10

15

20

25

1 PLASVA CVD APPARATUS AND MANUFACTURI NG METHOD OF
MAGNETI C RECORDI NG MEDIA Field of the Invention 5 The
present invention relates to al plasna CVD appar at us
and a manufacturing nethod of magnetic recording
media, and particularly, to a plasma CVD appar at us
capable of formng a high-density and hi gh-hardness
thin filmon a substrate by |engthening the distance

31800 G AL A S O v

sectional view schemat iggadapd IMmEdFAting a
conventional plasma CVD apparatus. Although 15 the

pl asma CVD apparatus is capable of formng filns on

both sides of a substrate (e.g., disk substrate) 101
Sirdianeousey tueed®idd s bilaterally symetric

structure relative to the substrate 101, only the

| ef t si cthe prébéne invedtiordeshtabadQbldsmdiOwD dgbaratus
Fig. 2 and the right side 20 is omtted. The plasma
Cindpprantiactnelingasethed aontb maghét iicnrebbeling hedia, and
cat hode (cathode el ectrode) 103 is forned. Both ends
ofpaisl duwltardgt hdde alp3aame E€VBcappanatyscoapaibledf Eorming
an AC power supply 105 | ocated outside the chanber

1062 highe dane ity @nd el otC hodness piiin 106ln ©n a substrate
el ectrically connected to a ground 106. A

f Jivh Sl engtdmui o rith e bRt amoee ke tyegiodde igrfikrde Rlertrode

and the substrate.

BACKGROUND OF THE INVENTION

Fig. 2 1is a cross sectional view schematically
illustrating a conventional plasma CVD apparatus. Although
the plasma CVD apparatus is capable of forming £films on both
sides 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 in which
a hot cathode {cathode electrode) 103 is formed. Both ends
of the hot cathode 103 are electrically connected to an AC
power supply 105 located outside the chamber 102. 6ne end
cof 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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chanber 102, the horn anode 104 being electrically
connected to a DC power supply 107. The positive
potential side of the DC powe2 supply 107 is
electrically connected to the horn anode 104, and the
negative potential side of the DC power 5 supply 107
is electrically connected to the ground 106. The
substrate 101 is disposed inside the chanmber 102. The

T W T e
i A
| ope ﬁfﬁmﬁfy T8¢ f‘@gé‘iéé’@ri)@éfﬁ é&&éé@e&ft& e horn

DC power supp 112 is electrically connected to

Subsddet o4 1%d e nlagraRqsid b\b%emtiarit béhesb@etﬂé ﬁdsepower
DC power supply 112 is electrically connected to the

or w0507 1bs | §6é8eri gl Lhasbhhedfdd BoPERENGr¥BhE 106.
108 1s disposed so as to cover the space between each

of the [THe cabzdatk0Ioland diwpdwed ianddiz tOé enambee 102.
substrate 101. The plasna wall 108 is electrically

C OThnee cltisdt atner eal 2 [beciwgent ehei labt cathodehbdB )and the substrate
addition, the plasma wall 108 is cylindrical, and 20

the0l merk@3.Zimmeter B of the cylinder is in the

range of 100 to 200 mminclusive. Next, a method of

f or m ng Bheppubgbraterid 1 LReelzatigally Eerpactid to a direct
substrate 101 using the plasma CVD apparatus shown in

Fi G oenl pPwEeE ‘w@;%ﬂ KO8 BRfexSuPRlE) 1512 agHehe RPWEKGIUPPlY

of _the chanber 102 is brought into redef i ned
v e arecirbatbPRenc REASIR TS PPEF“E*&Hp?%de qfsthe DC

| ”ﬁév?ed# %%%pllr}t 915h is erfl.ectel:tlc‘-'-.toil.?ljiJl %otnlgleecftleldn‘{:];otr:lrlne s%bstrate
101, and the positive potential side of the DC power gupply
112 is electrically connected to the ground 106.

Ingide the chamber 102, a plasma wall 108 is disposed
8c as to cover the space between each of the hot cathode 103
and the horn anode 104 and the substrate 101. The plasma wall
108 is electrically connected to a float potential (not
shown}. Inaddition, the plasmawall 108 is cylindrical, and
the internal diameter B of the cylinder is in the range of
100 to 200 mm inclusive.

Next, a method of forming a DL{ (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;H;) gas, for example,

ig introduced into the chamber 102 as the film-forming
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3 material gas. After the interior of the chanmber 102
has reached a predefined pressure, the hot cathode
103 is heated by supplying alsernating current from
the AC power supply 105 to the hot cathode 103. In
addition, direct current is 5 supplied fromthe DC
power supply 107 to the horn anode 104 and fromthe
DC pomer supply 112 to the substrate 101. By heating

en1tte %?thelgé%ega%ﬁ%ggn?ggqgg ?& %%bfarggﬁbgé%ﬂz has
1%a¥m&i by Eh@%ﬂbﬁgﬁ‘ﬁigﬁho?n'ﬂﬂet %#E%‘E%I N4t B8 heated

10 hot cat e 103 an ano uene

gasy aé:ﬂﬂ%{ nd RO D0 AR @er:f+n19 a&ézﬁ‘ i(? %ower supply

chanber I oni zed by t arge nu

el xrs rwi‘zhénﬂoér@élﬁﬂédé M@, a Rl a3Ae+Ibal, edl@c{:héﬁrrent is
occasion, a reaction represented by the "t ol T ow ng

eqwappnred Prdnd theCoLr bbder T8&Fp1¥ i 107 & ¥hRJhd®n anode 104
material nolecules in plasma state are accel erated

diaret tfnom yhé e negeét veupeleniial cof thdessbbstiede10l.
101 to fly toward the direction of the substrate 101

and adh@ye et ing sthéabet afatheelesulxdrahelage anthber of
whereby a thin DLC filmis formed on the substrate

1l eatirany snsc eaditdred £nogathieohofOcathodeeht2dtdythe horn

the followi ng equation (2) is occurring on the
st 1(9f4rt w@eg@byt géper dbscharge isciniliwted Iatween the

B”(RFeC) C’/H2 + 3H2i ... (2) Wth the
a ﬁ'@l’i‘ﬂd&wéﬁ%éﬁée\*ﬁ?&%ﬂ“ Anedf 109D Theappluenesgas as
s B R farmbr pfering 9a% Heains ddaeachgmber 102 1s
Sq%rntiezrgdj%y the large number of electrons and brought into
2 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 film is formed
on the substrate 101. On this occasion, a reaction
represented by the following equation (2) is occurring on
the surface of the substrate 101.
C/Hy + @ - CqHg* + 2 ... (1)
C;Hs* + e - Cy;H:; + 3Hat vea (2)
With the above-mentioned conventicnal plasma CVD
apparatus, the amount of DLC film formed on the surface of

the substrate 101 per unit time can be increased by shortening

the distance 12 between the hot cathode 103 and the substrate
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t he di stance 12 between the hot cathode 103 and the
substrate 4 101 as nuch as possible, such as 163.5 mm
(see patent docunents 1 and 24 for exanple). [Patent
Docunent 1] Japanese Patent No. 3,299,721 (paragraphs
0015 to 0023, 5 Fig. 1) [Patent Docunent 2] Japanese
Patent No. 3,930,183 (Fig. 1) [D sclosure of the
Invention] [Problenms to be solved by the invention] 10

W1dy Eg%ﬂp Eg'ﬂ(ﬁ{gt{ﬂrﬁd igggvated’]ib 9 n?kngp k%%%ggg\égt documents

apparatus, t ance etween

el pcifgae, 1@% &pgdnbe) substrate 101 is shortened as
ssi bl

much as po e In order to increase the anount of

fil pdiadebiaimetid t1fi me. However, it is difficult to
sufficiently increase the 15 hardness of the thin

filmfardgthdade PAeenhd I 8t @ oigf, 7i2he (pabayeapRBtdPNLdo 0023,
di stance 12 is shortened, and it is " inpossible to
satigf y1x he needs of formng a high-hardness thin
filmon the substrate. The reason is that the
shoiRatreart Dbcinpgrete 212 nmakes the accel eration di stance
of the ionized 20 filmform ng material gas too short
to formiapangsalduwidnt Ndu 3 f930 188 t (Bigubk) r at e.
The present invention has been made in consideration
of [R¥rckdmmxe neht thectnvéntionsl ances, and thus an
object of the present invention is to provide a

pl

o S Patselved dapathe baventionh a

hi gh-density and high-hardness thin film

With the above-mentioned conventional plasma CVD
apparatus, the distance 12 between the cathode electrode 103
and the substrate 101 is shortened as much as possible in
order to increase the amount of film formed per unit time.

However, it is difficult to sufficiently increase the
hardness of the thin film formed on the substrate if the
above-mentioned diatance 12 is shortened, and it 1is
impossible to satisfy the needs of forming a high-hardness
thin film on the substrate. The reason is 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 £film

on a substrate by lengthening the distance between a cathode

electrode and the substrate.
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on a substrate by | engthening the di stance between a
cathode electrode and the substrate. 5 SUWARY OF
THE I NVENTION I n order to sol ve the above-nentioned
problens, a plasma CVD apparatus according to the
present invention 5 conprises: a chanber; a
funnel - shaped anode di sposed i nside the chanber;
afi |l anent -shaped cat hode di sposed inside the chanber,
and surrounded by an inner periphery surface of the
anode near the center thereof; 10 a hol di ng nmenber

dimidﬁiﬁ&tMMr to hold a substrate which
0

is disposed so as t ace the cathode and the anode;

a p'aS”&ﬂmﬂfdéESEesﬁglbﬁyﬂkétéﬁbGQaﬂgﬁﬁléﬁe&SpEBblems, a
cover a space between the substrate held by t

helididith nevibeappadaths QebrHinghasathed réE@nEhanentlon
anode, the plasma wall having a float potential; an

ACompreisesp eltdngsdsfj cal | y connected to the
cat hode; a first DC power supply electrically

connect ad funrelle shapedth @ieiden GapwredG dy thgdhamber ;
el ectrically connected to the substrate held by the

hol di ng anEhbement- ghapsed gplthodecdispesed imaidenghe chamber,
material gas into the chanber; and 25 an exhaust
macithAusmauttad tiyn@n dgings erigiemesurface of the anode

near the center thereof;

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 teo the
substrate held by the holding member;

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

an exhaust mechanism exhausting ingide the chamber,
wherein:

the anode has its largest internal diameter side facing




10

15

20

25

wherein: the anode has its largest internal dianeter
side facing 6 the substrate; the plasma wall is
cylindrical or polygonal and has an internal dianeter
of the cylinder or polygon in the range of 100 to 200
mm i ncl usive; 5 a distance between the cathode and the
substrate held by the holding nenber is in the range
of 200 to 300 nm inclusive; and the material gas is
turned into asma by causing discharge between the
ﬁm%d%ugﬂﬁ g%% anode. 10 Accordlng to the

sbove. gy ot 94T 8 605t fmv e
di%ﬂtl rf.rwlﬁ:or{ ah.ngia %Q_O T& % gL 8%' 14 eél.nt ﬁhe range

ance ween arrent Yshape% cat

t et6526€”ﬁﬁhfﬂgﬂ gfvguch as p035|ble conpar ed
h

prior-art, to the rahge of 200 to 300 nm

' ncI USi e .4 lgt afidie bet WRkHSth Nea th Sd& MR tEﬁEWQGBSEPQte held

cat hode and the substrate 1is |engthened as nuch

Posyi Bhe hB1diegPisdidr eiP0odhMite r €8 B8 to 300 mm

di stance between the cathode and the substrate is

shbi¢ Pellv@p &m@h as possible according to prior art.

In 20 this manner, acceleration distance of the

ioni zed tid emaBérighsgaan e twnEgdednte pudswhacn8bycausing
the speed of the ionized material gas when colliding

wi dis ¢ler geibisée twden ctine beatibdde &ndt chet &aadehat with

a conventional plasma CVD apparatus. As a result, the
thin filAndardisy be theabalvetmensicardiplasma CVD apparatus,

if the internal diameter of the cylindrical or polygonal
plasma wall is in the range of 100 to 200 mm inclusive, the
distance between the filament-shaped cathode and the
substrate is lengthened as much as possible, compared with
prior-art, 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 possgible in the present embodiment,
whereas the distance between the cathode and the substrate
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
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25 a high density and a high hardness. Additionally,
the plasma CVD apparatus according to the present
i nvention further conprises a magnet for 7 generating
magnetic force in a region where the nmaterial gas is
turned into plasma, wherein the magnet is cylindrica
or polygonal, and nagnetic force of the magnet center
as the center of the internal dianeter of the
Cyld I Sels.Lnthe range of 50.to 20
R o B HAH pbloe A WoreGT0E dhesh bR §20ar1al gas
bey 4 nef e3P YnRAd r t et |
n Plg;ﬂ'ﬁa\/@% in 'Jife %@e}yi%ﬁéjﬂéﬂ&gical or

on the substrate can I gher

higdhergditddnessa Midfidd A0a¢dYee | Sk ie Qfhter as the

apparatus according 10 to the present 1nvention, 1t

| cqtdeded HNdhtlh@aTPdR el gksﬁﬂéeéi{jﬁﬂ&éfleof Kolygon

cat hode and the anode so as to surround e cat hode

anik thecweedageselisol e8ady/ cauBst e Plasr@, CYR this manner,
apparatus according to the present invention, the

diplt=amee deaissaan calte bengnekreabdcanticr aand fdwure} e thin
is preferably within 50 mm and nore preferably,

wiftiim £35rmed ofddihei snhskyatiencahehatasathigfizr density and
apparatus according to the present invention, it is
préefhiighsre hardngs®. magnet be a neodym um magnet. 20

A manuf acturing method of nmagnetic recording nedi a

accor di Addis iomaldiyesdm the @lieisoe VD apraratws mgcording
any of the above-nentioned plasma CVD appar at uses,

t e fFesenk dinyierd iare site# grreferred that the magnet

be disposed outside the cathode and the anode s0 as to surround
the cathode and the anode.

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

A manufacturing method of magnetic recording media
according to the present invention ia 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
magnetic layer formed on a non-magnetic substrate at the
holding member; and

turning the material gas into a plasma state by electric
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holding a filmforned substrate having at |east a 25
magnetic |ayer fornmed on a non-magnetic substrate at
the holding nenber; and turnithg the material gas into
a plasma state by electric 8 discharge between the
filament-shaped cat hode and the anode which are
heated in the chanber under a vacuum condition, and
accelerating the plasnma to collide on the surface of

Béﬁéé&%g oL e Ugﬁgr ?J. faljag%a\“ ngﬁcar%%%&y a%npﬁg ancde

orm ec |ve ayer

prdr lpaér @@'éﬁﬁﬂ%f Yunddr C?Qraculg? condition,

act ur| ng I’TEt 0 magnetic recor

ace&m glculte&atth%gOEﬁaeﬁiama% bemhag b £ %h%a%@-_ of the
that the material” gas,” which is the material gas for

f of {UrOF Grrhd & i r e (el d idymeher ABddgHgShemberago form a
the 10 protective layer, includes gas confaining

Caidmtedive Ny & Wavmd f €4fboh ddeptiveipaDNEomonent .

t hus described, according to the present invention,

15 a pl asisE G\da=1Apa dhushe apahi facfufirigrineghad of magnetic
hi gh-density and high-hardness thin filmon a

sutstolod ymddimytdmrerdind eco dilsd gnossdoett viererstion, it is
cat hode el ectrode and the substrate can be provided.

2 (P1H B BEICRItP HheNm@t eFHE 1DRAY, NeBifhgis 1the matenbsl gas
sectional view schematically illustrating a plasnma

CViH Fieamdings 2aREEr kayer tan dhe fidudfrsnedosubsbrate as the

present invention. Fig. 2 is a cross sectional view
Smﬁﬁq@aq'qylayer, includes gas containing carbon and

hydrogen.

[Effect of the Invention]

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

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

1,101 substrate
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25 illustrating a conventional plasma CVD appar at us.
[ Description of Reference Nunerals] 1,101 substrate 9
2,102 chanber 3,103 cat hode el%®ctrode (hot cathode)
4,104 anode el ectrode (horn anode) 5,105 AC power
supply 5 6,106 ground power supply 7,107 DC power
supply 8,108 plasma wall 8a filmthickness correcting
plate 9 neodym um rmagnet 10 10 magnet center 11
[ F2l iAok er of cylindrical neodym um magnet
1?’?'611(!”2'a power supply DESCRI PTI ON OF THE PREFERRED
EMBGLY I I odi ment of the
IMNEhdde | dLddrdal | b ka %@gp

present I nventi on e descri referring to the
drevi iSanodd %e1det fode C{1S5n SHcdaonal view

schemati cal | y illustrating a plasma CVD apparat us
aor,orgl N thvidr ment of the present invention.
Al t hough the plasma 20 apparatus i s capabl e of

f @ mow gridurid apowss hewdptps of a substrate (e.g., disk
substrate) 1 sinultaneously due to its bilaterally
SYNIELY iDC Yowet epply ative to the substrate 1, only
the left side relative to the substrate 1 is shown in
Fify.108 gricadnee waliht side is omtted.

8a film thickness correcting plate

9 neodymium magnet

10 magnet center

11 internal diameter of cylindrical neodymium magnet

12,112 DC power supply

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the following, an embodiment of the present

invention will be described, referring to the drawings.

Fig. 1 is a c¢ross sectional view schematically
illustrating a plasma CVD apparatus according to an

embodiment of the present invention. Although the plasma CVD

apparatus is capable of forming films on Vboth gides of a
substrate (e.g., disk substrate) 1 simultaneocusly due to its
bilaterally symmetric structure relative to the substrate
l, only the left side relative to the substrate 1 is shown
in Fig. 1 and the right gide is omitted.

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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25 The plasma CVD apparatus includes a chanber 2 in
which a filanment-shaped cat hode el ectrode (hot

cat hode) 3 nade of tantaluml®or exanple, is forned.
Both ends of the hot 10 cathode 3 are electrically
connected to an AC power supply 5 located outside the
chanber 2, and the AC power supply 5 is disposed in
an insulated state fromthe chanber 2. As the AC

P 3 hcrcdéo @il &r@ e§e95§9F¥1 1 ocgg}zécegﬁggé ﬁ%n Wowe&c supply

sup may Dbe use

p@"@%c%‘él%i y)u%s;g% ehe%na&slekyzco CEl‘?é’ i@ &ﬁ;ﬁl‘)%ply 5

6. A funnel -shap anode el ectrode orn ano

dijspag8flobBal fi¢ AnhEnsHRIPEA st &t% $2chOLRe [dHUNHEL BE  As the
peri phery of hot cathode 3, the horn anode 4 having a

shap@dvdte sappReakera 40s5dhe, hoy s @0 dRarbdfe) power supply

el ectrically connected to a direct current power

Sy e REeA9VWELr Setpdhy)e 7, GriEl dnd oBCtReVRT BOWeE Ysupply 5
is disposed in an insulated state fromthe chanber 2.

THes elesitinive it edrirsdctedieonfa tdmddd power supply 7
is electrically connected to the horn anode 4, and
t he negdt i funrisl {gitaped adnededeedectiredeC uvn anp@e) 4 is
7 is electrically connected to the ground 6. As the
DAdigpefed ipplidethe chagber /502y t® Autzepadethe payiphery
sup ly may be used, for exanple. A substrate 1 is

_E Faitheidec3 « ﬁée&mepoge@ha‘gmg@ Fhébetlﬁé‘%étﬂpeaker .
cathode 3 and the horn anode_4. Specifically,

hdbechPrRABose & is 0] egtricably sennackeder .apwemct Current

surface of t.he harn anode 4 r the cen er t her eof
i PURRIde (OF BEMRT AVBRIYId i ARG aﬂgeawer supply

I rJ’t %”&‘ms&';gggtﬁ{ a%l ggsu agea éalﬁ?e rtt):SnE e clgiémber 2. The
pesitive 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
V, 0-7.5 A (ampere) power supply may be used, for example.

A gubstrate 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

reascn is that the hardness of the thin film formed on the
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It is preferable to I engthen the distance 1 between

25 the hot cathode 3 and the substrate 1 as nuch as

possi ble, specifically to a range of 200 to 300 nm

i nclusive. The reason is that the hardness of the

thin filmforned on the 11 substrate 1 becones lowif

the distance 1 is shorter than 200 mm whereas the
filmformng rate becones inpractically slowif the

di st.ance .1 eeds 30Q mm, T sufpst,rate i,S. arranged

C GG T R A e ey 1 HHAHE ehan
PO A L.Qn I hal di r .
PG KT WhePedl (i ciinlPctld PUPE Hecdle dmpractically

: quufgfﬁt i&%béﬁﬁ%é“¥c#iéééﬁ%;?éﬁimﬂhe substrate 1

is electrically connected to a ppmerf supply
(direct gl 5@PEt PRVEN $4RRDAngEd E\B'H‘J‘%é%%éggimg?i\?rsupplied

10 supply for 1on acceleration, and th

SuRPlthel 4 11%1s¢-SRRFE Poki £2Bn! B?_ua akstast at£ HanMddember)
chanber 2. The negative potential side of the DC

PQURT atiilafdr? de¥icel AedndLind ¥ obotNEE et alry ih@ex table),
substrate 1, and the positive potential side of the
DEgrhwesf sebpidly ak irotel Eclustordted 15 connected to the
ground 6. As the DC power supply 12, a 0-1500 'V,

0- 100 mThenshbstinpte d) ipailsrctaupm )l yepnbecciedd; o aoPC power
exanpl e. Inside the chanber 2, a plasma wall B is

dissimslat (i rexd curcensr poiverspupplipet hdewhiabhhimfthegower
hot cathode 3 and 20 the horn anode 4 and the

suBRRlat £or ipmeagrad exakdon,gand thechbfirewey supply 12 is
connected to a fl oat ZE}Eotenti al (not shown), an

d
di%Reard rimnarnippadaged: ataty JFremetRharbepber 2o The

negative potential side of the DC power supply 12 is
electrically connected to the substrate 1, and the positive
potential side of the DC power supply 12 is electrically
connected to the ground 6. As the DC power supply 12, a 0-1500
V, 0-100 mA (milliampere) power supply may be used, for
example.

Inside the chamber 2, a plasma wall 8 is disposed so
as to cover the 'space between each of the hot cathode 3 and
the horn anode 4 and the substrate 1. The plasma wall 8 is
electrically connected to a float potential {(not shown), and
disposed 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

ancde 4 if the internal diameter B is less than 100 mm, which
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addition, the plasma wall 8 is cylindrical or

pol ygonal, and the internal dianmeter B of the
cylinder or the polygon is 251en the range of 100 to
200 mMmm i nclusive. The reason is that ionization of
mat eri al gas beconmes too high near the horn anode 4
if the internal dianmeter Bis |less than 100 nm which
12 is undesirable in that it may allow generation of

f re:fuﬁﬁ%@??abﬁ. ’th%%oia; nrA ai;dLgLrt%%ge 19:[‘6:% %tf' Epﬁgfcfarbon

ECOFTES t oo W near orn anode

'e.m ergg% ﬂl gh- ad&@ edg_o%q_(; nv"hz?f emﬁterial gas

fornatlon enS|ty n1on 5 the substrate

befiBitedlt bbl i hea?thd ﬁB%haéﬁS@e qf mltm 1HBEPRAL <a1 ameter
field al so becones difficult even if neodym um nagnet

des ehiclr@ds0eboWnh 5 witdtbbyA HorrBtliint bREeREgROAEREL EPIELI1m on
plate 8a is prOV|ded at ‘the end of the plasma wall 8

ontHdenfbdiarade thdasddidd alief fildulk, tdifd fgdrvddiiddess high
correcting plate 8a being electrically connected to

t Magretaic ppiehdi all soUdieadnidie ditffiddilckeess if neodymium
correcting plate 8a, thickness of the filmformed on

t mgndterdegmripht elof idheusedbstrate 1 can be

controlled. A neodym um magnet 9 is di sposed outside

t he chadbdiilm $hickiiessneodraahinm@iate) fas iz provided at
cylindrical or polygonal, for exanple, and it is
pridterand) afhihe pd afima aedd B o3 e gide Gfhithengubstrate
dianmeter_11 and the hot cathode 3 js within 50 nmm .

( rFUr & Er%%BF &higkngssrarsechipg plake fpcbeing Alaaidically

aSS|Qg t hrough the center, of the,cylindrica

csFhE HieaF AARFTial oy Patar the Fitn thickness
?;Fré’ec;t ctin Th Ce ! tgﬁakflﬁgs:ﬁégﬁgfagll% %ggrtngcri on ti:le outer

peripheral of the substrate 1 can be controlled.

A neodymium magnet 9 is disposed outzgide the chamber
2. The neodymium magnet 9 is cylindrical or polygonal, for
example, and it is preferred that the distance A between the
internal diameter 11 and the hot cathode 3 is within 50 mm
(more preferably, within 35 mm), the internal diameter 11
prassing through the center of the cylindrical or polygonal
side 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 is in a range of 50 to 200 G (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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center 10 is located so as to face approximately the
centers of the hot cathode 3 and the substrate 1,
respectively. Preferably, nagdetic force at the
magnet center 10 of the 25 neodym um nmagnet 9 is in a
range of 50 to 200 G (Gauss) inclusive, and nore
preferably in a range of 50 to 150 G inclusive. The
reason for setting the magnetic force at the 13

n?&[?fetcggﬂﬁér ]J.QJ 3.99(%369 rléa%sfs trgletth@ﬁ:l.g t].ss'i:#u‘i‘ nfatﬂﬁlfactural

actura Frmt rali sing magnetic force
t t
ARG e oL 4 R oo 10

Pl ehakile® 1§ﬁm$ e FRGES o of @ C@Ldﬁlttimanai 1{R0ERE reason
center 10 150 Gor Tess is that the cost of

MHyf d¢t Ul Mera pRrEpetabler £8S86t i thé ka | fofd¥ G the
at the magnet center 10 exceeds 150 G 1n addition,

t hagileas maef¥Brappar dlsws ¢Nriddesa VASUWRHateveheatdodt of
mechani sm (not shown) which vacuum exhaust inside 10

t ramifadierihg lan medpiat dmendesgd dshhE/Dagmetriat force at
i ncl udes a gas supply nechani sm (not shown) which

prtde degnet |omnteEmilly exdeada|l3hGi nto t he chanber

2. Next, a nethod of formng a DLC filmon the

subst r afla addiiomy. the plasma CVPRppLa s dncinges ; vacuum
Fig. 1 will be 15 described. First, the method

a@viardadd ampeghand selnrt ghryr) WF&NPS?MW*%‘SSF Haside

|nter| or of the chanmber 2 into a redefi ned vacuum
SRRMPEE| g théngésdqllﬂlr%uc'f‘ ®n Plﬁ@&"i‘an‘?@n apparatus

e Cslieng (el gae Lol Sl LNOZD. 1
thc‘e:l.lm—forming material gas into the chamber 2.

Next, a method of forming a DLC film on the substrate
1 using the plasma CVD apparatus shown in Fig. 1 will be
described.

First, the method activates the vacuum evacuation
mechanism, brings the interior of the chamber 2 into a
predefined wvacuum state and, using the gas intrcduction
mechanism, introduces toluene (C;Hgs) 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
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interior of the chanber 2 has reached a predefined
pressure, the hot cathode 3 is heated by supplying
alternate current fromthe ACipower supply 5 to the
hot cathode 3. In addition, direct current is
supplied to the horn anode 4 fromthe DC 25 power
supply 7, and direct current is supplied to the
substrate 1 fromthe DC power supply 12. By heating

é'r’ﬁ}%c%of#nf‘éﬁ??he@mtﬁe BFHBJHEEE danidde 3 €5 53 RgPh Snoae
] Y G 9odbachapgRak el B 421 ELaDES IEEILLE the not

orn | uene

A% dtihad di"a{% gheg %&fnerazai egaé '“ﬁ&é’%&f&eﬁ@agﬁﬁr a% the

is 1onize arge nu er of elecfrons an

breaUGHLF &y 16 :&H@éﬁ%l o enddud ke QAN 2 SidGBnized
a magnetic field is generated in the region where the

t iR dasgXhnbibesd BEAL1ERErBAb agdlbpsEgst | tntdldglasma
into plasma by the neodym um nmagnet 9, the plasnma can

hateadd ghodetsi & podae ilon, t Hiscsrgheghetie didldlds yuherated
wher eby ionization efficiency can be enhanced. Then,
f idmmtiioy Mayiomiviierd the damlluvend yyd Esnistsiray euesre the hot
accelerated directly by the negative potential of the
s ulsdthaatee 31 itso tlukpedowatd phasuarkyttlos fodymium magnet 9,
substrate 1 and adhere on the surface of the
sifthst pdaema candatre bdigpr dengityiduete thimmnagreriefield,
on the substrate 1. On this occasion, a reaction
r @ik sthnxabw ez atol o v gl ekrrey 2% Yy jgnhanced. Then,
occurrlng on the surface of the substrate 1. C7/TH8 + e-

i ormdmg | matenial rmqlsqules ndff RYAFN state are

nethod netic r cordln
accelerateéJ lrecti %he 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
athinDLC £ilm is formed on the substrate 1. On this occasion,
a reaction represented by the following equation (3) is
occurring on the surface of the substrate 1.

CsHg + e - CaHy, + xH: 1 ... {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 hecld 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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medi a usi ng the plasnma CVD apparatus shown in Fig. 1
will be described. First, the nethod prepares a
filmfornmed substrate havingiat |east a nagnetic

| ayer formed on a non-magnetic 25 substrate, and lets
t he hol ding nenber hold the filmformed substrate.
Then, the nmethod turns the material gas into a plasm
state by electric discharge between the hot cathode 15

3 ﬁggdt Pﬁe ILO b gﬁggg f’ w‘ﬂ'l'c?lha%% ecaetde gnl Ehdé %%a%%@s ander

rede rned” vacuum con
AN AR 0L IR S p100me

I ed @o&ﬂm@sa tRe pslpffacaé & 'tﬁléefiﬁmh%i:ﬂGdC&%ﬂQE‘ré‘@e held

princi pal conmponent 1s fornmed on the surface

f iy MR RS Wegib@r ACER! €hiS h#nkdL, a protective layer
above- nenti one enbodlnent when the interna

direief cBrébntde p&l'ﬂcﬁ.%llc@émﬁén@@t M@OPatmel aiBhe surface
wall 8 1s in the range of 100 to 200 mm i ncl usive, the

diest il £1 e oRRed thebdtateal hode 3 and the

substrate 1 is lengthened as nuch as possible. In

ot her waiasyrdilrigheoghhé abotestmemte oreel embodtimentot when the

cat hode and the substrate is shortened as nuch as

pdgsiextrea b ctiemitey Boofir the aylindhical somrmelygenakplasma

the hot cathode and the substrate is |engthened as

myehl la§ 45 ipdthe whagerof A8 Opre 280 me dinsdiupdivie , the distance

specifically in the range of 200 to 300 mm i ncl usive.
quW%eﬂrﬁrh‘PePWaﬁé‘éh@ﬂat?‘ Gnd Fher gubatsptent 1pdiengrhened

flln}forn1ng mat erial gas can be |engthened,  and

wist et RE BpEglble- ¢ |°&heEeU°FFFm %FHPth the distance

! er\n!reaén q:qf c?tn cCaOt! i tkpe tsllﬁbssturbastter a:ifse B ag]rtbeened 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
1engthened, and whereby the speed of the ionized film-forming
material gas when colliding with the substrate can be made
faster than that with a conventiocnal 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 cathcde 3

and the horn anode 4 of the present apparatus can be increased
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20 faster than that with a conventional plasma CVD
apparatus. As a result, b in the above equation (3)
can be reduced in conparisonlidith the DLC film forned
by the prior art plasma CVD device. In this manner,
the DLC filmfornmed on the substrate can have a high
density and a high hardness. 25 Additionally, in the
above ment i oned enbodi rrent the density of the plasm

rcﬂt %ﬁﬁg‘é@%eé% Q:dg g’ut%fgeté}f‘e %ﬂ%&bfg 2. As

pres appa us can De | ncrease

bya% a resulfe wy%cmrﬁorne gﬁ%e sutgés]?é%t?[ehave 2

Cafy &ené‘i?e&n&%%ig‘h@ﬁ%éﬁw@@f hardness. It

shou be not that the present invention is not 5

limt ed 10 dHim 1P BenbRRY eR8E EABOFHEBEAL aMvERPiOE is not
i mpl enented through a variety of nodifications w thout

devimit & fHOMBeli Sbové -heet PERSE NtenbBEMd). ab@ can be
exanpl e, in above-nentioned enbodi ment, although the
neimpylensnt@d nehrotighs 4li sppiedyowisi sledilfecabanher without
t he neodym um magnet 10 may be di sposed inside the

c hdevbhiat Png diroa argdset o frkdhe pfesemotimyrenteiicar.i aFormxample,
be di sposed in place of the neodymi um nmagnet 9.

Mokreebowve - meethovddmmbedionent, 8likbongh the neodymiummagnet
el enent, and the present invention may al so be

i nﬁal%ﬂréﬁ@%d ks ke gdie rrpanke cbd e rmerdifeiuy magnet
15 [ Exanpl e 1] Next, conditions and results of form ng
DLRRY .tpfm disprped Hngide tho AR alRAT 4 uLS R WRITLTERade of

1 (t h| ckness of, DLC fil m .ashi n% gondjtion of DLC
f iR thex I%?stfﬁrrf'ga]rérlaé’) ha 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, conditiong 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 diameter B of plasma wall: 132 mm
Distance 1 between hot cathocde 3 and substrate 1: 238.5 mm
Digtance A between hot cathode 3 and magnet center 10: 35
mm
Substrate: Si wafer
Gas: C;H;g

Gas flow rate: 3.25 scem
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be described. 20 (Conditions of filmformation)
Internal dianeter B of plasma wall: 132 mm Di stance 1
bet ween hot cathode 3 and sub¥?rate 1: 238.5 mm

D stance A between hot cathode 3 and nagnet center 10:
35 mm 25 Substrate: Si wafer Gas: C/HB Gas flow
rate: 3.25 sccm 17 Pressure: 0.3 Pa Hot cathode 3:

t ant al umfi I anment Qut put of AC power supply 5: 200 W
Cy it cty% supply 7: 1650 mA 5 Voltage of DC
povver suppl y 12 50 V External magnetic field: none

( BestUldahold Cgk.nq:saqﬂ_qhgrq {1dnBn30 rim Knoop hardness
(Hk) of DLC film 2680 10 (AShI ng condi tions and

I it JERRd JiwdaSdd flﬂat W It eigpQy sccm  Pressure: 30

Pa El'ectrode: parall el type 15 Frequency of radio
f RGURY JR\DT FRNdreGdppiher eleedo qale:  13. 56 Mz

Radi o frequency output applied to the el ectrode: 500 W
Voltage of DC power supply 12: 250 V
External magnetic field: none
(Results)
Thickness of DLC film: 30 nm
Knoop hardness (Hk) of DLC f£ilm: 2680
(Ashing conditions and results)
Gas: O
Gas flow rate: 50 sccm
Pressure: 30 Pa
Electrode: parallel flat type
Frequency of radio frequency wave applied to the electrode:
13.56 MH=z
Radioc 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 subgtrate 101: 163.5

mm
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Ashing rate: 85 nnim nute [Conparative exanple] 20
Next, conditions and results of form ng DLC fil m using
t he plasma CVD apparatus shownsin Fig. 2 (thickness of
DLC film ashing condition of DLC film and ashing
rate) wll be described. (Conditions of film
formation) 25 Internal dianeter B of plasnma wall 108:
132 mn Di stance 12 between hot cat hode 103 and

tr 0 nm 18 Substrate: Si wafer Gas:
C E’é ov%ir f}\‘%gfe .25 seem Pressure: 0.3 Pa 5 Hot

%03 tantalum filament Qutput of AC power

supply 10%: 200 W Current of DC power supply 107:

1653 B ow/dlatade 2 sPepayer supply 1120 250 V

External magnetic field: none 10 (Results) Thickness
ofpHdsGurd:Mp .30 gam Knoop hardness (Hk) of DLC film

1800 (Ashing conditions and results) Gas: 02 15 Gas
f oY calthoded 19RCMt AN tRASIM 6 1 Rlind?t
Output of AC power supply 105: 200 W
Current of DC power supply 107: 1650 mA
Voltage of DC power supply 112: 250 V
External magnetic field: none
(Results)
Thickness of DLC film: 30 nm
Knoop hardness (Hk) of DLC film: 1800
(Ashing conditions and results)
Gas: 0O,
Gas flow rate: 50 sccm
Pregsure: 30 Pa
Electrode: parallel flat type
Frequency of radic frequency wave applied toc the electrode:
13.56 MHz
Radio frequency cutput 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



10

15

20

25

El ectrode: parallel flat type Frequency of radio
frequency wave applied to the electrode: 13.56 WHz 20
Radi o frequency output appliet9to the el ectrode: 500 W
Ashing rate: 140 nm m nute According to the
above-nenti oned exanple 1 and the conparative

exanpl e, accel eration distance of the ionized
filmformng material gas can be | engt hened by making

gugngfgﬁiééfzégﬁg.bc‘?ﬁg%% Lg.?dg]?tﬁ@é@d%h% d tH&t with the

onger n e conparative

e)é%mfegttimgtrlﬁé?égmataﬂb 38%%@&11:9@ t_h siaomegﬁit, aﬁll'éing rate

filmformn erial gas en col'liding on 19

Sst¥id es62nele piRIer{ ARt ehant KA LbBbtdhiDailf decreased.

conventional plasma CVD apparatus. As a result, ashing

I AR ordinge f GrgTech Ridnfitmedaphde gubstariiaml With a high

decreased.” "Accordingly, it is confirmed that a DLC

f idefsgdithh hashibglerd sdanfd,y ikl yier) thawethe DOY illgh has a
that the DLC filmhas a high hardness. [Exanple 2]

Néviigh Gaidinesens and results of formng DLC fil musing

the plasnma CVD apparatus shown in Fig. 1 (thickness of
DUExai@lfei 2y ashing condition of DLC film and ashing
rate) wll be described. (Conditions of film

f or mat i ¥ekxtl, tenditidhamgidreBudt spd fifiarmiad DLE3RL kmusing
Di stance 1 between hot cathode 3 and substrate 1:

2%&e5 pimenas CYPseppasanugeshewn HBtFiat Hoddsidmess of DLC

magnet center 10: 35 )
film, ashing condition of DLC film, and ashing rate) will

be described.

(Conditions of film 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: Si wafer

Gas: C;Hg

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 maA

Voltage of DC power supply 12: 250 V

External magnetic field: 50 G

(Results)

Thickness of DLC film: 30 nm



mm Substrate: Si wafer Gas: Cr/Hg Gas flow rate: 3.25
sccm 20 Pressure: 0.3 Pa Hot cathode 3: tantal um
filament Qutput of AC power gapply 5: 200 W Current
of DC power supply 7: 1650 mA Voltage of DC power
supply 12: 250 V 25 External magnetic field: 50 G
(Results) Thickness of DLC film 30 nm 20 Knoop
hardness (Hk) of DLC film 2740 (Ashing conditions

and resuylts) Gas: e: sccm 5

P?%t"sciﬁ g'fa'ﬁ%‘?as Ep'gg’t rcé’glger:gﬂ'c‘ggkr%ﬁél 2_?{)% type

Frﬁgli J j r applied to the

el ec ?‘L}Fo%:&gﬁ%%%%?%y‘f%ﬁency out put appli ed

t dde dazl ectrode: 500 W 10 Ashing rate: 76 run/mnute
According to the above-nentioned exanples 2 and 1,

Ay &1 @ N £d ergil gs@pnetic field of 50 G during
film formation can decrease the ashing rate of the

f s f4d paby 9 nmim nute conpared with the case
where external magnetic

Electrode: parallel flat type

Frequency of radio frequency wave applied to the electrode:
13.56 MEz

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 film with a higher
density has been formed, implying that the DLC film has a
higher hardness.

[Example 3]

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 diameter B of plasma wall: 132 mm
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15 field is not applied. Since the DLC filmin exanple
1 has a very high density, the effect of decreasing 9
ran/mnute in the exanple 2 23 very |arge conpared
with the exanple 1. Accordingly, it is confirnmed that
a DLCfilmw th a higher density has been forned,
inplying that the DLC filmhas a 20 higher hardness.

[ Exampl e 31 Next, conditions and results of form ng

B el e B e ﬁgpggﬁgﬁﬁb%ﬁ%%%-s &
é){gdt%[]ons g%é\gv%% fq%)orw%%%%é? nt er naI t%?ntBe%flo P35

m wall: 132 mm 21 Distance 1 between hot cat hode
3 and substrate 1: 238.5 mm Distance A between hot

cagmgtgn%mrcenter 10: 35 nmm Substrate: Si

waf er Gas: C7’Hg Gas flow rate: 3.25 sccm Pressure:
O0.gada d'#iig cathode 3: tantalumfilament CQutput of AC
power supply 5: 200 W10 Current of DC power supply 7:
lads Flowotdtge Df2DGeawer supply 12: 250 V

Ext ernal magnetic field: 100 G (Results)
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: 100 G
(Results)
Thickness of DLC f£ilm: 30 nm
Knoop hardness (Hk) of DLC film: 2770
{(Ashing conditions and results)
Gas: Oz
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: 74 nm/minute
According to the above-mentioned examples 3 and 2,
applying an extermal magnetic field of 100 G during film

formation can decrease the ashing rate of the formed DLC £ilm
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Thi ckness of DLC film 30 nm 15 Knoop hardness (Hk) of

DLC film 2770 (Ashing conditions and results) Gas:

02 Gas flowrate: 50 sccm PrzZssure: 30 Pa 20

El ectrode: parallel flat type Frequency of radio

frequency wave applied to the electrode: 13.56 ML

Radi o frequency output applied to the el ectrode: 500 W
Ashing rate: 74 nnimnute 25 According to the

above- [ d a Ly :
BYer R P SHPRER il e an d BBk E fePbimal magnetic
f @58l c he @Bl dQHABRcOk1 1Re1 ] P dxampl
Dgég?i §?£g§Q%3%25§§?§Fﬁute conpar ed mﬁtﬁltﬂélcase xampe

Whel £5 S’@ﬂ&%&g@iﬁﬁt@, theldk Qfe O8f Gdct e it nm/minute

Since the IImin the exanple 2 has a very hig
dgmsth¥ ekBRpeLf£Gls Yerdetn@gsl A8mBa REAMNFIEE che exidible 2.
exanple 3 is very large conpared wth the exanple 2. 5
AReiodigigny i titi $sCOBhEL PREA! BRAt 2a I fiilIM Wlth @ higher
hi gher density has been formed, inplying that the DLC

f idefisias hashbglesr foxmddssdmplyidy thatAthienbiaciEdlimnbas a
nmet hod of magnetic recording nedia using a plasma CVD
ajpigheruhaadnesdi.ng to any one of clains 1 to 5, said

nmet hod conprising the steps of:
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holding a filmforned substrate having at least a 5
magnetic |ayer fornmed on a non-magnetic substrate at
said holding nenber; and turpgsng said material gas
into a plasna state by electric discharge between
said filament-shaped cathode and said anode which are
heated in said chanber under a vacuum 10 conditi on,
and accelerating the plasma to collide on the surface

Ofs sai d firﬁ}ﬁﬂé@& Sﬁé@ﬂ dhgkdﬁgélnﬁgiig I}%lc%ir'&ng media

menber to FOrH & protective Tayer carbon as

pr.j Gl pal 0 t JE¥P§ ' :
ofdgrrhglg%%t P&grgggo?g?nagpéérd% %ug—;bﬁcco_r [ n?ttolg cthgl rgnE%h‘gEI claims
nherel 1 S IUSNSY Soipr MBI AD dre dbepaRierial gas

for formng a DLC layer on said filmfornmed substrate

as sai dhwmiqgtia/efhmerfoﬂneal WIRBtIRT L KU WA NAt least a

carbon and hydrogen. 20

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.

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

carbon and hydrogen.



