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BBenenne

B HacToANICC BPEM TOHKUC IJICHKU MOJ'II/I6):[eHa HaxXo4AaAT HIMPOKOC MPUMCHCHUC B MHOTOCJIOMHBIX
CUCTEeMax METAJUIM3AIMK TIPU TPOU3BOJCTBE U3JICIHI MUKPOJICKTPOHUKH B KauecTBE 0apbepHOTrO MeTaia
[1, 2] u nuomoB IIoTTKH, Tak Kak XOpPOIIO MOJBEPTarOTCs CyXOMY TPABJICHHIO, UMCIOT MCHBIINH, YeM Y
AIIFOMHUHMS, pa3Mep 3€pHa, a BEICOTA ITOTEHIMAIBHOr0 Oaphepa K kpeMHuio N-tuma cocrasiser 0,68 B [3].

OCHOBHOHM HEJOCTAaTOK TYTIOIUIABKAX METaNIOB — OoJiee BBICOKOE YIEIbHOE COMPOTHBICHHE II0
CpaBHEHHUIO C amoMuHHEeM. BBenenue ke mobdasok Ti, Cu, Si B aqroMuHUI IS MOJaBICHHUS POCTA IIUTIOB
(ycoB) crocobcTBYeT pocty ero yaenbhoro comnpotusienus 10 0,05 — 0,06 MxOM-M, 4TO AeTaeT ero cpas-
HHMBIM C YJICTIbHBIM CONPOTUBIIEHHEM 00beMHOro Mosndaena — 0,05 mxOwm-Mm [1].

Takum 00pa3oM, yAeIbHOE CONPOTHBICHHE MOJTHO/ICHA SBJISETCS OJHUM U3 OCHOBHBIX IapaMETPOB,
OTIPEIEINSIONINX Ero HCI0Ib30BaHNEe B TIPOU3BOJICTBE HHTETPAIBHBIX CXEM Ha COBPEMEHHOM 3Tarle.

Bennuuab! YACIBHOI'0 CONPOTUBIICHUA 00BEMHOTO MOHI/I6I[CH3 N €T0 TOHKUX IIJICHOK, HAHCCCHHBIX
pasIUYHBIMA METOIAMH, TIpeICTaBIeHb B Tab1. 1 [4 — 8].

Tabauya 1. Yoenvnoe conpomusnenue MaccusHo2o Moauboena u moHKux NieHOK npu pasiudHbix Memooax
HaHeceHUs.

M VY nenbHOE CONPOTUBICHUE, Hcrounuxk
€TOJ1 HAHECEHUs [Ipumeuanue
MKOM-M nH(pOpMaITIN
ONEKTPOHHO-TY4YEBOE 10 [4] Bakyym 6,65-10° TTa
HCIIapCHHE
To xe 0,28 [5] Bakyym 6,7-10° Ila,
0,1 nociie omxura 1000°C
OcaxneHue u3 raso- 10 [6] [Muponuz Mo(OC)g npu Tem-
BO# (hasel ’ nepatype 320—370°C
KaTOHHO;HI;aCHHHe_ 0,3 [7] asnenwne aprona ~ 1 ITa
To xe 0.3 [8] I'eTTepHas ouncTka
pabouero rasza
To xe 0.1 8] Pacnpuienue co cMmemeHueM
MOJJIOKKHU
To xe 0,07 [8] l'eTTepHas ouncTKa, pacmsl-
JICHUE CO CMEIICHUEM
MarneTpoHHO€ pac- 011—-025 Hacrosmas YcTaHoBKa HEMIPEPHIBHOTO
ObUICHUE ! ! pabota EUCTBUSA
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Kaxk BuaHO U3 Tabx1. 1, yaenbHOE CONMPOTHBICHHE TOHKHUX IUICHOK MOJIMOICHA MOXKET UMETh CyIIe-
CTBEHHOE pa3iIMyKe B 3aBHCMMOCTH OT METOJa M YCIOBHH MX HaHeceHHs. HecmoTps Ha Gonbplioi o0bem
MPOBENICHHBIX paHee padoT, AaHHas MpobieMa TpedyeT JOMOIHUTEIBHOTO N3y YSHHSI.

Llenpto HacTosimieil pabOTHI SIBISIETCS MCCISIOBAHHUE JIEKTPO(PU3NIECKUX CBOMCTB TOHKUX IUICHOK
MOJMO/IeHA, TOYYSHHBIX METOIOM MarHeTPOHHOTO PACIbUICHUS Ha YCTAaHOBKE HENPEPHIBHOTO JNEHCTBUS B
3aBUCHMOCTH OT yCJIOBHH IOy IEHHS.

MeToanka 3KcrepUuMeHTa

[Tnenku MoNMOICHA HAHOCKWIIM Ha TUIACTUHBI MOHOKpUcTaunieckoro kpemuus KO 20 (100) Tosn-
muHok 280 £ 20 MKM METOI0M MarHETPOHHOTO PACIIBIICHHS HAa YCTAaHOBKE HEIPEPHIBHOIO aeiicTBus «Opa-
TopHst 29» ¢ KPHOTEHHON CHCTEMOM OTKauKH, 00eCTICUMBAOIIEH MTpeeIbHOE OCTATOYHOE JIABICHUE HE XYyKe
10 IMa. PaccTosHME MHIICHb — TOANOXKKA cOCTABILI0 80 MM. CKOPOCTh JBMKEHHS MOIONKEK MO TPEKY
Vi — 110 mm/mun. Huctota MonubaeHoBOM MutieHn He xyxe 99,93%. B kauecTBe paboyero ra3a ucHomib30-
BaJyics aproH uncroTod He xyxke 99,99%. B mporecce pachbuieHHS BapbUPOBAIHUCH CICAYIONINAE YCIOBUS
HAHECCHUS. JIaBJICHUE aproHa Pa;, MOILIHOCTh MarHeTPOHHOTo paspsaa W u Tok HarpeBaTens miacTud Iy,
OIIPE/ICISAIOIINI TeMIlepaTypy MOMIOKEK NPU HAHECCHUH IUICHKH. JTH (aKTOPHI MPUHIUIHAIBGHO BIUSIOT
Ha MpoLeCC MOTIOMEHUS pabovero ra3a IIeHKOH, CKOPOCTh €€ POCcTa U XapaKTep 3apobIIeo0pa3oBaHusl.

KoHTponb TONIIUHBEI HAHECCHHBIX IUICHOK HPOM3BOAMJICA IPH IOMOIIYM MHKpPOHUHTEp(epoMeTpa
MUU-4, npopunomerpa AlphaStep 200 u pactpoBoro 3iektporHoro Mukpockona (POM) S-806 dupmer
Hitachi (SImonus). Onpenenenue MOBEPXHOCTHOTO CONMPOTUBIICHUS MPOBOIUIIOCH IPU HOMOIIM U3MEPHTEIS
OmniMap RS-30, ¢upmsr Prometrix Corp. (CIIA). ®a30Bblii COCTaB M TEKCTYPY IUICHOK HCCIICIOBAIN Ha
pentrenoBckoM audpakromerpe JPOH-2. CTpykTypHO—MOP(OIOrHUeCcKre MapaMeTphl IICHOK OIpeaeis-
JIKCh TIPOCBEUYMBAIONIMM JJIEKTPOHHBIM MHUKpockornoM (TT9M) S-800 dupmer Hitachi (SImonus) B pesxumax
«HA MPOCBET» U TOIYYEHHS «IIICKTPOHOTPAMM.

Pe3yabTaTrhl U MX 00CykKIeHUE

Ha puc. 1 (a, 6) npencraBieHbl 3aBUCUMOCTH CKOPOCTH OCXKJICHHUS M YACIBHOTO CONPOTHBICHHS
IUICHOK OT MOIIHOCTH pa3psa MarHeTPOHa COOTBETCTBEHHO.
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Puc. 1. 3asucumocmu om mowHOCmu MAZHEMPOHHO20 PA3PAOA: A — CKOPOCMU OCAIICOEHUs. NIIEHKU,
6 — YOenbH020 CONPOMUBLEHUS NPU PA3IUYHbIX MOKAX Hazpesa. be3 nazpesa (1), mok nazpesa 6 A (2)
(0asnenue apeona 0,8 Ila, ckopocmw konsetiepa 110 mmlmur)

Kak BumHO U3 puc. 1, ¢, MOIIIHOCTh MarHETPOHA OJHO3HAYHO OIPEICIISIET CKOPOCTh OCAKICHUS TOH-
kol ieHku. [Ipu 3ToM u3 puc. 1, 6 BUIHO, YTO B CIIy4ae HAHECCHUS TUICHKU HA XOJIOJHYO TOJUTOKKY KPH-
Bas 3aBUCUMOCTH €T0 yJIEIBHOTO COTPOTHUBIICHHS UMEET TaK Ha3bIBAEMYIO IIOJKY HACBHIIICHHUS» Ha YPOBHE
0,13 MxOmM-M mipu MotrHOCTH pacnbuieHus oonee 0,7 kBt. [Ipn MeHpIINX 3HAYEHUSAX MOIIHOCTH HAOIFO/Ia-
€TCs1 POCT YICTHHOTO COMPOTHUBIICHUS.

B ciyuae ocak[eHHs TUIEHOK ¢ MpeABapUTEIbHBIM HarpeBoM TuracTud TokoMm MK mammer 6,0 A (uto
cootBercTByeT Temmeparype 480°C) «moika HachIIEHUs» HaxoauTcs Ha ypoBHe 0,11 MkOM-M, HauMHAs CO
3HaueHuit morHocT 6osee 0,5 kBT. C ymenbmenneM MomHoctH 110 0,25 kBT 3HaueHUe yienpbHOTO COMpo-
tuBjeHus Bo3pacraeT 10 0,14 MkOwm-M.

B Tabn. 2 npencraBiceHbl JaHHBIC O BIMSHUW TOJIIMHBI IUICHKU Ha YJCILHOE COMPOTHBICHHUE MPU
ITOCTOSTHHON CKOPOCTH HAHECEHUS, TaBIICHUN aproHa U 0e3 MpeaBapuTelI-HOTO Harpena.

CpaBHeHME JaHHBIX Ha pUC. 1, 6 ¥ Ta0J1. 2 O3BOJISET CHAEIAaTh BHIBOJ, YTO HEJb3sI OOBICHUTH MOBE-
JICHHE 3aBUCUMOCTH yJICITBHOTO COMIPOTHBIICHUSI OJHHM TOJILKO BIIMSTHUEM TOJIIIVHBI IUICHKH, TaK KaK MPH
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MIOCTOSTHHOW CKOPOCTH OCQXKIICHUS YMCHBIIICHUE TOJIIIVHBI IUICHKU B TPU pa3a MPUBOJIUT K YBEIHMUCHHUIO
YAENBHOTO conpoTuBIeHU MeHee yeM Ha 20%.

Tabauya 2. Yoenvnoe conpomueieHue npu paziuynou moawune nienox monaudoena; W = 1,0 kBm,
Par = 0,8 kBm, ckopocmw nanecenus 4,0 nmlc
TonuuHa IIEHKHA, MKM VYaensHoe conpoTuBieHne, MKOM-M
0,22 0,130
0,11 0,144
0,075 0,152

Ha puc. 2 npencraBnensl [IDM—CHUMKN MICHOK MONMHOAEHA U MX PEIUIMK, HAHECEHHBIX C Pa3iny-
HBIMHU CKOPOCTSIMU.

a | . 6 o 8 2
Puc. 2. Muxpocmpyxmypa nnenok monuboena. a — IIM-gpomonnenxu moaub6oena npu W = 0,25 xBm,
Par = 0,5 Ia, |, = 6,0 4; 6 — mopghonocus naenxu, HaneceHHOU 6 nPedvlOyuux pescumax; ¢ — [I1OM- gpomo-
nienku monuboena npu W = 0,55 kBm, Par = 0,5 I1a, 1, = 6,0 4; 2 — mopgonocus nienku

U3 puc. 2, a u ¢ BUIHO, UTO pa3Mep 3epHa YBEIMUYMBACTCS C HApAIIMBAaHUEM MOIIHOCTH paspsia OT
20 — 40 1o 40 — 80 HM, 4TO MO HameMy MHEHHUIO, OOBSCHIET XapakTep 3aBUCHMOCTH YAEIBHOTO COMPOTHB-
JIEHHUs1 OT MOIIHOCTH. Pe3ynbTaThl anekTpoHOrpaguyeckoro aHaigusa mokasaid, 4yTo o0pasel Ha puc. 2, 6,
uMmeeT Oonee SPKO BBIPAKCHHYIO TEKCTYpy B HampasieHuH <110> mo cpaBHeHuio ¢ puc. 2, a. CpaBHeHHE
puc. 2, 0 ¥ 2 TaKXKe CBUACTEIBCTBYET O CHIDKCHUH MHKPOHEPOBHOCTEH ITOBEPXHOCTHU IUICHKH IIPU yBEIHYe-
HUH CKOPOCTH OCaXJICHHS

[Ipu nanHOi MOpGOIOrHHM NMOBEPXHOCTH M Pa3Mepax 3epHa IJICHOK MOJMOAeHa oOecreunBaeTcs
MHHHUMAJIbHAsE HEPOBHOCTH Kpas TIpH (GOPMUPOBAHUH (POTONHTOTpapUIeCcKOro PUCYHKA.

Takum 00pa3oM, CHIDKEHHE yIEIbHOTO COMPOTHUBIICHUS TIPH YBEINYEHUN CKOPOCTH OCAXKICHUS 00Y-
CIIABIMBAETCA yBEJIMYCHHEM pa3MEepOB KPUCTAUIUTOB M NPUOOPETEHHEM HMH NPOCTPAaHCTBEH-
HO—OPUEHTUPOBAHHOW TEKCTYpbl. OJHAKO CYLIECTBYET Mpeesl MOUIHOCTU pa3psiia, PU NPEBBIIICHUH KO-
TOPOTO JATBHEHIIIEro CHIKEHUS yIeIbHOTO COMPOTHBIICHHUS HE IPOUCXOIHT.

Ha puc. 3 (@, 6) mpeacTaBiieHbl 3aBUCUMOCTH yIEJBHOTO COIPOTUBIICHUSI MOJIMOICHOBBIX INICHOK H
MEXaHMUYECKMX HaNpsDKEHHH B HUX OT JABJICHHS aproHa IPH IMMOCTOSHHOW MOLIHOCTH pa3psiia COOTBET-
CTBEHHO.
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Puc. 3. 3asucumocmu om dasnenus apeona: a — yOeabHO20 CONPOMUBIEHUS NICHOK MOIUOOCHA NPU PA3Iuy-
nolx moxax nazpesa ly, A: 1-0; 2—6 (W = 0,5 xBm, V¢ = 110 mmlmun); 6 — mexanuueckux nanpsiscernuti [9]
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Kak n3BecTHO, aTOMbI pabouero rasa Bcerja MPUCYTCTBYIOT B HaHECEHHbBIX TuieHKax [8]. [Tpuuem nx
COoJIepyKaHUE MOXKET JOCTHraTh HECKOJNBKHUX MPOIIEHTOB. BHEAPEHHBIC TAKUM 00pa3oM B IUICHKY OHU OYAyT
BJIMATH Ha TIPOLIECC €€ POCTa, a 3HAYMT, U Ha yJIeIbHOE COIPOTUBIICHHE.

[pu HambuleHUN MOIHOICHA Ha MOJIOKKY 0€3 MpeBapUTEILHOTO HarpeBa, Kak BUIHO U3 puc. 3, 4,
YJIENBbHOE COMPOTHUBIICHUE TNICHKH YBEITUUMUBACTCS C POCTOM JIABJICHUS aproHa. B crmydae HarpeBa MoAIOKKH
YBEJIMYCHHUE YJISNILHOTO COMPOTUBIICHHS C POCTOM JIABJICHUS TPOUCXOJHUT HE Cpa3y, a HAYMHAsS C JIaBJICHUS
aprona 1,2 INa. JlaHHBI XapakTep 3aBUCUMOCTEH 00yCIaBIMBAEeTCsS KUHETHKONW pOCTa TUIEHKU HA HArpeToi
MOJJIOKKE, TO €CTh aTOMbI Pab0Yero raza, MUTPUPYIOLINE 10 MOBEPXHOCTH BMECTE C aTOMaMu MOJIMOeHa,
YCIeBalOT B OOJBIIMHCTBE CBOEM JeCOPOUPOBAThCs. Tak MPOMCXOAUT IO TeX MOP, MOKa UX KOHICHTPAIUS
Ha MOBEPXHOCTH PACTYLICH TNICHKH HE IOCTUTHET KPUTUIECKOTO 3HAUCHHSI.

Ananmu3 nanHbix [I9M mokasan, 4To CYNIECTBEHHBIX OTIUYMN MPU OJUHAKOBOW CKOPOCTH OCaXJIe-
HUSI ¥ TOKE Harpesa 1o pasmepam 3eper (ou coctasisut 20 — 40 HM) U CTPYKType TUIeHKH HeT. To ecTh mouy-
YECHHBIC TAHHBIC JJOJDKHBI HHTEPIIPETHPOBATHLCS TOJIBKO C TOUKU 3PESHUS COJIEPIKAHUS aproHa B IUICHKE.

TakuM 00pa3zoM, ¢ yBEJTMUYCHUEM JaBICHHS aproHa MPOUCXOJUT POCT YIIENLHOTO COMPOTUBIICHHUS U
MEXaHUUYECKUX HANpsHKeHHH (COOTBETCTBEHHO M YXYALICHHE a[Ire3UH B MOJUIOKKE) B TOHKUX IJICHKAX MO-
aubzeHa, yTo 00yCIaBIMBaeT HELenecooOpasHOCTh MX HMCIOJB30BaHU B YKa3aHHBIX IUala3oHax U3MEHe-
HUS TEXHOJOTHYECKHUX (DaKTOPOB.

Kak BumHO 13 puc. 1, 6 u 3, a, HarpeB MOJUIOKEK Mepe]] HAHECEHHEM TUICHKHU MO3BOJIIET MOpoi 6o-
nee yeM Ha 20% yMEHBIINTH YAETIbHOE COMPOTHBICHNE TOHKUX MOJHOACHOBBIX INICHOK, YTO 0OYCIIOBIICHO
yBEIUUCHUEM DPa3MEpOB 3€pHA WM JecopOlMell aToMOB pabodero rasa W3 HaHOCHMOW TuIeHKH. [Ipu 3TOM
CPEHEKBaJIpaTHYECKOE OTKIIOHEHHE YJICIBHOTO COMPOTHBICHHS CHUXAETCSl BJBOC NMPH YBEIMUYCHUU TOKA
Harpesa ot 0 10 6 A.

Takum 0Opa3oM, U3MEHEHUEM YCIIOBHH HaHECEHHS TOHKHX IUIEHOK MOJMOJEHa MOKHO PETyJIHpO-
BaTh UX yJICIBHOE CONPOTUBJICHUE, Pa3Mep 3epHA, BHYTPEHHUE MEXaHUYECKUE HATIPSIKCHUS.

B cpaBHeHun ¢ pesynbratamu [5], rae mieHKn MoinbIeHa ObUTH TOJYYeHbl MATHETPOHHBIM PacCIibl-
JIeHneM Ha ToaoxkH, Harpetsie 10 100 — 200°C co ckopoctsio pocra 1,5 — 4,0 am/c, umenu cpennuii pas-
Mep 3epHa 25 — 35 HM, yaenbHoe compoTtuBienne 0,3 — 0,36 MKkOMM ¢ BETHYMHON MEXaHMYECKUX Hamps-
xenuit 0,15 — 0,3 I'Tla, B nannoii pabore mpu temmeparype moanoxku 480°C u CKOpPOCTH HaHECEHUs
2 — 4 um/c MOCTUTHYTHI 3HaYeHUs yreapHoro comporusienus 0,11 MmxOm-M, pasmep 3epHa 40 — 80 HM, a
MexaHndeckue HanpspkeHus coctasistn 0,125 — 1,3 ['la.

3akiaiouenue

HccnenoBano BAMSAHUE OCHOBHBIX TEXHOJIOIMYECKHUX (PAaKTOPOB, BIMSAIOLUIMX Ha AIIEKTPOPHU3NUECKHE
CBOMCTBA TOHKHX TUICHOK MOJHO/ICHA, HAHECCHHBIX METOJIOM MArHETPOHHOTO PACIBUICHUS. Y CTaHOBJICHBI
obmacTH, Tae IICKTPODHU3NIECKHEe CBOHCTBA €Ia00 YYBCTBHUTENBHBI K BIMSHHUIO MaHHBIX (akTopoB. [Ipm
3TOM CpeJHEKBaIpaTHUECKHE OTKIOHEHHUS MO yAENbHOMY CONPOTHBICHHUIO YMEHbIIAIOTCS OoJiee 4eM B JBa
pasa, 4TO OTKPHIBACT IUPOKUE BO3MOXKHOCTH IO MOBBIIICHHIO CTAOMIBHOCTA M BOCITPOM3BOJUMOCTH Mapa-
METPOB TUICHOK, ¥ 9TO 0OCOOCHH 0 BAXKHO JIJIsl 00eCeueH s BRICOKOTO BBIXO/Ia TOJHBIX HHTETPANTBHBIX CXeM U
nuonoB llorTkw.

Jlyig moirydeHus TOHKHX MOJUOJIEHOBBIX IICHOK ¢ TPeOyEeMBIMH MapamMeTpaMu HEOOXOIUMO BBICO-
KOIPOM3BOUTEIILHOE BBHICOKOBAKYYMHOE TEXHOJOTHYECKOE 000pyJOBaHHE ¢ Oe3MaCISHBIMH OTKAYHBIMHU
cpeacrBamu. boiee xecTkre TpeOOBaHUS JOJKHBI MPENBIBIATHCS K YACTOTE HCXOAHBIX MAaTEpPHAIOB U TEX-
nonoruyeckux cpen [10]. JanpHeliiee yaydiieHne mapaMeTpoB TOHKHUX MJICHOK BO3MOXKHO TIPH YTy YIICHUH
€ KPUCTAJUTMYECKOM CTPYKTYPbI, HAIPUMED, TIPU UCTIOL30BAHUY TPOIIECCa HOHHOW OOMOApANPOBKH TUICH-
KM BO BpeMs HaHeceHus [11].
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Ilocmynuna 28.08.03
Summary

The study of the basic electrophysical parameters of thin Mo films obtained by magnetron sputtering
depending on the conditions of deposition was made. It is shown that the films obtained at deposition rate
about 4 nm/s and at less than 1 Pa Argon pressure to the substrates heated up to temperature over 450°C have
the best reproducibility.

S. Ababei, I. Gheorghiu

THE INFLUENCE OF POLUTION ON THE ELECTRICAL INSULATORS

University of Bacau,
157 Calea Marasesti str., RO-5500, Bacau, Romania

Introduction

The pollutant agents that are present in the environmental air have a direct influence on the electrical
properties of insulators. The surface properties of the insulators are the first ones to be affected.

Test conditions

A study on the influence of some pollutant agents on the electrical insulator was done. Electrical in-
sulator types 2025, 2026, PSG6, PSG12 and VLKS were tested individually or in groups of two or more el-
ements, in gradually increasing pollution conditions.

Nitrogen oxide, chlorine and sodium chloride were used as pollutant agents, because, these gases
usually are emitted by chemical plants. Electrical insulators with a clean surface as well as covered with sili-
cone vaseline were used. These insulators were exposed during a six month period to polluted medium with
nitrogen oxides and sulfuric anhydride.

The tests were performed in the following conditions:

— The insulators were tested individually or in groups, in conditions of constant humidity and con-
stant applied voltage while the concentration of pollutant agent in the environment air was gradually increas-
ing.

— The insulators were tested individually or in groups in conditions of constant pollutant agent con-
centration in environmental air and constant applied voltage while relative air humidity was gradually in-
creasing.

— The insulators were tested individually or in groups in conditions of constant pollutant agent con-
centration in environmental air and constant humidity while applied voltage was gradually increasing.

Theoretical considerations

Applied voltage and humidity effects on the polluted surface of insulator results in the appearance of
leakage currents. The values of these currents are determined by the conductivity of superficial film on the
surface. This leads to the conclusion that the dependence of leakage current on conductivity and applied
voltage is as follows:
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