAnmamy B aTMmocdepi MOBITps Ta
BaKyyMi.

2.  ExcnepuMeHTanpHI pe3yabTaTH TIOSICHEHO Y
pamkax nsomapoBoi moneni [lerpima ta Oap’epnoi
Teopii.

3. BwusHaueHO eNEKTPUYHI  IMapaMeTph  IpH
TTOBEPXHEBOTO 1 00’€MHOTO MIapiB Ta EHEpriio
aKTUBAI{ MDXKPHUCTATITHHX Oap’epiB.

Pobora 4acTKOBO BHMKOHaHa B paMKax HayKOBOTO
npoexkty MOHY n/p Ne0106U000220

@Dpeik /[.M. — 3acnyXeHWH Misld HAYKA 1 TEXHIKA
Ykpaiau, TOKTOp XIMIYHHUX HAyK, mpodecop, AUPEKTOp
Di3uK0-XIMIYHOTO IHCTUTYTY, 3aBigyBay Kadeapu;
/3ynoza b.C. — acnipantr kadeapu ¢i3ukm 1 ximii
TBEPAOTO TiIa;
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The Influence of surface and interkrystalline boundaries on electric parameters both the now-grown, self-
possessed on air, and vacuum annealing thin films are explored. Results are accounted by model Petritsa, and barrier

model.



