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 plasma CVD
apparatus and a manufacturing nethod of magnetic recording nedia, and
particularly, to a plasma CVD apparatus capable of form ng a high-density
and high-hardness thin filmon a substrate by | engthening the distance

bet ween the cathode el ectrode 10 and the substrate. BACKGROUND OF THE

| NVENTI ON Fi ' o] S ' ' tca
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CVD apparatus is capable of form | 0 h sides of a substrate
(e.g., disk substrate) 101 sinultgggégé deﬁngg its bilaterally symetric
structure relative to the substrate 101, only the left side relative to the
substrate 101 is shown in Fig. 2 and the right side 20 is omtted.

The plasma C¥Deapparatus TRGLHEgsna chanber 102 in which a hot cathode
(cathode el ectrode) 103 is formed. Both ends of the hot cathode 103 are

electrically conneghedrdseit foveR¥eon FHIRILesI08 d ptakrd 1 spgarhbfs
chanber 102. One end 25 of the AC power supply 105 is electrically

connect ed t 0afddod andth £t urA g methoaha pafh &ive i @t ridihd mediisnosad
inside the 2
particularly, to a plasma CVD apparatus capable of forming
a high-density and high-hardness thin film on a substrate

by lengthening the distance between the cathode electrode

10 and the substrate.

BACKGROUND OF THE INVENTION
Fig. 2 1is a cross sectional view schematically
illustrating a conventional plasma CVD apparatus. Although
15 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
20 1is 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. One end
25 of the AC power supply 105 is electrically connected to a
ground 106.

A funnel-shaped horn anode 104 is disposed inside the



chanber 102, the horn anode 104 being electrically connected to a DC power
supply 107. The positive potential side of the DC power supply 107 is

el ectrically connected to the horn anode 104, and the negative potenti al
side of the DC power 5 supply 107 is electrically connected to the ground
106. The substrate 101 is disposed inside the chanber 102. The

di stance 12 between the hot cathode 103 and the substrate 101 is 163.5 mm
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The plasma wall 108 is electricalTy connected to a float potential (not
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internal dianmeter B of the cylinder is in the range of 100 to 200 nm
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filmon the substrate 101 using the plasma CVD apparatus shown in Fig. 2

w | | be descrmheedibeanpe 125bktakent tite hottetathiodé locatbaihesub@2riate
brought into a predefined vacuum state and tol uene (Cr7H3) gas, for exanple,
i s introducedOintie tléd .Shamber 102 as the filmformng 3 material gas.
After the interior of the chanber 102 has reached a predefined pressure,

t he hot cathode 10Thessulssitmateédi}0duippeyengyrirndiyatompected énta flioecthe AC
power supply 105 to the hot cathode 103. In addition, direct current is 5
suppl i edl§ r opurFenbeewee suppdpl (DA pPwes 3vrpp oy A 13rarishe@pvei shippdyt he DC
power supply 112 to the substrate 101. ] By heating the hot cathode
103, a | ar ge fRanber asicallaxatinmg. afdechpgrbive RakaHeiabeidst afdhads t o

t he horn anode 104, whereby gl ow discharge is initiated between the
power supply 112 is electrically connected to the substrate

101, and the positive potential side of the DC power supply
112 is electrically connected to the ground 106.

15 Inside the chamber 102, a plasma wall 108 is disposed
so 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

20 the internal diameter B of the cylinder is in the range of
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.

25 First, the interior of the chamber 102 is brought into
a predefined vacuum state and toluene (C;Hg) gas, for example,

is introduced into the chamber 102 as the film-forming



10 hot cathode 103 and the horn anode 104. The tol uene gas as the

filmformng material gas inside the charfber 102 is ionized by the |ar
nunber of el ectrons and brought into a plasma state. On this occasion,
reaction represented by the follow ng equation (1) is occurring. Then,
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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 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.

CsHg + € - CHg" + 27 ... (1)

CsHg" + e - CyH, + 3Hat ... (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 shortening

the distance 12 between the hot cathode 103 and the substrate

1) [ Patent

nmol ecules in plasma state are accelerated directly
of the substrate 101 to fly toward the direction

a



[ Di scl osure of the Invention] [Problens to be solved by the invention]
10Wth the above-nenti oned conventional plasma CVD apparatus, the distance
12 between the cathode el ectrode 103 and the substrate 101 is shortened as
much as possible in order to increase the amount of filmfornmed per unit
time. However, it is difficult to sufficiently increase the 15 hardness of
the thin filmforned on the substrate if the above-nentioned distance 12 is

P ah- har dnes e OChH A T OROERADL GO T o B LA T BRGSRS Bt FEK PHEMEREA ened

di stance 12 e Aaccel eratign di stance of the ionized 20 filmformng
mat eri al gasq?gﬁﬁgkgrfﬁﬁbﬁﬁ%ﬁ%%ﬁ%ﬁgh-density thin filmon the substrate.

The present irnggR BQan%%mgggnlqade in consideration of the above-nentioned
ci rcunst ances, and thus an objeCt of the present invention is to provide a

pl asma CVD apparabﬂ?a%@s@%%%%ﬁtQ&Lf9!?§§E7§1Wﬂ¥ké&¥§ﬂﬁ§o@@§1&5@@2@ rdness

a
thin filmon a substrate by [engthening the di stance between a cat hode
el ectrodes angrjighe jgubstrate. 5 SUMMARY OF THE | NVENTI ON I n
order to solve the above-nentioned problens, a plasma CVD appar at us
accordi ng to t[patenesedumeynenkion 5 conprises: a chanber; a funnel -shaped
anode di sposed inside the chanber; a filanment-shaped cat hode
di sposed insi de t hgaphaeaer pagettsor.03nd80 ,hg3an Figner)peri phery surface
of the anode near the center thereof; 10a hol di ng nmenber disposed inside
t he chanber tl@ilsalldsure of the Invention]

[Problems to be solved by the invention]

10 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

15 hardness of the thin film formed on the substrate if the
above-mentioned distance 12 is shortened, and it 1is
impossible to satisfy the needs of forming a high-hardness
thin £ilm on the substrate. The reason is that the shortened
distance 12 makes the acceleration distance of the ionized

20 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

25 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.



a substrate which is disposed so as to face the cathode and t he anode;

a plasma wall di sposed inside the chanbes so as to cover a space between
the substrate held by the hol di ng menber and 15 each of the cathode and the
anode, the plasma wall having a float potenti al; an AC power supply
electrically connected to the cathode; 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 di ng nenber; a gas supply
mechani sm supplying material gas into the chanber; and 25an exhaust

mechani sm ex L9 ALNSL.de er, wherein: the anode has its |argest
I nt ernal dia%e erkgigg ?ggi%g %ggﬁﬁgbsubstrate; the plasma wall is

Co oot cal o, PO tAogRlgR g0 | OLE" 8L ARy YEBILMEESS O,
cathode and LRgspUPTAAlS ¥ dbus according to the present invention
5 comprises: a chamber;
a funnel-shaped anode disposed inside the chamber;
a filament-shaped cathode disposed inside the chamber,
and surrounded by an inner periphery surface of the anode
near the center thereof;

10 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

15 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

20 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

25 an exhaust mechanism exhausting inside the chamber,
wherein:

the anode has its largest internal diameter side facing



by the hol ding nmenber is in the range of 200 to 300 mm i ncl usi ve; and

the material gas is turned into plasm by causi ng di scharge between the

cat hode and t he anode. 10According to the above-nentioned plasma CVD
apparatus, if the internal diameter of the cylindrical or polygonal plasna
wall is in the range of 100 to 200 nun inclusive, the distance between the
filament-shaped cathode and the substrate is | engthened as nuch as

possi bl e, cogﬂgred with 15 prior-art, to the range of 200 to 300 mm

i ncl usive. .’ the distance betmeen t he cat hode and the

bstrat | engt hened h bl h t di
sbstrate, 1= ) enot Dect dhn Bhat ia%ﬁ%s' HIERS SibEERNEETRS S PBfed as
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di stance of the ionize erla gas ca ng ereby he

speed of the Joniged Bl kil 939 colliding with the substrate can be
made faster than that wth a ébnvéﬁgsg%al pl asma CVD apparatus. As a

result, the thin filgfoufed p&&é&,s&&s%@md@aanaaefﬁe %%baséym geAd ty

and a hlgh har dness. Additionally, the plasma CVD appar at us

accordi ng toygyhecHy epsldihGVaBKbaR fiw terekROMPLh§ES o MBI etof 860 fam
generating magnetic force in a region where the material gas is turned into

pl asma, wher dineltudav@ggreld i s cylindrical or polygonal, and nagnetic force
of the magnet center as the center of the internal di ameter of the cyl i nder
or polygon 5 is intheemaaregdalf ddktds2@UrGadsinticipbisma by chusifegnner
pl asma density can be increased and, as a result, the thin filmfornmed on
t he subst r at dicaihalraec be tiwegne it hete rsithp denchiral hghenddr.dness.
Additionally, in the plasma CVD apparatus according 10 to the present
inventioh? it is pReferdadgtimthermbomgmenthiconkd pdsenadiN agpatrhéusat hode
and the anode so as to surround the cathode and the anode.

Addi tional | y1fi fhehdnfierned Gipnghrr efistheceylindrieal herppedygonal
invention, the distance between the nmagnet 15 center and the cathode is
preferably wPlRsRasEakd 1ankn idee rgngeePAbl )0 4P 3G o5 implusive, the

distance between the filament-shaped cathode and the
substrate is lengthened as much as possible, compared with
15 prior-art, to the range of 200 to 300 mm inclusive. 1In 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 substrate
is shortened as much as possible according to prior art. 1In
20 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

25 a high density and a high hardness.
Additionally, the plasma CVD apparatus according to

the present invention further comprises a magnet for



Additionally, in the plasma CVD apparatus according to the present

i nvention, it is preferable that the nmagret be a neodym um magnet. 20A
manuf act uri ng nmet hod of nagnetic recording nmedia according to the present

i nvention is the one using any of the above-nentioned plasma CVD
apparatuses, the nethod conprising the steps of: hol di ng a
filmfornmed substrate having at |east a 25 magnetic |ayer fornmed on a

non- magneti ¢ substrate at the_ hol di ng nenber; and turning the material gas

into a pl asngedediating wpgperie foref donarreIRn Wosre hReMatieifl 93%ped

cat hode and t,he anode whi ch are heated i.n the chanber, under, vacuyum
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pl asma CVD appar atus capa formng a high-density and hi gh-hardness

thin filmongiguksthaieoRythenghbepiffe! f8n hSF&NC G iRBlICFRND 1431 RAde
el ectrode and the substrate can be provided. 20 BRI EF DESCRI PTI OF THE

DRAW NGS a highle§ hhridhe®sGr 0ss sectional view schematically
illustrating a plasma CVD apparatus according to an embodi ment of the
present 1 nvention. Additionally, in the plasma CVD apparatus according

10 to the present invention, it is preferred that the magnet
be disposed 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 a plasma state by electric



Fig. 2 is a cross sectional view schematically 25 illustrating a
conventional plasma CVD apparatus. [Descrgi ption of Reference Nuneral s]
1,101 substrate 9 2,102 chanber 3,103 cathode el ectrode (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 magnet 10 10 nagnet center 11 internal

di aneter of cylindrical neodym um magnet 12,112 DC power supply DESCRI PTI ON
OF THE PREFE heygepPRENTSR 1B fiHemehl Gharsd SALERISHA PR il rnasde

resent inventi,on will be described, referring to the drawi ngs._. .
Pig 1isa RICh 85a PEaTed, iotoeh ehambes Mpder ds ASHiy CRRsLEIAR VD

appar atus acqording 19,0, 81090 Tlerl ebNSo PLEAEWn LRYRLE oo L4 RYON the
pl asma CVD
film-formed substrate held by the holding member to form a
5 protective layer having carbon as principal component.
Additionally, in the manufacturing method of magnetic
recording media according to the present invention, it is
preferred that the material gas, which is the material gas
for forming a DLC layer on the film-formed substrate as the

10 protective layer, includes gas containing carbon and

hydrogen.

[Effect of the Invention]
As thus described, according to the present invention,
15 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.

20 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 1is a cross sectional wview schematically
25 illustrating a conventional plasma CVD apparatus.
[Description of Reference Numerals]

1,101 substrate



20 apparatus is capable of formng films on both sides of a substrate
(e.g., disk substrate) 1 simultaneously due to its bilaterally symetric
structure relative to the substrate 1, only the left side relative to the
substrate 1 is shown in Fig. 1 and the right side is omtted. 25The plasm
CVD apparatus includes a chanber 2 in which a filanment-shaped cat hode

el ectrode (hot cathode) 3 nade of tantalum for exanple, is fornmed. Both
ends of the hot 10 cathode 3 are electrically connected to an AC power
supply 5 | oc@edoBa®Re% he chanmber 2, and the AC power supply 5 is

di sposed in an jinsul ated state fromthe chamher.2 As the AC power supply

5 a 0-50 V, 3d-%b %t(léﬁﬂf'er%)e%ﬂec{g s{}bcbtr fégﬂh%@ez)be used, for exanple. One

end of the AC power supply. 5 .is elegtricall onnected to a ground 6.

A funnel -sha:o%e'dlo\é?mcg%)e%]ﬁ%%m?%oﬁhoghoa&e%/d% i s di sposed inside the

chanber 2 so surround the ri phery of hot cathode 3, the horn anode
£ RUISHE RlSR7

4 having a shdap pao“éep%a 10 The horn anode 4 is electrically

connected.to (fe r 0 pply (DC power supply) 7, and the DC
31y & 106 oS Filet Wi By

power supply posed i n a ated state fromthe chanber 2. The

positive pot e,nti'd@} fd ?ﬁmté\gpm power supply 7 is electrically connected
e 4, an en

to the horn ano egdtive 15 potential side of the DC power

supply 7 is eg,elcdgigppgg,yamlpct ed to the ground 6. As the DC power supply
7, a 0-500 V, 0-7.5 A (anpere) power supply may be used, for exanple.

A substrate g4 sflirspasackndss deothectehagierae so as to face the hot
cat hode 3 and the horn anode 4. Specifically, 20 the hot cathode 3 is

surrounded by afeddiARiupaiddaiet y surface of the horn anode 4 near the
center thereof, the horn anode 4 being disposed with its |argest internal
di anet er 18i delLd amddmet heerstdrstrate 1. It is preferable to | engthen the
di stance 1 between 25 the hot cathode 3 and the substrate 1 as nuch as
possi bl e, speli findtnal cditametrepe of QYLindrBOBL MeedrnigPvBagTRE

12,112 DC power supply

DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 In the following, an embodiment of the present
invention will be described, referring to the drawings.
Fig. 1 is a cross sectional view schematically
illustrating a plasma CVD apparatus 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 1 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



reason is that the hardness of the thin filmformed on the 11 substrate 1
becones low if the distance 1 is shorter;ghan 200 mm whereas the
filmformng rate becones inpractically slowif the distance 1 exceeds 300
nm The substrate 1 is arranged to be sequentially supplied 5 to the

Il lustrated position by a holder (a holding nenber) and a transfer device

(handling robot or rotary index table) , both of whi ch are not illustrated.
The substrate 1. is electricallg connected to a power supg %dlrect
current powefFa§hpgey? avewmleptricahty p?ﬁ%‘?e‘i"ﬁﬁ%Jﬁbla;P PG PPYRTaEEBPEYat i on,

dth DC di I f h
2|Ram§e? TRoTReakER, Bubstaf. Faf "Shaber fﬂér&%@% B5BE, S1PELY o
t II ted.t.,o th t I d
of “the De polErTLeRprea i pE At (S Best 5P g fhd SR #V%h%‘);?gblﬁ% o e
the DC povver Euggwﬁglgyﬁglg &500 V5(p Vloq.é)%a(‘)(g{ l al %’Q%re Q%Weguégﬁged SO

be used, for et he THamber wal
anode 4 ana 'AS B306Fe 3“*?%%&%%?9%8?2 o o RV Ebedt 0d to
a fl oat poteggl e@@95c§ﬁq£nbon§ggtgbsQgsgdg&@ugg.@nsulated state fron1the
chanber 2. In addition plasma wall 8 1§ cylindrical or polygonal, and
the inter nal di aneperruBn@f -Sheped diisde 061L8€rHQLYABB NS anode) 4 is
disposed inside the chamber 2 so as to surround the periphery
of hot cathode 3, the horn anode 4 having a shape like 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 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
15 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 substrate 1 is disposed inside the chamber 2 so as
to face the hot cathode 3 and the horn anode 4. Specifically,
20 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
25 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 film formed on the



25 in the range of 100 to 200 nm i nclusive. The reason is that ionization
of material gas beconmes too high near the;horn anode 4 if the internal
dianeter Bis |less than 100 mm which 12 is undesirable in that it my

al | ow generation of free carbon (i.e., soot) . In addition, ionization of
mat eri al gas beconmes too | ow near the horn anode 4 if the internal dianeter
B exceeds 200 mm whereby formation of high-density filmon 5 the substrate
1 becones difficult, and generation of high magnetic field also becones
difficult eveaphstrad®iyinilaaanamdiowdde tifedishagre & dseghorter than iy
t hi ckness correcting plate 8a is provided at the end of the plasma |1 8
on the side &0% AR stBereas &hw £1lm-Forming, FﬁFEI&?}%%%’“%%F‘F‘@Epﬁ%% Y% 8a
being electrically connected to the float_potential. Using the film

t hi ckness corte¥ iify tﬁ'f"at%"sé'aﬁnct%irhcﬁ?é%%eﬁ %916; M mfornmed on the outer

i ph | of th bstrate 1 . b t A dym t, O i
(i Sposed out si do- t RRHERBEFA58 245 16 MBS, o TR RRBRELL 6ht b GOk hal or
I | . f I d.it.i f d_t i th
nibrnal B afi GO 1 AN e HoPOERERBRCPE ol b (gAY EE MeidRen The
f bly, w.thin 3 [ [ r i He th
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direction. TheGenderiicd rkeﬁé H&Y na 1 i@pt&y. 11 is the magnet center 10,
10 1s

and the magnet center ocated so as to face approximately the centers
of the hot cat hOde'I@leagﬁibgbﬁaéétlsEE@&&r{ﬁﬁP%hbﬁﬁbﬁtear%%rﬁ@pbwer
e

magnetic force at the magnet center 10 of t neodym um magnet 9 is in a
range of 50 te;0Q, GJiGRIES burientS peReraBdpplys DRekrieh| s ithé gange of
50 to 150 G inclusive. The reason for setting the magnetic force at the 13
magnet ceot ersugp1ROESz Gonl assellerhiidbnt haadi shehpcnpowéacdupply | 12nis of
raising the nagnetic force at the magnet center 10 of the neodym um magnet
up to 200G Atidigossdhl iy, ahhénsedatedmstatie | Sromr ther ehembelre 2.0 ddte t he
magnetic force at 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

15 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

20 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

25 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



5 magnet center 10 150 G or less is that the cost of manufacturing a nagnet
increases if the magnetic force at the magnet center 10 exceeds 150 G

In addition, the plasma CVD apparatus includes a vacuum evacuati on

mechani sm (not shown) whi ch vacuum exhaust inside 10 the chanber 2. In
addition, the plasma CVD apparatus includes a gas supply nechani sm ( not
shown) which provides filmformng material gas into the chanber 2.

Next, a method of form nci a DLC filmon the substrate 1 U%I n‘g?therpl asma
CVD appar at us-SHBARSLRakiL g in that| iy paysallew gepsFation o

met hod activat.es the vacuum evacuatj.on nmechani,sm .brin t he int fl’l or of

the chanber 2i+&-g as‘b?'éhefl f&d Ry o QRARRTIAR F (PRCGREAL gas

i ntroduction machanlé i nt roduq:ehs ol uene ZHB% N for %npl e, into 20
the chanber SSEPHAREPP It BERE e RPEr Atodst L arha  ardl Lametefrth
S S I A N
suppl yi ng al ternate current from b?ié power supp yglg hot cat ode
3. In additi Qe $urb%‘1‘: a rle%tec!o%e%‘*mfﬂ%&g-] gxd‘gft Faedert Jf gﬁ'ftr{]rom

25 power supply , ITect current 1s sup e substrat

the DC power n&l&maicl%léyd hgﬁébnsetctsﬁ\egotdlc@élmec Sevén ! 2E0Q HEARRMPT 14
electrons are emtted fromthe hot cathode 3 to the horn anode 4, and

wher eby gl ownlightaidi drSiddd IHaAlRd etywan the hot cathode 3 and the horn
anode 4. The toluene gas as the filmformng nmaterial gas inside the

chanmber 2 is ionizadf31hy thhexhakge cowreet iy ¢llatler 8as isngrovad@d aitnt o a
pl asma state. On this occasion, since a nagnetic field is generated in the

regi on wher e thiee eind wENehgaplasmat wad In@alont thehati deablfod®e3 substtiiated | nt o
pl asma by the neodym um magnet 9, the plasnma can have high density due to
this magheti &.f tbedil thidknkesehyr reat ing ipdratef Bad ey edac thd cardlignced.
Then, filmformng material nolecules in plasma state are accel erated
directly by tdeanesg®d te poe ditaatl pottemitd adubsVUsang tthe £ ifliny thdwkmesishe
direction of the substrate 1 and adhere on the surface of the substrate 1,
and wher eby FRryeciimepltate (8m.i thickneds @f the fddpsfermned pn The oniter
occasion, a reaction represented by the foll ow ng equati oné3) i's occurring

on the surfa®eréPherals @fsthe substeate 4 «an keqentsqlle (3)

20Next, a manufacturing _method of magnetl c.recordin
A neodymium magnet 9 is disposed outside the chamber

15 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

20 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

25 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



medi a using the plasma CVD apparatus shown in Fig. 1 will be descri bed.
First, the nethod prepares a filmfornmedysubstrate having at |east a
magnetic | ayer formed on a non-magnetic 25 substrate, and |lets the hol ding
menber hold the filmformed substrate. Then, the nethod turns the material
gas into a plasma state by electric discharge between the hot cathode 15 3
and the horn anode 4 which are heated in the chanber 2 under a predefined

di tion, d I t I | 1,i th f f

Une 111 or MAPRAILSEPALE HCHGD BT HE Rl FRGE LS TiF PARARRREAL o

it ace of { HAi S BPNEHSG et Aptec i 02c< gPPPHE Ragrpy piites"10' "°
bove- ti di t he | qi A f lindri cal
or " pol ygonal o Sand ey et B (JRER% RGRTEBhag Ry A r kAR (O

6 Shence 10, Mhyaen, s fche s Eokloue; 8 0GR bR S rcens bepcd

much as possi rds, though the dis etween th t

cathode agd biigrsdbSLEALEr| SLFNECNEA A4S TUER 3 Penakb! EraCeidl NGt O
prior art, the“di stance between the hot cathode and the substrate is

| engt hened asmafiiGacturingP@smagn@tl AnlhRaRe@sert tagbpdyaertic $oeckl beal Iy
in the range of 200 to 300 mminclusive. In this manner, acceleration

di stance of the mneed denlc@rf anmexe dddsenisal ggas can be | engt hened, and
wher eby the speed of the ionized filmformng nmaterial gas when colliding
W th the substrat eraaddic isdetRe glasdmd cvbaipgdrwituws ihcauaesvwerhcanal

pl asma CVD apparatus. As a result, b in the above equation (3) can be
reduced i n cevpzuatdonwédhiahisl (@dt shotn) wid dlyvabeuprexdrawst ipsdgen CVD
device. In this manner, the DLC filmfornmed on the substrate can have a

hi gh denk0ty téved chambgr hdrdnebs. agdisddnt i ditee | plaemat KVIabappamshusoned
enbodi nent, the density of the plasm generated between the hot cathode 3
and the horniacdydes af gapesyprlbymecharksn uhatashown)nwhdgbenrovides

film-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
15 described.

First, the method activates the vacuum evacuation
mechanism, brings the interior of the chamber 2 into a
predefined vacuum state and, using the gas introduction
mechanism, introduces toluene (C;Hg) gas, for example, into

20 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

25 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



16 by di sposing a neodym um magnet 9 outside the chanber 2. As a result,
the DLC filmformed on the substrate camfyave a higher density and a hi gher
hardness. It should be noted that the present invention is not 5 1limted to
t he above-nenti oned enbodi nent and can be inplenented through a variety of
nodi fications wi thout deviating froma gist of the present invention. For
exanpl e, in above-nentioned enbodi nent, although the neodym um magnet 9 is

di sposed outsi de the chanber, 2, e neqQdym um net _10 be dis ed

i nsi de the clfhfsroRs 6Fe§“h‘é:d:r?é’{ ?ﬁﬁ’aé:qﬁg]aﬁdia%%{%?éﬁ? gﬁgrﬁ?/r‘?)émt% osed
in place of the neodym um magnet .9. reover,. the neodynm.um magnet .9.i s t
an essential %l éﬁ@n , eéﬁg]yt ﬁgoﬁrgﬁﬁﬁggfﬂﬁeﬁ |Jc§h1}\h’ﬁa§/ %(? oetg‘%eelnm%ﬁ%eenéln tlad "
wi t hout di spaosi he, neodypi u n . I

condi ti ons and t?%’sf% te3s %?gf girl?nnhgg %Leé&ﬂ%lem]zlﬁ'[si ng h‘go%‘%%%?ragﬁDaggég!reat us

h in Fig.eg:h (thi fildng ' Lt f QLG f;l d
e Tor o) i IR Rl (AN 8 S

ashing rate) w tions o I'l'm formation) Internal

di ameter B Ofbéiglé:i’%”&a bl nuhBer8E L BLaPESnd mm@)&a GAtd1ede,13 sakd

substrate 1: nm Di st ance A between hot cat hode nd magnét center

10: 35 nm 25 Jufhisd.r abRithi s WebakiGas s {r/d® aGRsgrid OV kAt d Bs Foenei@Bedl?
Pressure: 0.3 Pa
in the region where the toluene gas existing near the hot
cathode 3 is turned into plasma by the neodymium magnet 9,
the plasma can have high density due to this magnetic field,
10 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
15 athinDLC film is formed on the substratel. On this occasion,
a reaction represented by the following equation (3) is

occurring on the surface of the substrate 1.

CHg + € - CH, + xH, t ... (3)

20 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

25 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



Hot cathode 3: tantalum filanment Qutput of AC power supply 5: 200 W Current
of DC power supply 7: 1650 mA 5 Vol tage gt DC power supply 12: 250 V

Ext ernal 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 flowrate: 50 sccm Pressure: 30 Pa Electrode: parallel flat type 15
Frequency of radio frequency wave applied to the electrode: 13.56 MHz Radio

frequency output applied to the el ectrode: 500 WAshing rate: 85 nnim nute
[ Conpar ati ve ngEF horn anode 4 which are heated in thé chamber 2 under

a predefined vacuum condition, and accelerates the plasma
to collide on the surface of the film-formed substrate held
by the holding member. In this manner, a protective layer

5 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

10 between the hot cathode 3 and the substrate 1 is lengthened
as 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

15 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

20 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.

25 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



20Next, conditions and results of form ng DLC fil musing 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 dianeter B of plasma wall 108: 132 nmm Di stance 12 between hot
cat hode 103 and substrate 101: 163.5 Substrate: Si wafer Gas: C/H8 Gas
flow rate: 3.25 sccm Pressure: 0.3 Pa 5 Hot cathode 103: tantalumfilanment
Qut put of AC power supply 105: 200 WCurrent of DC power supply 107: 1650
mA Vol t age ofbyD@ispRsingupmieedyrg up gagyety? et idmdhe FRarperd - ndife
10(Resul ts) a result, the DLC film formed on the substrate can have a
higher density and a higher hardness.

It should be noted that the present invention is not

5 limited to the above-mentioned embodiment and can be
implemented through a variety of modifications without
deviating from a gist of the present invention. For example,
in above-mentioned embodiment, although the neodymiummagnet
9 is disposed outside the chamber 2, the neodymium magnet

10 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.

15 [Example 1]

Next, conditions and results of forming DLC f£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.

20 (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

25 Substrate: Si wafer

Gas: C;Hg

Gas flow rate: 3.25 sccm



Thi ckness of DLC film 30 nm Knoop hardness (Hk) of DLC film 1800 (Ashing
conditions and results) Gas: 02 15 Gas f{ew 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

el ectrode: 500 WAshing rate: 140 nm m nute According to the
above-nenti oned exanple 1 and the conparative exanple, acceleration

di stance of the ionized filmformng material gas can be | engthened by
maki ng t he 2Fn#sfumsce ek VB®en the hot cathode and the substrate | onger
than that of the conparative exanple. _Thereftore, the speed of the ionized

filmform ng Hedt satdicdp s wiantaiym &
Output of AC power supply 5: 200 W

Current of DC power supply 7: 1650 mA
5 Voltage of DC power supply 12: 250 V

External magnetic field: none

(Results)

Thickness of DLC f£ilm: 30 nm

Knoop hardness (Hk) of DLC film: 2680
10 (Ashing conditions and results)

Gas: 0O,

Gas flow rate: 50 sccm

Pressure: 30 Pa

Electrode: parallel flat type

15 Frequency of radio frequency wave applied to the electrode:
13.56 MHz
Radio frequency output applied to the electrode: 500 W
Ashing rate: 85 nm/minute
[Comparative example]

20 Next, conditions and results of forming DLC film 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)

25 Internal diameter B of plasma wall 108: 132 mm

Distance 12 between hot cathode 103 and substrate 101: 163.5

min



19 the substrate can be nade faster than that with the conventional plasnma
CVD apparatus. As a result, ashing rate pf the formed DLC filmcan be
substantially decreased. Accordingly, it "1s confirmed that a DLC filmw th
a high 5 density has been forned, inplying that the DLC filmhas a high
har dness. [ Exanpl e 2] Next, conditions and results of formng DLC
filmusing the plasma CVD apparatus shown in Fig. 1 (thickness of DLC 10
film ashing condition of DLC film and ashing rate) will be descri bed.
(Condi ti ons @fubfsitinatfeor Bdt wafer nt er nal di aneter B of plasma wall: 132 mm
D stance 1 between hot cathode 3 and substrate 1: 238.5 nm 15 Di stance A
bet ween hot &&shodeH8 and nmagnet center 10: 35 nm Substrate: Si wafer Gas:
C/H8 Gas flowrate: 3.25 sccm 20 Pressure: 0.3 Pa Hot cathode 3: tantal um
filament Qut [f@&s FLoMCrgdRer 3s@#dpISF® 200 W Current of DC power supply 7:

1650 mA
Pressure: 0.3 Pa

5 Hot cathode 103: tantalum filament
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
10 (Results)
Thickness of DLC film: 30 nm
Knoop hardness (Hk) of DLC film: 1800
(Ashing conditions and results)
Gas: O,
15 Gas flow rate: 50 sccm
Pressure: 30 Pa
Electrode: parallel flat type
Frequency of radio frequency wave applied to the electrode:
13.56 MHz
20 Radio 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
25 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



Vol tage 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 results) Gas: 02 Gas flowrate: 50 sccmb5
Pressure: 30 Pa El ectrode: parallel flat type Frequency of radio frequency

wave applied to the electrode: 13.56 Miz Radi o frequency out put
applied to the electrode: 500 W10 Ashing rate: 76 nn1m'nute
According to the above-nenti oned exanples 2 and 1, applying an external

magneti c fi eltdreof subsErgbei ipd i be fBrdat ifastem BBéPea ¥ heviddhi fferate
of the fornmed DLC filmby 9 run/m nute conpared with the case where
ext er nal rragﬁ@ﬂv@nff}%aél plasma GVDBBPREALUS; RS anEePEE £ iAShine ER5Rpl e 1

a6 21 9 Yory e aFgEreBmPEe oI heho e AR RO LY RRGFF AP <

confirmed that . OLC OLl mw ), & higher, #ensid v, hase DeeT! Q5 R, LBAYI N0

5 density has been formed, implying that the DLC film has a
high hardness.
[Example 2]
Next, conditions and results of forming DLC film using
the plasma CVD apparatus shown in Fig. 1 (thickness of DLC
10 film, ashing condition of DLC film, and ashing rate) will
be described.
(Conditions of f£ilm formation)
Internal diameter B of plasma wall: 132 mm
Distance 1 between hot cathode 3 and substrate 1: 238.5 mm
15 Distance A between hot cathode 3 and magnet center 10: 35
mm
Substrate: Si wafer
Gas: C;Hg
Gas flow rate: 3.25 sccm
20 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
25 External magnetic field: 50 G
(Results)

Thickness of DLC film: 30 nm



20 hi gher hardness. [Exanple 31 Next, conditions and results of formng DLC
filmusing the plasma CVD apparatus showggin Fig. 1 (thickness of DLC

film ashing condition of DLC film and ashing rate) will 25 be descri bed.
(Conditions of filmformation) Internal dianmeter B of plasma wall: 132 nm
21 Di stance 1 between hot cathode 3 and substrate 1: 238.5 nmm Di stance A
bet ween hot cathode 3 and magnet center 10: 35 mm Substrate: Si wafer 5
Gas: C/H8 Gas flow rate: 3.25 sccm Pressure: 02.7340Pa Hot cathode 3: tantal um

filament OutftROH BREMRRRT SlppISE PLOI Wp:

(Ashing conditions and results)

Gas: O

Gas flow rate: 50 sccm
5 Pressure: 30 Pa

Electrode: parallel flat type

Frequency of radio frequency wave applied to the electrode:

13.56 MHz

Radio frequency output applied to the electrode: 500 W
10 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 film
by 9 nm/minute compared with the case where external magnetic

15 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
20 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

25 be described.
(Conditions of film formation)

Internal diameter B of plasma wall: 132 mm



10 Current of DC power supply 7: 1650 mA Vol tage of DC power supply 12: 250
V External nmagnetic field: 100 G (Resultg) Thickness of DLC film 30 nm 15
Knoop hardness (Hk) of DLC film 2770 (Ashing 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 Miz Radi o
frequency output applied to the electrode: 500 WAshing rate: 74 nm m nute
25According to the above-nentioned exanples 3 and 2, applying an external

magneti c fi elRistfan 1Gbetvery hotnrabhadei drardreuhaietke T he3H M rate

of the formed DLC film
Distance A between hot cathode 3 and magnet center 10: 35

mm

Substrate: Si wafer
5 Gas: C;Hg

Gas flow rate: 3.25 sccom
Pressure: 0.3 Pa
Hot cathode 3: tantalum filament
Output of AC power supply 5: 200 W

10 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

15 Knoop hardness (Hk) of DLC film: 2770
(Ashing conditions and results)
Gas: O,
Gas flow rate: 50 sccm
Pressure: 30 Pa

20 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

25 According to the above-mentioned examples 3 and 2,
applying an external magnetic field of 100 G during film

formation can decrease the ashing rate of the formed DLC film



22 by 2 nmim nute conpared with the case where external magnetic field of
50 Gis applied. Since the DLC filmin the exanple 2 has a very high
density, the effect of decreasing 2 nmmnute in the exanple 3 is very

| arge conmpared with the exanple 2. 5 Accordingly, it is confirned that a
DLC filmwi th a higher density has been fornmed, inplying that the DLC film
has a hi gher hardness. 10 23 1. A plasma CVD apparatus conpri sing: a
chanber; 5a funnel -shaped anode di sposed inside said chanber;

fil ament - shafRyt2 it/ idiith spepaaedns e thei chat whisae, e:amm@lmmmy an

i nner periphery surface of said_anode near the center thereof; a
hol di ng rrenbefrle(ﬁdsﬁgséﬂ G s aprdapd - chaimes the MBICHEalBubnithe @xpondis ch is
di sposed so to face said cathode and sai d anode; a plasna wal |

di sposed i nsi a§§i‘6e’6¥1§‘|’rﬁ5‘rd%‘bs’af§"t shesfdrest gﬁé’@@rﬁé‘tﬁﬁé’@nz S/ it r at e

held b d .h ch_of said cathqde, and said anode, th
o asma. war | 3RS SXAFBAE Dorbtas 135&2%%53&&&%%@%&%&5@ )

tedst 15a f t, I ted
o oa d- anoqdrbotdi¥eliylsal LhnThrrealBhRL QIR Ve ER it et o
sai d SUbStraH%nEQE@ %%s %é%n OQhQ%qnqqgﬁY1ng that the DLC £film has a

higher hardness.

10




a gas supply nmechani sm supplying material gas into said chanber; and 20an
exhaust nechani sm exhausting i nside said chanber, and a magnet for
generating magnetic force in a region where said nmaterial gas is turned
into plasma; wherein: said anode has ig3 |argest internal dianeter side
facing said substrate; said plasma wall is cylindrical or polygonal and has
an internal 25 dianeter of the cylinder or polygon in the range of 100 to
200 mm i ncl gships: @ di stance between said cathode and said substrate held
by said holding nenber is in the range of 200 to 300 nm i ncl usi ve;

said magnet is cylindrical or polygonal, and nagnetic force of the nagnet

center as t{ue ce&b%n%cyg%%}%gggémﬂhgﬁgter of the cylinder or polygon

30is in the range'o sive; and said nmaterial gas
is turned into elsambéy causi ng di scharge between sai d cat hode and said

anode. 4 2.The_ plas CcvD a rat us _accor di laim1l1, wherein said
magnet is di sposae "BGFQ?%Pee%s%{f“g’%éﬁ?R?&&@ N3 §§|gcf%§ﬁ‘g)8 so as to surround
said cat hode and sfilatherb8Hgped catibde pHposed Mbsidppaail ushamuwes) damd) t o

claiml or 2, wherein the distance between s id,éra%ngt center and sai d
cat hode i s SWTeUndedohynan inner periphery surface of sald anode near ihe cenier

thereof;
a holding member disposed inside said chamber to hold a substrate
10  which is disposed so as to face said cathode and said anode;

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

an AC power supply electrically connected to said cathode;

16 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

20 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

25 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

30 s 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.



4. The plasma CVD apparatus according to any one of clains 1 to 3, wherein
said magnet is a neodym um magnet. 10 5. A manufacturing nethod of
magneti c recording nmedia using a plasnma CVD apparatus according to any one

of clainms 1 to 4, said nethod conprisigg the steps of: hol di ng a
filmfornmed substrate having at |east a magnetic |ayer formed 15 on a
non- magnetic substrate at said hol di ng nenber; and turning said

materi al gag int t ' I B Phamef
filament - shaped ?afﬁlgﬁﬁég\égsagpgrﬁﬁ%%%ﬁifngﬁto;ﬂrlazﬁﬂga\?gﬂ i%tngfgi dai%ﬁanber

under a vacigudiseesest oitside said eatbederand agidtanrods sems ® stgPHNdSaih t he
surface of &ﬂbgdé £+&r§£@r (aesubstrate hel d by said hol ding 20 nenber to
forma protective layer havihg carbon as principal conponent. 6. The

manuf act uri ng nmet hod of nagnetic recording nmedia according to claimb,
wherei n saig matgrial_ gas ich is the material ,gas,for,f ]k DLC

| ayer on” sard fiﬁ?ﬁ Plﬂsﬁﬁadcs%ﬁppafazu%sacggﬁwgpkoof;@ﬁ Q/eocgl %ty‘&f‘,g?elﬂﬂéﬁdes gas
25 cont ai ni digtanae betwesitsdly eiaagen center Andreaidfcathodel is gvithirt SGrdmof magneti c
recordi ng nmedia using a plasma CVD apparatus, said plasma CVD appar at us
conprising: a chanber; 30a funnel -shaped anode di sposed inside said
chanmber; 4 a fHd plRMa SVAPUpparitid dRcordP i dny briedef emirfls cherger, and
surrounded by an inner periphery surface of "said anode near the center

t hereof ;  2®herein saig niagngt isga neadEnium Mgeseld i nsi de sai d chamber to hold a

substr whi ch is disposed so as to face said cathode and said anode; a
plasma wal | di sposed inside said chanber so as to cover a space
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
15  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
20 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
25 containing carbon and hydrogen.

7. A manufacturing method of magnetic recording media using a plasma
CVD apparatus, said plasma CVD apparatus comprising:
a chamber,
30 a funnel-shaped anode disposed inside said chamber,
a filament-shaped cathode disposed inside said chamber, and
surrounded by an inner periphery surface of said anode near the center
thereof;



bet ween said substrate held by said hol di ng menber and each of said 5

cat hode and sai d 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 agode; a second DC power supply
el ectrically connected to said substrate held by said hol di ng menber; 10a
gas supply nechani sm supplying material gas into said chanber; and an

exhaust mechani sg iy ThémBet Bﬁ;‘p@%@ N Qéﬂbéﬁargﬂgl'efoeh&d C %gg tfé?@ de has

its |argest |nternal draneter sid acing sald substrate; sai wal |

i s cylindri WRfchgs pﬁﬂ%g@ﬁalasaﬁda%%al@ﬁatmaeIandlsamsamdmet er of the cyl i nder
or polygon ' thg e ol 90kt AGRTHA BELHBLVSo A db 3hRAPE dbueen Said

cat hode and said su ate menber nge of
200 to 300 RAtween gsidveubstraje held bysesad:l tetding ahergber iandt sacrebfi sdid pl asma

by causimg at ho and s I d a ode, 20sai d net hod
conpri si %g %@Bgeggg s%ﬁ:t ¥¥’?oed% ﬁ?%glﬁgmﬁdﬁi‘erﬁvl'qﬂ? Eﬂtﬂft rate having at
| east a magneti cam AjDepoW@’rS’Up@lyOéie@tnO@lrymeefeld%%uhﬁédtﬁéﬁ at said hol ding

menber; and fgir[gf 8 sai d terlalu)gas into a plasna state by electric
di scharge bet weef " pPVEnHRR: Rlgpkiga ?%wéteme%an%de which are

heated in 25 sai&seeHBC ww@rsuap;y@é&mag%hhé&@d éél idXUBS8 r§fe‘3\'§<-14lé'9 the

plasma to ¢ |||18§1 n the surface of said frlmforne strate d by said
hol di ng me 3é?a @PW%‘PQ& ective layer having car bon as princi pal
conponefg . a gas supply mechanism supplying material gas into said chamber;

and

an exhaust mechanism exhausting inside said chamber, wherein:
said anode has its largest internal diameter side facing said substrate;
said plasma wall is cyiindrical or polygonal and has an internal
15 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: and
said material gas is turned into plasma by causing discharge between
said cathode and said anode,
20 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
25 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.



