1 PLASMA CVD APPARATUS AND MANUFACTURI NG METHOD OF
MAGNETI C. RECORDI NG MEDI A Field of the Invention 5The
present invention relates to a plasna CVD appar at us
and a manufacturing nethod of magnetic recording
medi a, and particularly, to a plasm CVD appar at us
capabl e of form ng a high-density and hi gh-hardness

thin filmon_a_substrate b ' [ sf.an
pdiAsHh G aRASALYE, enp AN RR bfpdbr bpCiRammT1c
BACKGROUND OF THE | NVI lkg. 2 is a cross
sectional view schena%g?#ylﬁcﬁ Hgﬁr]%ti ng a

conventional plasma CVD apparatus. Al though 15 the

pl asma CVD apparatus is capable of formng filns on

b%‘i‘% 9 des 9fe Foyihiliiate (e.g., disk substrate) 101
]Taneougjl y 3

si nu ue to its bilaterally symetric

struct umg el addye ih@ehlﬂgoithéiii?é@ta@-Elﬁghﬁ d’\h?abﬁgﬁfatus

side relati've to the substrate 101 is shown in Fig.
anchd Bemih@Pdc ShFbnd hdthdldet fbgnetic reddd@aEia, and

. CVD apparatus includes a chanber 102 in which a hot
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C?&M%ﬂ%ﬁl@qd@.oebeﬁlﬁﬁﬁﬁ) 40 Japsa farue dafBaile efdforming
of the hot cathode 103 are electrically connected to

an AG IowRn S landl 04 Jiotaiethenst Sikdm tfidrcloanbesubstrate
102. One end 25 of the AC power supply 105 is

el tirdmaiHan iogn et dd sttare egkempwger0ghepAcathode electrode
funnel - shaped horn anode 104 is di sposed inside the 2

Cc b arhel GRibstirmteor n anode 104 being electrically
connected to a DC power supply 107. The positive

potential side of the DC power supply 107 is

electrically connected to the horn anode 104, and the

nEFFEGROPH OF iTHE SINENFTe DC pover

Fig. 2 is a cross sectional view schematically
illustrating a conventional plasma CVD apparatus. Although
the plasma CVD apparatus is capable of forming films on both
gsides of a substrate (e.g., disk substrate) 101
simultaneously due to its bilaterally symmetric structure
relative to the substrate 101, only the left side relative
to the substrate 101 is shown in Fig. 2 and the right side
is omitted.

The plasma CVD apparatus includes a chamber 102 inwhich
a hot cathode (cathode electrode) 103 is formed. Both ends
of the hot cathode 103 are electrically connected to an AC
power supély 105 located outside the chamber 102. One end
of the AC power supply 105 is electrically connected to a
ground 106.

A funnel-shaped horn anode 104 is disposed inside the
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5 supply 107 is electrically connected to the ground

. . The substrate 101 is disposed inside the
chanmber 102. The distance 12 Between the hot cathode
103 and the substrate 101 is 163.5 nm The substrate
101 is electrically connected to a direct 10 current
power supply (DC power supply) 112 as the power supply
for ion acceleration. The negative potential side of

t t&%a%e‘lo‘i\ﬁﬁ p %h&rﬁ% Qe %Jﬁcﬁéiﬁglélyeé:tg:qa'?:l%‘itﬁpcggpected

t he substrate and the positive potenti si~de

t S, is ' ed:
RS EdRRETosah Iy hbS | STROYQE CArd PoteRlachBuad of the

Wald pb o %u%b&&oiﬁd $@ @3ekb@rgendiiyt BentRet@aPeLWBER horn
each of the hot cathode 103 and the horn anode 104 and

t Ao Ipragt anaoﬁheTﬁ@g@i:iiﬁﬁﬁlad\@éﬁti]Qﬁ sidelaF thiec Bl Power
connected to a float potential (not shown) . In

ackakipipilen 1 0t7h d spled e rdrdall 130 & drexytlddndid aadle, gaeind) 106 .
the internal dianmeter B of the cylinder is in the

range offh&0fubot28Benil ncd dispesed insidéliie chamber 102.

" method of forming a DLC (Di anond Li ke Carbon) filmon

t Fhesdbstance 10betweny the hotacath@i® l4gpandthls: shbehrate
in Fig. 2 will be described bel ow. 25First, the

i A0&r ilgr 18R -h&mehanber 102 is brought into a

predefined vacuum state and_tol uene_(C7H8) gas,_ for
exanpl eThESURRE AR 481 ¥t 1leRETERaADEcoryeahked fg a direct
filn}forniqg 3 material gas. After the_interior of

t FETERRHRIVEDHSURRL Yy (RC REWET THRRIY) fdd 37 Ehepwey fupply
hqt cat hode 103 is. heat by suppl yi ng alternati.ng
Cdere PR A LA o wi U BRR b L YD L e A L a8 oE the DC
cathode 103, | ddition, direct current Ls 5,.supplje
(PR B p ot o8 BhR o el i, FeRhEr ke R SRR f bR rate

f t . I Ri
o SRna R B S o FIRUBSIAER: Bifrer suppiy
ehq6t AN 138 8 Mah 1 d frathey Y &Rt RRARINO3 ols0 t he

horn anode 104, whefeby gl ow discharge™ s Initiated

bet weenthBeatOchotcitathede ot03 aapdakig W11 @W4e d94posed

The toluene gas as the filmformng material gas

i B9l 8 tdhashRaTRle 3PIckDéOREEERdBh bifetharngs RUHMIGe 103
of electrons and brought into a plasnma state. On this

O@andst loé hoxrnr ande A0 4r &pd edwenseblsbyatdaoilal | Dhendasma wall
equation (1) is occurring. Then, filmformng 15

MA0Er iixd eldartuiaslln pbaseatetiate @ ef lasde| poteriial (not
directly by the negative potential of the substrate
16hown)f.| yIn@dsdidditane theactdsme whll Hd &b styldtnelaligal, and
and adhere on the surface of the substrate 101, and
witBeebptgrpplndbpuet ey n®i of fehersty bkndee isulst theerange of
101. On this occasion, a reaction

100 to 200 mm inclusive.

Next, a method of forming a DLC (Diamond Like Carbon)
film on the substrate 101 using the plasma CVD apparatus shown
in Fig. 2‘ will be described below.

First, the interior of the chamber 102 is brought into

a predefined vacuum state and toluene (C;Hy) gas, for example,

is introduced into the chamber 102 as the £film-forming
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20 represented by the follow ng equation (2) is

occurring on the surface of the substrate 101. C/H8 +

e- --) C/H8+ + 2e- ... (1) C7118+ + e-C7H2 + 3H2. ..

(2) Wth the above-nenti oned conventional plasm CVD

25 apparatus, the anmount of DLC filmformed on the

surface of the substrate 101 per unit tinme can be

i ncreased by shortening the distance 12 between the

hot cathode 103 and the substrate 4 101 as nuch as
possitielrd als gt .as AR5 he sigd: qraitento fotheeahambernd02 has
2, for exanple). [Patent Docunent 1]

Japencbedratrrdebingd pagsprre phhadiepfatbors 163 is heated
0023, 5Fig. 1) [Patent Docunent 2] Japanese Patent No.

3, b30svRRplying. alftemmatdngs Gua rent; f&om &g Agnpower supply
[ Problens to be solved by the invepntion] 10Wth the ,
abdPe- Rentheher GaRhada dfdl- pfassddeiapn, direct current 1s

supplied from the DC power supply 107 to the horn anode 104
and from the DC power supply 112 to the substrate 101.

By heating the hot cathode 103, a large number of
electrons are emitted from the hot cathode 103 to the horn
anode 104, whereby glow discharge is initiated between the
hot cathode 103 and the horn anode 104. The toluene gas as
the film-forming material gas inside the chamber 102 is
ionized by the large number of electrons and brought into
a plasma state. On this occasion, a reaction represented by
the following equation (1) is occurring. Then, film-forming
material molecules in plasma state are accelerated directly
by the negative potential of the substrate 101 to fly toward
the direction of the substrate 101 and adhere on the surface
of the substrate 101, and whereby a thin DLC f£ilm is formed
on the substrate 101. On this oc¢casion, a reaction
represented by the following equation (2) is occurring on
the surface of the substrate 101.

C:Hs + e — CiHg" + 2 ... (1)

C;Hs" + e - CyH; + 3H21 . (2)

With the above-mentioned conventional plasma CVD
apparatus, the amount of DLC film formed on the surface of
the substrate 101 per unit time can be increased by shoxrtening

the distance 12 between the hot cathode 103 and the substrate
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apparatus, the distance 12 between the cat hode

el ectrode 103 and the substrate 101 is shortened as

much as possible in order to chrease t he amount of
filmformed per unit time. However, it is difficult to
sufficiently increase the 15 hardness of the thin film
formed on the substrate if the above-nenti oned

di stance 12 is shortened, and it is inmpossible to

satisfy the needs of form ng a high-hardness thin film
onlfheasubshras posFhbleeagwh 48 16Bat5 NMhd selepaertjdocuments
di stance 12 nakes the accel eration distance of the

i oki 288 20 formekermpileg -naterial gas too short to form

a high-density thin filmon the substrate. The

pr es§BaEerhyBAEIBAEadl been made in consideration of

t he above-nenti oned circunstances, and thus an gbj ect

of the PREIBRESIFARANG ¥R -i - 1Y piohi@er2g92plmOeyp to 0023,
appar at 25 capable of form ng a high-density and

hi ﬁghaigness thin filmon a substrate by |engthening

t he i st bet thode el ectrode and th
sunto e e BelBRRraT o Tre IvENTI N i
order toyg LXSSEhBag?ﬁéeyg?nggﬁﬁd1@5°Q%ﬁ 13 plasma

CVD appar at us accofr présent ‘invenfion 5

COFBbaERsule BETREL rRvluRIGkyShaped anode disposed
e , a

i nsi e chanber; i | ament - shaped cat hode

di $pPe8den8sS e InaE ek, thRd itienyRaad by an
i nner periphery surface of "the anode near the center

thereof ;wifn haldi agovenhentdioseasedohPsh@ohl® plasma CVD
chanber to hold a substrate which is disposed so as to

f agpphbetaal hole dndddie ADAsween the cathbasrsl ¢dtitode 103
di sposed inside the chanber so as to cover a space
beandenhtheubsbhsttat @a0helid blotrhenkd disngueknaer pasdible in
15 each of the cathode and the anode, the plasnma wal l
havirdgraté| tmtreasenthal gmount of HiilAC fyowerd pepplapit time.
el ectrically connected to the cathode;

However, it is difficult to sufficiently increase the
hardness of the thin f£film formed on the substrate if the
above-mentioned distance 12 is shortened, and it is
impossible to gatisfy the needs of forming a high-hardness
thin £ilm on the substrate. The reason isg that the shortened
distance 12 makes the acceleration distance of the ionized
film-forming material gas too short to form a high-density
thin £film on the substrate.

The present invention has been made in consideration
of the above-mentioned circumstances, and thus an object of
the present invention is to provide a plasma CVD apparatus
capable of forming a high-density and high-hardness thin £ilm

on a substrate by lengthening the distance between a cathode

electrode and the substrate.
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a first DC power supply electrically connected to the
20 anode; a second DC power supply electrically
connected to the substrate held by the hol ding menber;
a gas supply mechani sm supplying material gas into the
chanber; and 25an exhaust mechani sm exhausting inside
t he chanber, wherein: the anode has its |argest
internal dianmeter side facing 6 the substrate;

the plasma wall is cylindrical or polygonal and has an
internal dianmeter of the cylinder or polygon in the
range of 100 to 200 nm inclusive; 5a distance between

t hEEPREdEFalHE AEVENEIONat e hel d by the hol ding
e ems cbpaPefas [ Mo thn’ Fheb YederFan Al groblchs  »
OREREFRT A3 S5 5 B R DAY HiF B eppene nvention

ap i f_t i rnal diameter of the cylindrica
orB§%§§g§ﬁsr B|§§ﬁ€g%§r| is in the range of 100 to 200

”“1i”C'Uéif&nﬁéﬂgsgéééanﬁﬁoﬁét&EE?REQS b3t nehaRetber;

cat hode and the su rate 1s | engthened as nuch as

possi bl ey FqQRRRARA MAdbdleaPhblt dldpoddd (81 BN fhamber,
200 to 300 mminclusive. In other words, the distance

betnaeButPEuRALA0HS aRdihherspgbstipRLey SukeRakhe#edhadSanode
much as possible in the present enbodi nent, whereas

t heedtstABCEehek¥eeRelrBefGat hode and the substrate is

shortened as nuch as possible according to prior art.

In a holding member disposed inside the chamber to hold
a substrate which is disposed so as to face the cathode and
the anode;

a plasma wall disposed inside the chamber so as to cover
a space between the substrate held by the holding member and
each of the cathode and the anode, the plasma wall having
a float potential;

an AC power supply electrically connected to the
cathode;

a first DC power supply electrically connected to the
anode;

a second DC power supply electrically connected to the
substrate held by the holding member;

a gas supply mechanism supplying material gas into the
chamber; and

an exhaust mechanism exhausting inside the chamber,

wherein:

the anode has its largest internal diameter side facing
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20 this manner, accel eration distance of the ionized
materi al gas can be | engthened, and whereby the speed
of the ionized material gas whgn colliding with the
substrate can be made faster than that with a
conventional plasma CVD apparatus. As a result, the
thin filmformed on the substrate can have 25 a high
density and a hi gh hardness. Additionally, the
pl asma CVD appar atus according to the present

i nF8st FYRStYRERer conprises a nmagnet for 7 generating
magnetic force in a region where the material gas is
turned i FR8 Blaswa, vahéréfncryhdrdnifel f3 pylveerpiapnd has
or Bp%ggonal and magnetic force of the magnet center
as2ntteent

2} BrmeteT pRitRa ¥l HAaT PTOPO KEoRV R (fdpey range
or Eoéﬁgog 5 bﬁ in the ran%e_of 50 to 200 Gauss
i n8FusPVetCl AOPhIR ARAAESIVSFasma density can be
[ d I t..th i film.f
e 558 e RS BB A D B e nena
h . e -
nobf SHE i er | To 15 a0 TRie BEPRIY o o300 mm

that i g1 9RYNgLgbe di sposed outside the cathode and
t he gnodé sg as to surround the cathode and the anode.

AdditionghtYmatBriBg RJAS"Es QV2rARAANALYS ACHAI DY EQusing
the present invention,” the distance betweén the nagnet

15ae88hekgangetReefathadeattopeehatakhk Wnblien 50 mm
and nore preferably, within 35 mMm

Addi ti onaddyrding et e abdir<CWldrfipiiet Phadme arvd afpheatus,
the present invention, it is preferable that the

maffiethbe iateread}nmdimmesgnetof 2fke neyildadt iwa hgoaepbbggonal
of magnetic recording nedia according to the present

i nebasiarwakl tike ianéhesikaggeng£0i 08 heo Al evmentilosdse, the
pl asma CVD appar at uses, the nmethod conprising the
st@pstance between tHhe difiidamenit-mhapmdredadiipdte appd the
having at |east. a 25 magnetic |layer fornmed _on a .
nofvhegreEe cls dehgthened ahaurdl gsngorsibde, sampared with

turning the material gas into a plasma state by
e|R¥iefcart, to the range of 200 to 300 mm inclusive. In other

words, the distance between the cathode and the substrate
is lengthened as much as possible in the present embodiment,
whereas the distance between the cathode and the subgtrate
is shortened as much as possible according to prior art. In
this manner, acceleration distance of the ionized material
gas can be lengthened, and whereby the speed of the ionized
material gas when colliding with the substrate can be made
faster than that with a conventional plasma CVD apparatus.
As a result, the thin film formed on the substrate can have
a high density and a high hardness.

Additionally, the plasma CVD apparatus according to

the present invention further comprises a magnet for



8 di scharge between the filanment-shaped cat hode and

t he anode which are heated in the chanber under a

vacuum condi tion, and accel erating the plasm to

col lide on the surface of the filmfornmed substrate

hel d by the hol ding nmenber to forma 5 protective

| ayer having carbon as principal conponent.

Additionally, in the manufacturing nethod of magnetic
recording media according to the present invention, it

i s gensratiad ragnethe foxes ilx ag!agglqmwélﬁnesthhenaterlal gas
material gas for formng a DLC | ayer on the, . .

fi iR FErRed SR rlasnas wher el 5%& Bagnek 1gymrlindrical or

i ncl udes gas contai ni ng carbon and h drogen. [Effect
of PHFIORPdnt PO MAY Feras dd b @éﬁ&eﬁg cegtisre as the

present invention, pl.asma CVD ap abl e
Y thﬁghnaﬁﬁgfl%ydmeh?ﬁhOﬁ e & A4 elygon

trate b t t he .di st b
5 ool DAL EETIR e T e 00 Bt TR AOIHT 56 pr 50, Site manner.
20 pA3lehe HERERLEToON CF LB DRV NG 2e a adlat!, lthe thin
F0Ss sectional “Ulew st I?y 1I?u§}ra I Ag ‘a

pI FIH E}{Qméﬁpéﬁaéﬂé Q&EQEQEEQ églé%x? gﬁig (Hentﬂel:y and

present 1 nventi a cro

segt g %thgﬁﬁigg%natlcally 25 illTustrating a
conventional plasma CVD apparatus. [Description of

Ref er encggieepahslyl, 181chubphbatke c9p2a %g&rahﬁﬁbabcordlng
3,103 cat hode electrode (hot cathode) 4,1 anode

10 el ect eadepBeentanadehtion, it is preferred that the magnet
be dispoged outside the cathode and the anode so as to surround
the cathode and the anode.

Additionally, in the plasma CVD apparatus according
to the present invention, the distance between the magnet

15 center and the cathode is preferably within 50 mm, and more
preferably, within 35 mm.

Additionally, in the plasma CVD apparatus according
to the present invention, it is preferable that the magnet
be a neodymium magnet.

20 A manufacturing method of magnetic recording media
according to the present invention is the one using any of
the above-mentioned plasma CVD apparatuses, the method
comprising the steps of:

holding a film-formed substrate having at least a

25 magnetic layer formed on a non-magnetic substrate at the
holding member; and

turning the material gas into aplasma state by electric
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5,105 AC power supply 5 6,106 ground power supply
7,107 DC power supply 8,108 plasma wall 8a film

t hi ckness correcting plate 9 neodym um nmagnet 10
10 magnet center 11 internal dianeter of cylindrica
neodym um magnet 12,112 DC power supply DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS 151 n the foll ow ng, an
enbodi ment of the present invention will be described,
referring to the draw ngs. Fig. 1 is a cross

sediisehalrgei betweanfihe &Hilapent- @éxarp@td Agthogeand th¢Danode
appar at us according to an enbodi ment of the present

i n¥eichoareaberseghirhEhsl siambeyDupdespparacyym gondition,
capable of _formng filnms on both sjdes of a substrate
(eagd aﬂ?gkeg%’swa#a Pﬂ%?‘?é’r@é‘&‘ﬂ?f Futhesyfkace of the
bilaterally symetric st e relati to th

sufd Flaffe%edoﬁ}lpSFﬁatﬁeﬁﬁié-u‘éfé tht hgiding mepber to form a
subst% i sho W) FI% % and the, nﬁ%htlslde i S c.
onPtP é’?h ab’P§ BERPR: 78 BTdeS L CHRAS™
21n mhl flla nt-s ed t

cat hode)ﬁ d1t ﬁYéthlbalq:Eirﬁ %h@ggﬁu%ﬁﬁ‘g: 1{1&19?0((1 'B‘F magnetlc
Bot.k.gp fmgﬁg hgecolﬁlﬁgt h_gdﬁgé BEEsEheCtibegt xs g it is

connectggn o an ower cate outS|
¢ hﬁ?f@@érgedaEﬂaE h@hé@n@@é\fiaf % )/ vﬁﬂé’h Gi s Fﬁ@l%eﬁa't@ﬁ'&l gas

i nSul ated state fromthe chanber 2. t he AC power

SURBELYfSrménd- D1 1592004 {:ﬁg‘p@iﬁﬁ P@Mﬁ’éd Sitkate as the
may be used, for exanple. One end of the AC power
sugabyeétufreel Bayetcal { o Tedeectdds t @oht@ioliit 6carbon and

hydrogen.

[Effect of the Inventionl

As thus described, according to the present invention,
a plasma CVD apparatus capable of forming a high-density and
high-hardness thin film on a substrate by lengthening the
distance between a cathode electrode and the substrate can

be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 4is a cross sectional view schematically
illustrating a plasma CVD apparatus according to amn
embodiment of the present invention.

Fig. 2 1is a cross sectional view schematically
illustrating a conventional plasma CVD apparatus.
[Description of Reference Numerals]

1,101 substrate



A funnel - shaped anode el ectrode (horn anode) 4 is

di sposed inside the chanber 2 so as to surround the
periphery of hot cathode 3, thg horn anode 4 having a
shape |i ke a speaker. 10 The horn anode 4 is
electrically connected to a direct current power
supply (DC power supply) 7, and the DC power supply 7
is disposed in an insulated state fromthe chanber 2.
The positive potential side of the DC power supply 7

i s %el1de qheatier connected to the horn anode 4, and the
neggtive 15 potential side of the DC%gfmer supply 7 is
el e )

%3 gatpadmmdadFads 1 fetgrAfiPds) As the DC
power. supply. 7, .a 0-500 V, 0-7.5 A (.anpere) power
sufplf imdpdde RI&FETsie Lhars @node) A substrate 1

i s di osed inside the chanmber 2 so as to face the hot
(:atE’f‘lc];S‘L’g5 2 RPYSTe sr\’c?rpﬁryanode 4. Specifically, 20 the

hot thode 3 js surraounded by an inner periphery
SSursfg'?é’hgfr%%éi I%’rwr?rar%}?éﬁl near the center thereof,

thg Remn Dglg’%gv_ez}: %qugyg_}pli sposed with its |argest

i nt'érnal ter si facing the substrate 1. It is

pr gf qroab I tthen the distance 1 between 25 the
hot cathgggg%aan the substrate 1 as nuch as possi bl e,

Spea feiad! kil JARGR rUc Ay 1 a3Q0 mm i ncl usi ve.
The reason is that the hardness of the thin film

f onmp@d cARrdieh mbhosbstrate 1 becomes low if the
distance 1 is shorter than 200 mm whereas the

10 fi L ket cdediterbecones inpractically slowif the
di stance 1 exceeds 300 mm The substrate 1 is arranged
t 0 1he ineguentli dilametirplafecyd imgdtivm] |damtymsied nagnet
position by a holder (a holding nenber) and a transfer
devi2c 4 12h@ad powgrr clupplor rotary i ndex table) , both
of which are not illustrated. The substrate 1
is electrically connected to a DC power supply (direct

current power suppl 12 which is the power 10 supply
f OPEFGRISTEONe AR, T EREANREIDEYRSIGARS  y 15 | &
di sposed_in an insulated state fromthe chanber 2.

15 negat i velBot Bt oL AE A t A& D@?Bﬁgi“egﬁpp?§ the :c,r?’?-’esent
o SEURREAL RAINEE S0 WIS L S e quings.
oot L oAb 12 STALatobs HESIANRY, S Wihfscary
po%&&uﬁEBQEXnanabepfésﬂa f@%DeXQEEA§%tus according to an

embodiment of the present invention. Although the plasma CVD

20 apparatus is capable of forming films on both sides of a

substrate (e.g., disk substrate) 1 simultaneously due to its
bilaterally symmetric structure relative to the substrate
1, only the left side relative to the substrate 1l is shown
in Fig. 1 and the right side is omitted.

25 The plasma CVD apparatus includes a chamber 2 in which

a filament-shaped cathode electrode (hot cathode) 3 made of

tantalum, for example, is formed. Both ends of the hot
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Inside the chanber 2, a plasma wall 8 is disposed so

as to cover the space between each of the hot cathode

3 and 20 the horn anode 4 and {the substrate 1. The

plasma wall 8 is electrically connected to a fl oat

potential (not shown) , and di sposed in an insul ated

state fromthe chanber 2. In addition, the plasm wall

8 is cylindrical or polygonal, and the interna

di aneter. B_of the cylinder or the polygon is 25 in the

r afigEhefe1802¥® %kEF?ﬁHQ¢%§¥ESQ&¥eqm%¥géh@GhAFsPPHSF supply

ionization of material gas hecones too high near the
horntardtedonestde the é#ﬁn?b‘?ﬁ et Ehes ACBSWRRaAUPPLY 5

genEI TR 2R LR T BSCSotn) o FRABAFE on, Ao the

ORESHER $6efY ) 3, 150 VEQIERS 0 LRUCRER obEr suooy

ternal ‘diranéter ceé

?J%%%% g?%e%oré‘@é ie ; ehi gBthQIg!ityf fﬂl{énAan p%#ehl}iegsprly 5

lecones ditficult, and generation-o

magge&hgcékghgliyzeoaﬁggggab%f b g¥blingven if

neodym um rmagnet ~ descr | el ow i's used. A

fi|mthi§2k@ﬁ§ﬁe§0%h§?léhn%rﬁdﬂ CeBéct Sode O\heeH andd® 4 is
end of the plasma wall 8 on the side of the substrate

10aispbbedfiddidd anassmsor 1225bi ) tBl AifrSdndehROperiphery
el ectrically connected to the float potential. Using

t hefHdthr 4 thsd88sSstKOhbeat amgdPhdLer oy atdhglenbsReaf speaker.
the filmformed on the outer peripheral of the
subBké et dnocdea ks edrictalilced 1yAcorndyhedmaaghiatecE csrrent
di sposed outsi de the chamber
power supply (DC power supply) 7, and the DC power supply
7 is disposed in an insulated state from the chamber 2. The
positive potential side of the DC power supply 7 is
electrically connected to the horn anode 4, and the negative
potential side of the DC power supply 7 is electrically
connected to the ground 6. As the DC power supply 7, a 0-500
VvV, 0-7.5 A {ampere) power supply may be used, for example.
A substrate 1 is disposed inside the chamber 2 so as
to face the hot cathode 3 and the horn anode 4. Specifically,
the hot cathode 3 is surrounded by an inner periphery surface
of the horn anode 4 near the center thereof, the horn anode
4 being disposed with its largest internal diameter side
facing the substrate 1.
It is preferable to lengthen the distance 1 between
the hot cathode 3 and the substrate 1 as much as possible,

specifically to a range of 200 to 300 mm inclusive. The

reason is that the hardness of the thin £ilm formed on the
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15 2. The neodym um rmagnet 9 is cylindrical or

pol ygonal , for exanple, and it is preferred that the

di stance A between the internal;dianeter 11 and the

hot cathode 3 is within 50 mm (nore preferably, within

35 M) , the internal dianeter 11 passing through the
center of the cylindrical or polygonal 20 side face

along its cylindrical direction. The center of the

internal dianeter 11 is the ma net_center 10 and the

na e teakee L b@cp@el%éa%éfs&%&'s is Shorter than
apprOX|nater the centers of the hot cathode 3.and

TR St AV T W e
u
is h q&%ﬁ&@ : AENCE F06%E §Q§)I¥EIu3|veg and
f 50.t | usj.ve. .
e S W A oo
ma%neg:h%en&?uféga%g tg.gﬁ S tl@c?fd 'h%ltdtl lg menber)

rranuf actura ra S ng e magne orce a
ool
2008 A 15 ¢ B U F BT BB o)

pr%%ﬁlawfev}hqcietarteh%o@qrﬁus&xféyé@ at the 5 magnet
center 10 150 Gor less is that the cost of

manuf act phieNguiss HEOEEY i@%ﬁ%@&&s_daflltéweoﬂﬁgaebaoccf aI'se power
at the nmagnet center 10 exceeds 150

addulpipQ®, (dhecpkasiereND poperasupspiyy| 12lash fclvdgiliwhe power
evacuati on nechani sm (not shown) which vacuum exhaust

I nsufp110 folkeiohasbeel@ratboaddatdothe the phvasmesuply 12 is
apparatus includes a gas supply nechani sm (not shown)
whiddsppsed des dn | inféviated stade dramsthatchahber 2. The

chamber 2. Next, a method of formng a DLC
fi begetiviee pobsutsed Bids ngft Hehe| BEMEPTNEF agpapdvusl2 is
shown in Fi 1 will be 15 descri bed. First,

t helestrégaidyl vannscad badhmmsePataaticon n%%émesepmtlve
brin%s the_interior_of the chanmber 2 into predefi ned
vabgiensdade sifle afksithe (e RS nFFBRL¥ 1gnls" electrically

?ﬁ%gg%%%“ﬁé EheRperound or noar ‘a%ﬁ%%p%w fipRfy 32, < 0-1500

o oD Ve bt 614 heShol BebREod opny ia cRepgaed. for

alternate current fron1the AC pomer supply 5
g%%%bzgt cathode 3. In addition, direct current is

Squl ' edlhg1ggetﬁ8r9héﬁﬂg§ 4, féoﬂiéé}ﬁa Rea 2P é’qvﬁrdlsposed so

supply 7 direct current is supplied to th

subst £ 8t Sodes HR (R dELHRUWRIerS 'él%f?:'hy o¥2thBYynbe 6l:t.r:li’!]:gzxie 3 and
the hot cathode 3, "a | arge nunber of 14 electrons are

enmthkedobhogmbae dHains dHOEbEthradd a hotheapDaend wall 8 is
and whereby gl ow discharge is initiated between the

hot1eathkedailyanenhbet 8aruo anpliead pottenticl Lignetgsisows) , and

the filmformng material gas inside the chanber 2 is

i odi.,zpdsed in an insulated state from the chamber 2. 1In
addition, the plasma wall 8 is cylindrical or polygonal, and
the internal diameter B of the cylinder or the polygon is
in the range of 100 to 200 mm inclusive. The reason is that

ionization of material gas becomes too high near the horn

anode 4 if the internal diameter B is less than 100 mm, which
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5 by the I arge nunber of electrons and brought into a

pl asma state. On this occasion, since a magnetic field

is generated in the region whejg the toluene gas

exi sting near the hot cathode 3 is turned into plasm

by the neodym um magnet 9, the plasma can have high

density due to this magnetic field, 10 and whereby

ioni zation efficiency can be enhanced. Then,

filmformng material nolecules_in plasma state are

accd Bpdegdraplectn Fhaf ihaayeghlryasnaiaftion o8ffxer carbon
substrate 1 to fly_toward the direction of the

subStBatre 3°3hY- adfdr AHHE IR suiPRIZASEORh L IREPEIRL gas
1, ;and whereby, 15 a thi.n Cfilmis forped, on the .
SUBREPRE SoShPH Rre* R EPER, node It £ G L v} gfametex
by .t fal.l ow equatio I S,Qccurring .on.the, .

0B Bk AP AR B3 285 EE R0 T ey 11m om
.. o+ 8 f U G - od _qQf L .
o258 AR AR G LY i TS, o o
I NpEig%ethMide 48367 bREAmeE! 'fils f;,télﬁ{feé{]@&' if neodymium
prepares a filmformed substrate having at |east a

MagRghlet |@RWITriIITRR IR, 3 NUkdmInetic 25 substrate,
and l'ets the holding nenber hold the filmforned

substrat a. fFih@nthibBRneBEhedriebRengh@ 1R BRAkL s0RSovided at
into a plasna state by electric discharge between the

hotheathddef the3paagmhhe&aldr 8 anodded sdldeCcbfatfe substrate
heated in the chanber 2 under a predefined vacuum

10 coddi therfilanthackekspat@srédiei pd adard 6addinglelertrically

15

20

25

the surface of the filmformed substrate held by the
hokghngctredber. the flivas peteetiad .pr Uedogi viee Ifjer thickness
havi ng carbon as princi pal conmponent is formed on the
suFpagecsingelat¢ Saf drivieckneds ofatle £ilm formed on the outer
According to the above-nenti oned enbodi ment, when the

i nPEFhRhSFRrAnefeths SubSkEadd ih@dcdie songsigidsshl

plasma wall 8. is in the range of 100 to 200 nm

i ncl usi v@, "EASY I 4P amRER9H D chusbiPrareh siteiddbegchanber
ang t substrate 1 is | engthened, as_nuch_ as possible.

2ot DS RSO Gi MAITY Hei) ST LhRALet hath A HRREL, for

Cagﬂggﬁlgndaﬁgs‘i.tsggs .{“%Irflgr_lrédr q?ati% %%%ddggg%ggﬁm&?en the

posSsSI bt € accordi ng t or - a hed

mgﬁéggnﬁi‘t EQQﬁe@Qg ifeaﬁ&' btcﬁé 6HLc?l: 'éaél%‘cgé I'];eq_esd within 50 mm

(more preferably, within 35 mm), the internal diameter 11
passing through the center of the cylindrical or polygonal
gide face along its cylindrical direction. The center of the
internal diameter 11 is the magnet center 10, and the magnet
center 10 is located so as to face approximately the centers
of the hot cathode 3 and the substrate 1, respectively.
Preferably, magnetic force at the magnet center 10 of the
neodymium magnet 9 ig in a range of 50 to 200 ¢ (Gauss)
inclusive, and more preferably in a range of 50 to 150 G

inclusive. The reason for setting the magnetic force at the
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15 possible in the present enbodi ment, specifically in
the range of 200 to 300 mminclusive. In this manner,
accel eration distance of the ipnized filmformng

mat eri al gas can be | engt hened, and whereby the speed
of the ionized filmform ng material gas when
colliding wwth the substrate can be nmade 20 faster
than that with a conventi onal plasna CVD apparatus. As
aresult, b.in the above uatlonhé can be reduced

i nPEERERIT U PRALIR I hE ‘BT_ PRI FBRREP S iEHP HPpBRIactural

In thi.s nner

fobiBaEeH d t%pﬁfﬁi'tfzé @a@ﬁ%& o3k @Ht%}éww%&e&ter 10
25 A
b'r%%at RLAPSaTRASRanSS 8P haLop o ndiginaraplyy, HeFeason
or SR80 Pe L8 Aidbe ?%Qaﬁg’geﬁ%cry%%g:d%% R Eorgdoar the
neREYALUM BONEE 9 PUIBHIS e ChaEheri 2. chSed £FSUdbee of
mrtorne a

t he C fi on the substrate can have I gher

deﬂﬁhﬁYaéEQr@nB'QhﬁEgH@%dEﬁ§§eaBEssEﬁukﬂebﬁaﬁﬁgﬁgctE@Ece at
the present invention is not 5 |imted

abgye- ﬁaghéeneéne@‘eodm%&be@a@ a80 ke | npl ement ed
through a variety of nodifications w thout deviating
froma gistaddidilim ptReQPYadniyevbispbarziuLifgpli@esidivacuum
above-nmenti oned enbodi nent, although the neodym um
magwatuft i endhsginsetsn (neitdeshdine) edddierauuinhexchaust inside
neodym um nmagnet 10 may be di sposed inside the chanber
2,tbe zhagrest Pude Uf addibépnemttdre aplrepabeVD apparatus
di sposed in place of the neodynm um magnet 9. Moreover,
t hénabudesi arnyangierly ireqhanian dasdnshavnd| wikeh, provides
and the present invention may al so_be inpl enmented
MA?hb%tfﬁr§baglWgtﬁﬁéaﬂeéa?nﬂaﬁpnﬁgﬁthgmbﬁﬂjExanple

Next , condltlons and results of formng

1]
f| | m usi¥REE het efhpd OFDELFPARS: AsPLA oLy r?”Flt&e f“bStrate
i ckpess C f|| ashing condition of DLC film
SETRRe the, Bagma Dyn RREARAINE . AR (FiRs {will be
f||g1fotﬁaélon) Internal di anet er B of plasma wal l:
1§5 R ance 1 between hot cathode 3 and substrate

mgnet CoREF 5Res ARGl BB Pt L MBS evacuation
CTBohs: LhOWphalgs 399 $6€BYior of the chamber 2 into a

predefined wvacuum state and, using the gas introduction
mechanism, introduces toluene (C;H) gas, for example, into
the chamber 2 as the film-forming material gas. After the
interior of the chamber 2 has reached a predefined pressure,
the hot cathode 3 is heated by supplying alternate current
from the AC power supply 5 to the hot cathode 3. In addition,
direct current is supplied to the horn anode 4 from the DC
power supply 7, and direct current is supplied to the
substrate 1 from the DC power supply 12.

By heating the hot cathode 3, a large number of



10

15

20

25

17 Pressure: 0.3 Pa Hot cathode 3: tantalumfilanment

Qut put of AC power supply 5: 200 WCurrent of DC power
supply 7: 1650 mA 5 Vol tage of, pPC power supply 12: 250

V External magnetic field: none (Results) Thickness of

DLC film 30 nm Knoop hardness (Hk) of DLC film 2680

10 (Ashing conditions and results) Gas: 02 Gas fl ow

rate: 50 sccm Pressure: 30 Pa El ectrode: parallel flat

type 15 Frequency of radio frequency wave applied to

t helectcppsgere enidd gidfrom the hot cathode 3 to the horn anode

4, and whereby glow discharge is initiated between the hot

cathode 3 and the horn anode 4. The toluene gas as the

film-forming material gas inside the chamber 2 is ionized
by the large number of electrons and brought into a plasma

state. On this occasion, since a magnetic field is generated
in the region where the toluene gas existing near the hot

c¢athode 3 is turned into plasma by the neodymium magnet 9,

the plasma can have high density due to this magnetic field,

and whereby ionization efficiency can be enhanced. Then,

film-forming material molecules in plasma state are

accelerated directly by the negative potential of the
substrate 1 to fly toward the direction of the substrate 1
and adhere on the surface of the substrate 1, and whereby
a thinDLC £ilm is formed on the substrate 1. On this occasion,
a reaction represented by the following eguation (3) is

occurring on the gsurface of the substrate 1.

C:Hy + @ — C,Hp, + XH; i ... (3)

Next, a manufacturing method of magnetic recording
media using the plasma CVD apparatus shown in Fig. 1 will
be described.

First, the method prepares a film-formed substrate
having at least a magnetic layer formed on a non-magnetic
substrate, and lets the holding member hold the film-formed
substrate. Then, the method turns the material gas into a

plasma state by electric discharge between the hot cathode
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Radi o frequency output applied to the el ectrode: 500 W
Ashing rate: 85 nnim nute [ Conparative exanpl e]

20Next, conditions and resultsyof formng DLC film

usi ng the plasma CVD apparatus shown in Fig. 2

(thickness of DLC film ashing condition of DLC film

and ashing rate) will be described. (Conditions of
filmformation) 25 Internal dianmeter B of plasm wall

108: 132 mm Di stance 12 between hot cathode 103 and
suBserdtthe bernigzede 4 ghigharqheatsd imtdhe chgmbeyunder
Gas flowrate: 3.25 sccm Pressure: 0.3 Pa_5 Hot
cafhedededinedy yeauwh copgditderouPpG a6FeACrFbfis the plasma

S Fod 0 Tie P00 N Y e BVl 4 hds e nena
by the holding member. In this manner, a protective layer
having carbon as principal component is formed on the surface
of the film-formed substrate.

According to the above-mentioned embodiment, when the
internal diameter B of the cylindrical or polygonal plasma
wall 8 is in the range of 100 to 200 mm inclusive, the distance
between the hot cathode 3 and the substrate 1 is lengthened
ag much as possible. In other words, although the distance
between the hot cathode and the substrate is shortened as
much as possible according to prior art, the distance between
the hot cathode and the substrate is lengthened as much as
possible in the present embodiment, specifically in the range
of 200 to 300 mm inclusive. In this manner, acceleration
distance of the ionized film-forming material gas can be
lengthened, and whereby the speed of the ionized film-forming
material gas when colliding with the substrate can be made
faster than that with a conventional plasma CVD apparatus.
As a result, b in the above equation {3) can be reduced in
comparison with the DLC film formed by the prior art plasma
CVD device. In this manner, the DLC film formed on the
substrate can have a high density and a high hardness.

Additionally, in the above-mentioned embodiment, the
density of the plasma generated between the hot cathode 3

and the horn anode 4 of the present apparatus can be increased
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External magnetic field: none 10(Results) Thickness of

DLC film 30 nm Knoop hardness (Hk) of DLC film 1800
(Ashing conditions and results), Gas: 02 15 Gas fl ow

rate: 50 sccm Pressure: 30 Pa El ectrode: parallel flat

type Frequency of radio frequency wave applied to the

el ectrode: 13.56 MHz 20 Radi o frequency output applied

to the electrode: 500 WAshing rate: 140 nm m nute
According to the above-nentioned exanple 1 and the
cokyaflhfPoeing speedvadisl BrARPEN® udEdticethe ¢pmber 2. Aas
ionized filmformng nmaterial gas can be | engthened b

el RESUAE 2bhg| BLENES LB EREBRYL A FGE EHPREAE AN phbave 2
substrate | onger than that _of the conparative exanple.
Thért8h6re PR typBRE & S0 %ﬁﬁ?%g%Tnforning

mat eri al Igaghg\'&fg lg:glrllclagéggcﬁ)a{]t the present invention is not

limited to the above-mentioned embodiment and can be
implemented through a wvariety of modifications without
deviating from a gist of the present invention. For example,
in above-mentioned embodiment, although the neodymium magnet
9 is disposed outside the chamber 2, the neodymium magnet
may be disposed inside the chamber 2, or a magnet made of
another material may be disposed in place of the neodymium
magnet 9. Moreover, the neodymium magnet 9 is not an
essential element, and the present invention may also be
implemented without disposing the neodymium magnet 9.
[Example 1]

Next, conditions and results of forming DLC film using
the plasma CVD apparatus shown in Fig. 1 (thickness of DLC
film, ashing condition of DLC film, and ashing rate) will
be described.

(Conditions of film formation)

Internal diametex B of plasma wall: 132 mm
Distance 1 between hot cathode 3 and substrate 1: 238.5 mm
Distance A between hot cathode 3 and magnet center 10: 35
mm
Substrate: Si wafer
Gas: C;Hg

Gas flow rate: 3.25 sccm
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19 the substrate can be made faster than that with the
conventional plasma CVD apparatus. As a result, ashing
rate of the formed DLC film can, be substantially
decreased. Accordingly, it is confirnmed that a DLC
filmwith a high 5 density has been forned, inplying
that the DLC filmhas a high hardness. [Exanple 2]
Next, conditions and results of form ng DLC fil m using
t he pI asma CVD apparatus shown in Fig. 1 (thickness of
DLEregsHrem CadhFPRg condition of DLC film and ashing
rate) wll be descri bed. Condltlons of film
f o tFBﬁ?OPﬁtérnEFnBP&HEtgﬁ BmGP pl asna wal | : 132 mm
Di st ance between hot ca ngd substrate 1:
238 ERHf, ?é B Paes RuBBLosn ROD Fatnode 3 and

t 0; 35 Sub oSipanaf er Gas: C7H8
Gl FFBRE, REcPCoPoHSE. EHPEY Eﬁéiélﬁre '3 Pa Hor

> SoBIREGT cFo BT bUPeR SOBREY B8peatly AC pover sunply
External magnetic f£ield: none
(Results)
Thickness of DLC £ilm: 30 nm
Knoop hardness (Hk) of DLC film: 2680
(Ashing conditionsg and results)
Gas: 0O
Gas flow rate: 50 scem
Pressure: 30 Pa
Electrode: parallel flat type
Frequency of radio frequency wave applied to the electrode:
13.56 MH=z
Radio frequency output applied to the electrode: 500 W
Ashing rate: 85 nm/minute
[Comparative example]

Next, conditions and results of forming DLC £ilm using
the plasma CVD apparatus shown in Fig. 2 (thickness of DLC
film, ashing condition of DLC film, and ashing rate) will
be described.

(Conditions of film formation}
Internal diameter B of plasma wall 108: 132 mm

Distance 12 between hot cathode 103 and substrate 101: 163.5

mm
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Vol t age of DC power supply 12: 250 V 25 Externa
magnetic field: 50 G (Results) Thickness of DLC film
30 nm 20 Knoop hardness (Hk) of DLC film 2740
(Ashing conditions and results) Gas: 02 Gas flow rate:
50 sccm 5 Pressure: 30 Pa El ectrode: parallel flat
type Frequency of radio frequency wave applied to the
el ectrode: 13.56 MHz Radi o frequency out put
appljed to the, el ectrode: 500 W10 Ashing rate: 76
nnPHPAtFate: 51 waferording to the above-menti oned

ex | e and 1, applying an external nagnetic field
ofagg'cgd%ﬁing filmformation can decrease the ashing

rat,e _of..the forne Cfilmby 9 nm m nute conpared
mﬁ%ﬁstﬁéogagg ﬁhegéE%xFSFﬁal magnetic 15 field is not

apgl.i i,nge.t DLC filmin exanple 1 has a very
hig%eggﬁg?fy?'?hggeffect of decreasing 9 nmmnute in

thgoexaupheag 183Y°EYntaigR GATAALEL W th the exampl e

1. Accordingly, It I's con that a DLC filmwith a
h!@ﬁ@%uQeBE'hﬁ pawebesiphbaly™mds i BRlykng that the DLC

filmhas a 20 hrgher hardness.
Current of DC power supply 107: 1650 ma
Voltage of DC power supply 112: 250 V
External magnetic field: none
(Results)
Thickness of DLC £ilm: 30 nm
Knoop hardness (Hk) of DLC £ilm: 1800
(Ashing conditions and results)
Gasgs: O3
Gas flow rate: 50 sccm
Pressure: 30 Pa
Electrode: parallel flat type
Frequency of radic frequency wave applied to the electrode:
13.56 MH=z
Radic frequency output applied to the electrode: 500 W
Ashing rate: 140 nm/minute
According to the above-mentioned example 1 and the
comparative example, acceleration distance of the ionized
film-forming material gas can be lengthened by making the
distance between the hot cathode and the substrate longer
than that of the comparative example. Therefore, the speed

of the ionized film-forming material gas when colliding on
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[ Exanmpl e 3] Next, conditions and results of form ng

DLC fil musing the plasma CVD apparatus shown in Fig.

1 (thickness of DLC fil g ashi ng condition of

DLC film and ashing rate) w 117 25 be descri bed.
(Conditions of filmformation) Internal dianmeter B of
plasma wall: 132 mm 21 Distance 1 between hot cat hode

3 and substrate 1: 238.5 nm D stance A between hot

cat hode 3 and magnet center 10: 35 mm Substrate: Si

watbe Swlestrai7eds cBms beowade e fa®t2¥ stbanPridsdur writh the
0.3 Pa Hot cathode 3: tantalumfilanent Qutput of AC
podenrvenpppypad pogna\CYD apparatusf BS povrsukupgisping rate

1650 mA
of the formed DLC film can be substantially decreased.

Accordingly, it is confirmed that a DLC film with a high
density has been formed, implying that the DLC film has a
high hardness.

[Example 2]

Next, conditions and results of forming DLC £ilm using
the plasma CVD apparatus shown in Fig. 1 (thickness of DLC
film, ashing condition of DLC film, and ashing rate) will
be described.

(Conditions of £ilm formation)

Internal diameter B of plasma wall: 132 mm

Distance 1 between hot cathode 3 and substrate 1: 238.5 mm
Distance A between hot cathode 3 and magnet center 10: 35
mm

Substrate: 8i wafer

Gas: CyHg

Gas flow rate: 3.25 sccm

Pressure: 0.3 Pa

Hot cathode 3: tantalum filament

Output of AC power supply 5: 200 W

Current of DC power supply 7: 1650 mA

Voltage of DC power supply 12: 250 V

External magnetic field: 50 G

(Results)

Thickness of DLC film: 30 nm
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Vol tage of DC power supply 12: 250 V External magnetic
field: 100 G (Results) Thickness of DLC film 30 nm 15
Knoop hardness (Hk) of DLC fil 2770 (Ashi ng
conditions and results) Gas: 02 Gas flow rate: 50 sccm
Pressure: 30 Pa 20 El ectrode: parallel flat type
Frequency of radio frequency wave applied to the

el ectrode: 13.56 MHz Radi o frequency output applied to
the el ectrode: 500 WAshing rate: 74 nm m nute

25 Keoopd hagdnesshd B owdE P& ifdley &ddifl es 3 and 2,
applying an external magnetic field of 100 G during

fi Hﬁaspéﬂsatqoml@mn@e@m%ag@%%sashi ng rate of the

formed DLC film 22
Gas: 0,

Gas flow rate: 50 scem

Pressure: 30 Pa

Electrode: parallel flat type

Frequency of radio frequency wave applied to the electrode:
13.56 MH=z

Radio frequency output applied to the electrode: 500 W
Ashing rate: 76 nm/minute

According to the above-mentioned examples 2 and 1,
applying an external magnetic field of 50 G during film
formation can decrease the ashing rate of the formed DLC £ilm
by 9 nm/minute compared with the case where external magnetic
field is not applied. Since the DLC film in example 1 has
a very high density, the effect of decreasing 9 nm/minute
in the example 2 is very large compared with the example 1.
Accordingly, it is confirmed that a DLC £ilm with a higher
density has been formed, implying that the DLC £ilm has a
higher hardness.

[Example 3]

Next, conditions and results of forming DLC £ilm using
the plasma CVD apparatus shown in Fig. 1 (thickness of DLC
film, ashing condition of DLC film, and ashing rate) will
be described.

{(Conditions of film formation)

Internal diameter B of plasma wall: 132 mm
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by 2 nmim nute conpared with the case where external
magnetic field of 50 Gis applied. Since the DLC film

in the exanple 2 has a very hi% density, the effect

of decreasing 2 nmmnute int exanple 3 is very

| arge conpared with the exanple 2. 5 Accordingly, it

is confirmed that a DLC filmwith a higher density has

been formed, inplying that the DLC fil mhas a higher
hardness. 30 23 CLAIMS: 1. A plasnma CVD appar at us
comildtsingg 1a beltaeeer hotachthodk- 3hapddsubetieath shoFs® .5 mm
i nsi de sai d chanber; a filanment-shaped cat hode

di qricsethdasA deetsash dunvarthadel 3 @b medmethyecenter 10: 35
i nner periphery surface of said anode near the center

t hesmeof ; a hol di ng nenber di sposed inside said chanber
to hold a substrate 10 which is disposed so as to face

saifhtuthintadue: & wafer anode; a plasma wal | di sposed
i nside said chanber so as to cover a space between
sai@®ssufstieat e hel d by sai d hol di ng nember and each of
sai d cathode and sai d anode, the plasma wall having a

f1 & JotdntFale: o BC Fr supply electrically

connected to | d, cat hode; 15a first DC power supply
el FRFITHIFY [ian?e%t ed to said anode;

Hot cathode 3: tantalum filament
Qutput of AC power supply 5: 200 W
Current of DC power supply 7: 1650 mA
Voltage of DC power supply 12: 250 V
External magnetic field: 100 G
(Results)
Thickness of DLC film: 30 nm
Knoop hardness (Hk) of DLC f£ilm: 2770
(Ashing conditions and results)
Gas: 02
Gas flow rate: 50 sccm
Pressure: 30 Pa
Electrode: parallel flat type
Frequency of radio frequency wave applied to the electrode:
13.56 MH=
Radio frequency output applied to the electrode: 500 W
Ashing rate: 74 nm/minute
According to the above-mentioned examples 3 and 2,
applying an external magnetic field of 100 G during £ilm

formation can decrease the ashing rate of the formed DLC £ilm
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a second DC power supply electrically connected to

said substrate held by said hol ding nenber; a gas

supply mechani sm suppl yi ng na%grlal gas into said

chanber; and 20an exhaust mechani sm exhausting i nside

sai d chanber, and a magnet for generating nmagnetic

force in a region where said material gas is turned

into plasna; wherein: said anode has its |argest

i nternal dianmeter side facing said substrate;

sabyl 2phmagmbnuak|compamdd wilthddie caspoﬁ@m@kt&maﬁ@agnetlc
an internal 25 dianeter of the cylinder or polygon in

t héiebdgef G0 GODs tappDiedim iSidicgs bhe; DRC di bk igethe example
bet ween sai d cat hode and said substrate held by said

ho? diawe Nerydrigh densiky, et fpcboF %CB%SW 2 nm/minute
i nclusive; said magnet is cylindrical or

anti el A6 Ge 16t VEHE W%tcce?@ﬁre? 1 % Lo picapoe 2.

of the internal  dianeter_pf

304‘§°?ﬁ‘|i’r“511’anb‘él’o? S Ak B %&ils‘e?’xgﬁda highex
d nat t d,i . pl b i.ng.

G SCPATEE DR vHaRR SAPEREds N EHRY SEPRE hBS aHEE Piln nas a

higher hardness.
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24 2. The plasma CVD apparatus according to claim 1,
wherein said magnet is disposed outside said cathode
and said anode so as to surround said cathode and said
anode. 5 3.The plasma Ogappar atus according to claim
1 or 2, wherein the dist'dnce between sai d nagnet
center and said cathode is within 50mm 4. The pl asna
CVD apparatus according to any one of clainms 1 to 3,
CLAIMBerein said nagnet is a neodym um magnet. 10 5. A’
manuf act uri ng nethod of magnetic recordi ng nmedi a using
a plasma CVD apparatus according to any one of clains
1.  1Atphagima €A/ appataids comprisifigng t he steps of :
h0|dln%@F filmformed substrate having at |east a
nBGhBIOEN| ayer formed 15 on a non-magnetic substrate

ah el sjﬂ%ggd %oﬂﬁrﬂiﬁ:iose@ﬂﬂmde said thimabeg sai d

mat eri al s into a plasma state_ by electri dlschar
bat Mnemashaﬁadl a@%h@d%hdﬁé’@s@@t iside afaids ﬁ’tﬁ“%t?t%’ele

are heated
B8 5,5 G LRSI ot gy, oo
there%thofed?ﬁrfgge oLbsalfl f:cl m f or med substrate hel d by said
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cathode and said anode, the plasma wall having a float potential;

an AC power supply electrically connected to said cathode;

a first DC power supply electrically connected to said anode;

a second DC power supply electrically connected to said substrate held
by said holding member;

a gas supply mechanism supplying material gas into said chamber;
and

an exhaust mechanism exhausting inside said chamber, and

a magnet for generating magnetic force in a region where said material
gas is turned into plasma; wherein:

said anode has its largest internal diameter side facing said substrate;

said plasma wall is cylindrical or polygonal and has an internal
diameter of the cylinder or polygon in the range of 100 to 200 mm inclusive;

a distance between said cathode and said substrate held by said
holding member is in the range of 200 to 300 mm inclusive;

said magnet is cylindrical or polygonal, and magnetic force of the
magnet center as the center of the internal diameter of the cylinder or polygon
is in the range of 50 to 200 Gauss inclusive; and

said material gas is turned into plasma by causing discharge between

said cathode and said anode.
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2. The plasma CVD apparatus according to claim 1, wherein said magnet
is disposed outside said cathode and said anode sc as to surround said
cathode and said anode.

3. The plasma CVD apparatus according to claim 1 or 2, wherein the
distance between said magnet center and said cathode is within 30mm.

4. The plasma CVD apparatus according fo any one of claims 1 to 3,

wherein said magnet is a neodymium magnet.

5. A manufacturing method of magnetic recording media using a plasma
CVD apparatus according to any one of claims 1 to 4, said method comprising
the steps of:

holding a film-formed substrate having at least a magnetic layer formed
on a non-magnetic substrate at said holding member; and

turning said material gas into a plasma state by electric discharge
between said filament-shaped cathode and said anode which are heated in
said chamber under a vacuum condition, and accelerating the plasma to
collide on the surface of said film-formed substrate held by said holding
member to form a protective layer having carbon as principal component.

6. The manufacturing method of magnetic recording media according to
claim 5, wherein said material gas, which is the material gas for forming a
DLC layer on said film-formed substrate as said protective layer, includes gas
containing carbon and hydrogen.



