FKYPHAJT ®I3UUHUX JIOCI IIMKEHB
.3, Ne 1 (1999) c. 95-97

JOURNAL OF PHYSICAL STUDIES
v. 3, No. 1 (1999) p. 95-97

EJIEKTPOIIPOBIIIHICTH TOHKHX IIJIIBOK I'OJIBMIIO TA JTUCIIPO3I1IO

B. JI. Menpuuuyk, B. P. Tleniox
Jveiecorull dep ocasnull ynicepcumem iment leana Opanxa,
xagedpa saeanrbHol Pisuxu
sya. Apazomanosa, 50, Jveis, 290005, Yxpaina
(Orpumano 8 uepsHs 1998 p.; B octaTounoMy Burasal — 14 ciuas 1999 p.)

B ymoBax HaaBUCOKOTo BaKyyMy JOCIIIKEHO €JIeKTPOIPOBLIHICTh TOHKIX IIIBOK TOJIBMIIO Ta
aucrposito (ToBmuHa maiBok Big 4 no 80 HM). PesyabraTu eKCIle pUMEHTY TPAKTOBAHO 3 JOIOMOLOIO
MOeJl MOMKPUCTAJIYHOTO Mapy Heo JHOPITHOI TOBINKHKA. BusHadeHo mapaMeTpu mepeHocy 3apsioy
B IIIBKaX Ta 3MifiCHEHA OIIHKa aMILIITY AU MaKPOCKOIMYHIX HEOTHOPI THOCTEN HOBEPXHI.

KiarouoBi caoBa: ToHKI ILIIBKH, IIOBepXHEBE I 36 PHOME FKOBE PO3CISHHA HOCIIB CTPYyMY.

PACS number(s): 72.10.—d; 73.25.4+i; 73.61.-r

BiaMiHHICTH eTeKTPUYHNX BIACTUBOCTER TOHKIX III1-
BOK BiJl BTACTUBOCTEN MACUBHUX 3DA3KIB METAXy MO Ke
OyTIH 3yMOBJAEHa K OCODJIMBOCTSIMHN OVIOBM TOHKOI
IIIBKM, TaK 1 BHIIMM TIOPIBHSHO 3 MaCHBHIM BHECKOM
MOBEPXHEBOTO PO3CISIHHA B 3arajibHUIl yac pelakcarii
HOCIIB cTpyMy. ToMy BUBUEHHS 3aJ1e #HOCTH KiHE TUYHIX
KoeillieHTIB TOHKWUX ILTIBOK BiZ IXHBROI TOBIMHN (KIa-
cruHIi po3MipHIil epeKT) Ta€ 3MOTy oep kaTh iHbOP-
MalIlio Ipo PO3CISHHS HOCIIB MOBEPXHEIO Ta MIjK3epeH-
HIMI Me3KaMI, 3 1HITOTo BOKY, JOCH1IKEHHS LI1BOK ITi-
KaBe y 3B’A3KY 3 MOKIUBUM iX BUKOPHUCTAHHIM Y MIKPO-
enekTpoHiil. MeToro 1€l poboTn OyI10 BUBYATH PO3-
MIpHI 3aJ€3KHOCTI TTMTOMOTO OTIOPY p Ta TeMIepaTy pHOTO
KoedillieHTa omopy [ IIIBOK TOABMIIO Ta IUCIPO3II0.
Ha :xanb, uepes Gpak imdopmalil Ipo aHaIOTIUHI TO-
CMIIKEHHS IINX MeTaJ iB MII He POOMMO TOPIBHIHHSI OT-
PUMaHUX pe3yIbTaTiB 3 1HIINMMI.
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Puc. 1. Posmiphi 3aaeKHOCTI ITITOMOTO OIOPY 1 TeMIepa-
Ty pHOTO KoediIlieHTa ormopy IaiBok Dy.

ExcrepuMeHT™™ TpOBOIMIA N B YMOBaX HAIBUCOKOTO Ba-
kyymy (tuck samummkosux raszip ~107% Tla) y simma-

SHAX ckAsgHnX mpunanax. Ilo6 3amobirTim yTBopeHHIO
JOMIIIKOBUX a3 y MIIBKaX, ycl AeTadl IpuaagB HIoTe-
PeNHBO JOKIAMHO 3HETAKyBAJIW ILISXOM TPHUBAJOTO 1X
MporpiBaHHsA y BakyyMi. [LT1BKM HAHOCUI N IITSIXOM Tep-
MIYUHOTO BUTIAPOBY BAHHS MeTalIy Ha 0XOa0sxeHe 10 78 |
MoJipoBaHe OIMAaBieHe CKIO. TOBIMHY TA1BOK BU3HA-
YaJu 3a 3CyBOM PE30HAHCHOI YACTOTU 11’ €30KBAPIIOBOTO
Bi6paTopa, MOMINIEHOTO B MOTOII Mapy BUIAPOBYBAHOTO
Mertany. nsa crabimziszaiii BracTuBocTel TAIBKN BlHa-
atoBaau nipu 370 K. 3acrocoBana MeTOMUKA €KCIIEpPU-
MeHTy, aHaJjoriuna 1o meromuk [1,2], mossousie oTpu-
MYBaTH OJHOPIAHI MOMIKPUCTATIUHI 3pa3Ki 3 BIATBOPIO-
BaHUMW BiaacTuBocTsimu. Ha puc. 1 HaBemeHO po3MipHI
3aJ€KHOCT] MUTOMOTO OTIOPY p Ta TeMIIepaTypPHOro KO-
edimenra omopy [ maiBok aucrposio npu I = 78 K.
[TomibHi 3ameKHOCTI OIep sKAHO 1 IS IMAI1BOK TOABMIIO.

TpakTyBaHHS Pe3yabTaTIB eKCIIEPUMEHTY MO3Ke Oy TH
3mificHeHe Ha OCHOBI BIIOMUX TEOPETUYHHUX Momaenaeli
SIBUII TIePEHOCY 3apsiiy B 3paskax oOMeHeHUX pO3MIpIB
[3,4]. puuoMy BKIaIU PI3HUX BUAIB PO3CISHHA HOCIIB
CTPYMY B ILIIBII B cyMapHNIil uac ix pexakcartii (moBepx-
HeBe — [3] Ta sepHOMeOBe — [4]) BBasKAEMO Hesalde e
HUMI OJUH BIA OJHOTO 3T1AHO 3 IpaBuaioM MaTTiceHa.
3okpeMa, y BUNAAKY TPUIATHOCTU MOAET OTHODIIHOTO
[IOCKONApalel bHOTO Wapy [3] st onucy BiaacTuBocTell
TIIBOK 3ade HOCTl p - d Ta [ - d BII TOBUIMHU TITIBOK d,
mofyIoBaHI HA OCHOBI €KCHepUMEHTAIbHUX JTaHUX, MO-
BUHHI OyTH JIHIAHUMI PYHKIAMEI, 60 AAs A0CTATHBO
TOBCTUX TAIBOK (d > A)

p-d=pe-d+3-(1—p)-A/8

Bd=fu-d—3(1—p)-A\/8 (1)

TYT oo 1 P — BLAMIOBIAHO MATOMUE OIIP Ta TeMIEpa-
TYPHIIA KoedIIMIEHT OMOpY MAIBKM Oe3MeKHOI TOBIIIMHI
d — 00 31 CTPYKTYPOIO, aHATOTIUHOIO AOCT 1KY BAHIHI
ILTIBIN, A — cepeHs JOBKINHA BLIBHOTO MPOHITY HOCIIB
CTPYMY, p — KoOe(IIMEHT A3epKAILHOCTH BlIOWBAHHSI
HOCIIB MTOBepXHE. BIAMIHHICTE poy Ta [Foo BLI aHAJOTIU-
HUX mapaMeTpiB pg 1 Fy, MO XapaKTepu3yTh MaCUBHUII
KPUCTAJ, 3yMOBIEeHA BILIMBOM 3€DHOMEKOBOTO PO3Ciio-
BaHHs Ha peJaKcallio HOCIIB CTPyMY.
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Puc. 2. Posmipna saxeskHicTh p - d mis mriBok Dy.
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Puc. 3. Poswmipni 3axaeskHocTi p - d mas BiomaJjeHol (1) Ta
cBiskoHaHeceHol (2) maisok Ho.

I3 cTPpYRTYpHUX AOCTIMKEHD BIIOMO, 1O TOHKA TITIBKA
3BMYafiHO OB ApiGHO3epHICTA, HIfK 3Pa3soK MacCHB-

HOrO MeTaldy, a ToMy srimmo 3 [4]: [f’—” = fla) =

3 - {% -3 +a?—a%-In (1 + é)} , TPUYOMY CepeIHs
JIOB#HITHA BIIBHOTO MPoBITy HOCIIB CTPYMY B MAaCHBHOMY

KpHcTaldl Ay ToB’si3aHa 3 A 0OepHEHNM CIIBBLIHOIIE HHIM

)\iu = flo), me o = D?‘f'_’“r). Tyt D — cepennl naigiiiai

PO3MIPH KPHCTAMITIB, ¥ — KOEPIIMEHT 3epHOME FHKOBOTO
poscioBants. BusiBuaochk, Mo eKcrepuMeHTaIbHI PO3-
MIpHI 3anxeHOCTI p - d Ta F - d minidaEl. das npukaamry
Ha prc. 2 HaBeIeHO MOMIOHY 3adesKHICTE LI IT1BOK JIC-
TIpo31i1o.

Binxunenns po3MipHUX 3aieskHOCTEl p - d Bl A1HIN-
HOCTHU CIIOCTEPITAXM MPU TOBIIMHAX TAIBOK MEHIINX 3a
10 um. IIpu BiacyTHOCTI 3abpyIHEHB TIOBEPXHI Ta HEPIB-
HOBAKHUX CTPYKTYPHUX a3 1e Bl AXUIeHHS MO KHA T0-
SICHUTA TIABKHA BIAMIHHICTIO OYIOBU peajbHOl ILTIBKKI
BLI Momenell MIOCKOMapaJdelbHOTO HMAapy, Ha sKIiA Oa-
3yBaJuCcsl 3TajaHl BHUINE Teopil: peadbHa ILTIBKA, sKa
CKITATAETHCST 3 KPUCTAMITIB, MyCUTH MaTH HEOTHOPII-
HOCTI TOBIIMHM, MIO CYMIPHI 3 pO3MIpaMi KPHUCTAJIITIB.
[cHyBaHHS TAKUX HEOTHOPIAHOCTEN T ATBEPIKEHO 3 10~
HoMOrow TyHenbHol Mikpockorii [5]. Tomy mas omucy
BAACTUBOCTEN Iy iKe TOHKHUX TTIBOK JOIIJIBHO BUKOPU-
CTATU MOJEADb TMOJMIKPUCTAJIYHOIO Mapy HEeOIHOPITHOI
topiuunu [6,7], y sikiit mopisusiao 3 [3,4] nomarkoBO Bpa-
XOBaHO BILIUB MaKPOCKOTIYHUX HEOTHODITHOCTEH TOB-
IIITHI CYMIPHIX 13 cepeTHIMI pO3MIpaMn KpUCTaalTiB Ha
fepeHoc 3apsiay B IaiBii. 3riguo 3 [6,7] Bupas mas mu-
TOMOTO OTIOPY IIIIBOK yV HabOJIMMKeHH], aHAJIOTIYHOMY 110
Bupasy (1), HabyBae BUTAATY:

Je h — aMILTiTyJa MOBepXHEBUX HeoTHOPIAHOocTel. Bu-
KOpUCTAaHHS Bupa3sy (2) JO3BOJMIO JOCTATHBO I0OpE
AlPOKCUMYBATH X111 3aJe sHOCTel p(d) 1A TIIBOK ToNb-
MiIo Ta AMCIpo3iio 1 3miicunTy omukKy h. nsa Biamane-
HUX MA1BOK Juctiposio h ~ 0,7 — 0,9 am. Bignax mai-
BOK 301IBIIy€ MIOPCTKICTHL moBepXHI maiBkm. Ile mobpe
BUIHO 3 pUC. 3, HA SIKOMY HaBeJeHO 3aJ e KHOCTI p - d BIX
d s Binnmanenux (kpusa 1) Ta cBiskoHaHeceHNX (KpuBa
2) MIiBOK TOJBMIIO.

TakuM uYMHOM, y pe3yabraTl I[IPOBEICHOrO IO-
CMIIKeHHS [T ITBE P IKeHO PUAATHICTE Moaeai [6,7] must
OIIUCY BIACTUBOCTEN IIIBOK Ta PO3PaXyHKy IIapaMeTpiB
[IEPEHOCY 3apsly B ILIIBKAX.
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EJIEKTPOITPOBIAHICTE TOHKUX IIJIIBOK I'OJIBMIIO TA JMNCITPO3I1O

ELECTRICAL CONDUCTANCE OF HOLMIUM AND DYSPROSIUM THIN FILMS

B. L. Mel’'nychuck, B. R. Penyukh
Tvan Franko Luviv State University
50 Drahomanov Str., Lviv, UA-290005, Ukraine

The electrical conductivity of holmium and dysprosium thin films (ranging in thickness from 4 to 80 nm) has
been investigated under ultra high vacuum conditions. The experimental results were interpreted in the framework

of heterogeneous cross—section thin film model. The charge transport parameters were calculated and the amplitude
of surface roughness was estimated.
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