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JloctimpKkeHo po3Moii 3a TOBIIMHOK e()eKTHUBHUX 1 JIOKAJIbHUX TEPMOEIEKTPHYHUX MapaMeTpiB TOHKUX ILIiBOK
PbTe:Sb, BuporeHux i3 mapoBoi a3y METOIOM BiIKPUTOrO BUIIAPOBYBAHHS Y BaKyyMi Ha CHTAJOBHX IiAKIaIKax.
IMokazaHo, 1110 BaXJIMBY poiib Y (hOpMYBaHHI NPUIIOBEPXHEBUX ILAPIB BiAirpae arMocepHUii KHCEHb, SIKUI CTBOPIOE

JIOIATKOBI aKLENTOPHI LEHTPH.
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Beryn

Touxki IUTIBKH XaJIbKOT€HI 1B CBUHIIIO -
TIEpCIIEKTHBHI MaTepialy Iyl CTBOPEHHS JETEKTOpIiB Ta
JOKEpeNl BUIIPOMIHIOBAHHS B iH()pa4epBOHOMY Iiara3oHi
ONTHYHOTO CIEKTPY [1], a TaKOXK SIK TEPMOETEKTPUYHUI
MaTepiaa B cepeaHiii obmacti temmepatyp (500-700 K)
[2].

BcranoBieHo, 110 iX BIACTUBOCTI BU3HAYAIOTHCS SIK
TEXHOJIOTIYHUMHU (haKTOpaMH TMPOLECY BHPOIILYBaHHS,
Tak i ymoBamu iX HacTymHoi ekcrutyatarii [3]. Ilpu
LOMY JIOMIHYIOUY pOJIb, Uepe3 HU3bKO PO3MIPHHH CTaH,
Bifirpatotb Mbk¢pasHi Mexi. Y Takux cucremax
TOBEPXHSI CTBOPIOE JUISl  €JIEKTPOHIB  IMOTEHIiaNbHI
Oap’ epu, 110 CYTTEBO BIUIMBAE Ha sIBHIIA NiepeHocy. Kpim
TOrO, B3a€EMOIS TOBEPXHI 13 arMocepHUM KHCHEM
3HAQYHO YCKJIAQJHIOE TOBepxHeBi mporecu  [4,5].
JleryBaHHS MOHOPHOKO JOMIIIKOIO OCHOBHOI MAaTpHII
NPU3BOUTh IO yTBOPEHHS JOAATKOBUX IICHTPIB
poO3CiBaHHSA, 10 TaKOX BIUIMBa€ HA  KiHCTHYHI
Koe(illiEHTH KOHJIEHCaTYy.

VY naHiit poOOTi TOCIIIHKEHO PO3ITOILT 3@ TOBIIHHOIO
e(peKTHMBHUX 1 JIOKAJIBHUX IUTOMOI MPOBIIHOCTI,
XOJUTiBchKOro Koeimienta ta tepMo-EPC y miiBkax

PbTe: Sh.

|. MeTonnka ekcriepuMeHTy

[TniBkmM U1t AOCHIJDKEHHS OTPUMYBAIU 3 TApOBOI
¢azu Ha CHTAIOBHX IIAK METOIOM  BiJKPUTOTO
BUIIAPOBYBAaHHA Yy BaKyyMi Hamepes CHHTE30BaHOI
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cnonyku. TemrmepaTypa BUIApHUKA MiJl 9ac OCaKEHHS
ckmagana TB = 7000C, a TemmepaTypa MIiJKJIaJI0K
Tn=1500C. HasBuictp “miuku-kapycemi” i3 1'sATH
HArpiBHUKIB MiJKJIaJKHd J03BOJISIA OTPUMATH IUTIBKU
PI3HOI TOBHIMHM B OIHOMY TEXHOJOTIYHOMY HPOLECi.
ToBuwny miiBok y Mexax (0,08-1,2) MkM 3amaBaiu
gacom ocajpkenHs B intepBaii (0,25-5) XxB Ta BU3HAYATIH
3a JI0IOMOroro Mikpointepdpepomerpa MUN-4.

BuMmipioBaHHsI ~ €NEKTPHYHHX TApaMeTpiB  CBIXKO
BUPOLICHUX IUTIBOK MpPOBOAWIM TpH  KiMHATHIA
TeMmIepaTypi y  TOCTIHHOMY  MarHiTHOMY  IIOJI.

BumiproBanuii 3pa3ok MaB YOTHPH XOJUTIBCBKI 1 JBa
CTPYMOBI KOHTakKTH. B SKOCTI OMIYHHX KOHTAaKTiB
BHKOPHCTOBYBAJIUCS ILTIBKU cpibyia. CTpyM depes3 3pas3ku
ckmagae  ~ 1MA. MarHiTHe ToNe  HANPSIMILUIOCS
MEPIEeHANKYSIPHO 10 TOBEPXHI IUTIBOK TNPH IHIYKIIT
1,5Tx.

3anexHicTh MUTOMOI IPOBITHOCTI, KoedimieHTa
Xomna i tepmo-EPC mriok PbTe:Sb Bix ToBmmuu
300paxkeHo Ha puc. 1.

1. EnemenTH Teopii po3paxyHkis

Bumipsni edextuBHi KiHeTHuHi mapamerpu (puc. 1)
€ eSIKUMU IHTETPAJIbHUMHU BEIWYMHAMU 1 3aJIeXKaTh Bij
mpodiII0  PO3MOMAITY KOHIIEHTpAIlii HOCIIB 3apsamy 1
MMUTOMOI  EJEKTPONPOBIAHOCTI, TOOTO  JIOKAIBHHX
3HAYEHb.

VY zarajgpHOMY BUMNAJKy e(EKTHBHI eJeKTpUYHI
mapameTrpd ~ OMToMa  eleKTporposigHocts  o(d),
xommiBcbkuit  koedimienT Ry(d), Tepmo-EPC  (d),
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koureHtparii N(d) i pyximBocti HociiB p(d) mriBok
OB’ s13aHi 3 BiANOBimHUMHU JToKansHUMHE 6(Z), Ry(2), o(2),
N(z), W(2) 3HaUEHHSIMU CITiBBiTHOICHHSIMU [6)]:

o, oM 'em’ n, cMm”
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t110”
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Puc. 1. 3anexuicts muromol mpoBigHocTi ¢ — (1,0), Xo/mTiBChKOi KOHIeHTpallii N — (2,8), pyxmusocti p — (3,0) HocilB,
Tepmo-EPC S — (4,4), Bin toBumnu d mys rwiBok PoTe Sh. Jlinii — po3paxyHok 3rigHo Momeni Ilerpira.
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s gﬁ +79y§ﬁ +2% g gﬁ .—Eygﬁ =9
 2gé& " 2¢g ' 2gé 2g¢g
Tyr di£Ad/2 — 3amanma ToOBIMHA ILTIBKH, SKa R.o%d, + R,0%d, . 7
BIJIPI3HAETBCS BHECKOM HACTYITHOTO E€IEMEHTapHOro = (0., +0,d )2 d; (7
mrapy Ad; Z — koopauHaTa IbOro mapy. s 25 bTb ,
JIyis OLiHKK TPOBiTHOCTI MPHUIIOBEPXHEBOTO MIAPY Y W = oR = o dR, +0,°d,R, . ©)
IUTiIBKaX aHali3 eJeKTPUYHMX BJIACTHBOCTEH MPOBOIAUBCS o d, +o,d,
y pamkax maBomrapoBoi momemi Ilerpima [7]. ToHky
. .o . Sso-sds + Sbo-bdb
IUTIBKY y Wil MOJENi MPeACTaBIAIOTh CKIaICHOIO 3 IBOX S=—"—"——"" (9)
O-sds + O-bdb

niapis: mpumnoBepxHeBoro (S) (o6macth MOBEPXHEBOTO
3apsiy) 3aBTOBIIKHM S, KOHIEHTpAllisl HOCIiB CTpyMy B
IKOMY NS, a 1X pyXJHBICTh Ws, i 06'emHoro (b), ski
3’ enHani napanenbHo. Topmuna miisku d = d, +d, .

VY npomy BUMaaKy [7]:
o — 9s0s + 0pdy

i ; (6)
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CmisBinHomiennst (6)-(9), 3a yMOBH BHMIpSHHX
3HaveHb o, Ry, K, S ta Bigomux ob, Ry, w,, S 1 d, mae
MOXJIMBICTh ~ HAOJMMKEHO  BHU3HAYMTH  TapaMeTpu
MIPUTIOBEPXHEBOT'0 APy Os, Rs, 1LS BiAOBITHO.

[11. Anani3 pe3yabraTtin

IUTIBKH
1 HEMOHOTOHHOIO

CBi>KOBHUpOIIEHI
TUIIOM  TIPOBITHOCTI

XapaKTepU3yBaJIUCh  N-
3aJIEIKHICTIO



[punoBepxHeBi MmapH Ta TPOQii eNeKTPUYHHUX TAPaMETpPiB TOHKHX IuTiBoK PhTeSh

KOHIeHTpaIil HociiB (puc. 1, kpuBa 2), sKka mpu
3MEHILIEHH] TOBIMIMHY criaaae. [IpoBigHICTh i pyXJIHMBiCTh
3pocTarTh B obnacti Manux TouwmH (puc. 1, kpusa 1,3),
a tepmo-EPC, HaBmaku, OinbIna UIs TOBCTHX IUTIBOK
(puc. 1, kpuBa 4), KpiM TOr0 JIOKaIbHI (pUC. 2) 3HAUCHHSI
ENIEKTPUYHHUX TapaMeTpiB BUSBISIOTH OIS TOBEpPXHI,
3aBISIKM il KHCHIO, 00JacTh p-Tumy mposigHocTi.Ha
MOBITPI IPOTATOM JABOX Ji0 BCi 3pa3kud 3MiHIOIOTh
MIPOBIIHICTH 3 N Ha P-THII.
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Puc. 2. Tlpodini posmomainy 3a TOBIIMHOIO JIOKAJIBHUX
3HAYCHb CIICKTPUYHHUX mapaMeTpiB (ruromoi

nposiaHocti 6 — (1), XomtiBchKoi KOHIEHTpaIl N — (2),
pyxmuBocti p — (3) HociiB, TepMo-EPC S — (4)) Bin
toBuwmHu d s mwrisok PbTe Sh. Hynp Binnosigae mexi
po3niny “rriBka-miakIagKa” .

Jlns TOsICHEHHST HEMOHOTOHHHX 3MiH KOHIIGHTparlii
HOCIiB  Oynu  po3paxoBaHi  mpodii  poO3MOALTY
eNEKTPUYHHUX MapameTpiB mo ToBumHI (puc. 2), mo B
TIOETHAHHI 3 po3paxyHKamH 3rigHo Mozeni [etpina gano
MOKJIMBICTh OIIHUTH BIUTHB MPUITOBEPXHEBHX IIApiB Ha

eNEeKTPUYHI BJIACTHBOCTI TUTIBOK. Pe3ynpratu
PO3paxyHKy HaBEIEHO B TaOJIHIII.

3HaveHHs ENEKTPUYHUX rapamerpiB
MIPUTIOBEPXHEBOIO IIApy, PO3PaxOBaHi 3TiJHO MOJENi
[erpina, WiATBEpIKYIOTH OTpuMaHi 3  mpodiiiB

pO3IIOAINY pe3yjibTaTH PO 3HAYHUE BIUIMB KHCHIO 1
HasIBHICTh JOCUTH TOBCTOro (~280 HM) IMOBEPXHEBOIO
Iapy p-TUIYy MpoBimaHOCTI. [TOpiBHSIHO HU3BKI 3HAYCHHS
eexTuBHOI KOHIEHTpalii HociiB (puc. 1, kpuBa 2) B
JeroBaHoMy KouzeHcari PbTeBi 3ymoBieno skpa3s
aKIECITOPHUM BILTMBOM KHCHIO. HasBHicTb
NPUTIOBEPXHEBOrO  MIapy  P-THIy 1  B3aEMHOIO
KOMITEHCAIII€I0 TAKOK MOYKHA TTOSICHUTH Te, 110 JIOKAIbHI
3HAYCHHSA PYXJIUBOCTI HA TOPSNOK BHIN  HIX
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EKCIICPUMEHTAJIBHI.
Taonuus
3HaueHHs TapaMeTpiB MPUIIOBEPXHEBOTO mapy (S)
i 06" emy (D) st ruTiBok SNTe

IMapameTpu CBizkoBupoeHni
de, MKM 0,28
O, Omtem? 0,1
op, O lem™ 0,8
R, eM’Kirt 40
Ry, oMKt -0,9
Ps, M 1,56E+17
My, cM ™ 6,94E+18
e, em’B it 4
Wb, em’Bic?t 0,72
S, MmxB/K 270
S,, MkB/K -200

Y Oynob-KOMY BHIIQJIKy HEOIHOPIAHICTD IUIIBOK
BapTo BpaxoByBaTH npu iHTeprpeTanii
€KCIIEPUMEHTAJIBHUX pe3yNbTaTiB. Bnacoiok
HEO/IHOPITHOCTI MPOBIMTHOCTI MaTepiady IO TOBIIHHI,
BH3HA4YCHI 3  BUMIipoBaHb  edekty Xomia i
€JIEKTPOIPOBITHOCTI, KOHIIEHTpAIliS i PYXJIMBICTh HOCIIB
CTpyMYy € JESKUMH YCEepPEAHEHHMH BEIUYUHAMH, IO
3anmexarb Bij mpodimo iXx posnoxiny. bimbmie Toro,
HAaBITH THIT IPOBIJJHOCTI, B IEIKUX BUIAIKaX, MOXXe OyTH
YCEePEIHCHOIO BETUUNHOK. Takuil CTaH Ma€ MIcCIle, KOJIH
B IUTIBIIl CIIOCTEPIraeThbesi P-N-miepexii sk y HaluoMmy
Bunaaky (puc. 2).

BucHoBkn

1. JTociimkeHo pO3IOIiT 32 TOBIMUHOK e()eKTUBHUX
1 JIOKaJbHUX 3HA4YeHb EJEKTPUYHMUX MapaMeTpiB Juis
IUTIBOK  TEJNYPHJY CBHHIIO JIETOBAHOTO CYPMOIO,
BUPOLICHUX 13 TapoBOi (a3 METOJOM BIIKPHTOTO
BUIIAPOBYBAHHS y BaKyyMi Ha CUTAJIOBHX ITiAKIIaIKaX.

2. JInd IUIBOK 13 YCEPEIHCHOI EIEKTPOHHOIO
MIPOBIJTHICTIO Ha TIOBEPXHI BHUSBIEHO JOCUTH TOBCTUH
(~280 um) map p-tumy. [lokasaHo, IO BiH BHHHKAE
BHACJI/IOK aKIEeNTOPHOI il aTMOC(EPHOr0 KHCHIO BKE
IIpY KIMHATHIH TeMneparypi.

3. B pamkax moneni Ilerpina po3paxoBaHO 3HaYEHHS
EJIEKTPUYHMX MapaMeTpPiB IPUITOBEPXHEBUX ILAPIB.

Poboma uacmxogo GuKOHAHA y PAMKAX HAYKOBUX
npoexmie MOH Vxpainu (Ve peecmpayii 0111U001766),
DD Vpainu (Oepoicasni peecmpayitini  Homepa
0111000550074, 0112U003693) ma HAH VYxpainu
(0eporcasnuti peecmpayitinuti nomepa 0110U006281).

Asopcokuii A1.C. — actiipaHr;

/I3ynoza b.C. — xannunat (i3uKo-MaTeMaTHYHHUX HayK,
CTapIIii HAYKOBUH CITIBPOOITHHK;

Mameik I')/]. — xanauaat (Qi3UKO-MaTEeMaTUYHUX HAYK,
JIOLIEHT;

Kocmiok O.b. — cTyIEHTKa,

Txauyk A.I. — acmipasr.



[1]
[2]

(3]

[4]
(5]
6]
[7]

S1.C. SBopckuit, b.C. [I3ynn3a, I'.JI. Marteik, O.b. Koctiok, A.I. Tkauyk

JN. Zemel. Recent developmentsin epitaxial 1V-VI films// J. Luminescence, 7, pp 524-541 (1973).

JI.M. @penk, M.A. Tanymak, JLI. Mexunosckas. Dusuka u mexnoio2us monkux nienok. Bua mxona, JIbBoB.
182c., (1988).

A.H. Kosanes, B.B.OcrpoboponoBa, B.W.IlapamonoB, II.M. ®onomun IlposiBneHne HeomHOpOAHOCTEH B
HEJICTUPOBAHHBIX XaJbKOTCHHIAX CBHHI[A [0 TajJbBaHOMATHUTHBIM CBOWcTBaM [/ Qusuxa u mexHuxa
nomynposodnuxos, 23(11), cc. 2039-2048, (1989).

10.A. Boiikos, B.A. KyracoB BiusHue NpUrpaHHIHBIX CIOCB HA CBONCTBA TOHKHUX IUICHOK TEJLTypuaa cBHHIA. //
@uzuxa meepoozo mena. 25(10), cc2984-2987 (1983).

I .M. @peik, B.C. JI3ynnsa, 5.C. SIsopcbkuii, O.b. Koctrok 3MiHa KiHeTHYHHX MapamMeTpiB m1iBok POTeBi mpu ix
BuTpuMIli Ha noBiTpi // I Dizuxa i ximis meepooeo mina. 12(1). cc. 85-88 (2011).

@peixk M. Caniit S.I1., Josruii O.S. EdextuBHi i JOKaJbHI 3HAYEHHS EJIEKTPUYHUX MapaMeTpiB y
MONIKPUCTAIIIYHHX TUTIBKaX TeXypHAy cBUHIO // Dizuka i ximis meepooeo mina. 2(4). cc. 711-718 (2001).

R.L. Petritz. Theory of an Experiment for Measuring the Mobility and Density of Carriers in the Space-Charge
Region of a Semiconductor Surface

YaS. Yavorskiy', B.S. Dzundza', G.D. Mateik?, O.B. Kostuk®, A.l. Tkachuk®

Near-Surface L ayers and Profiles of Electric Parameters of Thin FilmsPbTe:Sb

Vasyl Sefanyk PreCarpathian National University
57, Shevchenko Str., Ivano-Frankivsk, 76025, Ukraine, E-mail: freik@pu.if.ua
2|vano-Frankivsk National Technical University of Oil and Gas,
15, Karpatska Sr., Ivano-Frankivsk, 76019, Ukraine

Investigated the digtribution of the thickness and effective local thermoelectric parameters of thin films of
PbTe:Sh, grown from the vapor phase by open evaporation in a vacuum at sita substrates. It is shown that an
important role in the formation of surface layers of the atmosphere plays oxygen, which creates additional acceptor
centers.

Key words: thin films of lead telluride, resitivity, mobility, doping.
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