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Memoodamu penmeenoeckoi  pomosneKmpoHHOU CNEKMPOCKORUY, GPEMANPONCHHOL  6MOPUUHO~UOHHOL
MACC-CNEKMPOMEMPULL, DEHMSEHOCREKMPATLHO20 MUKPOAHAU3A, AMOMHO-CULOGOU, PACMPOBOU INCKMPOH-
HOU U ONMUYECKOU MUKPOCKORUY UCCTEO08ANUCH COCIAE U MOPOILOUSL NOBEPXHOCMU HOGLIX KOHMAKIMHBIX
ROKPBIMULL 2EPKOHOE, HAHECEHHBIX 8 Pe3ylbmame 06pabOmKU JHCele30HUKELe8bIX KOHMAKMOE UMNYIbCHbLMIL
paspaoamvu € ammocgepe azoma HenoCPeOCMBEHHO 6 2epmemusuposannslx npubopax. Iokazano, umo &
npoyecce UOHHO=NIASMEHHOU 00PADOMKY, NOCIE 603HUKHOBEHUS CEPUU AHOMALLHBIX MIACIOWUX U OY206bIX
paspsoos, Ha NOGEPXHOCHIL HCENEIOHUKELeEbIX KOHMAKMOE 8 0OAACIIU UX REPEKPLIMUS HAHOCUMCS 2emepo-
2EHHOE OKCUHUMPUOHOE nokpuimue monwunot 350 nm (na ocnose Fe N, NiZN) ¢ nanocmpyxmypuposanoii
nosepxrocmoio. Hogoe numpuoocooepoicawee nokpvimue 6b10epicano KOMMYMAYUOHHbLE UCHLIMAHUS HA
bezomKasHocmb U NOKA3a10 ceb31 KOHKYPEHMOCHOCOOHBIM RO OMHOWEHUIO K MPAOUYUOHHBIM 2AbEAHONO-
KPbIMUAM Ha OCHOBE PEOKUX U HAA20POOHbIX MEMANLOE.

Kniouesvie cnosa: 2epkon, penmeeHOSCKAs: (hOMOINCKMPOHHAA
CREKMPOCKONUU,  8PEMANPONICINASL  GMOPUMHO-UOHHAS — MACC-
cnexmpomempis, PEHM2EHOCHEKMPANbHbIL MUKPOAHATUS,
AMOMHO-CUNIOBASL  PACMPOBUSE  INCKMPOHHAS. U ONMUYECKas
MUKPOCKORUS, UOHHO-RIAZMEHHAs 06padomKa, mielowuti 0yeo8oi
paspso.

New Contact Reed Switch Plating Based on Iron and Nickel Nitrides
L.A. Zeltser, R.M. Maizels, Y.N. Moos, K.A. Arushanov

The content and morphology of the surface of the new reed switch contact plating coated as the result of
iron-nickel contact treatment by pulse discharges in the nitrogen atmosphere in the sealed devices exclusive-
ly by methods of XPS, time-of-flight SIMS, electron probe microanalysis, AFM, scanning electron and opti-
cal microscopy, were investigated. It was shown that during the ion-plasma treatment, after the occurrence
of a row of anomalous glow and arc discharges, a heterogeneous oxynitride plating of 350 nm thick (based
on Fe,N, Ni,N) having a nanostructurized surface is coated on the surface of the iron-nickel contacts in the
area of their overlapping. The new nitride-containing plating has passed the switching tests for reliability
and has declared itself competitive regarding the traditional plating types based on rare and noble metals.

Key words: reed switch, XPS, time-of-flight SIMS, electron probe
microanalysis, AFM, scanning electron and optical microscopy,
ion-plasma treatment, glow and arc discharges.

HUTHHIX KOHTA4KTOB, 3alasHHBIX B TEPMETHYHYIO

CTEKJIAHHYI0 KOJIOy, BaKyyMUPOBAaHHYIO HIH Ha-
MarauroymnpasisieMblid [€pMETH3UPOBAHHBIH  HOJHCHHYIO T'a30M.

KOHTaKT (T€PKOH) — MIUIHDICKTPOMEXaHHUYEeCKast

CuCTeMa, IMpejcTaBisomas codboli napy dbeppomar-

Beenenue

O6pIYHO B KauecTBE Ia30BOr0 HAMOJIHEHHS
FCPKOHOB NPUMEHSIETCS CYXOH 4ncThid azor. Kou-

3 ¢ 2013 rox e DJIEKTPOHHA S [TIPOMBIIIJIEHHOCTD 13



HoBble KOHTaKTHble MOKPbITUS repkoHOB Ha OCHOBE HUTPUAOB Xene3a N HUKensd

TAaKTbl I'€pKOHa OAHOBPCMCHHO ABJIAIOTCA NPYKU-
HaMM 1 MarouTOTOKOIIPOBOJAMU U HU3TOTOBJISAIOTCS
N3 XKCIC3OHUKCIICBOIO CIlIaBa BaKyyMHOfI TIaBKH.
HO,Z[ JNEHCTBUEM MarHUTHOT'O 110JIs KOHTAKTBbI, U3TH-
6aHCL, 3ameIkaroTces. Tlocie OpeKpaneHus ¢ro Bo3-
Z[eflCTBI/IH YHIpyrue€ CUibl, BOSHUKAIOMIUEC IIPU H3TH-
66, Pa3MBIKatOT KOHTAKTEI.

Ilpu KoMMyTalMy SNEKTPHYSCKUX IICHEH, B
IpOLECCEe 3aMBIKAHUS-PA3MBIKAHUS KOHTAKTOB, B
TepPKOHAX TMPOMCXOJAT PazTUYHEBIC AICKTPOPA3PsI-
HbI€ NTPOLIECCHI, MPUBOJIATIME K MX Aerpanaruu. Jms
obecrnedeHus JUINTENLHOM 0e30TKa3HOo# paboTs! (10
10® cpabaThIBaHUI) HA MOBEPXHOCTH JKEIE3OHUKE-
JIEBBIX KOHTAaKTOB HAHOCSATCS aHTHKOPPO3MOHHEBIC
AHTUIPO3UOHHBIC KOHTAKTHBIC ITOKPBITHUSA C BBICO-
KO 3JIEKTPOIPOBOIHOCTHIO.

B TpagMuMOHHON TEXHOJIOTUH MPOU3BOJCTBA
TEpKOHOB TaKWME€ KOHTAKTHBLIC TOBEPXHOCTH MOJTY-
Yar0T, B OCHOBHOM, HAHECCHUEM TabBAHUYESCKUM
CocoOoM OITaropoTHBIX U JPArOICHHBIX METALIOB
(30110Ta, MANIAMS, PONUS, PYTCHUS M T.IL.) Ha Tep-
MaJJIoeByi0 OCHOBY. OIHAKO DTOT TEXHOJOTHYE-
CKUI IOJX0/] XapaKTePH3yeTCs:

e  OOJBLIMM PACXOJAOM H MOTEPeH JparoleHHLIX
MaTepHaioB;

e  GOJBLIOH MEKTPO U MATEPUATOEMKOCTHIO;
®  CIIOJKHOCTBIO U JIOPOTOBU3HOM 00OPYI0BAHUS;

¢ TPYIOHOCTbIO OCaX(ICHHS CILIaBa TpedyemMoro
XUMUYECKOI0, (pa3oBOro cocraBa W 3aJaHHOM

CTPYKTYPBI;

L4 CJIOXKHOCTBIO ITTOJYYCHUA TOHKHUX 6eCHOpI/ICTI>IX
HOKpI)ITI/Iﬁ WJIK TOJICTBIX IINICHOK C HHM3KHMH
BHYTPCHHUMHU HAMNPsOKCHUAMHU H C BBICOKOH
az[remﬁ K MaTcpurally KOHTaKT-ACTalIH,

® IIOSABJICHUCM IOCTOPOHHUX YACTHI| B IEPKOHE,
HEIraTUBHO CKa3bIBAIOIIUXCS HAa ero pabore
(IPUBOAIIMX K POCTY CONMPOTHBICHUS FCPKOHA,
K HE3aMBIKaHHUIO €r0 KOHTAaKTOB U, B KOHCYHOM
UTOre, K HecTabuiIbHOM paboTe mpubopa wau K
ero OTKasy);

L4 IIPONECC ABISICTCA TOKCUYHBIM H DKOJIOTHYCCKHU
KI'PA3HBIM).

W3MeHUTL CBOHCTBA KOHTAKTHOW IOBEPXHO-
CTH MOKHO Pa3lIMUHBIMU CIIOCOOAMH, HATIPUMED:

L4 HaHCCCHUCM Ha NOBCPXHOCTH HOBOTO
Marepurajia ¢ H606X0)II/IMLIMI/I CBOﬁCTBaMH;

¢ U3MEHCHHUEM COCTaBa MOBEPXHOCTHOIO CJIOM
MeTaa JuQQPy3nOHHON XUMHKO-TEPMUYECKOM
00paboTKOH obecreunBaOICH HEOOXOIUMBIE
(PUBHKO-XUMUYECKHE, MEXAHHUCCKUE U JIPYTHe
CBOMCTBA.

W3BecTHO, YTO HHUTPHJBI Kelle3a W HHUKeNs
00,1a1al0T BBICOKOH DPO3MOHHOMN, KOPPO3ZHOHHOU
CTOHMKOCTBIO U XOPOLIECH DJIEKTPOIPOBOHOCTRIO, 4
[OKPBITUSL U3 OTHX MaTEPUATIOB MOTYT OBITH MONY-
YEHbl METOAAMH HOHHOTO a30oTupoBanus [1] mmm
HMOHHO-IIJIa3MEHHOro HanelUleHus [2]. Ilpuuem, >t
METOABI MOTYT OBITH PEalIi30BAHBI HEMOCPEACTBCH-
HO B CaMOM T'epKOHE, KOTOPHIH (pakTHUeCKH mpeii-
CTaBIAET cOOOH TUOMHYIO CUCTEMY JIs pEaKTUBHOMN
HOHHO-IUIa3MEeHHOH 00paboTku. XKene3oHukeleBbie
KOHTAaKThl T€PKOHA ABIIAIOTCS €€ IMCKTPOAAMHU, Ka-
TOJIOM U aHOIOM, MHUIICHBIO K TIOJJIOKKOH, a CTCK-
JI00AJUIOH, 3aIOJIHEHBIH a30TOM, BBIMOIHACT POJIb
paboueil Kamepsl.

Wnes 3ameleHust 30J10TO-PYTCHUEBBIX Talb~
BaHOMOKPBITHH TEpKOHOB Ha JUGB(Y3NOHHBIC HUT-
puaocoAepKallue reTeporeHHbIE CJIOW HAaIlUTa CBOE
JKCIIEPUMEHTATILHOE MOATBEPKACHHE B MMOHEPCKUX
paboTax COTpPyAHHKOB Ps3aHCKOro 3aBoja meTan-
JIOKEpaMHUYECKUX NMPUOOPOB ¢ YUACTHEM KOJIJIET M3
HUILL «KypuaroBckuil uncturym», MI'Y M. M.B.
JlomonocoBa, HoBoro Yumeepturera Jluccabowua,
HWucTHTyTa JIEMCHTOOPTaHUYECKUX COCTUHCHUMA
nmvend A H. HecmesinoBa PAH, MuactutyTa $U3nku
mukpoctpykryp PAH, Pssanckoro rocynmapctren-
Horo yHusepcurera umeHu C.A. Ecenuna, Pszan-
CKOT'0 TFOCYAapCTBEHHOTO PaAOTEXHUUYECKOTO YHH-
Bepcutera [3-9].

Hannas pabora ABIACTCA JIOTMYECKHM TIPO-
JI0JDKEHHEM 3THUX uccneposaHuii. OHa HarpasicHa
Ha CO3JaHHC M MCCIEJOBAHUE HOBOTO BUIA HUTPHU-
JOCOACPKAHIUX KOHTAKTHBIX ITOKPBHITHH TEpPKOHOBR,
MMOAYYaEMbIX METOJIOM HOHHO-TIJIA3MEHHOTO HAIbI-
JICHUS HEIIOCPEACTBCHHO B CAMOM IepKOHE.

OO0pa3ubl 1 MeTOIMKA IKCIEPUMEHTA

OnwitHBIE 00pasubl repkoHoB MKA-14701
KOHCTPYKTHUBHO BBLINIOJIHEHbl Ha 0a3¢ CepHHHBIX
npubopos MKA-14103 [10] (puc. 1).
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Puc. 1. Koncrpykuus repkona MKA-14

OcoGeHHOCTh KOHCTPYKIIMH JTHX TEpKOHOB
Ho cpaBHeHUI ¢ npudopamu MKA-14103 cocrour
B OTCYTCTBUM KaKMX-TMOO CIEIUANBHBIX 30JI0TO-
PYTCHMEBBIX ralbBAHOIOKPBITHIA Ha NEPMATOCBLIX
KOHTaKTaX. BMecTo HHMX METOJ0M peaKTUBHOTO
HOHHO-TIA3MEHHOTO HAIBUICHUS, HEMOCPEICTBCHHO
B CAMOM I'EpKOHE, HAHECEHBI I'eTEPOTCHHBIC TTOKPhI-
TUS Ha OCHOBE HHUTPHJOB )Keje3a U Hukess. Kom-
TaKThl FEPKOHA OJHOBPEMEHHO SBIISIOTCS JIEKTPO-
JaMH, KaToJ0M U aHOJOM, MUILICHBIO ¥ IMOII0KKOI,
Ouu pacnosokKeHbl NPAKTHYCCKH NMapaUIeTbHO Ha
paccrosauH 0koj0 30 MKM JIpYT OT APYra W MMEIOT
o0nacTe mepexpuITHs ATUHONH okomo 400 MM u
MUPHUHOH 680 MKM.

KoHTakTHBIE OPYXWUHBI HITAMIIOBAIACL M3
nepMamoeBol nmpoeonoku Mapku «Dilatony», o6e3-
KUPHUBAIMCH U OTXKUTATHCH B aTMocdepe Boopoa.
[IpoBonoka BHITArMBanIach M3 KaTaHKH IIEPMAIION
(52% Ni, 48% Fe) Bakyymuoii miaBku. B kauectse
ra30BOr0 HAIONHEHUS NMPU TEPMETHU3ALUU HCIIOJb-
30BalIcs CyXo# (C TOUKOH pockl He Bbilte —63°C) 1
CHEKTPanbHOUHUCTHIN (99,999%) a30T ¢ naBIeHHEM B
obonouxe repkona okoso 300 mm pr. cr. (39900
I1a). '

HonHo-nnasmenHas oOpadorka (UIIO) xou-
TAKTHBIX MOBEPXHOCTEH OIBITHBIX 00pa3HOB I'epKo-
HOB IIPOBOJMIIACH UMITYJIBCHBIMH Pa3pAaMu, KOTO-
pblc MHMIMUPOBAINCH B MEKKOHTAKTHOM 3a30p€
CIeIUaNbHO pa3paboTaHHBEIM 00opynoBanuem. Ta-
KOH paspsij sBiseTcs cuMmeTpuunbiM [11], Tak kak
UCTIONB3YIOTCS apaJlJieIbHbIE IEKTPO/IbI OMHAKO-
BOW ILIOINA/H, PACTIBIISIEMBIE € OIUHAKOBOM MHTEH-
CUBHOCTBIO, 2 PACCTOSHUE MEXY HHMH, 110 OLIEHKE,
COCTaBIICT BEJIMYUHY NOpPSJKA ABYX — TpeX AJIUH
TEpMAIA3ALHH PacTIbUTEHHBIX aTOMOB (PA).

OCHOBHBIE TEXNPOLECCHl U 00OPYIOBAHUE
IUIS MX peann3alyy NpeacTaBleHsl B padorax [7,8].

O cocrossHUM MOJU(PHLIUPOBAHHON TMOBEPX-
HOCTM KOHTAaKTOB CyJWJIN IO pe3ynbTaram II0dy-
YEHHBIMH METONAMH DPEHTTCHOBCKOH (oTodIeK-
TpoHHoi cnexrpockonuu (P®3C), Bpemsiuporer-
HOH  BTOPHUYHO-HOHHOH MAacc-CHEKTPOMETPHHU
(BUMC), peHTreHOCEeKTPaIbHOI0 MHUKPOaHAIN3a
(PCMA), aromHo-cunosoit (ACM), pactpoBoit
onexTponnod (POM) m ontuueckoii MHKpPOCKONUM
(OM).

OnbiTHBIE 00pa3nBl TEPKOHOB TIOCIE 00pado-
TOK BBICOKOBOJIBTHBIMU paspsijiaM¥ U 0e3 TaKOBbIX
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MOJABEPTAIACH KOMMYTAIIMOHHBIM  HCIIBITAHUAM.
KomMMmyTanMoHHble HCHBITAHHS Ha O€30TKa3HOCTD,
U3MEPECHMsI CONPOTHBICHHUS W HANpPsDKEHHUS IIPOO0st
TepPKOHOB ITPOBOJHINCH C TOMOINBIO CIEIHAIIN3H-
pOBaHHOrO OOOpYNOBaHHA M IO METOAUKAM, ILIpel-
CTaBJICHHBIM B MOHOTrpaduu [10].

Pe3ynbTarhl HCCACAOBAHUI

Onexmpogpusunecrkue uzmepenus. VIO xon-
TAKTHBIX [MOBEPXHOCTEH MPOMCXOAMIA B KOMOWHH-
poBanHOM paspsje. B Hauane o6pabotku 3aropajics
aHoManbHbBIH Tneomuid paspsa (ATP), a dgepes
10-12 muknoB o6paboTKH €My Ha CMEHY BO3HHKAI
myrosoit paspsag (/IP). Ilo okondyanmm newcTBus
nMmITyiibca HanpspkeHust [P cmensics ATP wmm
BO3ZHHKAT CHOBA. ‘

C momonipio ocrpuiorpada U3MEpeHbl Ha-
ApDKEHUE TOPEHUSl W BEJUYMHA PaspsgHOro TOKa
ATP, koTopble HAXOIWIUCH B npeaesiax 240-297 B,
250 MA, cootBeTcTBeHHO. [1pu Bo3HukHOBCHUU JIP

17’0 MKM  O6nactb 1

HAIPSDKCHUE TOPEHUS YMEHBIIAIOCH MPUMEPHO [0
12-42 B, a BeauuuHa TOKa, HA0OOPOT, YBEIMYHBA-
JIach M JocTurajia sHadeHus 280 MA.

B pesynbpTarte 3KCHEpUMEHTAIBHBIX HCCIIENO0-
BaHWU BIMSHUA PEKUMOB 00pabOTKM Ha TpoIecc
HAHECCHHSI KOHTAKTHOTO MOKPBHITUS OBLIO YCTAHOB-
JICHO, YTO HAHECEHHE TIOKPBITHA OCYLIECTBIACTCSA, B
OCHOBHOM, B mpouecce P ¢ HOMOLIBI KaTOJIHBIX
ISTEH JOyrd, KaroUHbIMU crpysMu. Hampsbkenue
npo0ost AMEKTPHUUESCKOI W3OS ONBITHRIX 00pa3-
[IOB TePKOHOB m3Mepsutoch A0 u nocie MIIO u co-
crasuno npuodansntensro 280-290 B u 220-240 B,
COOTBETCTBEHHO.

Muxpockonuss  nosepxnocmu. 1loBepxHOCTB
KOHTaKT-JeTal TepKoHa mnocie nposenenns MIIO
MOHO YCJIOBHO Pa3[eNUTh 110 M300paKeHHUsM IO-
BEPXHOCTH KOHTAKT-AETalel, IIOJYyYEHHBIM C IIO-
MOLIBIO ONTHYECKOTO (pHiCc. 2), aTOMHO-CHIIOBOTO
(puc. 3) u anekTpoHHOTO (pUC. 4) MUKPOCKOIIOB, Ha
JIBE  XapakTepHBIX 10 Tomorpagpum o0IacTy.

O6nacts 2

Puc. 2. KonrakT-netans repkona nociae 30-kpatnoii HI10.
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Puc. 3. ACM - u3obpaxenne KONTAKTHON HOBEPXHOCTH repkona nocJe 30-kpaTroii UIIO:
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HOBble KOHTaKTHbIe NOKPLITUA MEPKOHOB Ha OCHOBE HUTPUAOB Xene3a U HUKenNs
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Puc. 4. POM - uzo0paxkenue od1acTu 1 KOHTAKTHOI MOBEPXHOCTH repkona mocse 30-kparnoii UI1O ¢
pa3au4HbIM yBeJmueHueM (a) u (b).

O6utacte 1 (puc. 2—4) - sTo pabouas obiiactsb
(obnacTs NepeKpLITHS KOHTaKT-IeTalnei), rae coo-
CTBCHHO M 3ayKUTracTCs razoBbeld pazpsa npu UIIO
repKOHA W TPOMCXOAUT 3aMbIKAaHHE-Pa3MBIKAHHEC
KOHTaKTOB B IIPOLIECCE KOMMYTAIHM HIIEKTPUICCKUX
ueneit. Odnacts 2 — Hepabouas 00acTb.

Ha nosepxHocTu koHTakTa B obdmactu 1 (puc.
3, 4.) BHAHBI CJEAbl KATOMHOT'O PAaclbUICHUSA, Ka-
TOIHBIX ILITEH M KanedpHOHW (pakiuu KaTOAHBIX
CTPyH, a TaKKe OIUIABJICHHBIE MOBEPXHOCTHBIE BEI-
crynsl BeicoToi 10 100 uMm. Honyuennsiit Bug POM
— M300pakeHHEe TOBEPXHOCTH MOKPHITHA (pHC. 4.)
xapakrepeH juist PVD — ocax/ienust n3 nepechieH-
HOTO Tapa.

Takum oOpazom, B mnpormecce MITO mocne
Bo3HuKHOBeHUs cepun ATP u JIP Ha moBepXHOCTH
KOHTAKTOB HAHOCHUTCS I'€TEPOI'CHHOE IIOKPBITHE C
HAaHOCTPYKTYPHPOBAHOM MOBEPXHOCTHIO, COCTOSAIIEE
110 JIAHHBIM HIDKE IIPUBCICHHBIX MCCICIOBAHUI H3
pa3nuuHbIX (a3 HUTPUAOB HUKEIS U JKeNe3a.

Onexmponnbltl. MUKPO3OHOOBBIH PEHMZEHOC-
nexmpanenvid ananus. Ha puc. 4 npepcrasieHo

POM - uzobpaxkenue ydactka obnacTti 1 KOHTaKT-
HOH TOBEPXHOCTH TrepkoHa moche 30-kparHoi
HIIO, a Ha puc. 5. HpHUBENEHBI PEHTIEHOBCKHE
CIEKTPBl MHUKPOYYAaCTKOB 3TOH. HOBEPXHOCTU CHSI-
Thie B 00act Touek 6.1.1(a) u 6.1.2. (b).

Hannuue Ha pPEHTTeHOBCKHUX CIEKTpax
(puc. 5) nmuHUH azoTa, KpeMHUS W ATFOMUHHSA YKa-
3BIBAET, YTO MOKPHITHE COCTOHT M3 a30TOCOIEpHKa-
omx (a3 HUKENS | JKelle3a, a Ha ero MOBepXHOCTH
MMEETCSl HEe3HAYUTENbHOE KOJINYECTBO HAHOYACTU-
YEK CTEKJIa, KOTOpPhIE BO3MOXKHO TTONAIH TyAa IPH
BCKPBITHH I€PKOHA.

W3BecTHO, UTO TONIIHMHA TAKOTO HUTPUAOCO-
JEPKaIero MOKPBITUS cocTasisgeT okono 350 HM
[12], a rnybuHa BBIXOAA XapaKTEPUCTHUCCKOTO W3-
JIydeHUs azota cocrasisieT npuMepHo 600-1000 aM
[13]. Torma, eciu mepecunrtats 3,7 Bec. % azora,
cojepxkamuxca B 600-1000 M crioe (ycTaHOBIEHO
PCMA), ma 350 am cIioif, TO MOJIYyYHM, YTO B IIO-
KPBITHE COJEPXKUTCS TpUOIH3uTENbHO 6,3 — 10,6
Bec. % asora.
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