;,-./e3eNVNNO, RR UGUTNV1 JUL 2004 -1 CARBON FI LM COATED ARTI CLE ANB #ﬁﬂHﬁ@é
OF PRODUCI NG THE SAME CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] I's
application is based on Japanese patent application No.2002-201339 filed in
Japan on July 10, 2002, the entire content of which is hereby incorporated
by reference. BACKGROUND OF THE I NVENTION Field of the Invention [0002] The
present invention relates to carbon filnctoated articles which can be used
as parts of engines (e. g., internal edmbustion engines including gasoline

engi nes, di esel engines c%%%gg, Iﬁfﬂﬁ_g\dﬁgh@gt%g&g::‘[&;r%h as cutting

tools, parts of cutting t etc., me ci ng the sane.

Description of Rel ated 3 I a DLC film

(di anond- | i ke car bon fiﬁ%%Tﬁg§9abEfg%%%§?E%@g§?hgﬂﬁﬁaﬁﬁ%ear resi stance and
a lowfriction coefficient. It has been proposed to increase the wear

resi stance of and | ower the coefficient of friction of engine parts,
cutting articles and like sliding articles by utilizing such
characteristics of theC%%§%6%E?Eﬁ%?cﬁhEOmB%FX?%%i%? B3 t he coefficient

of friction of the sliding articles can be inproved by .~ 1 ,~t~! 2i~~k
-zcoating the08PLdi ng Bris cieelivahiehel BLIC2E R ndlor J D e Tarbdrerft | ms.

[ 0004] However, generally the DLC filmand |li ke carbon filnms are lowin the
adhesi on to &phplsobsiontBooRCeRhe28lBdPnfideti chedapaneonftsteellor the |ike
and therefore are easily separable fromthe substrate. For inproving the
adhesi on of the2pPLthéi entand tokeenar bonwhibhsikohéhebgubstsabie;atidd was
proposed to forman internediate | ayer between the carbon filmand the
substrate. the peepesake,however, failed to create a sufficient adhesion.
'SUMMARY OF THE | NVENTI ON [ 0005] An object of the present invention is to

provide a carbon film coat eg@ildee fip iO‘re-THEariWE?hﬁ'oﬁ having a carbon film
formed on a substrate of the article, the carbon film having a high

adhesion to ghe) §ubst takerRlention

[0002] The present invention relates to carbon £ilm-
coated articles which can be used as parts of engines
(e.g., internal combustion engines including gascline
engines, diesel enginres or the like}, cutting articles
such as cutting tools, parts of cutting tools, etc., and
a method of producing the same.

‘ Description of Related Art
[0003] A carbon fiim such as a DIC film {(diamend-like
carbon film} has a high hardness, a high wear resistance
and a low friction cecefficient. It has been proposed to
increase the wear resistance of and lower the coefficient
.Of friction of engine parts, cutting articles and like
sliding articles by utilizing such characteristics of the
carbon film. The wear resistance and the coefficient of

friction of the sliding articles can be improved by




the article, and a nethod of producing the same. [0006] To achleue1tﬁ&L 2004
above- nenti oned object, the invention provides the follow ng carbon
filmcoated article and the foll owi ng produci ng nethod. (1) Carbon
filmcoated article [0007] A carbon filmcoated article conprising a
substrate; a mxed layer fornmed on at |east a part of the substrate, the

m xed | ayer bei ng conposed of an elenents) constituting the substrate and
tungsten; a tungsten filmformed on th&-m xed | ayer; and a carbon -

J~i1. 2904 -3 Lilimf %@9919% gS Lgngaten  fidhMpneab Merheq of pieduct ng a

car bon flln}coated article A met hod produci ng a carbon
filmcoated gr%bgh r|S|ng a substrate; a ntxed | ayer forned on at
| east a part 0o e su trate the m xed | ayer bei ng conposed of an

el enent co tytin the bstrate and tungsten;, a t ten filmforned
on the ?n')xedqﬁél%ﬂ I wa?vce}lrj’b?ﬂterteﬁ %rﬁﬁl;edgfgr? ; gﬁé ©f F:a “Ehe

nmet hod COHDFISIH% the teps of: formng the m xed Iayer on at | east a part
of the subst Fat®&s fhe We&nl§P§ra€@@ﬁdO@oﬁﬁo§§8 grbahRraFeneht she
constituting the substrate and tungsten, fornln% the tungsten filmon the
m xed | ayer, SaAdifer ATRGCIRE Barlsom If iStmedn orhheuhgkeenndi therefe¥ei n at

| east one of the m xed | ayer, the tungsten filmand the carbon filmis

f or med usi ngazecathddy ﬁaperﬁéﬂeeiapmtamedsb@sametdLsdhar@mmnwwimgmuuntarc
deposi ti on apparatus having a vacuum arc evaporati on source including the
cat hode. [0069f FHackdpregoifnghendlot Hernmobjnelctis kef eatboasri aspecsd stigand
advant ages of the present invention will becone nore apparent fromthe

follow ng dehabbedaeescﬁtphﬁ@npeegsee@.eecqeeﬁnﬁhngneé@meaggte layer~~ 2u0
- 4BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] Fig.l is a partially sectional

Vi ew showi ngpan.examphe ehrbRe ¢arhonf 't@tece%e@rettl Clfhe [OUMsHi,9-2 15
a schematic di agram showi ng the structure of an exanple of the vacuum arc

deposition appaedkys rh9Ldl bl 9r3id 3 YN0 5hAY 0gnasighation between a
SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide
a carbon film-ccated article, i.e., an article having a
.carbon film formed on a substrate of the article, the
carbon fiim having a high adhesion to the substrate of
the article, and a method of prodecing the same.
[0606] To achieve the above-mentioned object, the
invention provides the following carbon film-coated
article and the following preducing method.
(1) Carben film-coated article
f0007] A carbon film-coated article comprising a
substrate; a mixed layer formed on at least a parit of the
substrate, the mixed layer being composed of an
element (s) constituting the substrate and tungsten; a

tungsten film formed on the mixed layer; and a carbon




materi-al and thi ckness of an underlying |ayer of (under) the DLL Iilmon
one hand and a peel ed area representi ng adhesion of the DLC fil“‘TQﬂHhﬁﬁUé
substrate on the other hand. [0013] Fig.4 is a graph showing a relatio

bet ween t hi ckness of the m xed |ayer formed between the DLC fil mand the
substrate and a | oad resi stance representing adhesion of the DLCfilmto

t he substrate. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS (1) Carbon
filmcoated article [0014] A carbon fiPmcoated article as a preferred

enbodi ment ofe;t he FLR¥eRt LAN LARS tanmoxed layer, a tungsten film and a
carbon filmformed on the substraté in this order. Mire specifically, a

m xed Iayer,tg)tﬁggﬁggnPEihgb%ﬂgiﬁgc%rﬁggfékl$%§&gcngg8da9§§%%%t | east a

part of the substrate o article € substrate requires

hi gh nechani rength e made of a material including iron as the
L oS i00aR o e et e Thbon i Mpdearesioe o 1 ke
steels. Optionally the substrate may be nmade of ceram c(s), cenented
carbide(hardaﬁgﬂgﬁf 6P PR S Re 2 F@éf@Fafﬁé /i RéderaydrersTPHRfR™®N t he
substrate. and contains an elenents) constituting the substrate (material (s)
consti tuti ng@fhéesghser Bea) &ﬁdt@@n@@b@ﬁréﬁﬁfaﬁgenﬁyxédnﬂéyﬁrobﬁémg
el enent (s).

(s) cqmposed of an element (s} constituting the substrate and

tungsten; a tungsten film formed on the mixed layer; and
a carbon film formed on the tungsten film, the method
comprising the steps of:
forming the mixed.layer on at léast a part of
~the substfate, the mixed layer being composed of an
element (s) constituting the substrate and tungsten,
forming the tungstén film on the mixed layer,
and |
forming the carbon film on the tungsten film;
wherein at least cne of the mixed layer, the
.tungsten film and the carben film is formed using a
cathode material evapdrated by arc discharge inra vacuum
arc depositicon apparatus having a vacuum arc evaporation
source including the cathode.
.[0009] The foregoing and other objects, features,
aspects and advantages of the present invention will
become more apparent from the following detailed

description and the accompanying drawings.




[0017] The tungsten filmis formed between the m xed | ayer and the %ar.lg,on,Bn
film The tungsten film contains tungsten (W as the nain conponent a%%#n@@é
contain inpurities (m nor components). [0018] The carbon filmis formed on
the tungsten film The carbon filmcontains carbon (C) as the main

conponent and may contain inpurities including carbon nitride, silicon or
the like. The carbon filmmay be, for exanple, a DLC film (di anond-1Ii ke
carbon film. [0019] As shown in the résults of experinents to be described

later, the adhesion of thgGar Rdddpdmt et A fNdgm i s hi gher than

t he adhesion of the carbon filmto a nolybdenumfilmor a chromumfilm

[ 0020] Since 1 xed,.l ayer. j.ning i.he, e t:S)., - i i.ng. the
substrate anébpﬁgqlunggfgﬁ'ﬁég%gﬁﬁggh%g%agéﬁﬂ#ﬁgﬁgﬂbé?%ﬁ?ékgkghghgntungsten
film the adhesion of .the tungsten fi.lmto. the substrate is high. Thereby,
he adhosi on CSEIERE B4r B3R FAPRETo FLAE SoReErare e Righ - 1oaiL 7va
-Gn the carﬁg filmcoated article, [0021] The carbon film (especially DLC
film has a |aljrlﬂardng%§' ndSa?l GEBEFfFcHaRETER FRPEERGNTED that the
carbon filmcoated articles can be preferably used as nmenbers which are
required to RavecatirPegdt 2BnexefPwear fr édies Vagsemandcl BRPPFLELPBN
charactristic. For exanple, the carbon filmcoated articles (carbon

fil mcoated APpB&ERENScan be used as sliding nenbers (sliding parts). Mre
specifically, the carbon filmcoated articles can be used as engi ne parts
such as cans,[0shiis, VElwe lid tergsagh wigerismg p Mk triicgecangenhe | i ke and
ot her machine parts, cutting articles such as drills, end mlls, mlling
cutters, cuttbrgrtiaal anandnthenkiske o malndsndeteyifbelegeboptf ihauén) such

‘carbon filmcoated article has such high adhesion to the substrate as
described the DLC [1lm on cone hand and a peeled area representing
~adhesion of the DLC film to the substrate on the other
hand.
[0013] Fig.4 is a graph showing a relation between
thickness of the mixed layer formed between the DLC film
and the substrate and a load resistance representing
adhesion of the DLC film tb the substrate. |
DESCRIPTION OF THE PREFERRED EMBODIMENTS
(1) Carbon film-ccated article
[0014] A carbon film-coated article as a preferred
embodiment of the invention has a mixed layer, a tungsten
film, and a éarbon film formed on the substrate in this
order. More specifically, a mixed layer, a tungsten film
and a carbon film are formed over at least a part of the
substrate of the article.
[C015] The substrate which requires high mechanical

strength may be made of a material including iron as the




above that the article can stably retain the low friction charactexw J%g 004
and other characteristics for a long term [0022] In view of the servi

life of the carbon filmcoated article, the carbon film may have a

t hi ckness of, e.g., 500 nmor nore. Wen the carbon filmis too thick, peel
or cracks are likely to occur. Thus, the thickness of the carbon film may
be, e.g., 10 umor less. The stress may be rel axed by addition of nmetals or
the like. [0023] Too thick or too thim>he tungsten filmallows the

reduction ingihts adheshentt aulhes %aEQQBoBFs%b?geZQP$@1al s%eél?%fl li~jv

_7_in the results of experinments to be descr ater e upper limt of

t hi ckness ofégﬁs geeg ten é%mgﬁé eﬁﬁ%fgu%%;&m ] 9 TS

preferably 1 nm or ess era nn1or ess. e Tower limt
of thickness of t he t gsten f|In1|s nor e

preferably 16° nﬁ1oF CeFﬁBﬁEF ngbﬁﬁgBEESB %8% ?ﬂ]ﬂr %en%&%% | ayer

results in Igg@ dheS|on of the carbon filmto the substrate as shown in
the results é?gerl merft 4% he e i Teaken The §HPSIRERI 8RO

t hi ckness of the mxed layer is preferably 200 nmor |ess, nore preferably
100 nm or Ie§§?té§6§cﬁﬁlﬁﬁeﬁﬁﬁé (59 eFePabliyusrantse FBRStrabst preferably
10 nmor less. The lower limt of thickness of the mxed layer is
preferably 1{materimdrie) monstpreténgbltne? snipsbrafer eand2iuMesbod OF)
produci ng a carbon filmcoated article [0025] A nmethod of producing a
carbon fil m eondt edyacbntkenastacpr eflemeed (@rodi nent of the present

[0017]  The tungsten film is formed between the mixed
Layer ana the carbon film. The tungsten film contains
tungsten (W) as the main component and may contain
impurities (minor components).

[o018] The carbon film is formed on the tungsten film.
The carbon film contains carbon (C) as the main component
and may contain impurities including carbon nitride,

silicon or the like. The carbon film may be, for example,

~a DLC film (diamond-liike carbon film).

. [6019] As shown in the results of experiments to be
described later, the adhesion of the carbon film to the
tungsten film is higher than the adhesion of the carbon
film to a molybdenum film or a chromium f£ilm.

[0020] Since the mixed layer containing the element(s)
constituting the substrate and the tungsten is formed
between the substrate and the tungsten film, the adhesion

of the tungsten film to the substrate is high. Thereby,

the adhesion of the carbon film to the substrate is high




i nvention conprises the steps of: formng on a substrate of an article i

m xed | ayer containing an el enents) constituting the substrate and™ 1 JL 2004
tungsten, formng a tungsten filmon the m xed | ayer, and form ng a carbon
filmon the tungsten film [0026] At |east one of the miXxing layer, the
tungsten -~ ~~~~a~~~r _$_ filmand the carbon filmis forned by a
vacuum arc deposition apparatus (arc-type ion plating apparatus). The

vacuum arc depasition apparatus has at-6-east one vacuum arc evaporati on

source incl udhngng eathofes hA-Lhekacuypiane deposi tion apparatus, alayer
or a filmcan be formed using a cathode naterlal (substance constituting

e o o b} Begh S 20eal UNGeh0 5, | ANledaunl) BEko chen] ORI

evapor ated by arcdi scharge, nore speci i-oni Zi'hg' an evaporated
cat hode mate ne_gener ted in_the. vi |n|t of _.the cat Any of
the m xed |a§}%§h Bﬁéefﬁﬁésﬁg ﬁdetfﬁécéﬁp(éoﬁff %Fﬁ?ﬁh@nb%of d by the

vacuum ar c d 03|t|§n agpiratus. EQOZ? When t he_vacuum arc dep05|t|on
appar at us i s “BhpFay8ar the™ 6RPLEH itHEdeSnEear PaI PREYCHROLYtHERE & to t he
substrate by a bias voltage to be applied to the substrate and may be nade
to col lide WRERPERE Whhshr ate. rsgenrsdascappiecati dpafhyobe ehrveéad out in

form ng any of the m xed |ayer, the tungsten filmand the carbon film
resistance and low friction charactristic. For example,

the carbon film-coated articles (carbon film-coated
members) can be used as sliding members (sliding parts).
More specifically, the carbon film-coated
articles can be used as engine parts such as cams, shims,
valve.lifters, plungers, piston rings and the like and
other ﬁachine parts, cutting articles such as drills, end
mills,.milling cutters, cutting tools and the like, molds,
etc. The carbon film in such carbon film-coated article
has such high adhesion to the substrate as described
above that the article can stably retain the low friction
characteristic and other characteristice for a long term.
[0022] In view of the service life of the carbon film-
-coated articie, the carbon film may have a thickness of,
e.dg., 500 nm or more. When the carbon film is too thick,
peel or cracks are likely to occur. Thus, the thickness
of the carbon film may be, e.g., 10 um or less. The
stress may be relaxed by addition of metals or the like.
[0023] Too thick or too thin the tungsten film allows

the reducticon in its adhesion to the carbon film as shown




[0028] The mi xed | ayer can be formed by subjecting the substrate toaa i 2004
bonbar di ng process (vacuum arc deposition operation involving a borrgal"jdi”ng‘ju
process) using tungsten as a cathode material (in other words, using a
cathode mainly containing tungsten) in the vacuum arc deposition apparatus.
More specifically, tungsten as the cathode material is ionized by a plasnma
whi | e applying a ~ ~dE~i~. . ~~~"~z -9 relatively high bias voltage to
the substrate, so that the ionized turgsten is driven into the substrate

ly the sub ' ' - '
ey Lhe EHPRHEALBS AN Chal ri A RO TOAR AL REOBEA Lo bDOr 3 L ate

.formng the m xed | ayer containing an el enent constitutin

and tungst en, L929Ln U 9258, Ssunmll Y Lhe ot (08 of the substrate

may be i nprov in characteristicCs y the bo process, resulting in
formation of _the mi xed layer. .Wien the m xed |layer is formed by the

bonbar di ng ppg@ggg,‘%ﬁﬁ’e l?L?I’ frﬁ%eo%ff?%' sTbst r%?%g?rsa%]&bj ]egcq et t%r sptiter

cl eaning and the substrate is heated, whereby the tungsten filmto be
fornmed I at er %PSt REFEELED VN 10 "FdREsilGFst-o the howed 1Eydr .7 0030] The
tungsten filmcan be forned by a vacuum arc deposition nethod using
tungsten as &Dé&kReES et diical Lyigsterthefi Wor s, preteiplal oot o eo Traiat &
contai ning tungsten) in the vacuum arc deposition apparatus. For exanple,
when tungst erogs phiefeaeldde iPater ical mosenade i nto plasnma and is ionized
while applying a relatively |l ow bias voltage to the substrate, the ionized
tungsten i s depadilt ed T titei Subst riade {Hhe tHxeddayan @t rheustbsthat e)
to formthe tungsten film It is optional, e.g., to apply a bias voltage to

the substrat ecwbirCAdh®sliowebfi inan absRIULA 1vakue thiknglivdi pgc OV} st han when
the m xed layer is fornmed by the bonbarding process. ~v~. ~~~~t -10[0031]

The carbon fkh@.gan e foraed, pys a, ¥ acuym- arc, deprositd O@e]ﬂ%fd{e}g’é;% | n'ﬁ;@r.

carbon as a cathode material (in other words, using a cat

containing c 0 L0 the .ya r osid i r.a For exanpl e,
when carbon,gégtHépggt%ggg%n%#ggkgf%ﬁgﬁﬁﬁ gtF%%o%ggggn%ggﬁﬁ ?é i oni zed
whi | e appl yi i vol tage to the substrate he .i.oni carbon is
deposi t ed onggﬁgegﬁl%ztyr %toeoa%lnheoq gsten"fTF nﬁ’%#?ﬂaeb]s%béﬁjﬁ%)mf o- % /m t he
carbon film %UOSZ? |.~ny of thgﬁﬁiéﬁﬁtlgyer, the tungsten filmand the
carbon fil m EZRCHE VY By POERET retthods Fh &% tRsSe BOFhgPTRESFPEYo0i ng

vacuum arc deposi tion _apparatus. The carbon filmmy be forned, for

exanpl e, by a%PasRa &¢BSnet K38, Lepatt éimhl Abt Abickraseroddgusinixad met hod
or the like. However, any of the m xed |ayer, the tungsten filmand the
carbon fil m éaivebe ifopwed carbd v é| & wal yolriegh rdepopireifonabaye2 bymt dre

met hod using the vacuum arc deposition apparatus. This is because the ion
density of thereathode material in the plasma can be relatively increased
due to evaporation of the cathode material by arc discharge. Wen the

vacuum ar ¢ deéposiMeitbpdapFapabdudinqusedarthe minedcbayed, akhectgngsten film
and the carbon filmcan be formed even on the substrate of the article in a

relatively coupbisqat edy shaneod & ¢ q@ré&\b@ﬁfta@ &a&kﬂar?‘@l?n-?%j%ﬁ%}j’ and

deposition is easily feasible even over a Targe area. ' I~ ~2~Qk. -1

[0033] Furthgkeithe ear Rop fidsptor neeh oy e VACYUR vresent
| | invention comprises the steps of: |
forming cn a substrate of an article a mixed
‘layer containing an element{s) constituting the substrate
énd tungsten,
forming a tungsten film on the mixed layer, and
forming a carbon film on the tungsten film.

[0026] At least one of the mixing laver, the tungsten



arc deposition nethod is nore highly hard and lower in hydrogen sontient (i
t han when fornmed by a plasnma CVD net hod, sputtering nmethod or | aser
deposition method. Wen the carbon filmis formed by the vacuum arc
deposition nethod, it may be done while applying a pul se-type bias voltage
to the substrate. Thereby the internal stress in the carbon filmthus
formed can be | owered and the carbon filmwith a highly snooth surface can
be formed. [0034] In the foregoing nmettded of producing a carbon fil m coated

article, at lreast ;0netqk thepBhxed hayer robhedt W9st ¢8chihmand the carbon
filmis formed in the vacuum arc deposition apparatus For exanple all of

e T ke Eboghieohuagaten Ll Toand Lhe aBLbm-LLly) gggapg grmed in the

_sane vacuum arc ep03| app aratus e tungst en
filmand the rbon.fil mar in_the_s acuu 03|t|on
appar at us, ¢ FaRsnart Bt e SehRSTrAPE FERBIL ol Sgasbs] CRTbri e pr ocess
chanber, heatln% of the substrate can be perf gnd in a ggorter ti t han
when one or tVRGUGE EREMCIPECEGHTEA Fﬁu6pﬁeﬂnggﬁ FREUE. CRBPRST - THiI%S

that the m xed | ayer, the tungsten filmand the _carbon filmcan be so
efficiently VBFHBE 3RE S<PRFBOACR PRPESALEE aft LeVErcaR Pelselefdh dhent|y

produced. In this case, an interface between the m xed 3 ,~tf~ ~~D-~r
formed using a cathode material (substance constituting

the cathode selected according to the layer or fiilm to be
formed) evaporated by arc discharge, more specifically by
iconizing an evaporated cathode material by plasma
generated in the vicinity of the cathode. Any of the
mixed iayer, the tungsten film and the carbon film may be
formed by the vacuum arc deposition apparatus.

[0027] When the vacuum arc deposition apparatus is
employed, the ionized cathode material may be attracted
Lo the substrate by a bias voltage to be applied to the
substrate and may be made to collide with the substrate.
Such bias application may be carried out in forming any
of the mixed layer, the tungsten film and the carbon film.
[0628] The mixed layer can be formed by subjecting the
substrate to a bombarding process (vacuum arc deposition
operation involving a bombarding process) using tungsten
as a cathode material (in other words, using a cathode
mainly containing tungsten) in the vacuum arc deposition
apparatus. More specifically, tungsten as the cathode

material is lonized by a plasma while applyving a




-1z layer and the tungsten filmand an interface between the tungsten film
and the carbon filmare unlikely to come into contact with inpuritiesiiandlé
proper interfaces can be created. [0036] A vacuum arc deposition apparatus
to be commonly used in formng the m xed | ayer, the tungsten film and the
carbon filmhas at |east two vacuum arc evaporation sources, e.g., a first
vacuum ar c evaporation source including a tungsten cat hode (cathode
conprising tungsten as the nmain conponetit) and a second vacuum arc

evapor ati on I i i.hg ar. t had C nprising. carbon as
t he main con%%ggggf%ﬂ?gggg? Rﬁg% ﬁ%g%ﬁixeg%lg&%r%bggg%FE%gngnk?g?n1and t he
carbon film formed by a vacuum arc .deposi tion. apparatus, havin nly one
vacuum ar c e?%%o%g ﬁ%ﬁdséﬁpgg%Fﬁcﬁﬁhi d“fr%éP%Sngea%PﬁﬁéEFEﬁ X%?ﬁ%ﬁ% needs
to be exchanged fo carbgn cathode after formng the mxed | ayer and the-
tungsten fil emﬁ@hsgﬁﬁﬁgyPﬁgSPkégéiéaﬂEQaﬁc 85b8§ﬁﬁp8npéﬁﬁﬁﬁéfus havi ng
the first and second vacuum arc evaporation sources, the tine period for
exchange of CHEREBYs fOaA1IPE $afedixgnd levereppraadasbenani EheEoRt e articl e
can be produced with nore efficiency. [0038] A vacuum arc deposition
appar at us ha¢Pngtikgténomihe vabwimadec aeapongisiten .sour ces each i ncl udi ng
tungsten cat hode nay be used in order to increase the - 1Ji~i. 2~0~+
-13 deposi ti dRoR&fle i nixf ormingdde, npxeduhayer @nd/orrtde tomgsten film

Li kew se a vacuum arc deposition apparatus having two or nore vacuum arc

evapor ati on sobscesteaahyi Bel Yepigveal hen tathederiay ibesuspg tReorder to
i ncrease the deposition rate in formng the carbon film (0039] A vacuum

arc depositi gBmdRRAR ALUSrbeche , UsRd 1t iFQf TG o2halk88at o@nenaf mtReqm xed
layer, the tungsten filmand the carbon filmmy be of a nmagnetic filter

type which has @ magpel)c fLlhet £ofagL,| east, pheq VAU & sevapgrati on

source to prevéent macro-particles o at hode nateri I ameter of

Soyerel, ot BURLer (Rl s ol e aER Lom 30"l 08,1001 b

substrate. | peciral'l'y "when “the car it _
preferred Lo.usg auch vacuun afe, 9500t gt apparatus ol Lhe egnetie
opposed to t@%n%g%%%r%&%m?%o be formed later is increased in its
adhesion to the mixed layer.
f0030] The tungsten film can be formed by a vacuum arc
depcosition method ﬁsing tungsten as a cathode material
(in other words, using a cathode mainly containing
tungsten) in the vacuum arc deposition apparatus. For
example, when tungsten as the cathode material is made
into plasma and is ionized wﬁile applying a relatively
.low bias voltage to the substrate, the ionized tungsten
is deposited on the substrate (the mixed layer on the
.substrate) to form the-tungsten film. It is opticnal,
e.g., to apply a bias voltage to the substrate which is

lower in anr absolute wvalue {including OV) than when the

mixed layer is formed by the bombarding process.



form ng the carbon filmusing a vacuum arc deposition apparatus havingia 20p4
vacuum arc evaporation source including a carbon cathode, the carbon
macro-particles easily adhere to the surface of the substrate (tungsten
filmon the substrate). (3) Description of an exanple of carbon filmcoated
article and net hod of producing the sane [0041] An exanple of the carbon
filmcoated article and a nethod of producing the sane will be descri bed

W th -14 reference to the drawings.-1B-g.| is a partially sectional view

schenat i cal | yopBayi ng Al example f1d he,carbon fiddngeal od Ak sle. [0042]

A carbon filmcoated article 1 shown in Fig.1 has a bstrate 11 of tge
ticle. Su - I r f t u jxed

Toyer 12, o Conastenoh PRois s et srey %%m%%%‘até%%%&%éafﬁﬁa?h?@or der

fromthe b ate side. [UQ43] u' he,substrate 11 is nade o .

Chr o um ol JSARR it S0 ge1 N ohs LR Ma i YRt By BF §3TREM ol s an

el ements) constituting the substrate and tungsten (W. In this exanple, the

m xed | ayer E%ﬁtﬁ?ﬁ?" G S PEPOSEAOR GIPEEA-USo| §BE ePRAHR M)

tungsten. The m xed layer 12 has a thickness of 5 nmin this exanple. The
carbon as the cathode material is made into plasma and is

ionized while applying a bias voltage to the substrate,
the ionized carbon is deposited on the substrate (the
tungsten film on the substrate) to form the carbon film.
10032] Any of the mixed layer, the tungsten film and
the carbon film can be formed by other methods than those
using the foregoing vacuum arc deposition apparatus. The

- carbon film may be formed, for example, by a plasma CVD
method, sputtering method, laser deposition method or the
like. However, any of the mixed layer, the tungsten film
ahd the carbon film can be formed at a relatively high
depositibn rate by the method using the vacuum arc

o deposition.apparatus. This is because the ion density of

the cathode material in the plasma can be relatively
increased due toc evaporation of the cathode material by
arc discharge. When the vacuum arc deposition apparatus
is used, the mixed layer, the tungsten film and the
carpbon film can be formed even on the substrate of the
article in a relatively complicated shape (e.g. substrate
in a cubic shape), and erosition is easily feasible even

over a large area.



tungsten film13 is mainly conposed of tungsten and has a thickng§a QLESD
nmin this exanple. The carbon film14 is a DLC fil mhaving a thickn s é@%
500 nmin this exanple. [0044] The carbon filmcoated article 1 is
excellent in low friction characteristic and wear resistance because it is
covered with the highly hard DLC film (carbon film 14. The adhesion
between the DLC film 14 and the tungsten film 13, the adhesion between the
tungsten fil'm 13 and the mixed | ayer 12l-and the adhesi on between the nixed

T m 14 1o theOSabetr Al T Vs Good g g 5t B, PR RRE N e, O

film14 to the su goo thi's Teature,

the carbon TLLm agated achi fLenbacan AL3hl Ryt ALOAthe,! MLriction

characteristic and wear resistance a’lon film 14
inthis exanple_ is formed b vacuum ar.c deposition.nmet ho sing a vacuum
arc depositrgxgﬁﬁﬁgpaF8§g§8¥tﬁ5?ni Hﬁ&sfgrpggsggoﬁtgﬁFs%? rbgePYhan
when formed by a pl asnma CVD net hod, sputterin%,nethod | aser deposition

net hod or otﬁéPtﬁﬁFﬁBHSme?HQQeﬁy {RESBLESPPPMt12ncBRTEPADI Whsthitia the | ow
friction characteristic and other characteristics even under high

t enper at ur e EAYPPBNFEATS 15] dO4BIed ¥ hehe aypowit | 2 hr cdeRe Erat detodhi ch
has a low friction characteristic and a hi gh wear resistance, the substrate
11 may be onétofiagubst dateswhoieengpigipar Bs pslek-aspeansas shohsageal ve
lifters, plungers, piston rings and the |i ke and other nmachi ne, cutting

articles suchoashdr sbbsftrend.m Therelhy!| thagicuétess, stoaddd nigh ttaed S or parts
thereof, etc. The articles 1 having such substrates 11 can be preferably

used as engi parpaht iafdthuke raR@BUNeaPabES 106dbuNEnar thel 8srb&hc. which
require a low friction characteristic and a wear resistance. [0047] The

et gogxgl;m F;@@!gﬁ: wgﬁh{lﬁeﬁaaﬁgg} EhbBneoated skt kehenl Whlhehe described. In
[0034] In the foregoing method of producing a carbon
film-coated article, at least one of the mixed layer, the
tungsten f£ilm and the carbon film ig formed in the vacuum
arc deposition apparatus. For example, all of the mixed
layer, the tun.gsten film and the carbon film may be
formed in the same vacuum arc deposition apparatus. When
the mixed layer, the tungsten film and the carbon film
are formed in the same vacuum arc deposition apparatus,

' transport of the substrate, removal of gas(es} from a
process chamber, heating of the substrate can be
performed in a shorter time than when one or iwo of them
are formed in other apparatus.

[0035] This means that the mixed layer, the tungsten
film and the cafbon film can be so efficiently formed and

a carbon film-ccated article can be so efficiently

produced. In this case, an interface between the mixed




m xed |l ayer 12, tungsten film|3 and DLC,filml4 are "1 a~~ 2U-a
-16fornmed using a vacuum arc deposition apparatus having vacuum ar ¢ JUL 2004
evaporation sources. Mre specifically, all of themare formed using the
sanme vacuum arc deposition apparatus. [0048] Fig.2 is a schematic di agram
showi ng the structure of an exanple of the vacuum arc deposition apparatus
to be used in formng the m xed Iayer_ﬁéL tungsten film 13 and DLC film 14.
[ 0049] A vacuum arc deposition apparat AP1 of Fig.2 is of nmagnetic filter

VhCaum ar c evaborar an bour seg 5ot TEB0RRr M FREERErber 2% Rl der 21

vacuum arc evaporati on source der 21

is disposed i h u r for_formng-the, DLC film 14 or the
like. A nega%?@gggéﬂtggé&cgﬁabgﬁ%p%%ggé%tglgﬁeagﬁbg %%F%lglﬁ?r%ﬁﬁ%.bias
power source.Z% via %he hoLgEr.21 su porting t he substr tefll. The chamber
20 is groundd8-°[ GOBIFAn"dVdciAPEF 12355 EBANBEPRAT t Ot REL THEFE™ 20. The
gases) is repoved fromthe chanber 20 by the evacuator 23, whereby the gas
pressure in ﬁecﬁﬁﬁﬁﬁgl 20 can be adjusted to a specified range. A gas

supply unit 24 is connected to the chanber 20. A specified gases)
[00386] A vacuum arc deposition apparatus to be commonly

used in forming the mixed layer, the tungsten film and
the carbon film has at least two vacuum arc evaporation
sources, e.g., a first vacuum arc evaporation source
including a tungsten cathode (cathode comprising tungsten
as the main component) and a second vacuum arc
evaporation source including a carbon cathode {cathode
comprising carbon as the nain component) .

[0037] When the mixed layer, the tungsten film and the
carbon film are formed by a vacuum arc deposition
ap@aratus having onrly one vacuum arc evaporation source
including a cathode, a fungsten cathode needs to be
exchanged fcr a carbon cathode after forming the mixed
layer and the tungsten film. When employing the vacuum
arc deposition apparatus having the first and second
vacuum arc evaporation sources, the time period for
exchange of cathodes can be saved, and thereby a carbon
film-coated article can be produced with more efficiency.
[0038] A vacuum arc deposition apparatus having two or
mere vacuum arc evaporation sources each including

tungsten cathode may be used in order to increase the




can be introduced into the chanber 20 by the gas supply unit 24. -

Jitt 2~~~"r -17 [0052] The vacuum arc evaporation source 3 has aTCQBhodﬁM
31, an arc power source 32, a shield plate 33 and a trigger el ectrode 34.
The cat hode 31 is placed in t he chanber 20, is opposed to the holder 21 and
i s conposed of tungsten. The shield plate 33 is annular and is disposed so
as to surround the cathode 31. A space,i,s fornmed between the shield plate
33 and the cathode 31 which are electrically insulated fromeach other. The

shield plate c alkly t t e [ resistor
35 10053] TRETTPTUGer 6 el Toub Sh ean S fved [RUT ot oand Tt

i rections 1 0.be Lhouis4by 2 (L Vg, doul.cen (1ot @%;ggytfa<ﬂg RogiLion

wherein its I'SsIn"cont ac he Ca 0811 i°01 mhereln its
tip is out OL cogta L therewith. [0054] \When the er electr(ﬂg 34 is
brought i nt o™ &Rd " gut "ot OEoWP&EtV tH™ Hé “c &RBAES 10 F‘P‘ér%%l??

negative volta fromthe arc power source 32 tq the cathode 31, electrlc
sparks are eﬁpgigglﬁgtﬁééHOPhEaFPPSGePaél@@tPé&@ 3% GRECEhEC cRRFBRRSS1. Arc
dlscharge IS trlggered by the sparks. [0055] Tungsten as a cathode materi al
i s heated by‘PRedgpesditieRargée Adl foaning évaporabed. fPlasma is generat ed
by the arc discharge in front of the cathode 31 (rightward of the cathode
31 in the fid@P8P] whér etmciihie arc depdsiti @r-abpdrsevapdcabed usedgshen i s
partly ionized In other words, in the vacuum arc evaporati on source 3,

pl asma cont afnkngntjuagsieasitonsecart hecpmicydedaarf r onté obhnibeegcat hode 31
by arc discharge. [0056] A magnetic filter S is provided to prevent

macr o- parti clfesmotneathedeamaber iralinf @yt B WECHURLGhEt E¥APOL Bt OfySOUr ce 4
from adhering to the substrate 11 supported by the hol der 21. The magnetic

filter 5 hasygicurwed &r ﬁ\@@ﬁ@rttlcplfaqL%'r, FrMgNeLLeCahL v2-uQund on the
transport pipe 51 and a power source for energizing the magnetic coi

52. The tranaggbgreg§8n5éoh§c%0@aeg&%%e%% the ghaopet 20 Lo Lhig. gxanpl e,

the transport

.materlal with a diameter of several micro-meters to tens
of micro~meters from adhering to the substrate.

[0040] Especially when the carbon film is formed, it is
preferred to use such vacuum arc deposition apparatus of
rthe magnetic filter type. The reason is as follows. When
~the cathode is disposed as opposed to the substrate in
forming the carbon film using a vacuum arc deposition
apparatus having a vacuum arc evaporation source
including a carbon cathode, the carbon macro-particles
easily adhere to the_surface of'the substrate (tungsten
film on the substrate).

{3) Description of an example of carbon film-coated
article and method of producing the same

[0041] An example of the carbon film-coated article and

a method of producing the same will be described with




is curved at an angle of 90 degrees. One of openings in the transport pipe
51 is opposed to the holder 21 disposed in the chamber 20 while th¢ @mheﬁmé
opening is closed with an end plate 54. [0057] A direct current voltage is
applied to the magnetic coil 52 fromthe power source 53, whereby a
magnetic field can be generated substantially along the internal wall of
the transport pipe 51 wthin the transEQrt pi pe 51. Indicated at 55 in
Fig.2 are lines of magnetic force in the magnetic field forned in this way.
[ 0058] The v [ apgraty rce..4 ha cath de
hol der 42, agggggggF% %éwgg sgﬁggé%%§ ?ﬁ H ?ﬁoa Séiggglf% Sgggggpq'carbon
and is fixed w49y sh 7= ~19 the end g E4 at n .éﬁ_the
transport plpe B15§ gmﬁﬁ Cﬁ&IHeF gylpgrﬁgdegemg %?lﬁ@ ert The
hol der 21 (subs% ate 11 held by the hol der 21) |n t he chamber 20 can not be
seen from t hE°pos t PER16fSthe cat hode 41 disposed at the end of the
transport pipe 51 because of interruption by the internal wall of the
transport pi pE08ZIcur Vedabah Tl e wit ob adgrdes 1 shopthdn Wéeds, The
internal wall of the transport pipe 51 exists on a straight |ine connecting
t he cat hode #aswikt Rubhérhckeddd 2f. th@0B3]tikdet. hBepexpaped, onhet ehebpt at e 54
serves al so as an anode. Arc discharge is caused between the end plate
(anode) 54 aadpthé odt hbde sébswhencan lanecediasabaegelsgetage, is applied
between them fromthe arc power source 43. The evaporation source 4 has a
trigger electungdetdd frann gni bindn aokaabendirschangeaasrbfntfein this
above-nentioned (. evaporation source 3. [0060] The trigger electrode 44 is

connect ed toothererdopl @he 2fnvkaader @gigstor 45. The trigger el ectrode 44
can be aned inright and left directions in the figure by a driving device

(1% o nonn) | Fbeisd, Posiitd WS 1L 8 4 ibade i SORh AT W D obABfic| noce

41 to a p05|t|on mhereln its tip 1s out of contact therew When

e e s ErEeh oo ot 2 exaﬁn%ﬁ%ht PRLOnPREaOUE O £ONIAGE, Md Nt P

element {s) constituting the substrate and tungsten (W).
In this example, the mixed iayer contains iron (Fe),
chromium (Cr), molybdenum (Mo) and tungsten. The mixed
layer 12 has a thickness of 5 nm in this example. The
tungsten film 13 is mainly composed of tungsten and has a
thickness of 50 nm in this example. The carbon film 14 is
a DLC film having a thickness of 500 nm in this example.
[§044] The carbon film-coated article 1 is excellent in
low friction characteristic and wear resistance because
it is covered with the highly hard DLC film (carbon film)
14. The adhesicn between the DLC film 14 and the tungsten
film 13, the achesion between the tungsten film 13 and
the mixed layer 12, and the adhesion between the mixed
layer 12 and the substrate 11 are all good, so that the

adhesion of the DLC film 14 to the substrate 11 is good.




1 ,~1~! 2~~4 -zonegative voltage fromthe arc power source 43 to theq jyl 2004
cat hode 41, electric sparks are emtted between the trigger electrode 44
and the cathode 41. Arc discharge is triggered by the sparks. Carbon as a
cathode material is heated by the arc discharge, nelted and evapor at ed.
[0062] Plasma is generated in front of the cathode 41 (rightward of the
cathode 41 in the figure) by the arc discharge, whereby the evaporated
carbon is partly ionized. In otYier w6ﬂ§§, in the vacuum arc evaporation
source 4, pl aisni ar -ans. can:he _ ed. .| ont t he
Cathode 41 (T aRtuard oF CRE eathods AT h Hing FraGrs) Thy e he ar et

di scharge. | I : C r i.tion,appatcatus, APl _as descri bed
above, the ngggghﬁéggﬁgﬁfgﬁtgﬁggﬁgﬁ iﬁ%ﬁf@haﬁgaﬁﬁethﬁﬁ$ %a?%oﬁw??ﬁn) 14
can be forneg iq %ge fo%lomjng way on the substrate 11 as held by the

hol der 21. |hASPOPMAront6f fhéChix&d Fayer and the films, the hol der 21
hol di ng t he ﬁﬁgﬁ%rate 11 may be rotated by a driving device (not shown) to
forma uniforfPAPrled IHreEnd i figt i it go064)e 18 doppsrt P¥naof a
film gas(es), e.g., air including reactive gases such as nitrogen gas and
oxygen gas) VECHERp?Ed Fepasikacshiriieod20sBy0t hevavuaeuaddbe 23 to bring the
inside to a state of reduced pressure of, e.g., 10-4 Torr (approxi mately
-10-z Pa) or Hewssitien appaxdithidt so2tihitterd¢atter aahesnacontengast such as
argon gas is introduced into the chanber 20 by the gas supply unit 24 to
bring the inkiydeogenatdbat eheh, ferged byXalOpBadd rc{@mppsithddmtely 1 X 10-1
Pa) to 8 X 10-3 Torr (approximately 8 X 10-1 Pa) so that the retention of

arc di schargepustkachl hatedd, n1bkereviepoatiion sauh68Sc3 8PHed. [0065]
When the mixed layer 12 is forned, the operation enploys the evaporation

source 3 havi;agnbhe .cathode, 31 cONpased: of {ungst ey a0} dhe BuaRgAt i on

source 4. By.the evaporation source 3, plasma containing tungsten ions can
Che cat hode and CRaChorBer 31 RaraTRy ‘ene SubdiFht S Lo FTtAf s 3per at  on,
BC. 400V 1 o DB 06V Ls "XGB1 SUEFF o e B A BOuRE Ssour be 22 to the
The subst r at d0PRey 1 N BT, SFUHge HPTS Rt 16 AHIe-Sibt FELet Eong ar e
made to collide with the substrate 11, whereby the ions are thrust into the
substrat e 11;owh§g1p§}oph§haracter1stlc and a high wear resistance,

the substrate 11 may be one of substrates for engine

parfs such as cams, shims, valve lifters, plungers,

riston rings ahdrthe like and other machine, cutting

articles such as drillé, end mills, milling cutters,

cutting tools or parts thereof, etc. The articles 1

having such substrates 11 can be preferably used as

engine parts and like machine parts, cutting articles,

etc. which require a low friction characteristic and a

Wear resistance,

[0047] The method of producing the carbon film-coated

article 1 will be described. In this example, all of the

mixed layer 12, tungsten film 13 and DLC film 14 are




-substrate 11 is subjected to a bormbarding process by the tungsten ionsyil 2004
whereby a layer containing the thrust tungsten is fornmed as a surface |ayer
on the substrate 11, i.e., the mxed layer 12 containing substrate =
~'~ L~~~ -22constituting elenments and tungsten is fornmed. [0067] Thereafter
the tungsten film13 is fornmed on the m xed |ayer 12 while maintaining the
pressure in the chanber 20. Wen the tungsten film13 is formed, the
operation enpl oys the evaporation sourcdé€=3 having the cathode 31 conposed

of tungsten. +hoheline,euaPAY ALLANS AECRAosWhon, ListUDgStEN, L4 m 13 I

formed, plasma contalning tungsten ions s produce evapor ati on

source 3 and g pegative yoLbage s applied fromshe blas bover squree 22 to
1" [ 8? en-th m135S

the substrate the tungsten "fil orired,” "a ‘negati ve
absol Ut o val BBSFnaRCARGR EHe i RBG P hy GRnes VRO H0r RB CRRGRLEIZ: bonbar di ng
process is carried out) is applied to the substrate 11. Thereby the
tungst en i on&PBRrEESHFracted to the substrate 11 and are nade to collide
with the substrate 11, so that the tungsten film 13 is fornmed on the m xed
|l ayer 12. [008938%i ncditche Bisas vsthedtfe i Bedupyl isdowioct fbesubstrate 11
is so lowthat an action of thrusting (bonbarding) the tungsten ions into
t he substrat etitcigrsnelf| aandxeupdst ed hbéeoresuancanul deedsdniche m xed
ayer . apparatus to be used in forming the mixed layer 12,

tungsten fiim 13 and DLC film 14.

- [0049] A vacuum arc deposition apparatus APL of fig.Z

is of magnetic filter type and is provided with a vacuum

chamber 20, a magnetic filter 5 and twe vacuum arc

evaporation sources 3, 4.

[0050] In the chamber 20, a holder 21 is disposed for

holding the substrate 11 for forming the DLC film 14 or

the like. A negative voltage can be applied to the

- substrate 11 from a bias power source 22 via the holder

21 supporting the substrate 11. The chamber 20 is

grounded,

[0051] Aﬁ evacuator 23 1s connected to the chamber 20.

The gas{es) is removed from the chambér 20 by the

evacuator 23, whereby the gas pressure in the chamber 20

can be adijusted to a specified range. A gas supply unit

24 is connected to the chamber 20. A specified gas(es)

can be introduced inte the chamber 20 by the gas supply

unit 24.




o N0
12, forming the tungsten film 13 on the mixed layer 12. [0070] T JUL 2004
Subsequently, the DLC film (carbon film 14 is fornmed on the tungsten film
| 3 while retaining the - ~J~~_ 23k -23 pressure in the chanber 20. Wen
the DLC film 14 is fornmed, the operation enploys the evaporation source 4
havi ng the cat hode 41 conposed of carbon, not the evaporation source 3. By
t he evaporation source 4, plasma contai ning carbon ions is produced in
front of the cathode 41 as described addve. The plasma is transported al ong
t he transpor Bl 51 t i j er b ghetic coi
52, and is Iggngaardtﬁﬁ%xgﬁﬁg??gﬁg!%Tkgﬁ%%ggggﬁE%§E?ﬁb%h%95egazl in the
chanber 20. IRt hi ration, .a negative_bias | t age heen
appl i ed fron%ggéagﬁagl oﬁgrgggugég%%ZSpng%e%gﬂbgtFa%%ygleg%epﬁf§ﬂ%xanple,
a pul se-type_negative bias_ volta is,applied to_the substrate . For
exanpl e, a pﬁlgglggﬁfaS&eSFrQQSUgﬁJl%Q@ F8t§888tBEIGSKQE?EeipﬁW?éQPtO t he
substrate 11 at fre%uency of 5 kHz and at a duty ratio of about 2s to
about 10% Tﬁga Fbon Or oRs PﬁpPﬁ§dpF§sﬁﬁeaP@l§€Fréétéadtbst%@m§ﬁﬁ§%rate 11
by the bias voltage applied to the substrate 11, whereby the DLC film
(carbon fil npf12upgstepnedllen $hectdngbzen 331 hs 18307 Hndrie
macro-particles (droplets) of the cathodeconstituting substance produced in
t he gener at i daspbsplaspaasonbai sngocad bone | oashdde t hle. eRapprati 08 source 4
are renoved as follows to prevent the macro-particles fromreaching the
chanber 20 byothednaghetiea fhkt ehibldTheatracro- pakt kekesabavideigzno el ectric
charge nmake a -~ 1 ~f~i' 2~3C~~ -24 substantially straight advance in a
direction inyhiahl yreakenactstiantilpgihcanuthe eabhodecAlobgsause thie macro
particles do not curve due to the magnetic field generated with the
magneti ¢ coi 552: o[ AZ3L Mast ot khe ARGHOPaLLicles ate PRIC, Gucol | i de
with the internal wall of the curved transport pipe 51, consequently
failing to reach:the iLnsi f stthe chanber 20. Even if the nmacro-particles
start to nnvggiﬁl% gikggﬁggﬁgiﬁgﬁhich the inside of the chanber 20 is

[eached. Le BBy ol Gl amul ok oSt on 8 S AONLLINS  BURE e
t9 the SUbStgg&elé%t directions in the figure by a driving device

(not shown) from a position wherein its tip is in contact
with the cathode 31 to a position wherein its tip is ocut
of contact therewith. |

[0054] When the trigger electrode 34 is brought into
and out of contact with the cathode 31 while applying a
negative voltage from the arc power source 32 to the
cathode 31, electric sparks are emitted between the
trigger electrode 34 and the cathode 31. Arc discharge is
‘triggered by the sparks.

{0055] Tungsten as a cathode material is heated by the
arc discharge, melted and evaporated. Plasma is

generated by the arc discharge in front of the cathode 31

(rightward of the cathode 31 in the figure), whereby the




[0074] When a mixed |layer 12, tungsten film 13 and DLC film 14 are- fjorifred?{j4
by the above-nentioned nethod, the follow ng advantages are gained. [0075]
The m xed | ayer 12, tungsten film 13 and DLC film 14 can be fornmed at a

rel atively higher deposition rate by using the cathode material evaporated
by the arc discharge than when fornmed by a plasnma CVD nethod, sputtering

nmet hod or | aser deposition nethod, resulting in higher productivity. The

m xed Fayer 12, tungsten film 13 and Bu@-film 14 can be fornmed on the

substrate 11..ayen it @%n%gg%g{]gtgg)aa%gg 4 t8l, tidvte#f Somml i cated shape

- (e.g., a substrate in a cu rding e vacuumarc

deposit1 on. 3R aLus APL ) D ARILIR, o0 3o Faie, - 2sdepostiion i

feasible with rel ati ve €asiness €éven OovVer a

layer 12 is fornmed by, subjecti the substrate to _a bhonpardinp rocess so

t hat adhesioﬁugﬁsgﬁg ﬁp%éhcﬁgyg% ffopﬁffﬁ%1§bﬁgppﬁt8?1ggﬁsc?ﬁg?§%séﬁ. Si nce
the substrate 11 is subjected to a bonbardi ng process, the substrate 11 can
be cleaned b YSBGFt@#ﬁﬁéaéﬁﬁ-can be heated, whereby adhesion of the
tungsten layer 13 (to be forned later) to the m xed layer 12 is increased.
[0077] Wen tIR@5BIC fiA mywwtbon Filtgr 13 is dornetedya Peevaodum ar c
deposition nethod as descri bed above, the

_ macro-particles of cathode material for the vacuum arc

evaporation scurce 4 from adhering to the substrate 11
supported by the holder 21. The magnetic filter 5 has a
éurved transport pipe 51, a magnetic coil 5% wound on the
transport pipe 51 and a power source 53 for energizing
the magnetic coil -52. The transport pipe 51 is connected
to the chamber 20. In this example, the transport pipe 51
is curved at an angle of 90 degrees. One of openings in
the transport pipe 51 is opposed to the holder 21
disposed in the chamber 20 while the other opening is
closed with an end plate 54,

[0057] A direct current voltage is applied to the
magnetic coil 52 from thé power scurce 53, whereby a
magnetic field can be generated substantially along the
internal wall of the transport pipe 51 within the
transport pipe 51. Indicated at 55 in Fig.2 are lines of
magnetic force in the magnetic field formed in this way.
[0058] The vacuum arc evaporation source 4 has a
cathode 41, a cathode holder 42, and an arc power source

43. The cathode 41 is composed of carbon and is fixed to




DLC film 14 has a higher hardness and a | ess content of hydrogen thaq ﬁ@enzmﬁ
formed by a plasma CVD nethod, sputtering nethod and | aser deposition "
nmet hod. Because of |ess content of hydrogen, the DLC film 14 can stably
exhibit a low friction characteristic even under a high tenperature
environment. [0078] Since the DLC film 14 is fornmed while applying the
pul se-type bias voltage to the substrate 11, the internal stress in the DLC
film14 can be lowered and the DLC fil-h®4 can have a highly snooth
surface. [0079L Al}L of .theg m. xed | r_12 u j . d Cfilm
14 are forneg uang ?hg%gane 320%&n%§?¢0 egg%iP?%%ﬁﬁﬁ%g%g%%%azglng
Therefore, the_tran rt,,of- the substrate 1 evacuation, . et can be
per f or med inlegle B%i%%%~ég~f&fﬁeg28§ﬁ8PtéPSP%ﬁElPHa%akﬁgﬁa%he%gFatmo of them
are formed b t.her _appar at us. Thi s th the_m xed. | ayer, tungsten
film and car%BEdFFIﬁicéﬁugé%§8t§fﬂacggﬁginyghﬁeﬁ?lﬁﬁgug}?néniﬁh?ncreased
productivity. [0080] The vacuum arc deposition apparatus APl has the
evapor ati on SBEFEET3 2 of ks &0tn PRoERiERg TERE FReBORAY P 12T all¥Et he tungsten
film13 and the evaporation source 4 for use in formng the DLC film 14, -
namel y two e¢apbedei dn désposscsett hhe ehd nifxsbel ayenspartthipe ungst en
film1l3 and the DLC film 14 can be continuously fornmed w thout exchange of
t he cat hode baceack off tihécevapaian by $her ceserihérebyltbé nhaed | ayer 12,
tungsten film 13 and DLC film 14 can be so efficiently forned with high
producti vitytrp868tlktSipe the cimgret ¢ knl kegls s prodkdedef or mrhe
evaporation source 4 for use in formng the DLC film 14, the
macro-parti cheseef whRessubplanee cconst Whutli Bg the eabhodsril g8 be
prevented from adhering to the substrate 11 (tungsten f|In11%), wher eby t he
DLC film 14 gan_be syuppressed from;loweri -he supfaces t s.of the
DLC film 14. Thg DLC film14 gén bé %ﬁ???%%cgﬁg rgééeggF$§§§p2£F§%89and
cracking, st i r part of the DLC film 14 to which nmacro-particles
have adhered?h%nﬂgﬁkgggggﬁple, the magnetic filter 5 is provided only for
t he evaporati urce 4 having th ~ ~~~ ~aa~ 2, _carbon cathode in
whi ch macr o- [.[)Qgts?’gl ese‘rél’ & Hike I‘E@%ev%?%p?ﬁtplﬁ&rf e LY EFr BvPaedst or
t he evaporation , ,
an anode. Arc discharge is caused between the end plate

(ancde) 54 and the cathode 41 when an arc discharge
voltage is applied between them from the arc power source
43. The evaporation source 4 has a trigger electrode 44
for ignition of arc discharge as in the above-mentioned
.evaporation source 3.

[0060] The trigger electrode 44 is connected to the end
plate 54 via a resistor 45. The trigger electrode 44 can
be moved in right and left directions in the figure by a
driving device (not shown) from a position wherein its
tip is in contact with the cathode 41 to a position
wherein its tip is out of contact therewith.

[0061] When the trigger electrode 44 is brought into

and out of contact with the cathode 41 while applying a




source 3. (4) Experinents on material and thickness of underlying +ayeitjiofnn
carbon film|[0082] Test pieces of the carbon filmcoated article were -
produced to investigate the adhesion of the carbon filmto the substrate
usi ng tungsten filns of varied thicknesses serving as an underlying |ayer

of the carbon film [O00B3] The test pieces of the carbon filmcoated

article were produced as follows. A m xed |layer, tungsten film and carbon
film(DLC film were fornmed by the abewé-nenti oned nethod using the vacuum

e S RO e O et o b e

made of chrom um no enu € layer and filnms was

formed in th er,.under as _pressure conditiqgn epared by

i nt roduci ng gﬁéggggnﬁéf 8?88§rg sSEﬁF Stﬁéecﬁgﬁ%kﬁgtgggvgﬁ?nt epressure of

5 X 103 Torr %aggroxi 1 P%) after the_air_was evacuated from
561dge £

tely 5 X 10-
t he chanber Et?ggﬁ%ﬁ%ﬁﬁeééuPQdOF Rat5ogeTdir  @HgprbaTEtaey 18 X
10-3 Pa). [0084] A m xed |ayer was formed by supplying the tungsten cathode
in the evapoFatPERTSEUPTe LiFt EPaKKEr c CagPPantsat $BbACHESE 0D bepEres)s and
appl ying a bias voltage 1 4~?~'~ 2~~~ _zs of DC (-1000V) to the substrate
to subject theasefsbrvatéet sra Boabhrdiorg prdtessand euapstebedi| m was
formed by supplying the tungsten cathode in the evaporation source with an
arc current &400BRA (80 larguer €3 cEndkrappd/iing frditas fvalhicagetabdbBCii200V) to
t he substrate according to
{(rightward of the cathode 41 in the figure) by the arc
discharge, whereby the evaporated carbon is partly
icnized. In other words, in the vacuum arc evaporation
scurce 4, plasma containing carbon ions can be produced
in' front of the cathode 41 (rightward of the cathode 41
in the figure) by the arc discharge.
[0063] In the vacuum arc deposition apparatus AP as
described above, the mixed layer 12, tungsten film 13 and
DLC filn (garbon film) 14 can be formed in the following
way'on the substrate 11 as held by the holder 21. 1In
formation of the mixed layer and the films, the holder 21
holding the substrate 11 may be rotated by a driving
device (not shown) to form a uniform mixed layer and
uniform films.
[0064] In deposition ¢f a film, gas(es), e.qg., air
including reactive gases such as nitrogen gas and oxygen

gas) is removed from the chamber 20 by the evacuator 23

. to bring the inside to a state of reduced pressure of,

e.g., 1074 Torr (approximately 1072 Pa) or less.




the vacuum arc deposition nethod. A DLC filmwas fornmed by supplying tgﬁg 280
carbon cathode in the evaporation source with an arc current at 80A ;n Ve it
appl ying a pul se-type bias voltage of -5 kV to the substrate according to
t he vacuum arc deposition nethod. The pul se voltage was applied to the
substrate at a frequency of 10 kHz; and a duty ratio of 5% [0085] Five
test pieces of the carbon filmcoated article were produced. The test
pi eces were different fromeach other i2dthat the tungsten films were 5 nm
10 nm 50 n nd,.2 . Le ct.d vely_i | C S In any of these
t est pieces?hP%ggﬁ?EEg ggygga%a Vs ?ﬁ?c%%égsggfQiég%n§£%d§?he DLC film had
a thickness t hi ckness. of e, mxed |layer was 10 nm whi ch
good resultsgégggggggbegggoiEhﬁhgﬁg§%§Fi%§nP¥ ?gebgaéeg%??i%duT% é%% [ 0086]
The follomjng t hree &%Ees,of.conparative test pieces of theifarbon
filmcoated APt PELBIWEFE PpPREAGEedCt 8 BhEESt Pdat €-the AdhekPon T6E Tt he carbon
film(DLC film to the substrate. Al of these conparative test pieces had
-~ ~ 9)r rYtapprogimahsivate¥ a0 theakabe freXck0 @ TE8EMAL5 steel) as the
substrate for the test pieces having the tungsten film [0087] In the first
type conpar atlepproesnapiedges, Xa 100l ybaensm (M) fhid nreiastised dmstread of
the tungsten filmas the underlying |layer of the DLCfilm and a m xed
| ayer was on€iecheesgpondi gctidithéednder ltyiengvhapernt (opl ybdeoesn 3idmj . That
is, the first type conparative test pieces had a nol ybdenum (M) film and a
m xed | ayer @ontai ni ng nol ybdenum and substrate-constituting el enents)
between the DLC fil mand the substrate. [0088] The first type conparative
test pieces Wwoesprodugrd: ithd he :&aE JRNNErD ass donadd) RhRAUekRdrthg test
pi eces having the tungsten fil mexcept that nol ybdenum was used as a
cat hode mat epj,ak .l r-ati I i -was.dsed.. | rg ng the
nnlybdenun1f?%%%ggg %Eg %&%@grﬁg§§?.%%%5%%]wn%ggl§§e%#?ig%k??égt e m xed
| ayer in eac Ler co rativ iece for by
subj ecti ng tEgﬂéaggﬁr%Fe%ngﬁEggﬁbgggi%%epggégégaﬁkgérg?mgéga%é position
~condi tions aﬁFin %ornin%.the m xed 5ayer in the est.gieges h ving t he
tungsten fil mCTRE *HEIFFHAERUFCHECTR i'n EA8T8f “PREAAPIEE FYPEScoipEr At i ve
test pieces was Lorned by %_vac%gnlarc deposi tion nmethod under the sane
deposi ti on cofBi PPoRECEECER f&r ARGt RE ThsgSEERCARI mi ASt ABSEEERSDi eces
havi ng the tungsten film ~ 1 J~~ ~ ~C~r

abcve, i.e., between the cathode and the holder 21

holding the substrate 11. 1In this operation, a relatively
high negative direct current voltage {e.g., approximately
DC-400V to DC-2000V) is applied from the bias péwer
source 22 té the substrate 11 wvia the holder 21.

[0Q66] The tungsten ions are attracted to the substrate
11 by the bias voltage applied to the substrate 11 and
are made to collide with the substrate 11, whereby the
ions are thrust into the substrate 11. That is, the
substrate 11 is‘subjected to a bombarding process by the
tuﬁgsten ions, whereby a layer containing the thrust
tungétenAis formed as a surface layer on the substrate 11,

i.e., the mixed layer 12 containing substrate-




-30 The DLC filmin each of the first type conparative test pieces was
formed by a vacuum arc deposition nethod under the sane depositiofl T JUL 2004
conditions as in formng the DLC filmin the test pieces having the
tungsten film [0090] Four first type conparative test pieces were forned
such a manner that nol ybdenumfilnms were 5 nm 10 nm 50 nmand 100 nm
respectively in thickness. In each of the first type conparative test

pi eces, the m xed | ayer had a Wicknesg2of 10 nm and the DLL film had a

thickness of .500.0m,-10091) ckny L0 Sacend Lxos smpargLive test pieces a

chrom um (Cr m was I'nstead of ti ungs en fith as the under | yi ng

| ayer of the il m..,and m X | ayer S Q cqrrespaqnding to e
under | yi ng Ié%rg?%chrc}rrlﬁelfr%af%itlerﬁ %q’langquss\,%aet%eégﬁbgﬁd ltSyEQrE‘S aPqu%e t est
pi eces had a chrogmium filmand.a m xed | ayer contai ning chrom um and :
substrate-coﬂ%??gghﬁﬁﬁreﬂgnﬂﬁﬁé? BetieentRe BRE PFEATEAE theR%bstrate.

[ 0092] The second type conparative test pieces were produced in the sane
nmanner as doﬁ@amﬁeﬁrgachhgﬂtﬁéetégﬂGQF@@e§iﬁﬁvﬂﬁgiﬁhﬁotﬂﬁ@stﬁmﬁfiIn1except
that chrom um was used as a cathode material in the evaporation source

whi ch was usegerationninglelie cheorivapefialticandotineendxedviayethe More
specifically, the m xed |layer in each of the second type conparative test
pi eces was forhbddby3l tbmpodep~o€i tuhgst3tsuhpecthagethgosubsétiate to a
bonbar di ng process under the sane deposition conditions as in formng the

m xed |ayer kouthe testwipsecese havidgréhest uUngst efs fid Med,0093]sxEhe
chromumfilmin each of the second type conparative test pieces was forned
by a vacuum apg-denesyt taAgBBEROHHAAEE LheasRER BGPRAL! EOARGAREILA ONS as
| source 3 and a negative voltage is applied from the bias
power source 22 to the substrate 11.
[0068] When the tungsten film 13 is formed, a negative
direct current voltage (e.g., approximately DC-200V)}
which is lower in absolute wvalue than when the mixed
layer 12 is fofmed {(when the bombarding process is
carried_out) is applied to the substrate 11. Thereby the
tungsten ions are attracted to the substrate 11 and are
made to collide with the substrate 11, sc that the
tungsten film 13 is fofmed on the mixed layer 12.
j0069] Since the bias voltage to be applied to the
substrate 11 is so low that an action of thrusting
(bombarding) the tuangsten ions into the substrate 11 is
small and tungsten becomes accumulated on the mixed layer
12, forming the tungsten film 13 on the mixed layer 12.
[0070] Subsequently, the DLC film (carbon film) 14 is

- formecd on the tungsten film 13 while retaining the




in formng the tungsten filmin the test pieces having the tungsten.%ibgy 004
[0094] Tile DLC filmin each of the second type conparative test pieces Was
formed by a vacuum arc deposition nethod under the same deposition

conditions as in formng the DLC filmin the test pieces having the

tungsten film [0095] Five second type conparative test pieces were

produced in such manner that chromumfilnm were 5 nm 10 nm 50 nm [00 nm
and 200 nm respectively in thickness.”43r each of the second type

conparative Leces, e i er i S, .0f m and the
DLC filn1hadbg%%ﬁ?g%n§§st%% g%%§%%¥J?§096?ﬁ?%a%%£ ?ﬁ??§§¥§&§gggﬁparative

test piece, aoDhGiliLmwascbanmed difeatly an the substicate, the PLC film
in the third type Conparative test prece was f or e y-a vacuum ar c

d iti t hod t h d iti diti in f ' th
DG i1 m i n TRALCEsE Bl Eeetonaving PREt S e FPPir b BET 11 m in the

third type o~ ,~~l 2~~4 -32 conparatjve test piece had a thickness of
500 nm (0097 2PRE2EARESSONTEF the PYCTREI AYEBCF MBI QUL EI® 4n REEEH3f t he
test pieces was evaluated by a Rockwell hardness testing machine as
foll ows. TheCPREERPERCoFErPORe iotissticaaofisedepressedtunfiekba | oad of 150
kg by an indenter (conical dianond indenter) to be used in a C scale
Rockwel | har gagssdeedtl, avheesly itleel adloesi.ofhef plhenbl Csf tramswot hed
substrate was evaluated in terns of an s area of peeled DLC filmaround the
i npression faloed biiet headepressipdme Fhle bvestkt aaghewithaietfie small er the
generated by the magnetic coil 52, and is led toward the
substrate 11 supported by the holder 21 in the chamber 20.
{00711 In this operation, a negative bias voltage has
been applied from the bias power source 22 to the
substrate 11. In this example, a pulse-type negative bias
voltage is applied to the substrate 11. For example, a
pulse voltage of about -1 kV to about -10 kV is applied
to the substrate 11 at a frequency of 5 kHz and at a duty
ratio of about 2% to about 10%. The carbon ions in the
plasma are atiracted to the substrate 11 by the bias
voltage applied to the substrate 11, whereby the DLC film
" (carbon film) 14 is formed on the tungsten film 13.
[0072] The macro-particles (droplets) of the cathode-
constituting substance produced in the generation of
plasma containing carbon ions in the evaporation source 4
are removed as follows to prevent the macro-particles

from reaching the chamber 20'by the magnetic filter 5.

The‘macro—particles having no electric charge make a




peeled filmarea is, the higher the adhesion of the DLC filmto the iyt 2004
substrate is. [0098] The results are shown in Fig.3. It is apparent from
Fig.3 that when a tungsten filmand a m xed | ayer containing tungsten are
formed between the DLC filmand the substrate, the adhesion of the DLC film
to the substrate is higher than when the DLC filmis fornmed directly on the
substrate. It is also evident that when the underlying |ayer of the DLC
filmhas the same thickness, a tungsteméfilmformed as the underlying |ayer

achi eves a hislaia%aa@fﬂgiil ns%agiaﬁt%gvgwcg tQ ghaﬁggg;?ﬁtfﬁﬁfﬁ en a

nmol ybdenum filmor a chromum mis used as the un ying layer”. [0099]
It is furthe gen %ﬁ% hr en, til en go thick or too thin, |owers
t he adhesionE8? ﬁhers tdn EQE& ?BeLCnEh§~e-§ B?FﬁPF% E e SUbstrate. The
t hi ckness of thgitgg s%gn fi.lmis preferablﬁlabout E.nn%or reater, nore
preferably aB8atTo Rn 6r "GFeSPEYS FHE CRi ERAeTEIBE iR fﬁ%gsten filmis
preferably about 170 nmor |ess, nore preferably about 150 nm or | ess, nost
preferably aBUETROENMIGH F8&sMagBPLEepEPireRts on the thickness of ni xed
| ayer (0100] Test pieces of the carbon filmcoated article were produced to
i nvesti gate LtRB7&dhesiMsrstofoft Hére ardssre -fid wh (DIC fatempace the coubsteat e
using m xed | ayers of
- with the internal wall of the curved transport pipe 51,

consequently failing to reach the inside of the chamber

20. Even if the macro-particles start to move in a

direction in which the inside of the chamber 20 is

reached, the substrate 11 would not exist on a straight

line in the starting direction, making it impossible for

the macro-particles to adhere to the substrate 11.

fO074] When a mixed layer 12, tungsten film 13 and DLC

film 14 are formed by the above-mentioned method, the
following advantages are gained.

[0075] The mixed layer 12, tungsten film 13 and DLC

"film 14 can bé formed at a relatively higher deposition
- rate by using the cathode material evaporated by the arc
discharge than when formed by a plasma CVD method,

sputtering method or laser deposition method, resulting

in higher productivity. The mixed layer 12, tungsten film

13 and DLC film 14 can be formed on the substrate 11,

even if the substrate is in a relatively complicated

shape (e.g., a substrate in a cubic shape), according to

the vacuum arc deposition apparatus APl. In addition,




vari ed thicknesses. [0101] Six test pieces of the carbon filn}coaiqd-;q 004
article were produced. These test pieces are different from each otth“iﬁb*
that the m xed | ayers fornmed of tungsten and el enents) constituting the
substrate had thicknesses of 2 nm 5 nm 10 nm 50 nm [00 nmand 200 nm
respectively. The m xed | ayer, tungsten filmand DLC filmin these test

pi eces were fornmed by the sane nethod and under the same conditions as
descri bed above. The substrate in any-kést piece was made of chrom um

| ybd : 15 : f test pi . . fi d

o ybdenum sLggheSCHLALS, LRpSafIal LR! RhSC5 LUE LUBGSLA, T had @

t'ungst en fil?hggé rég nm t hi ckness, the DLC fil mexhibits an excell ent
e-s

adhesion to ubstrate as apparent from Fig. 3. ~ 7 Ji~~ 2~14

-34[ 0102] For npar.ati ve puypose, test piece having no m xed |ayer,
namel y havi né°§7f%3ngst frRd N 49 ISy FUPARPStéREeF 8n t he
substrate was groduced to investigate the adhesion of the DLC filmto the
substrate. TRECEGRGSEeROf PI RPERATBLES PERCEA St BPs thahpadaes ven t@Stths ece
were formed by the sane nethod and under the sanme conditions as descri bed
above. The tUAgsteAaveirmlRadioathhi ckhessask 30 Am andreasedl CFidam had a
t hi ckness of 5uu nmin the conparative test pieces. [0103] The adhesi on of
- the DLC fil mthe thessubstr afleisnseadkctkd he tebbtmphedésgwasoeyad uated in
terns of an area of peeled DLC filmaround the inpression formed with an

i ndenter (conheakudsamand indeahebk icnchhedsaRespannering gesceibask above.
In the conparative test piece without a mxed |ayer, the DLC fil m becane

peel ed, wherpastaane,abrbbG Laneks o otfh%h%e%hrlﬁisﬁﬁﬁsllé'?{\!f ngst hes hxed
l.ayer becane peeled irrespectively of the thickness of the m xed |ayer.
formed later}; to the mixed layer 12 is increased.
' t0077] When the DLC film (carbon film) 14 is formed by
the vacuum arc deposition method as described above, the
DILC film 14 has a higher hardness and a less content of
hydrogen than when formed by a ‘plasma CVD method,
sputtering method and laser depoéition method. Because of
less content of hydrogen, the DLC film 14 can stably
exhibit a low friction characteristic even under a high
temperature environment.
[0078] Since the DLC film 14 is formed while applying
the pulse-type bias voltage to the substrate 11, the
internal stress in the DLC film 14 can be lowered and the
DLC film 14 can have a highly smooth surface.
00791 A1l of the mixed layer 12, tungsten film 13 and
DLC film 14 are formed using the same vacuum arc

deposition apparatus APl. Therefore, the transport of the

substrate 11, evacuation, etc. can be performed in a




]‘!f

[0104] As described above, a difference in the adhesion of the DLC‘Lihﬂ1L?
en vyl zulis

the substrate due to the thickness of mxed | ayer was not found wh ‘
nmeasured by the foregoi ng eval uati on nethod. The adhesion of DLC filns i
these test pieces were further evaluated as described below in order to
investigate a preferred range of thickness of the mxed | ayer. ~ 1 ~3L~
~~0 [0105] A pressing piece was brought into contact with the DLC fil mon
the substrate under a pressing force i-ngan engine oil and was rotated at a

revoluti on speed. ot 1042 £RIL(shidl g Speed, [200 gmisec) byoA Bty I

this operation, Ile gradually increasing a | oa pr essi ng pi ece

agai nst the il lL.oad op_the pressing.piece in pressing the pressing
ngﬁe B%ég?ﬁFﬁgf tﬂ%ls W an?okhgto%?edn}xe&){%

h . r .

pi ece agai nst re wWas an oad[ d%?ﬁnﬂ] i nvol ved
when a rotating torque.qof the notor r ireu co rotate_the pressing piece
at the foregBPﬂgsgggo%&ﬁﬂoﬁn Eéﬁgpga%ﬂza'fén[ 8F ﬁ%ﬁé?lﬁﬁEﬁythe DLC film
becane peel ed by increasing the |gad, a great rotating torque of the notor
was needed i hOFBESri AGSEHE 1pPedsi Agcpicesed PRREUFE1IVEFEn when a heavy | oad
was inposed, the rotating torque of the nmotor was small in rotating the
pressing pi e¢8BPla hilgH Wwatuwa e Dlepds i radi mpparadiver édlt baghghe
substrate and did not separate fromthe substrate. Consequently this shows
t hat t he heavivepotrhé iboadomeasuBedoirs ustherhifgheinthehadhéseédnliafet he DLC
filmto the substrate is. The pressing piece used was in the shape as
prescri bed undeandl $hK72184steameliymcylzi ade ¢cak andpvastiedesohirearbon
steel for machine structural use (550C). [0106] The results are shown in
Fig.4. Fig.4rshowset hat rekeAnghena xed lrayer 1a9nhaheh pgrhyngsten and a

evaporation sources so that the mixed layer 12, the

tungsten film 13 and the DLC film 14 can be continuously

formed without exchange of the cathode in each of the

evaporation sources. Thereky the mixed layer 12, tungsten

film 13 and DLC film 14 can be so efficiently formed with

high productivity.

[0081] Since the magnetic filter 5 is provided for the

evaporation source 4 for use in forming the DLC film 14,

the macro-particles of the substance constituting the

cathede 41 can be prevented from adhering to the

substrate 11 {(tungsten film 13), whereby the DLC film 14

can be suppressed from lowering the surface-smocthness of

the DLC film 14. The DLC film 14 can be further

suppressed Ifrom peeling and cracking, starting from a

part of the DLC film 14 to which macro-particles have

adhered. 1In this example, the magnetic filter 5 is

provided only for the evaporation source 4 having the




~ ~ J~~ ~~~ 4 -36 substrate-constituting el ements) is too thick or tob dihi n20l4
t he adhesion of the DLC filmto the substrate is lowered. It is also

apparent fromFig.4 that the thickness of the mxed |layer is preferably

about 1 nmor nore, nore preferably about 2 nmor nore. It is further

evident that the thickness of the m xed |layer is preferably about 200 nm or

| ess, nore preferably about 100 nmor |ess, especially nore preferably

about 50 nmor less, nost preferably af2dut 10 nmor |less. [0107] As set out

above, the i_@&%bhoea%%gﬂed% Apq PR - a%%%%@saggg%%k&f},%ch a

carbon filmis formed and the adhesi on of the carbon filmto the substrate

is high, and 0 f _produci t i cording. to the. producing
met hod of thggfggéﬁtggﬁ, %Hé%%aﬁg%ﬁ E&Fﬁ$§%§'§% ngecgﬁaB%r%?%$%iently
formed. [0108 Alth%ugh t he present invention has been t described and
illustrated i"n"d&Fai’l, it is clearly understood that the sane is by way of
illustration g?d exanple only and is not to be taken by way of _|limtation,

the spirit and)sESperdfrcphé pred@ttritidestidortH&ikng S %ﬁ BAIBHIYIBY t he

terms of the appended cl ains
layer of carbon film

[o0B2] 'Test pieces of the carbon film-coated article
were produced to invéstigate the adhesion of the carbon
film to the substrate using tungsten films of varied
thicknesses serving as an underlying layer of the carbon
film.-
[00B3] The test pieces of the carbon film-coated
article were produced as feollows. A mixed layer, tungsten
film and carbon film (DLC fiim) were formed by the above-
mentioned method using the vacuum arc depositicn
apparétus of the type shown in Fig.2. The substrate was
one made of chromium-molybdenum steel SCM415. Each of the
-layer and films was formed in the chamber under a gas
‘pressure condition prepared by introducing 100 sccm of
'argon gas into the chamber to attain a pressure of 5 X 10~
3 Torr {approximately 5 X 10~1 Pa) after fhe alr was
evacuated from the chamber 20 to attain a pressure cf 1 X
107° Torr (approximately 1 X?10‘3 Pa).
[0084] A mixed layer was formed by supplying the
- tungsten cathode in the evaporation source with an arc

current at 100A (100 amperes) and applying a bias voltage




. $ s~ ~~~ f Wiat is clainmed: -37 1. A carbon filmcoated article
conprising a substrate; a mixed |ayer forned on at |east a part oft thé 2004
substrate and conposed of an el enents) constituting the substrate and
tungsten; a tungsten filmformed on the m xed |layer; and a carbon film
formed on the tungsten film 2. The carbon filmcoated article according to
claim1, wherein the m xed |layer has a_thickness of 200 nmor l|less. 3. The
carbon filmcoated article according té8claim1, wherein the tungsten film

has a thi ckneggs el LAGAMOLd &% dncacanbon fllmeopted getigte

according to claim1, wherein m has thi

10 um 5. The car fil coated article,according.to clai 1 erein the
substrate isetr?a e%g%?rbgrﬁ%n i%)é:loc(?(?r?ﬁri Si ﬁ&nﬁf’%ﬁnagl%mn‘ﬁ?% %%%%%ﬁ. 6. A

met hod of produci.ng_a carbgon filmcoated article conprising a substrate, a
m xed | ayer F&PF&&QSW %tahq grég’[gsa\:eﬁlaﬁa C%he s Ie @QPréﬁgo%ﬁﬁBE%‘a of an
el ements) constituting the substrate and tungsten, a tungsten filmforned
on the m xed"HaVerl T &UEEBEn G 1505 oS digwrese BiAgsPRAYLNEN® t he

met hod conpri si ng ~1~ ~w-~~~ -38 the steps of: formng the m xed

| ayer on at kéast v@lgage off DC(-200V) to the substrate according to

the vacuum arc deposition method. A DLC film was formed
by supplying the carbon cathode in the evaporation source
with an arc current at 80A and applying a pulse-type bias
voltage of -5 kV to the substrate according to the vacuumn
arc deposition method. The pulse voltage was applied to
the substrate at a frequency of 10 kHz, and a duty ratio
of 59,
[0085] | Five test pieces of the carbon film-coated
article were produced. The test pieces were different
from each other in that the tungsten films were 5 nm, 10
nm, 50 nm, 100 nm and 200 nm, respectively in thickness.
In any of these test pileces, the mixed layer had a
‘thickness of 10 nm and the DLC film had a tﬂickness of
500 nm. The thickness of the mixed layer was 10 nm at
which good results were achieved in the experiments to be
-described later.
[c086] The following three types of comparative fest
pieces of the carbon film-coated article were produced to
investigate the adhesion of the carbon film (DLC f£ilm) to

the substrate. All of these comparative test pieces had



the substrate, the m xed | ayer being conposed of the el enents) coastigut bng,
the substrate and tungsten, formng the tungsten filmon the m xed | ayer,
and formng the carbon filmon the tungsten film wherein at |east one of
the m xing |ayer, the tungsten tilmand the carbon filmis fornmed using a
cathode material evaporated by arc discharge in a vacuum arc deposition
appar atus having a vacuum arc evaporati on source including the cathode. 7.
The method according to claim6, wherefR-the carbon filmis forned by a
e ar e CSRORhoN B0 akng L2035 LRGGat Doder TRl STl D e
vacuum ar c deposi tion apparatus while applying a pul sé-type bias voltage to
t he substrat 8. The th according to claiim6,,wherein the
e formed usRG EERGS: BR el Enoosh: R mabBoraP ERSL RESUREERN o
deposition a ratus while applying a bias voltage to the substrate to
subj ect the E@@?t%ate b %oﬁ%%i%%r%&%?a@vqﬁ@%ﬁ%eéccér ding to
claim6, wherein all of the m xed |ayer, the tungsten filmand the carbon
filmwere foPREIPARNENSAME v &datimvase vdsgodineiteadappatheusungsten v4L
~'"il~~ -39 10. The nethod according to claim®6, wherein the vacuum arc
evapor ati on &ppar asushikaynderilyasy twyeracdurmhar OLEvAporat bdd sowniges,
including a first vacuum arc

' layer was one corresponding to the underlying layer

xed | ayer
IE.

(moiybdenum film). That is, the first type comparative
test pieces had a molybdenum (Mo) film and a mixed layer
containing molybdenum and substrate-constituting
element (8) between the DLC film and the substrate.
[0088] The first type comparative test pieces were
produced in the same manner as done in producing the test
pieces having the tungsten film except that molybdenum
was used as a cathode material in the evaporation source
which was used in forming the molybdenum film and the
mixed layer.

[008§} More specifically, the mixed layer in each of
the first type comparative test pieces was formed by
subjecting the substrate to a bombarding process under
the same deposition conditions és in forming the mixed
layer in the test pieces having the tungsten film. The
molybdenum film in each of the first type comparative

" test pieces was formed by a vacuum arc deposition method
under the same deposition conditions as in forming the

tungsten film in the test pieces having the tungsten film,




evapor ati on source having a cathode including tungsten as a mai n tohpldiedit
and a second vacuum arc evaporation source having a cathode including
carbon as a nain conponent. 11. The nethod according to claim®6, wherein

t he vacuum arc deposition apparatus is of a magnetic filter type which has
a magnetic filter for at |east one vacuum arc evaporation source for
suppressing nacro-particles of the cathode material from adhering to the
substrate. w1l J~IL 2~~~r- -40 CARBON3RrLM COATED ARTI CLE AND METHOD OF

PRODUCI NG T: theFpEcZE iMiSin é%%ﬁ%@t@:é FHE S %%@H&%plgééﬂréw@égﬂ on is

directed to a carbon filmcoated-article conprising a substrate; a m xed

| ayer forned S rt.. of bstr.a ad .
elgnents) coﬁggfggthﬁg ?ﬁgm%u %grgtgggﬁgHEEkgsﬁgﬁ?ggg%gﬁgﬁggﬁg?ﬁ%ﬁ?%%rned
bon filmf.ormed on e tun

on the m xed r, and a r. t sten fi . The
“venti on pr SUEHSETS” HPRSA ar T F GGG o8 CAF b 1 EGRt 4 bt bl e,
the nethod conprisin %?e,steps of :, forg%n% a mxed | ayer on at |east a
part of the %Gbgb?aFg? Re Sriete dVayer H&i hyRE6hHBsEd1Bf an el ement s)

constituting the substrate and tungsten, formng a tungsten filmon the
nmi xed |ayer, [RECor miFRPa hrbork R4 m@Patid it detsdn Driieces  Whéfei n at
| east one of the mxing |ayer, the tungsten filmand the carbon filmis
f ormed usi ngfarsachedehmat aeinalerevipdr acédbignamc fdisshaeye Pnom, vBEuum arc
deposi ti on apparatus having a vacuum arc evaporation source including the
cat hode. (Figm,1p0 nm andt 4W0 2my: recrediDesdri phi dhioknsyabol:n igadthe
Drawings |: carbon filmcoated article 11: substrate
of the first type comparative test pieces, the mixed
layer had a thickness of 10 nm, and the DLC rilm had a
thickness of 500 nm.
[0091] In the second iype comparative test pieces, a
chromium {Cr) film was used instead of the tungsten film
as the underlying layer of the DLC film, and a mixed
layer was one corresponding to the underlying layer
(chromium film)}. That is, the second type comparative
test pileces had a chromium film and a mixed layer
containing chromium and substrate-constituting element (s)
between the DLC film and the substrate.
[O0S2] The second type comparative test pieces were
prbduced in the same manner as done in producing the test
pieces having the tungsten film except that chromium was
used as a cathcde material in the evapcration source
which was used in forming the chromium film and the mixed

layer. More specifically, the mixed layer in each of the

second type comparative test pieces was formed by




12: mxed layer 13: tungsten film14: carbon filnm(DLC film APl xatuum a#g
deposi tion apparatus 20: vacuum chanber 21: substrate hol der 22: bias power
source 23: evacuator 24: gas supply unit 3,4: vacuum arc evaporation source
31;41: cathode 32: arc power source 33: shield plate 34: trigger electrode

35: resistor 42: cathode hol der 43: arc power source 5: magnetic filter 51:

transport pipe 52: magnetic coil 53: power source 54: end plate
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% &b&&& =' aB¥NE substrate was depressed under a load of 150 kg by an

"10%A10% & ()-9]10% & ()-s10% & ()-!'&10% & ()-=10% &' () - 10@6&T()-— I (H(
(dBYNC indenter (conical diamond indenter) to be used in a C-

'109% (%40% & ()-'*10% & ()-%40% & ()-#10% & ()-i!'#10% & ()-cl0% & ()-(((+)
d); *<*=*>*dYNCalk0®ockireilO hardness test, whereby the adhesion of the

10 P410% & ()-3,2c10% & ()-0c10% & ()-.cl0% & ()-+

10% & () - >* ROVE] 4,1 A2 YNNG slﬁ%t&b@f’@&a(s) =valQ¥&d( kin kerms of an
D&10%& ()-!p&l0% & ()-10%& ()-\&L0% & ()-f--//1111TL{Y7

"&10%L_&f()a%%%l@%Lp%eﬁdeEM@S%Q&%L%u&w&b.Lne impression formed by

the depression. The results show that the smaller the
peeled film area is, the higher the adhesion of the DLC
film to the substrate is.

[0098] The results are shown in Fig.3. It is apparent
from Fig.3 that when a tungsten film and a mixed layer
contalning tungsten are formed between the DLC film and
the'substrate, the adhesion of the DLC film to the
substrate is higher than when the DLC film is formed
directly on the substrate. It is also evident that when
the underlying layer of the DILC film has the same
thickness, a tungsten film formed as the underlying layer
achieves a higher adhesion of the DLC film to the
substrate than when a molybdenum film or a chromium film
is used as the underlying layer.

[0099] It is further seen that a tungsten film, when

too thick or too thin, lowers the adhesion of the DLC
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"199 109&' () -' CLOWN&' () - YA 0%\ () #Cc 109\ %?-'10%%& ()-cS109& () - +C\ CCCCD@
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10% & () - FAFI{(EFFEEGaBi@ents on the thickness of mixed layer

"1110% & ()-10% & ()-y10% & ()-V 10% & ()-P10% & ()-!, 10% &'()-:EG{GG(H‘HH
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film (DLC film) to the substrate using mixed layers of
varied thicknesses.

{0101] Six test pieces of the carbon film-cocated
article were produced. These test pieces are different
from each other in that the mixed layers formed of
tungsten ahd element (s) constituting the substrate had
thicknesses of 2 nm, 5 nm, 10 nm, 50 nm, 100 nm and 200
nm, respectively. The mixed layér, tungsten film and DLC
film in these test pieces were formed by the same method
and under the same conditions as described above. The
_substrate in any test plece was made of chromium-
melybdenum steel SCM 415. In any of test pieces, the
tungsten film had a thickness of 50 nm and the DLC film
had a thickness of 500 nm. When the tungsten film has a
50 nm thickness, the DLC film exhibits an excellent

adhesion to the substrate as apparent from Fig.3.
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' had a thickness of 500 nm in the comparative Test pleces.
[0103] The adhesion of the DLC film to the substrate
in each of.the test pieces was evaluated in terms of an
area of peeled DLC film around the impression formed with
an indenter (conical diamond indenter) in the same manner
as descriped above. In the comparative test piece without
a mixed layer, the DLC film became peeled, whereas none
of DLC layers in the test pieces having the mixed layer
became.peeled irrespectively of the thickness of the’
mixed laver.
[0104] As described above, a difference in the adhesion
of the DLC film to the substrate due to the thickness of
mixed layer was not found when measured by the foregoing
evaluation mefhéd. The adhesion of DLC films in these
test pieces were further evaluated as described below in

order to investigate a preferred range of thickness of

the mixed layer.
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&' ()- @Vlocy(p&e(sp.mgoplla@e B@ainst the DLC film (a load on the
10% & ()-810% & ()-s610% & () }}} ~H~~~dEb@¥10! G10% & () - '
pressing piece in pressing the pressing piece against the
DLC film), there was found out a load[kgf/mm?] involwved
when-a rotating torque of the wotor required to rotate
the pressing piece at the foregoing revolution speed
reached 20 [N] or more. When the DLC film became peeled
by increasing the load, a great rotating torque of the
motor was needed in rotating the pressing piece. That is,
even when a heavy load was imposed, the rotating torgue
of the motor was small in rotating the pressing piece if
a highly slidable DLC film firmly adhered to the
substrate and did not separate from the substrate.
Consequently this shows that the heavier the load
measured is, the higher the adhesion of the DLC film to
the substrate is. The pressing piece used was in the
shape as prescribed under JIS-K7218A, namely cylindrical
and was made of carbon steel for machine structural use
(850C) .

[0106] The results are shown in Fig.4. Fig.4 shows

that when the mixed layer containing tungsten and a
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evident that the thickness of the mixed layer is

_ preferably about 200 nm or iess, more preferably about
100 nm or less, especially more preferably about 50 nm or
less, most preferably about 10 nm or less.
[0107] As set out above, the invention provides a
carbon film-coated article in which a carbon film is
formed and the adhesion of the carbon film to the
substrate is high, and a method of producing the same.
According tco the producing method of the invention, the
carbon film and others can be efficiently formed.
[0108] Although the present invention has been
-described and illustrated in defail, it is clearly
understood that the same is by way of illustration
and example only and is not to be taken by way of
limitation, the spirit and scope of the present
invention being limited only by the terms of the

appended claims.
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substrate and tungsten; a tungsten £ilm formed on the

nixed layer; and a carbon film formed on the tungsten
film.

2. The carbon film-coated article according teo
claim 1, wherein the mixed layer has a thickness of 200
nm or leés.

3. The carbén film-coated article according to
claim 1, wherein the tungsten film has a thickness of 170
nm or less.

4. The carbon film-ccated article according to
claim 1, wherein the carbon film has a thickness of 500
nm to 10 pm.

5. The carbon film-coated article according to
claim 1, wherein the substrate is made of a material
comprising iron as a main component.

6. A method of producing a carbon film-coated
article comprising a substrate, a mixed layer formed on
dt least a part of the substrate, and composed of an
element (s) cbnstituting the substrate and tungsten, a
tungsten film fermed on the mixed layer, and a carbon

film formed on the tungsten film, the method comprising
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forming the carbon film on the tungsten film;

wherein at least one of the mixing layer, the
tungsten film and the carbon film is formed using a
cathode material evapcrated by arc discharge in a vacuum
arc deposition apparatus having a vacuum arc evaporation
source including the cathode.

7. The method according fo claim 6, wherein the
carbon film is formed by a vacuum arc deposition method
using carbon as the cathode material in the vacuum arc
deposition apparatus while applying a pulse-type bias
voltage teo the substrate.

8. The method according to claim 6, wherein the
mixed layer is formed using tungsten as the cathode
material in the vacuum arc deposition apparatus while
appiying a bias voltage to the substrate to subject the
substrate to a bombarding process.

9. The method according to claim 6, wherein all
.of the mixed layer, the tungsten film and the carbon film

were formed in a same vacuum arc deposition apparatus.
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a main compecnent and a second vacuum arc evaporatlon

source having a cathode including carbon as a main
component, |

11. The method according to claim 6, wherein the
vacuum arc deposition apparatus is of a magnetic filter
type which has a magnetic filter for at least one vacuum
arc évaporation‘source for suppressing macro-particles of

the cathode material from adhering to the substrate,
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formed on at least a part of the substrate, and composed
of an element(s) constituting the substrate and tungsten;
o~ a tungsten film formed on the mixed layer, and a carbon
film formed on the tungsten film. The invention provides
a method of producing the carbon film-coated article, the
method comprising the steps of: forming a mixed layer on
at least a part of the substrate, the mixed layer being
composed ofkan element (s) constituting the substrate and
tungsten, forming a tungsten film on the mixed layer, and
forming a carbon film on the tungsten film, wherein at
f“) least one of the mixing laver, the tungsten film and the
carbon film is formed using a cathode material evaporated
by arc discharge in a vacuum arc depositidn apparatus
having a vacuum arc evaporation source including the

cathode.

(Fig. 1)
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Description of symbols in the Drawings

1: carben film-coated article
1i: substrate

12: mixed layer

13: tungsten film

14: carbon film(DLC film)

AP1: vaduum arc deposition apparatus
201 vacuum chamber

Z1: substrate holder

22: bias power source

23: evacuator

24: gas supply unit

3,4: vacuum arc evaporation source
31,41: cathode

32: arc power source

-33: shield plate

34: trigger electrode

3b: resistor

42: cathode holder

43: arc power source

5: magnetic filter

51: transport pipe

52: magnetic coil

53: power source

54: end plate



