; H JKe3e[ [t p6T CARBON FI LM COATED ARTI CLE AND METHCD OF PRODUCI NG THE SAME
CROSS- REFERENCE TO RELATED APPLI CATI ON (0001] This application is based on
Japanese patent application No.2002-201339 filed in Japan on July 10, 2002,

the entire ¢ f which is hereby incorporated by reference. BACKGROUND
OF THE; WN\WM d of the Invention [0002] The present invention
rel ates on filmcoated articles which can be used as parts of

engi nes (e. ¥ nternal conbustion engilmes i ncl udi ng gasol i ne engi nes,

di esel engines or the Iigggig(gﬁt tFif%qa o207 M‘I%‘EEC%”Q tools, parts
n 0 cing the

of cutting tools, etc., a meth of produ sanme. Description of

Rel ated Art [0003] A car wﬁPWé#CB@DQC%fTﬁE %{H@Dnd-l i ke carbon
ar resrstan arTlo

film has a high hardnesS; a high we ce an w friction
coefficient. It has been proposed to increase the wear resistance of and
| ower the coefficient of friction of engine parts, cutting articles and

like sliding articles %y utilizi r}%‘asuch characteristics of the carbon film
The wear resistance an@RARS THERNEntTORBLATEDR SPEHIATEON i ding articles
can be inproved by -2coating the Aiding articles with the DLC film or

| i ke carbon A48 ] 0004jhiso 1cajdmay dld yasesl pIC feipamessd PRiCRa&tcar bon
films are lowin the adhesion to the substrate of the sliding articles nade
of steel or tap®liides iand Nohet @10 B3 ebisidd igepharayl ef rdovhyt R@,subst r at e.
For inmproving the adhesion of the DLC filmand |ike carbon filnms to the
substrate, it208Es prlopased to dattm@n o htvdtiediiad end@er incorporated

by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to carbon film-

coated articles which can be used as parts of engines

(e.g., internal combustion engines including gasoline

engines, diesel engines 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 film such as a DLC film (diamond-like

carbon film) has a high hardness, a high wear resistance

and a low friction coefficient. 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

AR
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bet ween the carbon filmand the substrate. The proposal, however, failed to
create a sufficient adhesion. SUVMARY OF THE | NVENTI ON [ 0005] An obj ect of
the present invention is to provide a carbon filmcoated article, i.e., an
article having a carbon filmforned on a substrate of the article, the
carbon fil mhaving a high adhesion to the substrate of the article, and a
nmet hod of producing the sanme. [0006] To achi eve the above-nentioned object,
the invention provides the follow ng carbon filmcoated article and the

fol'low ng preduding weihod ; {ihly G@rbon 4d lgpated B £gh& L)QoqgkeA car bon

filmcoated article conprising a substrate; a, mxe ayer fornmed on at

| east a part af .the rate, the m xed | ayer being conposed of an

el enent s) corcl:%tribtoglt ifﬁg@ﬁie substrate and tungsten; a tungsten film forned
on the m xed [ r, and a carbon -3filmfor n. the ngsten film (2)
Met hod of prdd c?‘r]g a %V%%%rfi(?%?%ﬁﬁﬂeﬁmg??iﬁfg %)bjdbﬁné;j]ﬁgfen&?r&on
produci ng a carbon fil g;coa,t ed article conprising a substrate; a m xed

| ayer fornmed g5t A&aderYh JFartor e Qibsta dte sRs thatsd ofayfdf bei ng
conposed of an el enents) constituting the substrate and tungsten;

a
tungsten fil mifiskmsd agit iiHe snimeste |y ertecadndbra W Barkef iangh theredosr t he
tungsten film the nmethod conprising tine steps of formng the m xed | ayer

on at | east arsargaseflyt kersulsdtlreatfe,ont Hehari suddh Hraater. bEpngivpnposed of an
el enments) constituting the substrate and tungsten, foam ng the tungsten
filmon the mheeddh@sdron afd ther ming fiilen cardbdn Kd |gartant e lingngst enef i | m
wherein at | east one of the m xed | ayer, the

substrate, it was proposed to form an intermediate layer

between CLhe carbon film and the substrate. The proposal,

however, failed to create a sufficient adhesion.

SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide

a carbon film-coated article, i.e., an article having a

carbon film formed on a substrate of the article, the

carbon film having a high adhesion to the substrate of

the article, and a method of producing the same.

[0006] To achieve the above-mentioned object, the

invention provides the following carbon film-coated

article and the following producing method.

(1) Carbon film-coated article

[0007] A carbon film-coated article comprising a

substrate; a mixed layer formed on at least a part 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



tungsten filmand the carbon filmis fornmed using a cathode materi al
evaporated by arc discharge in a vacuum arc deposition apparatus having a
vacuum arc evaporation source including the cathode. [0009] The foregoing
and ot her objects, features, aspects and advantages of the present
invention wll beconme nore apparent fromthe follow ng detail ed description
and t he acconpanyi ng draw ngs. - 4BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010]
Fig.1is a partially sectional view shoyw ng an exanpl e of the carbon

filmcoated antiClrern@OLL tHO 2B 1_seigmati ¢ di agram show ng the
structure of an exanple of the vacuum arc deposition apparatus. [0012]

0.5 a EBhabakeg 2 sl gy, betueen 2 aker sleethd L cfese of er

underlying | ay ' m~on one el ed area

representing ion of the Cfilmto, the substrate .on the of her hand.
06151 H o 4 (PEBE T, Do b e e WATRIP IS ot HRSR o (he mxed
| ayer forned between the DLC filmand the substrate and a | oad resi stance

LG I
repr esent i ng2adHESPoROBP TS 9L E YRR TG tHe S atéYeBESERIPF N OF THE
PREFERRED EMBODI MENTS (1) Carbon filmcoated article [0014] A carbon
filmcoated attileretas Papitefods rde evbsdinedey dhe FdxedvéatesnPRaBJa ni xed
layer, a tungsten film and a carbon filmformed on the substrate in this
order. More sp#piofsiedaldfy ana efietestht @)ercors tiwdgdingn thiel substdrateaghdn film
are formed over at |least a part of the substrate of the article. [0015] The
substrat e whitohgsegu;r es thingls tec Maininc o rsdede gt hheaynikedmideeot andateri al
including iron as the
a carbon film formed on the tungsten film, the method
comprising the steps or:
forming the mixed layer on at least a part of
the substrate, the mixed layer being composed of an
element (s) constituting the substrate and tungsten,
forming the tungsten film on the mixed layer,
and
forming the carbon film on the tungsten film;
wherein at least one of the mixed layer, the
tungsten film and the carbon film is formed using a
cathode material evaporated by arc discharge in a vacuum
arc deposition 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.



-5mai n conponent such as carbon steel, special steel or |ike steels.
Optionally the substrate may be nade of ceranic(s), cenented carbide(hard
netal) or the like. [0016] The m xed layer is fornmed on the substrate and
contains an elenent(s) constituting the substrate (material (s) constituting
the substrate) and tungsten (W and may contain other elenent(s). [0017]
The tungsten filmis fornmed between the m xed | ayer and the carbon film
The tungsten filmcontains tungsten (W-as the nmai n conponent and may

contain inpurities (M NOrgEAFPHEREERIPTIONISE Tie SRwafd il mis formed on
the tungsten film The carbon filmcontains carbon (C) as the main

Che Tike, ThaCUabdon 1410 ey’ e, Tor L Sxniml & SOEE Tl (O amend ) | ke

the |ike. The carbon exa

carbon film. [0019 hown _in t resul ts of experinments to be descri bed
Cayar the RARBIPGR 6 e EARERR Ml Tl Ats ArTARen 11 m i o higher than
t he adhesion[Bf the carhon filmto nol ybdenum filmor a chromumfilm

[0020] Since [PRE 14 xed T8y ér 180At SFAEAG tive dEPEMERt SFOWOREt FEELi ng t he
substrate and the tungsten is fornmed between the substrate and the tungsten
film the adBESUSHUGE e 3uRFSEER of Afmthe (e WbsrcaterPrsikitgR. Ther eby,
t he adhesion of the carbon filmto the substrate is high -G n the carbon
fil mcoated apbieglagus.0021] The carbon film (especially DLC film has a
hi gh hardness and a | ow coefficient of friction so that the carbon
fil mcoated 4o0il@les chig b g ef eywdydly sisedims arendlertsi whitedtwares raequi r ed
to have at | east one of wear resistance aid |ow friction charactristic. For
exanpl e, themearhan lf ian eodiceehcard icd es (BRI ifid Mageat ed (under)

the DLC fi1lm on one 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 to 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 carbon film formed on the substrate in this

order. More specifically, a mixed layer, a tungsten film

and a carbonifilm are formed over at least a part of the

substrate of the article.

[0015] The substrate which requires high mechanical

strength may be made of a material including iron as the



1 - - — - —

menbers) can be used as sliding nenbers (sliding parts). Mre specifically,
the carbon filmcoated articles can be used as engi ne parts such as cans,
shins, valve lifters, plungers, piston rings and the |ike and other machine
parts, cutting articles such as drills, end mlls, mlling cutters, cutting
tools and the like, nolds, etc. The carbon filmin such carbon filmcoated
article has such high adhesion to the substrate as descri bed above that the
article can stably retain the low friction characteristic and ot her
characteristj f r 0 I i of, eryi i.fe of the
car bon fiIn1@%gﬁeggggfh%ﬁg,%?ﬁglg%rg%h fﬁ ﬁ*%%g'hgyggga?hggéggsékof, e.g.
500 nm or nore, the c I Ls_t I l,.or C are
likely to océgkevgﬁgg}gfhesé ?g %%gg‘gﬁetﬁgb%g%%EE ﬁ??n?%a@ %%, e.g., 10 um
or |less. The stress y be rel axed by .addi.ti on_of tals or the |ike.

[0023] “Too ¢ REGRTGE B0s CRPRAS TGSt TRV s SPedaeEron i n i ts
adhesion to the carbon filmas shown  in the results of experinents to be
descri bed | att@P16the upper™i%8a t1afes nfekhegredron Hdq vttt 13nd s
preferably 70 nmor less, nore preferably 150 nmor |ess, nost preferably
100 nm or | esontaRas| gRe llemeant (&) tIoinSidss 160 (The swhgstrasefilmis
preferably 5 nmor nore, nore preferably 10 nmor nore. [0024] Too thick or
t oo thin the (mexedilkdyern ceswittigutinpwire adiedirartedf anlde tuagboanf i(Win t o
the substrate as shown in tile results o= experinents to be descri bed

| ater. The upper maymdonafa ithictkees : leimdrite(gyixed | ayer is preferably 200 nm
or less, nore preferably 100 nmor |ess, especially nore preferably 50 nm
or less, nostiopngfier ablye 10048 ©n | £65m THerdowed vdilhderdftidingknress of the
m xed layer is preferably 1 nmor nore, nore preferably 2 nmor nore. (2)

Met hod of praducing g %reb%%rfﬂdnmﬁqg%.eehper td )& 90251 A cERiE9H s Of

producing a carbon filmcoated article as a preferred enbodi nent of the

bresent | nVeRLLOL COM)SES iR $ARS ripd:RAE LB Sbstigte of an

article a m X

impurities (minor components).

[0018] 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-like carbon film).

[0019] 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 film.

[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



| ayer containing an el enents) constituting the substrate and tungsten,
foamng a tungsten filmon the m xed | ayer, and formng a carbon filmon
the tungsten film [0026] At |east one of the m xing |ayer, the tungsten
_g_filmand the carbon filmis formed by a vacuum arc deposition apparatus
(arc-type ion plating apparatus). The vacuum arc deposition apparatus has
at | east one vacuum arc evaporation source including a cathode. In the
vacuum arc deposition apparatus, a |layee-or a filmcan be fornmed using a

cat hode nat erﬂr@|tﬂé%meffﬂﬁ]$ééé%&ngr{bﬁlé:_at hode sel ected according to
the layer or filmto be formed) evaporated by arc discharge, nore

specifically joNni zin n r i al pl.as gener at ed
in the vicini 3?%#¥%he g% h%%gggﬁnéigﬁ gﬁégﬁgg%g?$29%?,f I@ H%ﬁggien film
and the carbqn film be forned, by the_.vacuum ar epqasi tion par at us.
(00271 “when T b AEATHATE HEboa! 1T b apbhr STTAL (ef ehfed Syt Fhatian: zed
cat hode mat er. al naﬁ?be ftracted to the substrate by a bias voltage to be

applied to tH&S R b B TR MaldEC 1S cottt ik REe iRt Y% &fe.

Such bias application may be carried out in form ng any of the m xed | ayer,
t he tungst en H§MREHIRHE cafrdorediined [Do2Bvahet msast |dyreoicatlease f or med
by subjecting the substrate to a bombarding process (vacuum arc deposition
operati on i nvtstad sitpcdorbdr diowy fricddsy) dlsineg tnisgstcen BEer aexahozie
material (in other words, using a cathode mainly containing tungsten) in
t he vacuum arthdepnshdn ofii Appasat es. a bt €l spectd tloal | 4, Id-owgsteeh as t he
cathode material is ionized by a plasma while applying a g _ relatively
hi gh bi as volricagaedt®) tdwen StdSlised eas SO11ddtg members (sliding parts).
More specitically, 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 machine parts, cutting articles such as drills, end

mills, milling cutters, cutting toocls 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 characteristics for a long term.

[0022] In view of the service life of the carbon film-

coated article, the carbon film may have a thickness of,

e.g., 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 pm or less. The

Sstress may be relaxed by addition of metals or the like.

[0023] Too thick or too thin the tungsten film allows

the reduction in its adhesion to the carbon film as shown



the ionized tungsten is driven into the substrate {nanely the substrate is
subj ected to a bonbardi ng process), thereby form ng the m xed | ayer
containing an el enments) constituting the substrate and tungsten. [0029] In
this case, presumably the surface of the substrate may be inproved in
characteristics) by the bonbardi ng process, resulting in formati on of the
m xed | ayer. When the m xed layer is fornmed by the bonbardi ng process, the
surface of the substrate is subjected +D-sputter cleaning and the substrate

| Spheat ed, whor el bha MO I T e ORI aLa 5 geased i n i s

adhesion to the m xed | ayer. [0030] The tungsten m can be Torne y a

vacuum ar ¢ deppsition, et f1od 1 usi stéJQQfStﬁ]eng:gu}ng%s)ccaeﬁﬂ%g%mn%tseri al (in other

wor ds, using a cat hode mel nly contalning € vacuum arc

deposition a rat us.. Faor. exanpl e, . when tungsten_as the hode material is
made into pl s%ﬁ%gﬁ'lﬁgquﬁf¥%daﬂh}?ﬁsapBP§gnBr§f?E?3erggé FBwPhi ag§ss/
voltage to the substrate, the ionized tungsten is_deposited on the
substrate (t ﬁlé)sﬁﬁ' P& ishret Yot ¢hds WHstheis) £8ef dPHEEhE1RERAgREen film It
is optional, e.g., to apply a bias voltage to the substrate which is | ower
in an absol utt&\FANGS S itHc| ke nguexg temahlhehst REefiekadly afenmi erf opned by
t he bonbardi ng process. -10[ 0031] The carbon filmcan be fornmed by a
vacuum ar ¢ d&pds irefaretiod Wsimy cwamsore as a cat hode material (in other
wor ds, using a cathode mainly containing carbon) in the vacuum arc

deposi tion afdf&2dtlus. Tos exanpler whentichnboie asitde CafdwdeJmterijal is
made into plasma and is ionized whip applying a bias voltage to the

substrate, theweniazee QAT ithedePROIIdret 0 the t3dEubate atkhgst ungst en
filmon the substrate) to formthe carbon film [0U32] Any of the m xed
layer, the tumgstend ilil ankults of experiments Lo be descriped later.
The upper limit of thickness of the mixed layer is
preferably 200 nm or less, more preferably 100 nm or less,
especially more preferably 50 nm or less, most preferably
10 nm or less. The lower limit of thickness of the mixed
layer is preferably 1 nm or more, more preferably 2 nm or
more.
(2) Method of producing a carbon film-coated article
[0025] A method of producing a carbon film-coated
article as a preferred embodiment of the present
invention comprises the steps of:
forming on a substrate of an article a mixed
layer containing an element(s) constituting the substrate
and tungstené
forming a tungsten film on the mixed layer, and

forming a carbon film on the tungsten film.

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



the carbon filmcan be fornmed by other nmethods than those using the
foregoi ng vacuum arc deposition apparatus. The carbon fil mnmay be forned,
for exanple, by a plasma CVD nethod, sputtering nethod, |aser deposition
met hod or the |ike. However, any of the m xed |ayer, the tungsten film and
the carbon filmcan be fornmed at a relatively high deposition rate by the
nmet hod usi ng the vacuum arc deposition apparatus. This is because the ion
density of the cathode Material in thegd asma can be relatively increased

due 10 evapokation of (e Lathade gt ol alo e arg df schaggen dhen the

vacuum ar c deposition apparatus i s used, e m xed | ayer, e tungsten film
and the carb fil.m.fan be fornmed even.on the substrate of the article in a
el'atively cORBiGater Shgs or o Cutebare ¥iE ey aPbrkagy® and
deposition is _easily feasible even over a |large area. -11[ 0033] Furt her,

t he carbon f&hﬁ\?@ BY G RERPEC I P@Rde, St%@ﬁ ﬁﬁtﬁ&&sksoﬂﬁre hi ghl y

hard and | ower in hydrogen content than when fornmed by a plasma CVD net hod,
sputtering nM¥EREETOR NCaSERPPSFSIAT 1P Whsteh ddhC lram ot ﬁecéz*&?‘@éﬁ-f i mn e
formed by the vacuum arc deposition nethod, it may be done while applying a
pul se-type bivasuysl eage derastid ioubsorare t Ukhe e By Vielie oitnee£aalm senebs in
the carbon filmthus fornmed can be |l owered and the carbon filmwth d

ni ghty snoot fogmefdace ican sbe aftdroved rfa0634]a 1l N stulve thaocegaiong tatthodgof
produci ng a carbon filmcoated article, at |east one of the m xed | ayer,

t he tungstenthiel PMaahdddheQaydion fddonrdds drotedhien 1blye rvacudiiar €o be

deposi tion apparatus. For exanple, all of the m xed |ayer, the tungsten

filmand the reaiden fdiapdrm e Hipramd dirbéﬂ&g%?}”ﬁlo%c%'fb@béﬁ(ic9§@9sb}/i on
apparatus. Wien the m xed |layer, the tungsten filmand the carbon filmare

formed in the 338 YACHUDALG, JaRESIL 9 APRAATYSy by plasma
generated in the vicinity of the cathode. Any of the
mixed layer, 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
to 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.
[0028] 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 ionized by a plasma while applying a



transport of the substrate, renoval of gases) from a process chanber,
heating of the substrate can be perfornmed in a shorter tine than when one
or two of themare formed in other apparatus. [0035] This neans that the

m xed | ayer, the tungsten filmand the carbon filmcan be so efficiently
formed and a carbon fil mcoated article can be so efficiently produced. In
this case, an interface between the m xed -12 layer and the tungsten film
and an interface between the tungsten f?fmand the carbon filmare unlikely

to cone into caniaGie W tmqmraist st And @ opgl duanfAaces carnhe created.
[ 0036] A vacuum arc deposition apparatus to be comonly used in formng the

T xed Layer. he ddingsl e fidaeand & he carbomdd |mdasua Jeast g yacuum

arc evaporation sour ces, I rst vacuum arc evaporati on source

i ncl uding a tt r\]egsé[u%ns tCr?#theOdies (rﬁcu%jheoc & a(%Qtrg)reil %onngaé[ru&i%si re?grlo%%s%ge el n

e
Conponent ? and a "second vacuum arc evaporati on source 'a carbon

cat hode (cat hode conprising carbon as the main conponent). [0037] When the
m xed | ayer, éﬁﬁ?%ﬁﬁ1 Qﬁqulﬁh%mﬁ}%QQa%ﬁ%?ﬁn?qqqﬁﬁQﬂqgf%ﬁrﬁ%TmﬁfkéSQacuum

arc deposition apparatus having only one vacuum arc evaporati on source
i ncl udi ng a CAHTdeE U rUdgs eftsdiitdde Hedds e 18 exchanged fox a carbon
cat hode after formng the m xed | ayer and the tungsten film Wen enpl oying
t he vacuum arl®@Qosi t Tonthpparases haesngabhg thessunhacgecdnithe/acuum arc
evaporation sources, the tinme period for exchange of cathodes can be saved,
and t hereby asusrthatd inay deatiedarted|ien cam tec proiduded syM tdy rabree
efficiency. [0038] A vacuum arc deposition apparatus having two or nore
vacuum ar ¢ etapdaatd oy St Eass eacdsulnednigli Y formation of the mixed

layer. Wwnen 'the mixed layer 1s formed by the bombarding

process, the surface of the substrate is subjected to

sputter cleaﬁing and the substrate is heated, whereby the

tungsten film to be formed later is increased in its

adhesion to the mixed layer.

[0030] The tungsten film can be formed by a vacuum arc

deposition method using 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 while applying a relatively

low bias voltage to the substrate, the ionized tungsten

is deposited: on the substrate (the mixed layer on the

substrate) t@ form the tungsten film. It is optional,

e.g., to apply a bias voltage to the substrate which is

lower in an absolute value (including 0V) than when the

mixed layer is formed by the bombarding process.



tungsten cathode nmay be used in order to increase the -13 deposition rite
in formng the m xed | ayer and/or the tungsten film Likew se a vacuum arc
deposi tion apparatus having two or nore vacuum arc evaporation sources each
i ncl udi ng carbon cathode may be used in order to increase the deposition
rate in formng the carbon film [0039] A vacuum arc deposition apparatus
to be used in formng at | east one of the m xed |ayer, the tungsten film
and the carbon filmnmy be of a magnetdil®filter type which has a magnetic
filter for afglogaqt One,yacyumdAr £ BY PO abd Ofb S 68, D R &Ry rc
macro-particles of cathode material with a dianeter of several mcro-neters
to tens of m - .ers . fr I t bstr, . . _ES ially
when the car t?%rr?%F:IFCt%m i's “{e(;?l?ecg%dq]g:ap@e e(radrszg1 '?;at%tggesﬁgﬁégléggu&%grc
deposi tion aﬁggrq:t us (()jf t he .magnet | ctfi ter .type. Tt%e.reason ifa ai foll ows.
Wien the cat RGAE 5 UdiCSp0sed ds o ffosed S 84k s st-Fate "Pn P hg the
carbon film ug}iﬁng] a vacuum ar c deposition apparatus havi gr% a vacuum arc
evapor ati on $86r &Y Gdih§ RSB @é%ﬂ?d%é:,ust'heFEErB%S Rber ol ti cl es
easily adhere to the surface of the substrate (tungsten filmon the,
Substrate). C3FPOEsES pticorradhoste dedifdlie lofl cadsien initomPéaaiadaadt L&l e and
nmet hod of producing the sanme [0041] An exanple of the carbon fil mcoated
article and &omgtzesd Wil Lsr cdurdiviga ve si@are woilldadse toedbiei babsiicake,
-l4reference to the drawings. Fig.1 is a partially sectional view

schemat i cal | yhehdwinig eah cexdmpl € ofdddres idaadam ftiblensobtsedaaet i(che. [ 0042] A
carbon filmcoated article 1 shown in Fig.1l has a substrate 11 of the

article. SupeipesedroFidm leasthea fajdtftd)hacsubsir ahe thrabe @&iMnxed
| ayer 12, a tungsten film 13 and a carbon film 14 as fornmed in this order

fromthe subgiyaiq sidg, [&p4§ﬂeTﬁfx§@b§£§@fe dde 18y 2f£i 1m ana

chrom um nol ybdenum st eeY In this exanple. The 'm xed ayer 12 contains an

el ement s) coRsid Lthng, tha 3ubst 1 & Athd YAOTER. Werbst Bhnexampbe. the

m xed | ayer contains iron chrom um enum

tungsten. The m xed,l ayer 12 . i.ckness. of nmin this, exa e. The
tungsten fil %sllél)&l gChneaif] rfgcool%%s‘gac#“gjrm taurnc;s X r?sgﬁ&oﬁlagp atrﬁitgﬁhg?{éh%f 50
nmin this exanple. The carbon film 14 is a DLC filmhaving a thigckness of
500 nm int b8 EBph i FOUARE TR RES G S iSRS ol Lart PoPanE LD
excellent in low friction characteristic and wear resistance because it is
covered wi t hMEFE o g Hard 19 @517 darIson FaRal tier msshadnesi She
between the DLC film 14 and the tungsten film 13, the adhesion between the
tungst en fil mik®.andovhEer xeayl afethe2mized thgesdnébrohubgswereniihe ni xed
| ayer 12 and the substrate 11 are all good, so that the adhesion of the DLC
film1l4 to thedsuthst rcatmpoll fislgomth be formed at a relatively high

deposition rate by the method using the vacuum arc
deposition apparatus. This is because the ion density of
the cathode material in the plasma can be relatively
increased due to evaporation of the cathode material by
arc discharge. When the vacuum arc deposition apparatus
is used, the mixed layer, the tungsten film and the
carbon film can be formed even on the substrate of the
article in a relatively complicated shape (e.g. substrate
in a cubic shape), and deposition is easily feasible even

over a large area.



[

-15Wth this feature, the carbon filmcoated article 1 can stably maintain
the low friction characteristic and wear resistance for a long term [0045]
The DLC film 14 in this exanple is formed by a vacuum arc deposition nethod
usi ng a vacuum arc deposition apparatus so that it has a | ess content of
hydr ogen than when forned by a plasnma CVD net hod, sputtering nmethod, |aser
deposition nethod or other nethods, Thereyb the DLC film 14 can stably
exhibit the low friction characteristi€lland other characteristics even

d hi gh t t ' 46} j t ed
articlo 1 uhioR s & oW 1T et oh Ehar Aot bt Cnd Y reh sar ©
resistance, Lie SUBSLLRLS,LETRYDE 008l (SURSY Bhen LRn epgLpe;parts such

valfve lifte pl'ung p e Ti

as cans, shins, rs, ngers, piston-rings an e and

ot her machin cutting articl such as drill end m_lls, lli utters,
outti no. tool BVeFSHkp Sofhent, Fhadt Bhefh famac pal e piaohay cThieElastt aree
11 can be preferably used as en%jaf parts and |ike naﬁhine @ﬁrts, cutting
articles, etEPUWHPEHPCedEtReda Fowtite GEBR SaftdPRc et ot c MR a-Rear

resi stance. [0047] 'the nethod of producing the carbon filmcoated article
1 wll be de§é¢b@@dﬁlﬂﬁiﬂﬁ:£Q£@ﬁﬁﬂQ¥ Bhe Bacuwe ﬁ¥§e@epg§é?192,m@9®@§ten
film13 and DLC film 14 are -16formed using a vacuum arc deposition
appar at us havitngayabeurodec wivdgo p@pilon ngowr ¢rs.sevbiypes péesf veadkkyge all of
them are formed using the sane vacuum arc deposition apparatus. [0048]
Fig.2 is a sthemak cuthsagraem.shdDhengbyyhehst iuctunel oftassexamptiee of t he
vacuum ar c deposition

carbon film thus formed can be lowered and the carbon

film with « highly swoolh surtace can be Lormed.

[0034] In the foregoing method of producing a carbon

film-coated article, at least one of the mixed layer, the

tungsten film and the carbon film is formed in the vacuum

arc deposition apparatus. For example, all of the mixed

layer, the tungsten 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 two of them

are formed in other apparatus.

[0035] This means that the mixed layer, the tungsten

film and the carbon film can be so efficiently formed and

a carbon film-coated article can be so efficiently

produced. In this case, an interface between the mixed



apparatus to be used in formng the m xed | ayer 12, tungsten film 13 and
DLC film 14. [0049] A vacuum arc deposition apparatus APl oz Fig.2 is of
magnetic filter type and is provided with a vacuum chanber 20, a magnetic
filter 5 and two vacuum arc evaporation sources 3, 4. [0050] In the chanber
20, a holder 21 is disposed for holding the substrate 11 for form ng the
DLC film14 or the like. A negative voltage can be applied to the substrate
11 from a bias power source 22 via the tfol der 21 supporting the substrate

11. The changke20ahg gheurdel s HR0FLh AR Ry aguahek 43 cbspeenpegt edet o the
chanber 20. Thé gases) is renoved fromthe chanber 20 by the evacuator 23,

0
wher eby the gascRtessuian Ruherehanhel2G aanhe adiysked tg aoggect | od

range. A gas suggl uni t I's connected to e cha speci fied
gases) can be _intr ced into t.he chanber 20 t he gas,supply unit 24.

I T006] THE aciin e "ayIparSrian oot 25 s s  tiRoaBz . Cah arc
power source, 32, a %hield plate 33 and a trigger electrode 34. The cat hode
31 i s pl acedPEn CREERamber 20, is opposed to the holder 21 and is conposed
of tungsten. The shield plate 33 is annular and is disposed so as to
surround t he [O88%dde F1.VICHHACRT T sA¢RA ekl HetdArahies i ded gomaea 133 and
the cathode 31 which are electrically insulated fromeach other. The shield
plate 33 is wdisect dincdlorpioenidet ad ey tleeyeghardber t20ovitanafieési sndr 35.

[ 0053] The trigger electrode 34 can be noved in right and left directions
in the figureéhky carthonyifrig.rndémsisc e t( Nnetasthdwe) viaconmwa apas etvepnrahéorin its
tipis in contact with the cathode 31 to a position wherein its tip is out

of contact theuewesh. [.6Q94]a Wientt Reiduunggerc elepbiredeod4sbarbeought into
and out of contact with the cathode 31 while applying a negative voltage

fromthe arc ;PR iSQULC] Bt N& GRINVA. 3ho ! %hgirqsiaar k8ngkecgm tted

between the trigger electrode 34 and the cathode 31. Arc diScharge is
as the main component) and a second vacuum arc
evaporation source including a carbon cathode (cathode
comprising carbon as the main component).
[0037] When the mixed layer, the tungsten film and the
carbon film are formed by a vacuum arc deposition
apparatus having only one vacuum arc evaporation source
including a cathode, a tungsten cathode needs to be
exchanged for a carbon cathode after forming the mixed
layer and the tungsten film. When employing the wvacuum
arc depositidn 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

more vacuum arc evaporation sources each including

tungsten cathode may be used in order to increase the



triggered by the sparks. [0055] Tungsten as a cathode material is heated by
the arc discharge, nelted and evaporated. Plasma is generated by the arc

di scharge in front of the cathode 31 (rightward of the cathode 31 in the
figure), whereby the -18evaporated tungsten is partly ionized. |In other
words, in the vacuum arc evaporation source 3, plasma containing tungsten
ions can be produced in front of the cathode 31 by arc discharge. [0056] A
magnetic filter 5 is provided to prevent3-macro-particles of cathode
material for m..ak apar.ati u fir a .ng t he
substrate 11d§E§Sg?§§ g%t%hg%hgﬁ g%n%grﬁgkgﬁﬁgéhéﬁggkfgpgé?QSthgs a curved
transport pipe 51, a netic.coil 52 wound on_the fransport pipe 51 and a
power " sour e SaPSeRAar 21 R EHE Ragnart £ufor st b e PR B fe 51
is connected to,the chanber 20. In this exanple, the transport pipe 51 is
curved at anPaNGRE o6 tdBGrEe YA GF CopdRPRYS AT RAUEFaRsBBFE pi pe 51
is opposed to the holder 21 disposed in the chanber 20 while the other
opening i s ch8§eddnEh cagbend Caitacslesmay bosreed diy e¢desutPehRCyBREage i s
applied to the magnetic coil 52 fromthe power source 53, whereby a
magneti c fi etdecadrpbs igdver aedd subSioamiing Iopealcergonhdiilmt-ernal wal | of
the transport pipe 51 wwthin the transport pipe 51. Indicated at 55 in
Fig.2 are |infe938f] mughetacudroraec i depdel trhgnedprafdteld tfoornedisen tini s way.
[ 0058] The vacuum arc evaporation source 4 has a cathode 41, a cathode

hol der 42, afidrannal @tpPQaRSstsSameCd fAThel i xeal hederdlthe ¢orpesed of carbon
and is fixed to -19the end plate 54 at an end of the transport pipe 51
via the hol def 142 sher re@ o @R r FSUlakiNg YEBlET lldhaghle 1kokdete2ltype
(substrate 11 held by the holder 21) in"the chanber 20 can not be Seen from
the position,gficihe. cathade, dt i sased alothe qudof JReLranspart pipe 51
because of interruption by the internal wall “of the transport pipe 51
curved at an _angl e _of. 90 degrees. In other words, The i.nternal | I, of the
Cransport pi fe BT IENETS SGh S tralgit T nE B0 Eari i the CatAOHBEL i th

he hol r 21.
the hol de material 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
the 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



|
[0059] In this exanple, the end plate 54 serves al so as an anode. Arc

di scharge is caused between the end plate (anode) 54 and the cathode 41
when an arc di scharge voltage is applied between them fromthe arc power
source 43. The evaporation source 4 has a trigger electrode 44 for ignition
of arc discharge as in the above-nentioned 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 noved 4Im+ight and left directions in the
figure by a drdpad g dev £e o, sh f¥0 NOS| ti wherein Lts tihp is
in contact with the ca;ﬁhog:e 2110 a o'siﬂt:ll 'nlavﬁ%g?a[eitdnal l\glfllyg Si%gtg%flacl)f
contact therew.th. the trigger electrod i s _brought .into and
out of cont aget%evt"\ih t%cl}jt%%gajgcjv’a\%@&e Wv%rll(fganapep)?aynllpnlge aOef 4{%&60 SReGa \r/}é 1931 t age

fromthe arc pover, sour.ce 43 to the cathode 41, electric sparks are emtted
bet ween the {T1°gg&r Blectrode 44 and the cathode 41. Arc discharge is
triggered by trbe sparks. Carbon_as a cathode material is heated by the arc
di scharge, nel%%% land 2vapbraR efll 10062t e Pl askbci’ hemrevdt e iFigrlont of
the cathode 41 (rightward of the cathode 41 in the figure) by the arc

di scharge, whérelsy S¥hs taddisorldt edf vt tiiss Irar t9updrmeisesd onl atotflkestwor ds,
in the vacuum arc evaporation source 4, plasma containing carbon ions can
be produced ian Mardnto fofthicheswstthedee 41l (aneghd wardkbflaviee dathade 41 in the
figure) by the arc discharge. [0063] In the vacuum arc deposition apparatus

APl as descr ithed saleov e i lithe 3riaxedl d ayarbdk?, £ ngst e fidrmel3 iandhDsC film
(carbon film 14 can be fornmed in the followng way on the substrate 11 as

hel d by the haolader 2bm lthd Ut Ofsitdre m xed | ayer and the filnms, the
hol der 21 hol ding the substrate 11 nay be rotated by a driving device (not

shown) to foﬁ@dﬂ3ﬁ"fOfﬂéné%?Qt%é%grlﬁpgsUHA%QrgkféAfghidéxﬁ%ﬂ ﬂd&num

deposition of a film gas(es ., air including reactive gases such as

ni trogen gas And 0x0eh Ga% i 1emoYRd fromit he ehanber 20, by, the

evacuator 23 to bring the insi a state of uc pressure e.g.,
such as. ar gol aE e 3 nieBtleds D o LRSHIAto0 sy thE%5a8 Bply unit
24 In this example, the mixed layer 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 h?ving a thickness of 500 nm in this example.
[0044] 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 adhesion between the DLC film 14 and the tungsten
film 13, the adhesion between the tungsten film 13 and
the mixed la?er 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.



to bring the inside to a state of, e.g., 1 X 10-3 Torr (approximately 1 X
10-1 Pa) to 8 X 10-3 Torr (approximately 8 X 10-1 Pa) so that the retention
of arc discharge is facilitated in the evaporation sources 3 and 4. [0065]
When the m xed | ayer 12 i's forned, the operation enploys the evapoza~..iom
source .~ having tile cathode 31 conposed of tungsten, not the evaporation
source 4. By the evaporation source 3, plasnma containing tungsten ions can
be produced in front of the cathode 31"%% described above, i.e., between

the cathode gady e holder 2t habd no.sbe, SUNSHAE A axka i 5 aggration.

a relatively high negative ect current voltage (e. g., approximately

DC- 400V to - i | i far e..hi as r I 2 o]

substrate 1?9\;%%(1&&%3%2% }%% [lé)gg]g]t%@at ur?gl(sgtvl%r?tl%%hiés%grce%g t‘f'ggged to
the substrate 11 t he bias voltage applied to the substrate 11 and are
made to col | F&& Wi Th osﬁl@st%pé)tgegfﬁ, whereby the ions are thrust into the
substrate 11. That is, the substrate 11 is subjected to a bonbarding
process by t H@O%Mgst ehP¢ oS WheReby B°1 BYeF bRl i by tHEehAisE
tungsten is formed as a surface |ayer on the substrate 11, i.e., the m xed
| ayer 12 contVaichiuiy adishsiarmsel tiap madisid tuflingg selvareinis aggd tungsten is
formed. [0067] Thereafter the tungsten film13 is forned on the m xed | ayer
12 whil e mai aegiosiing drhegaassre o thet dhatizer 20.esWheonttleett ofgsten film
13 is forned, the operation enploys the evaporation source 3 having the

cat hode 31 cowpiesedroftiHamgsiean, forated ey evaptaainbogvdbonetrod, Wien the
tungsten film13 is forned, plasnma containing tungsten ions is produced by

t he evapor at isgm tSQRUIGRy meHbd Negasy \(féop@j_t@gﬁl infe tRRl i0gd Jfthem t he bi as
power source 22 to the substrate 11. [0068] Wen the tungsten film13 is

formed, a negatiyeydi rf:‘ﬁ%r%&lr ek yoktagen(84 Gan QBBFQF Bphehy DG 200V)

4
which is |ower I n absolute value than when the m xe ayer 12 1s forned

when the b j i I 1. ' ' .he .subst r at
11 Ther cby TR CGRTS (ORE SF et aeraie (e bR i na are

made to collide with thz}.s bsttrate ]tl so_t hat thettungsten film13 is
formed on t hé& ke dSy o “FHEd e h BB Srol t age to be appli ed

to the substrate 11 is_so Jow that an, action of thrustin bonbar di ng) the
tungsten i ond A& t nelBubReraeEPn FElBraPRtaddetthgste V&E&JH&?S d

accunul ated on the m xed layer 12, formng the tungsten film 13 on the
m xed |ayer 12V 00701 Subdediatiststife I § iNiaN waBoi SBilsHRREE/ i s
formed on the tungsten film 13 while retaining the -23pressure in the
chanmber 20. When sstDEadd ilInmay ik foreeef s opdred ifor engiogs t he
evaporation source 4 having the cathode 41 conposed of carbon, not the
evapor at i on geurtce [iciByad hmnev.apdriats ornvalowr cel #Zend ,agimrgatsai ni ng car bon
ions is produced in front of the cathode 41 as descri bed above. The pl asma
is transportedston rings and the like and other machine, cutting

articles such as drills, 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. 1In this example, all of the

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



al ong the transport pipe: 51 by the magnetic field generated by the magnetic
coil 52, and is led toward the substra~~ 11 supported by the holder 21 in

t he chanmber 20. [0071] In this operation, a negative bias voltage has been
applied fromthe bias power source 22 to the substrate 11. In this exanple,
a pul se-type negative bias voltage is applied to the substrate 11. For
exanpl e, a pul se voltage of about -1 kV to about -10 kV is applied to the
substrate 11 at a frequency of 5 kHz arid-at a duty ratio of about 20 to

about 100. T rbon i i I t strate 11
by the bias ?%l@%&%ﬁ%ﬁ%d%&h{&ﬁ‘e%ﬁgfg{%t%tf?{ %ﬁ’?%gﬁtﬁtshggﬁﬁégfi I m

b fil 4 is f t fi 3 T.
ﬁggio?gar{ig%&ﬁuﬁﬁf86?£?§%¢§?akﬁ§nbg?ﬂﬁﬁgﬂkohggk%uFP%g9§ﬁ%% gﬁbea%%daﬂced
in the genera i on of as containing carbon ions in the evaporation
Sour ce 4 ar e FERDISE BOTTT GRd it EFOFEHS CHS ik G CoSPPPET-BaoRs om

reachi ng the chanber 20 by the magnetic filter 5. The nacro-particles
havi ng no el 8PPA@t¥farge” make a  -24 substantially straight advance in a
direction initially taken, starting fromthe cathode 41 because the nacro
particles do [8848Jur vedlie? t s thespgvetie diaydaperiaviitnd Wa h t he
magnetic coil 52. [0073] Mst of the macro-particles are nade to collide
with the intetmalctwalel odf arhexempled afr dispordcpinpersl depossegqoent | y
failing to reach the inside of the chanber 20. Even if the macro-particles
start to novepparatdist eellben usedVin iforrntihey iths dexefd tthgeechanber ~u is
reached, the substrate 11 would not exist on a straight line in the

starting direghig@tenakilng 13 andPess bief ara the macro-particles to adhere
to the substrate 11. [0074] Wen a m xed |ayer 12, tungsten film 13 and DLC
Luu49] A vacuum arc deposition apparatus APl or fig.2
is of magnetic filter type and is provided with a vacuum
chamber 20, a magnetic filter 5 and two 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] An evacuator 23 is connected to the chamber 20.
The gas(es) is removed from the chamber 20 by the
evacuator 235 whereby the gas pressure in the chamber 20
can be adjusted to a specified range. A gas supply unit
24 is connecﬁed to the chamber 20. A specified gas(es)
can be introduced into the chamber 20 by the gas supply

unit 24.



|
film14 are forned by the above-nentioned nethod, the foll ow ng advant ages
are gained. [0075] The m xed | ayer 12, tungsten film 13 and DLC film 14 can
be formed at a relatively higher deposition rate by using the cathode
mat eri al evaporated by the arc discharge than when fornmed by a plasma CVD
met hod, sputtering nmethod or | aser deposition nethod, resulting in higher
productivity. The m xed | ayer 12, tunggfﬁp film13 and DLC film 14 can be
formed on the substrate 11, even if the substrate is in a relatively
conpli cated sfwmz €. IThedvauRah! 8L8 EPaBotiPibnShaRe)e fogOLding to the
vacuum ar c deposition apparatus APl. In addition, - 25deposition i~

feasibl e w thdiglqd ve easi ness il Nl |8y 08 gsr@ger%bc{ag)glégclge Ehe i xed

| ayer 12 is fornmed by subjectin e substrate to process so

t hat adhesio it i xed . | [ to the substrate 11 s increased. Since
t he substraterll ?fﬁ%gees%nb%g%?%rggf% %3bo ear%"ilﬂbo%r o@es]’ss, Hl‘r‘?‘&egzt}& ?'itee 11 can
be cl eaned by  sputterjng and can be heated, whereby adhesion of the
tungsten | ayé?lqa?rgje(lf oédt}e FOruEPIt 9 t}]‘fémﬁ&e%l 12fk L 51 COPPOISREr eased.
[0077] When the DLC film (carbon film 14 is formed by the vacuum arc
deposi ti on m&thddEs iscr iThed SaE6vée PlreeDi38 fisl antslprasasdhigher har dness
and a | ess content of hydrogen than when forned by a plasma CVD net hod,
sputtering mstiifRPsat Jasky depesittiogmdrétieodatBedausé . of A | sisascedid ent  of
hydrogen, the DLC film 14 can stably exhibit a low friction characteristic

even under a fhimgled dnppregrurthenh rolmmritatd 0¥ ndSithee dat@odeC3fli I m 14 is
formed while applying the pul se-type bias voltage to the substrate 11, the

internal stre&sdm dhe dddefidda iy cansle tonered andH hendC fitm 14 can
have a hi ghly smooth surface.
shield plate 33 is electrically connected to the chamber
20 via a resistor 35.
[0053] The trigger electrode 34 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 31 to a position wherein its tip is out
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 fiqure), whereby the



[0079] Al of the mxed layer 12, tungsten film 13 and DLC film 14 are
formed using the sanme vacuum arc deposition apparatus APl. Therefore, the
transport of the substrate 11, evacuation, etc. can be perforned in a -26
shorter tinme than when one or two of themare formed by other apparatus.
This nmeans that the m xed | ayer, tungsten filmand carbon filmcan be so
efficiently fornmed, resulting in increased productivity. [0080] The vacuum
arc deposition apparatus APl has the e¢8poration source 3 for use in

forning the ghxed bayer clacand:t e LURGSLEN hiilBul3 Adotie: eyanm atien

source 4 for use 1n form'ng the DLCfilm14, nanely two evapc~atl m sources

50 that i1 e dlxedoLaNer ool BS U0t ey lidd o1 andythec PG hiLe 14 can

be conti nuous formed w thout - €xchange of the ¢a e in eac t he
evapor ati on our ces. Ehereb t he m xed E%yer #2, %ungs%gn fgk éB ?d pLC
Fi1m 14 can DU GSTaTT ROPEnEPY Por REGOREN AMg M BrEdaEe Fort 52 LOBBL] 'Si nce
the magnetic filter 5 is provided for the evaporation source 4 for use in
forming the DYC3FF fLEERaEHE -macro-particles of the substance constituting
the cathode 41 can be prevented from adhering to the substrate 11 (tungsten
film13), whéPOBPIlt he DIM@dridtm a4 chirebed sipiersetrd riomareManitng t he
surface-snoot hness of the DLC film 14. The DLC fil m 14 can be further
suppr essed f mamrpeplimg cded orfackithgdestrerttamig 1f fom &hpavecofimt hecDLC fil m
14 to which macro-particles have adhered. In this exanple, the magnetic
filter 5 is prapodedion yoluaket He fevvapaicalidrdmgs aur ¢Red shagicngtehel
-27carbon cathode in which macro-particles are likely to

supported by the holder 21. The magnetic filter 5 has a

curved transport pipe 51, a magnetic coil 52 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 the power source 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



devel op but may be al so provided for the evaporation source 3. (4)
Experinents on material and thickness of underlying |ayer of carbon film

[ 0082] Test pieces of the carbon filmcoated article were produced to

i nvestigate the adhesion of the carbon filmto the substrate using tungsten
films of varied thicKnesses serving as an underlying |ayer of the carbon
film [0083] The test pieces of the carbon filmcoated article were
produced as follows. A nixed |ayer, tuhgsten filmand carbon film (DLC

film were fameddy dhecaboye; frepti ongd, fethod tli%én%%ogﬁelp\riggu'ﬂw g5

deposition apparatus of the type shown in Fig.2. The subs te was one made

of " ohr ot um ielyybdenush Sigelo S 15: Fachygly i, ayeroand 1 byg ves forred

in the chanber under a gas pressure condition prepare cing 100
sccm of ar gon, g gnzfop r a in ressure of 5 X 10 Torr
(approxi mtely 5 X 1 -1E a ga e§ ]f%gh%%(?abv\?és%é%a}&cﬁé#l% Fomh % hamber 20
to attain a pressure dg 1 X 10- Torr%éaf)ﬁroxi mately 1 X 10-3 Pa). [0084] A
m xed | ayer was 1orned BYRSUppr yhott Py stish Rt Hod® i9f tHe evapor ati on
source with an arc current at 100A (100 anperes) and applying a bias
vol t age -2§<:?ft%1§(§1 -‘Iﬂo PR%Eq et stibRtond 0 ChribjastsRdiE Ripst Bdte to a
ge . :

bonmbar di ng process. A tungsten filmwas fornmed by supplying the tungsten
cat hode in t REE@RTOrk | - st o thy atharinttarrahtwatl 8FA 0 anper es)
and applying a bias voltage of DC(-200V) to the substrate according to the
vacuum ar ¢ dégasianart meittndl ADbed | dim avasardgraredt B0 sigeplegsng the carbon
cat hode in the evaporation source with an arc current at 80A and applying a
pul se-type bicetherolwtcages,0-Theéd kvtera SheasUhst rafe BGEREIING iR tthe vacuum

exists on a straight line connecting the cathode 41 with

the holder 21.

[0059] In this example, the end plate 54 serves also as

an anode. Arc discharge is caused between the end plate

(anode) 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



arc deposition nethod. The pul se voltage was applied to the substrate at a
frequency of 10 kHz, and a duty ratio of 5a. [0085] Five test pieces of the
carbon filmcoated article were produced. The test pieces were different
fromeach other in that the tungsten filnms were 5 nm 10 nm 50 nm |00 nm
and 200 nm respectively in thickness. In any of these test pieces, the
m xed | ayer had a thickness of 10 nmand the DLC fil mhad a thickness of
500 nm The thickness of the mxed | ay@é@®-was 10 nm at whi ch good results

were achi evedqignttiRe &XGLHJEH S @ 1Re 48SeSdRed dalele 430086knTINe

followi ng three types of .conparative test pieces of the carbon filmcoated

article were _pr egto | ' j. f r film (DLC
fiim to the HEROUeetll 0 gl ekl Bt e b e
substrates of _the sa

teryal (SCQF §6%te H% S éhe ubstrate fob the

test pieces ﬁg\}igﬁgert Hegetc rﬂffs eerfmf i1 ]E[ §7a]eC Oﬁi%t He *f i Zrigi: ?%/%%h%%%%ajr%ti ve
test pieces, a.nmolybdenum (Md) filmwas used instead of the tungiten film
as the under FyAGEe P Yot henSPBEE S+ (GRT a3 [ xeFrfemakss 1gnet S
corresponding to the underlying |layer (nolybdenumfiln). That is, the first
type conpar agﬁ\?é' efedty pibec 83 hald sEhed19fbd SR AVER S ieviaPaid t8dni xed | ayer
cont ai ni ng nol ybdenum and substrate-c:oiistitutlng el enents) between the
DLC fil m and [O®$2dubstk baemna [ 00883 ndhet¢drsn fypet cofparatdadadestd Ipi eces
were produced in the sanme nmanner as done in producing the test pieces
havi ng the t umgsihemwalrid mfexteptcatthatdensd ly hderm Wasyursed bys thecathode
material in the evaporation source which was used in form ng the nol ybdenum
filmand thedmsxeddgyewhereby the evaporated carbon is partly

ionized. In other words, 1in Lhe vacuum arc evaporation

source 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 APl as

described above, the mixed layer 12, tungsten film 13 and

DLC film (carbon film) 14 can be formed in the following

way on the substrate 11 as held by the holder 21. In

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 of a film, gas(es), e.g., air

including reactive gases such as nitrogen gas and oxygen

gas) 1is 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.



[0089] More specifically, the mxed layer in each of the first type
conparative test pieces was fornmed by subjecting the substrate to a
bonbar di ng process under the sane deposition conditions as in formng the
m xed layer in the test pieces having the tungsten film The nol ybdenum
filmin each of the first type conparative test pieces was forned by a
vacuum arc deposition nmethod under the ne deposition conditions as in
formng the tungsten filmin the test ‘sces havi ng the tungsten film

-30The DLC fiphm iR reach o0f J.tn%%tfl'vreStgatsy GONRALAJOYE a@St sPi eCes was
formed by a vacuum arc deposition nethod under the sare deposition

condi ti ons as| 'tFSSSJ&@dFQntt%etRIeC Ih' B g, a{et%t Hacenchayi ng;ths

tungsten film our first pe conparative test wer e ?orned
such a manner that, nol ybdenum fil were 5 n nm 50 nm and 100 nm
respectively Eion PERPSk i ln@ﬁd§a&ﬁ<ﬂzﬁqﬂ¥qlq t‘%ﬁbe dofp &Pa?'%%F?est

pi eces, the m xed |ayer hau a thickness of mmm d zne DLC rilm hay a

t hi ckness of (3@@PrRmiMpEEdL] U K tlife~sBaondot §pd é@ﬁgékéﬂive test pieces, a
chromium (Cr) filmwas used |nstead of the tungsten filmas the underlying
| ayer of the (Bo@roximatady & o X&dll Byer smashehetber respobivmgp t ;e
underlying layer (chromumfilm. That is, the second type conparative test
pi eces had adgischringe flisl rhaanid & atieded N a:m aseRcgiatilog chugreamiaadd
substrate-constituting el ements) between the DLC fil mand the substrate.

[ 0092] The sdcond type conparative test pieces were produced in the sanme
manner as done in producing the test pieces having the tungsten film except

that chrom umoe®s jusediasn arEathdged B get al 2 | Ns t hermy@paitad igpe reauioee
which was used in formng the chromumftilmand the m xed |ayer. Mre

speci ficall y,emt;ﬂ%y@' xeld | avRoria iRACK Rfrddes spReAN tyRe Gompakaive test

pi eces was forned
composed of tungsten, not the evaporation socurce 4. By
the evaporation source 3, plasma containing tungsten ions
can be produced in front of the cathode 31 as described
above, 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 power
source 22 to the substrate 11 via the holder 21.
[0066] 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
tungsten ions, whereby a layer containing the thrust

tungsten is formed as a surface layer on the substrate 11,

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



-31subjecting the substrate to a bonbardi ng process under the sane
deposition conditions as in formng the mxed |ayer in the test pieces
having the tungsten film’" [0093] The chromumfilmin 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 tungsten filmin the
test pieces having the tungsten film [0~794~ ~1'"he |I~LC. rlImin each o~
zne second type conparative test pieces?fas fornmed by a vacuum arc

deposi ti on neidi undernd hel spere: depasi thopscondid iang,as in formng the
DLC filmin the test pieces having the tungsten film [0095] Five second

type conpar atjggsiest @h@?@éf‘é@FSBHEOQHﬁggﬁgg ggﬂ% @nfgrfégﬁ%d?%{ o Im

films were 5 nm 10 nm 50 nm nm an respectiv

t hi ck I t aratjive test pieces,.the m xed
Ialygr nﬁ:ﬁ at lsgi&]ne%sy%]%l%%m%n#ﬁh%gﬁ@qitlf}?\{r? rparaessaﬂ{)rlrﬁ C11Prs1é:§’§ of 5)(;0 nm
0096] In the,third t ative test piece,. a DLC filmwas forned

Eji rec]t I ynon ?%Hg{ﬁo%t a‘?eﬁ%ﬁgﬁc,tWW%?lhpﬁﬁé“tH i thF@eonp&rat i ve test

pi ece was forned by a vacuum arc deposition nmethod under the sane
deposi tion C(ﬂﬂﬁﬁa}%}r@l R IP¥oriRh e RO TAIE 91 | FRULCS e hagdingpitéees havi ng
the tungsten film The DLC filmin the third type -32conparative test
pi ece had a KRS S bfcBmPIRd JDOORITIrn adhesiGre ofvadeeadlicnfi Imto the
substrate in each of the test pieces was evaluated by a Rockwel| hardness
t esti ng nachismaias: fol | fen The DLCdhitlem didm tiBe isulistnatie passdepr essed
under a load of 150 kg by an indenter (conical dianond indenter) to be used
inaC containing tungsten ions is produced by the evaporation
source 3 and a negalive voltage is appilied 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 value than when the mixed
layer 12 is formed (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, so that the
tungsten film 13 is formed on the mixed layer 12.
[0069] Since the bias voltage to be applied to the
substrate 11 is so low that an action of thrusting
(bombarding) the tungsten 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

formed on the tungsten film 13 while retaining the



scal e Rockwel | hardness test, whereby the adhesior_ of the DLCfilmto the
substrate was evaluated in terns of an area oL peeled PLC filmaround the

i npression forned by the depression. The results show that the snmaller the
peeled filmarea is, the higher the adhesion of the DLCfilmto the
substrate is. [009B] 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
fornmed between the DLC filmand the suhsi¥ate, the adhesion of the DLC film

to the SUbStPQ‘E%S\ﬁeh'lgxh%lhet hangaen Johe PLCf Lha becfpiiRd difectly on the
Substrate i's al so evident that when the underlylng | ayer of the DLC

filmhas the th n n I e | yi ng | ayer
achi eves a hFé%E%d dﬁgglgﬁﬁrﬁ%l%% %@éﬂé %ﬁ@% the su%ﬁﬁégtggﬂgg% &hen a

nmol ybdenum f il m.or chromum filmis used as t he.under| | ayer. [0099

| t ?s further®dedy { H&tcgnbﬁﬁﬁsﬁéncpﬁg%&%%éh €6&PCRY cRC % tﬁSo ¥hin,[lome15
t he adhesion of the 3 filmto tge substrate. The th|q¥ness of the

t ungst en f||ﬁW@§°ﬁﬁéﬂ8PaEPyréﬁo&t 5PYNTBF GVERPER 1B 8OBFET et atP A Hout 10

nm or greater. The thickness of the tungsten filmis preferably about 170
nmor |ess, FEPEapReNGr §BINPORbAGNS 56 MhRostuaessdn Fsentppéf ERably about 100
nm or Iess. (5) Experiments on the thickness of mxed |ayer [0100] Test
pi eces of theatholen 4fli las destced bardt iabloy enveTdepirddistiad isotiranepekade t he
adhesion of the carbon film (DLC filn) to the substrate using m xed | ayers
of varied thiadtknessee. tr@hGbprS itestslpiacaeheomagnetdar idrl8i | m coat ed
article were produced. These test pieces are different
generated by the magnetic coil 52, and is led toward the
substrate Ll supporled by the hoider 21 in the chamber 20.
[0071] 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 attracted 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



fromeach other in 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 100
nm and 200 nm respectively. The m xed | ayer, tungsten filmand DLC filmin
these test pieces were forned by the sane nethod and under the sane
conditions as descri bed above. The substrate in any test piece was nade of
chrom um nol ybdenum steel SCM 415. In any of test pieces, the tungsten film
had a thickness of 50 nmand the DLC f2fm had a thickness of 500 nm When

the tUngSte“shb%%b%%ié%ﬁ¥3§HP£J§HH“H€¥%néd“%d1é3dﬁre%k%éh'Qh&%laml?xce||e”t
adhesion to the substraté as apparent fromFig. 3 0102] For~a

comparat i ve RULBAse . a hasly HEGE HAVidlg o JTiges A LhRTEL Y bavi ng

tungsten filman m forme I's or on the substrate was
produced to investi ate the adheS|on of DLC film.to th substrate. The
tungsten fiI?FaﬁécﬁLé fktﬁt i é%ﬁbé%ﬁﬁtvenpggftp eceewgre formed by
t he sanme net hod and under, t sane condi tians descri bed above. The

ag Agcha

tungsten fil #H&d ePhWEQﬁb o H S @t C filmhas a thickness o~
5UU nm m Lne conparative test pieces. [0103] The adhesion of the DLC film
to the substd&0d3iln ed%%sefotheh@ee@ce@eeee ke vl dtade it &g 9F an
area of peeled DLC filmaround the inpression formed with an i ndenter

(coni cal di awdidt ithgentrdrornal Wed lsafe trenmarrves dasasivbed apeeeslin the
conparative test piece without a mxed |layer, the DLC fil m becane peel ed,
wher eas none cofsBlg@drenier £ain itrye teesteguitedes handinig tife thiex etialnbger becane
peel ed irrespectively of the thickness of the m xed |ayer. [0104] As

descri bed abowe, BvdhffiéreneembbrbhpaztdhesieensehrtheocDhévéiimao the

substrate due to the thickness of
direction 1n which the inside of the cnhamper zU 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.
[0074] 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 be 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 1in a relatively complicated
shape (e.g., a substrate in a cubic shape), according to

the vacuum arc deposition apparatus APl. In addition,



m xed | ayer was not found when neasured by the foregoing eval uati on net hod.
The adhesion of DLC filns in these test pieces were further eval uated as
described below in order to investigate a preferred range of thickness of
the m xed | ayer. -35[0105] A pressing piece was brought into contac~ with
the DLC filmon the substrate under a pressing force in an engine oil and
was rotated at a revol ution speed of 1042 rpm (sliding speed 1200 nm sec)
by a notor. In this operation, while gréually increasing a | oad of the

pressing pi egrRGAIHNSH tike fAdGibildmidH Qaecia@l\;eh%al%&%%%l ngv%!ne%%gkout a

pressi ng the pressi ng pi ece against the DLC film, there was foun
Ioad[kgf/nn1ha'g¥pl d when a Lota~.Itig torque oz Lne notor required to
rota~.e the pressing piece at the fore90|ng revol uti on speed reached 20 [N

or nore. il mbec pee b cre t.he |.0ad great
rotating torgoéhl the%%t%lr El%eeﬁe Jng %?5%%}3{%73%}%%%% “ece.
That is, even n a heavy Eg%g S i osed the rotating torque _of the
mot or was snil %ﬁart@tgrto g a\g?}é% R Yissce 5 Ak (j‘l‘l’%}‘?sép dgbl &
filmfirmy adhered to the substrate and did not separate fromthe
substrate. CBASEGueRISF tfi $OsHERs SURATRATE HdaviSerl i@alsead nehaer ed i s,
t he higher the adhesion of the DLC filmto the substrate is. The pressing
pi ece used wade pubisd rsltgpd lag sprsaddedied! der RpinGaK7E2h8Aprnamsky
cylindrical and was made of carbon steel for nachine structural use (S50C
[ 0106] The tihes s tatat esHaweainn el geldeardddy by spawtetrfiaty wihein cehebsi xed

| ayer containing tungsten and a -36substrate-constituting elenents) is
too thick or hWe@@ed, whereby adhesion of the tungsten layer 13 (to be

formed later) to the mixed layer Lz is increased.

[0077] When the DLC film (carbon film} 14 is formed by

the vacuum arc deposition method as described above, the

DLC film 14 has a higher hardness and a less content of

hydrogen than when formed by a plasma CVD method,

sputtering method and laser deposition 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 smocoth surface.

[0079] All 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



thin, the adhesion of the DLC filmto the substrate is lowered. It is also
apparent fromFig.4 that the thickness of the m xed |ayer 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, ITLOSt preferably about i G nm W |ess. [0107] As set
out above, the invention provides a cardon filmcoated article in which a

carbon film igsoformed and the aghesipr ofr the car hopyf bhw o, Lbg gybstrate
is high, and a nmethod of producing the sane. According to the producing

nmet hod of the,inventi e c n_fi o] rs. ficiently
f or med. [Ologfhﬁﬁt%%%%ﬁﬁf#%'prgéggtm%hbghﬁﬂgﬁ Egg @égﬁgdgg%g%bed and
illustrated in detail,..i.t is clearl erstood that the sa is by way of
11 tst r at on ARG SREid ARy SRTHE ot o Bk Foaitn o LRAG TSR YE i m ¢ At on.
the spirit and scope of the present inventjon being limted only by the
terms of thefSppefdedeSiditEd 10 FPARRASSS PHOS VifY-A carbon
filmcoated article conprising a substrate; a m xed |ayer forned on at

| east a part [8P80He sub3e rad @ @R ESNPRRRE! bf crrprb et s ARlodsts (e ng t he

substrate and tungsten; a tungsten filmformed on the m xed | ayer; and a
carbon fil m evepedadd orheunmgsterfdy [uae Zn Teerrdadbdhef minkedodeydrarticl e
according to claimi, whereimthe nnxea |ayer rias a thicnness o~ 2uu nm or
| ess. 3. The lGarnan thid rvewettec dfitlinc|ls agebrihengviaporation source 4

for use in forming the DLC film 14, namely two

evapouraltioll 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. Thereby 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

cathode 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-smoothness of

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

suppressed from peeling and cracking, starting from a

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

adhered. In this example, the magnetic filter 5 is

provided only for the evaporation source 4 having the



claim1l1, wherein the tungsten filmhas a thickness of 170 nmor |ess. 4.
The carbon filmcoated article according to claiml, wherein the carbon
filmhas a thickness of 500 nmto 10 um 5. The carbon fil mcoated article
according to claiml, wherein the substrate is nade of a materi al
conprising iron as a main conponent. 6.' A method of producing a carbon
filmcoated article conprising a substrate, a m xed | ayer fornmed on at

| east a part of the substrate, and com®tsed of an el enents) constituting

the substrat @ apdnt URGSRR & LWANGS &R fid-Pfrarimad 0 rkhe jpexedrhayer, and
a carbon filmformed on the tungsten film the nmethod conprising -38 the

steps of | foagkag e xed \ayeh on ;e 03kt alabhetubatrate, the

m xed | ayer being Conpose the e onstituting the substrate and

tungsten, forgh?% the tungsten filmon the mxed |ayer, and formng the

carbon film A the tungsten film wherein at | east one of the nixing |ayer,

the tungsten filmana .the carbon zilmis ~o a ysing a catgpd mat eri al
evapor ated by “Ar EHRHTE 108 DG A (eHSSPE gn OApPRASERY Advi ng
vacuum ar c evaporati on source including the cathode. 7. The met hod
accordi ng tol@Y&rmog, GAéE fitte carbon filmis formed by a vacuum arc
deposi tion met hod using carbon as the cathode material in the vacuumarc
deposi tion ad®&82tlus wheste rbptss gt atlpel serbypef birascaatiadhge ttig ltehe
substrate. 8. The method according to claim®6, wherein the

were produced to investigate the adhesion of the carbon

film to the substrate using tungsten films of varied

thicknesses serving as an underiying layer of the carbon

film.

[0083] The test pieces of the carbon film-~coated

article were produced as follows. A mixed layer, tungsten

film and carbon film (DLC film) were formed by the above-

mentioned method using the vacuum arc deposition

apparatus 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 107
3 Torr (approximately 5 X 1071 Pa) after the air was
evacuated from the chamber 20 to attain a pressure of 1 X
1079 Torr (approximately 1 X 1073 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



m xed layer is formed using tungsten as the cathode material in the vacuum
arc deposition apparatus while applying a bias voltage to the substrate to
subj ect the substrate to a bonbardi ng process. 9. The nethod according to
claim6, wherein all of the m xed |ayer, the tungsten film and the carbon
filmwere formed in a same vacuum arc deposition apparatus. -3910, The
nmet hod according to claim6, wherein the vacuum arc evaporati on appar at us
has at |east two vacuum arc evaporati o®8sources, including a first vacuum

arc_evapor at QN pFOYL G ofagyi RG deAtheds NG yd NG HHURGSLAR 3nadt tQ

conponent and a second vacuum arc evapor ati1on sour ce havi ng a cat

i ncluding cacRon aa.@a7RiRComonsnt. Ll,The, ORt BOf,AGL0r ARG 9 ciaimo,
gs L

wherei n the vacuumarc uepasi zi on p aza 'S o~ a nagnetrc type

whi ch has a ma i.c filter for  at ne v uumarc e oratlon source

for suppressihi gﬁ%&ﬂgﬁ t&nggtgp Zt%co gr"'.aQPrﬁhﬁPaaﬂBFFﬁg to

the substrate. A&39 AFL. ANl e. AFr. AL. ASR A L A

9. AAL. A{r. A WAT! AanAQrRr CA&E%@E At ROA ABO /&H“FFH&S Aaﬁﬂ apﬂlyl\ﬁfﬁ Ahr AU . A
CA3.A L. Ar.AU ! =d2] ~ "I

TXZ} xsnhchY] apEalOAUpea] @Fﬁa]%]‘@&]oé’d] ds ctéaecaﬁ]uéﬂté@]t@a]a@épéé]laa] €] ca]calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa! D{' X _q

Oaqr 97} xsni d tZE] N@F@@J}ﬂca]r@a]d@@]om]tc@]ma&]&rdioch] cé] Béﬂicé} tn)¢a} cedomdctal cal ca

]ca] ca]ca] ca] ca]cal cal]ca]calcalcaljcalcal5 m

Bs' } xr mhc"Y] &3] csalb@a]mal]gca[ti]ec&]auaiocra]craa:]maia:a]mat]lma]eczaboar]ad:a])na]sca]rca] caj ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ' 01W
with an arc current at 80A and applying a pulse-type bias
voltage orf -5 kv to Che substrate according to the vacuum
arc deposition method. The pulse 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 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 pieces, the mixed layer had a
thickness of 10 nm and the DLC film had a thickness 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.
[0086] The following three types of comparative test
pieces of the carbon film-coated article were produced to
investigate the adhesion of the carbon film (DLC film) to

the substrate. All of these comparative test pieces had
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of the first type comparative test pieces, the mixed
lLayer haa a thickness of 1v unm, and tne DLC Ii1lm had a
thickness of 500 nm.
[0091] In the second type 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 pieces had a chromium film and a mixed layer
containing chromium and substrate-constituting element(s)
between the DLC film and the substrate.
[0092] The second type comparative test pieces were
produced in the same manner as done in producing the test
pieces having the tungsten film except that chromium was
used as a cathode material in the evaporation 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 pleces was formed by
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| comparative test pieces was formed by a vacuum arc

deposition method under the same deposition conditions as
in forming the DLC film in the test pieces having the
tungsten film.
[0095] Five second type comparative test pieces were
produced in such manner that chromium films were 5 nm, 10
nm, 50 nm, 100 nm and 200 nm, respectively in thickness.
In each of the second type comparative test pieces, the
mixed layer had a thickness of 10 nm, and the DLC film
had a thickness of 500 nm.
[0096] In the third type comparative test piece, a DLC
film was formed directly on the substrate. The DLC film
in the third type comparative test piece was formed by a
vacuum arc depcsition method under the same deposition
conditions as in forming the DLC film in the test pieces

having the tungsten film. The DLC film in the third type
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area of peeled DLLC film around the 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

containing 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 DLC 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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[0100] Test pieces of the carbon film-coated article
were produced to 1nvestigate the adhesion or the carbon
film (DLC film) to the substrate using mixed layers of
varied thicknesses.
[0101] Six test pieces of the carbon film-coated
article were produced. These test pieces are different
from each other in that the mixed layers formed of
tungsten and element (s) constituting the substrate had
thicknesses ¢0f 2 nm, 5 nm, 10 nm, 50 nm, 100 nm and 200
nm, respectively. The mixed layer, 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 piece was made of chromium-
molybdenum 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 DILC film exhibits an excellent

adhesion to the substrate as apparent from Fig.3.
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under the same conditions as described above. The

tungsten film had a thickness of 50 nm and the DLC film

had a thickness oL HUU nm 111 Tthe comparative rest 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 described 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 layer.

[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 method. 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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pressing plece in pressing the pressing piece against the
DLC film), there was found out a load[kgf/mm?] involved
when a rtolatlng torque ol the motor required to rota.e
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 torque
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
(s50C) .

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

that when the mixed layer containing tungsten and a
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less, most prerferably aboul 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 to 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 detail, 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.



10MY 109% 0& () - @0% 0& () - &10% 0& () -
109 0& ()-:109% 0& ()-10% 0& () - R*dEYNC 10M+
109 0& ()-)10% 0& ()-' 10% 0& () - 94.09% 0& () - # 10% 0& () - s!
109% 0& () -*\ "WIEYNC
1OMES 8: 10% 0& () - L610% 0& () - 34F10% 0& () - 2t 10% 0& () - 010% 0& () - -t 10% 0& (
)-W bC 10MLO%VE' () -1 10%v&' ()-S@ 10%v&' ()-10%v&' ()- 10'o 10'o0
10' 0: 10% 0& () - : SLdEbC 10M -37-
109VE () - 103@{@4)l LOYGYB. (). - LO%VE: () 109V () - GLO%VE () - L2hdEbC
10MV6 1090V () - #1OVVE! )-STTO%E ()-Y 109 ()- @ 10% () - &10%W! () - hHzdEbC

10M 2- 10%VE' () -0 10%VE ()-- ( 0% %[( SxmbC
10MLO% & ()- 10M 10M 10 é%ﬁ )fflgﬁl%% }j) %%9 bbip d
1098 () - F410 3dean 10 0@6&f( s10% & 0% é? 0% & (
10% & () - S10%%% (t%) ST VR f)or@?‘é’%% 3fss & ppot St the
10% & () - 10@6&f% 31096&f() V5Bd Ean
10N%1096&;()SP 6%§§e(ﬁn:1@@@@0@Fd%9§%q9(%lqﬂ§pt constituting the
10% & ()-s!'10% & ()-Bz"[dEMbC
10M 8&10% & )JbSGF-'@@% er@d tragewed (- rrrrnker Oilozfowrgd( prathe & ()- O~
@10MLO% & ()-:10% & ()-1 10% & ()-! 10%j:j& ()-, 10: 10:
10::10% & () m)1a:@|§~ 1@veaND B0% & CrprPotQ%hidn )torpeads'of) thevkangpten
10% & ()-10% & ()-?ydE~_@ 10M 10% & () -%510% & () -#10% & () -!
10% & ()-1:1@%i&.()-S 10% & () - N&dE~_@
10MF410% & () - @310% & ()-&0z10% & ()-.10% & ()-+10% & ()-)10% & ()-"g AbC
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claim 1, wherein the mixea layer has a thicxuess of 20V
nm or less.

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

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

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
at least a part of the substrate, and composed 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
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10M 10%V&' () - f 810%VK (foﬁmgaggt@p tungsten film on the mixed layer,

and

forming the carbon film on the tungsten film;

wherein at least one of the mixing layer, the
tungsten film and the carbon film 1s tormed using a
cathode material evaporated by arc discharge in a vacuum
arc deposition apparatus having a vacuum arc evaporation
source 1including the cathode.

7. The method according to 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 to 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
applying 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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evaporation source having a cathode including tungsten as
a main component and a second vacuum arc evaporation
source having a cathode including carbon as a main
component.

11. The method according to claim 6, wherein the
vacuum arc ueposition apparatus is or a magnetic filter
type which has a magnetic filter for at least one vacuum

arc evaporation source for suppressing macro-particles of

the cathode material from adhering to the substrate.



