DESCRI PTI ON PLASMVA CVD APPARATUS, MAGNETI C RECORDI NG MEDI UM AND METHOD FOR

MANUFACTURI NG THE SAME TECHNI CAL FI ELD The present invention rel ates
to a plasma CVD apparatus, a magnetic récordi ng nmedi um and a net hod for
manuf acturi ng the sane. 10 BACKGROUND ART Fig. 4(A) is a

cross-sectional view show ng schenmatically a conventional plasma CVD
apparatus, and Fig. 4(B) is a drawi ng showi ng a cat hode and an AC power
supply 15 viewed fromthe direction of an arrow shown in Fig. 4(A).

The plasnma CVD apparatus has a | ef prgighbrsgRetrical structure with
respect to a substrate to be deposited (for exanple, a disc substrate) 101,
and is an apparatus capable of deposition on both sides of the substrate to
be deposited 20 101 sinultaneously, but in Fig. 4(A), the left side

rel ative toPrASMAUDYDr aPPARATHES, depesET R KEXORE h olRD I tandNDhEETHght Si de
is omtted. The plasnma CVD apparatus has a chanmber 102, and, to the chanber
102, a gas introduction fl ditgfe MANBIFACTHRINGIIHREMBYE t he gas i ntroduction
flange 115 and the chanber 102, a filmform ng chanber is forned. In the
gas intraduction flange 115, a hot cathode (a cathode el ectrode) 103 is

formed. 2
TECHNICAL FIELD

The present invention relates to a plasma CVD apparatus,
a magnetic recording medium and a method for manufacturing
the same.
10
BACKGROUND ART
Fig. 4{(A) is a c¢ross-gectional view showing
schematically a conventional plasma CVD apparatus, and Fig.
4(B) is a drawing showing a cathode and an AC power supply
15 viewed from the direction of an arrow shown in Fig. 4 (A).
The plasma CVD apparatus has a left-right symmetrical
structure with respect to a substrate to be deposited ({for
example, a disc substrate) 101, and is an apparatus capable
of deposition on both sides of the substrate to be depogited
20 101 simultaneously, but in Fig. 4(A), the left side relative
to the substrate to be deposited 101 ig shown, and the right
side is omitted.
The plasma CVD apparatus has a chamber 102, and, to
the chamber 102, a gas introduction f£lange 115 is mounted.
25 By the gas introduction flange 115 and the chamber 102, a
film-forming chamber is formed. 1In the gas introduction

flange 115, a hot cathode (a cathode electrode) 103 is formed.



Bot h ends of the hot cathode 103 are electrically connected to an AC power
supply 105 positioned outside the gas introduction flange 115. One end of
the AC power supply 105 is electricallyZonnected to an earth 106. 5In the
gas introduction flange 115, a disc-shaped cat hode back board 111 is
formed. This cathode back board 111 is positioned between the hot cathode
103 and the AC power supply 105, and is set tobe at float potential. In
addition, in the gas introduction flange 115, an anode 104 including 10 an
anode cone Ifkeh adisabrappdendasachdde 1630hspasat ANt Belbweer kg anode
cone 104a and the cathode back board 111, a gap 113 is provided.

The anode base 2Q4nd spekeet rawmbly aosneséed:ioned Doupewde stippl ¥wak07. The
positive potential side of the DC power 15 supply 107 is electrically
connect ed t oirtthe dnodierrbddent@4bl. 5 anditdhendegfitihve Agopentt adurglde 105 t he DC
power supply 107 is electrically connected to the earth 106. In the
chanber 102,is relenibsigally tapryedspgbdia exh kHriils diGposed. The substrate
to be deposited 101 is 20 electrically connected to a DC power supply (a
direct-carrent powsy Bupptgy ingrgdugstponerflangd yiidor acddlserastiapgd ons.
The negative potential side of the DC power supply 112 is electrically
connect ed t FedRIbATateard Béldépospread 10T hhEatedrodiadk opadent i al

side of the DC Qomer supply. 112 25 is electrically connected to the earth

106, 13, Ve rRp e SR BRGUERBIENT BAGE AT 3 d Oprnd RERVAY PYSTuhi ch
ted ta th th, | 1. 108 i di d 3 ) as t
?.rogcggnggf rﬁ%ﬁf@g@ﬁgéﬁ ja[ 1ﬁ§%£?§§%3@1%%|85§§§=3533§ If?&fl%grrf?%flhg cover
supstrate 0. eposl| Le . e asnm | S, e Clric [
Somneerod t ot A ReY kRTrattesIBR RIARGR Y5 AR daiad uiY Srelndtag 1 108

has 5 a,gyl ia[}g'éin%%!g %B%elﬁ%tﬂ?&%& Q%g%aﬁg’ﬂg"‘ﬂ;]&b 108 1’%&{‘{@ anode cone

104a, a ring-shaped space I'S provi an € w dt € spade 114

i S appr oxi h r i t %q$g net 109
IS disposegﬁ%%%%gi?Fmgkggg&&d?%H%éﬁ%%ggéﬁtggeabﬁggﬁg aﬁégéﬁﬁg???%g a DLC
(Diamond Li ke 435 bory fd lJpfnidde, substrate to be deposited 101 using the

pl asma CVD apparatus shown in Figs. 4(A and 4(B). First, the inside of the

chanber 102 is putrHent@oacUbdse iy iRy edeberiicaadyvagsHyaretates Ane into
the inside of the chanber 102, for exanple, toluene (C7118) gas is

i ntroduced gsowereppsiyiiay .ravheaieyidlvegpsrbhbima Jate bAHHRANE boapart
115a of the gas introduction flange 115. After the inside of the chanber
102 reathes supgpiedener ha rac rEsrls; cbyinected to the anode base 104b,
and the negative potential sgide of the DC power supply 107
is electrically connected to the earth 106.
In the chamber 102, the substrate to be deposited 101
is disposed. The substrate to be deposited 101 is
20 electrically connected to a DC power supply (a direct-current
power supply) 112 as a power supply for accelerating ions.
The negative potential side of the DC power supply 112 is
electrically connected to the substrate to be deposited 101,
and the positive potential side of the DC power supply 112
25 ig electrically connected to the earth 106.

In the gas introduction flange 115 and the chamber 102

which are connected to the earth, a plasmawall 108 is digposed



20 supplying an alternating current to the hot cathode 103 by the AC power
supply 105, the hot cathode 103 is heated. In addition, a direct current is
supplied to the anode 104 by the DC poweér supply 107, and a direct current
is supplied to the substrate to be deposited 101 by the DC power supply
25112. By heating the hot cathode 103, a large quantity of 4 anode cone
104a, and gl ow discharge is started between the hot cathode 103 and the
anode cone 104a. By the large quantity of electrons, the toluene gas as a
deposi tion rgaw Bty icdhvedasplad ek @ cthaBekalB? o0& €nkOAbEEdat8Bdeal g3put
into 5 a plasma state. At this tinme, a magnetic field is generated in a
regi on for conveitd rgddee 1oal,uand gas padstianedtpeBe tHbBpobBete@atbede 103
into plasnma by the magnet 109, and thus it is possible to densify the

pl asma by t lEhearaghetne waeld.10Bhehs deposiicanlyawomieettical t®l €tubes in
the plasnma state 10 are directly accel erated by negative potential of the
substrat e t pdienddpdsi(het digdwrand finyaddinaidnt hehalplesmaonabf ttehsabstrate
to be deposited 101, and adhere onto the surface of the substrate to be
deposi t ed 1@1.cyGdmsbyuyardt sparen t Retwabpt theerilasha wapodsip8dan@ltha thin
DLC filmis formed 15(see, for exanple, Patent Docunent 1). In the

above- nent i Giefie GPrentlifdial aprdssa sbepespgregtud t4sifceronaddgdp 228 exi sts
bet ween the cat hode back board 111 and_the anode cone 104a, when formng a
DLC fil m on ®fe ¥dESty aPE t'dDe SBE56si €éd 109, IRFGEhEERIHON 16F 2o

di scharge ma erformed at, the back face of _the anode cone 104a, to

t her eby Iead‘y"trg“?’[e%é“oé?c?ner‘éﬁﬁﬁlé? EPCar v ¢ T miPtoa. 2 | R2GAGN i W tHe

generation of, dios% rge may be performed in the space 114 between the
pl asma wal | And 't he anode cone 104a, to thereby lead to the adherence

of a Caigon film Next, there will be described a method for depositing

a DLC (Diamond Like Carbon) film on the substrate to be
deposited 101 using the plasma CVD apparatus shown in Figs.
4{(A) and 4(B).
First, the inside of the chamber 102 ig put into a under
15 a predetermined vacuum state, and, into the inside of the
chamber 102, for example, toluene (C;Hy) gas is introduced
as a deposition rawmaterial gas from a gas introduction part
115a of the gas introduction flange 115. After the inside
of the chamber 102 reaches a predetermined pressure, by
20 supplying an alternating current to the hot cathode 103 by
the AC power supply 105, the hot cathode 103 is heated. In
addition, a direct current is supplied to the anode 104 by
the DC power supply 107, and a direct current is sgupplied
to the substrate to be deposited 101 by the DC power supply
25 112.
By heating the hot cathode 103, a large guantity of

electrong are emitted from the hot cathode 103 toward the



25 also on the wall surface surrounding the space 114. These carbon filns
110a havi ng adhered are peel ed and accunul ate between the anode base 104b
and the gas introduction flange 115, arfid as a result, by particles 110b of
the accunul ated carbon film the insulation perfornmnce between the anode
104 and the gas introduction flange 115 deteriorates and it becones
difficult to performstable discharge. Furthernore, 5 when the carbon film
110a is peeled, the carbon filmpeeled may adhere to the substrate to be
deposited 1Qhdde GRRY Abeal, abhll §8ow dischatde atdliddted bRrefddie thlect ric
power consunmed by the di scharge generated at the back face of the anode
cone 104a 1they dathdde spage ahl¥ Hite aaheds thak doas.notpyovbhéi hukget 0 the
deposition onto the substrate to be deposited 101, along with the | owering
of energy tadmtised dfoeleke rdeconphei tobuent @as avw raidepioalitgas: Mpwt he

| oss of electric power, there is a risk of lowering the quality of the film
t o be deposinakilifiipogathin shigsthanket d (e adepbsii zed 1 @hd BASKGROUNDOART

DOCUMENT PATENT DOCUMENT Patent Docunent 1: Japanese Patent
Appl i cat Pon a_ailds@pent dpe . 20 L7126t PBe DI:SCEO8ERE O FHE 1sNYENEI@NeFROBLEMS
TO BE SOLVED BY THE | NVENTI ON An aspect of the present invention has

an obj ect ofipro¥eding &0p| aSPHeTVERg phas dtUsuenmh &1 PoP isdspmess seag t he 25
generation of discharge at the back face of an anode, or. a magnetic

recordi ng médtukCksFREPPHE BPAsHRt TV apFakat theoragneetHbly f5d thus

manuf act ur i t.he sane,
'E% is posggble to densify the plasma by the magnetic field.

Then, deposition raw material molecules in the plasma state
10 are directly accelerated by negative potential of the

substrate to be deposited 101 and fly toward the direction

of the substrate to be deposited 101, and adhere onto the

surface of the substrate to be deposited 101, Consequently,

on the substrate to be deposited 101, a thin DLC £film is formed
15 (see, for example, Patent Document 1).

In the above-mentioned conventional plasma CVD
apparatus, since the gap 113 exists between the cathode back
board 111 and the anode cone 104a, when forming a DLC film
on the gubstrate to be deposited 101, the generation of

20 discharge may be performed at the back face of the anode cone
104a, to thereby lead to the adherence of a carbon £film 110a.
In addition, the generation of discharge may be performed
in the space 114 between the plasma wall 108 and the anode
cone 1l04a, to thereby lead to the adherence of a carbon film
25 also on the wall surface surrounding the space 114. These
carbon films 110a having adhered are peeled and accumulate

between the anode base 104b and the gas introduction flange



6 MEANS FOR SOLVI NG THE PROBLEMS An aspect of the present invention
is a plasma CVD apparatus including: a chanber; 5a plasnma wall that is
di sposed in the chanber and has a cylindrical shape or a pol ygonal

cross-section with opened both ends; a holding part that is
di sposed in the chanber and holds a substrate to be deposited di sposed near
t he opening of one 10 end of the plasma wall; an anode that is

di sposed in the chanber and is disposed so as to cover the opening of the

ot her end ofitse spleassRavabbul g, fhy aend r shewed anatdodaet Ratuhsidi-egosed in
the 15 chanber, is disposed on an iInner side of the anode and near the
openi ng of tdwlaidherilend tofe tikeulladmam paldforiatices bétspeacthbaanbdet he
substrate to be deposited held by the holding part; an AC power supply or a
DC power supgl4y anidi theisadiisposethdd0 couttdadget hes odatrdetgratseseleaat diccal |y
connected to one end of the cathode via a first wiring, and is electrically
connect ed t dadvaegt Heffendlofte perdatriodbakl a i sdegrwe wi Fumghermore, a
hol e which is provided at the anode, and through which each of the first
wiring ahd tWesébendarbennfi passidn izspepiedt O pradrons fidny pekded) s

di sposed outside the chanber and is electrically connected to the anode; a
second DC pd&tet asiisgiey tehile subfitspdsedohesierosheed 701 to generate

failures.
In addition, since the electric power consumed by the
discharge generated at the back face of the anode cone 104a
10 or in the space 114 is a loss that does not contribute to
the depogition onto the substrate to be deposited 101, along
with the lowering of energy to be used for the decomposition
of a raw material gas by the loss of electric power, there
is a risk of lowering the quality of the £ilm to be deposited
15 on the substrate to be deposited 101.
BACKGROUND ART DOCUMENT
PATENT DOCUMENT
Patent Document 1: Japanese Patent Application
Laid-Open No. 201L0-7126
20
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
An aspect of the present invention has an object of
providing a plasma CVD apparatus capable of suppressing the
25 generation of discharge at the back face of an anode, or a
magnetic recording medium using the plasma CVD apparatus or

a method for manufacturing the same.



chanber and is electrically connected to the substrate to be deposited held
by the hol ding part; a gas supply mechani sm supplying a raw materi a
gas into the chanber; and 5an exhaust néchani sm exhausting the inside of

t he chanber. According to the above-nenti oned one aspect of the
present invention, it is possible, by disposing the anode so as to cover

t he opening of the other end of the plasma 10 wall, to provide the plasna
CVD appar atus capabl e of suppressing the generation of discharge at the
back face ofuties arswlesonving TH® mishimMn, in one aspect of the present
invention, it is preferable that the | argest gap between the other end 15
of the plasma wal larantkidte: anpdehé SpHesendr entEADiOn M anglkkak tdve

| ar gest gaps between the hole and each of the first wiring and the second
W ring are rgtpamatend hiame Badimg :Consequently, it is possible to provide the
pl asma CVD appar atus capabl e of suppressing the generation of discharge 20
at the back face of dhwenterode. Furthernore, in one aspect of the
present invention, it is preferable to have a gap between the chanber and
t he anodé&, |inked & @lesaaguplbethwieria ifd spoised éndtbe elmnppasrd halsl and
the anode, and that the_|argest part of the gap 25 between the chanber and
t he anode i s F¥LiRgrd cadaphapendr TERBEEHBRY ¢roeResgehépatvbih epeieschar ge
at the back face of the anode can be suppressed nore effectively. S

Mor eover, i %ﬁﬂﬁ%t of the present invention, it is preferable to have
a gap between the chamher and . .the pl.as wal |, linked to. the et ween
the other end of ﬁ&ﬁhﬁ%’% ?hﬁﬁ&st LERADER Fﬁé‘?‘bﬁﬁea‘%&g@géils part
of the gap 5 he en.th hanber and .t he pl as wal | .is not.nore_than 5 nm
Consequent | y* °t \és\%éfgr?grg icooen 3P°§il§§ﬁa‘rgjggg?afegﬁ%eabra&?ef 3RE*HFY {He CRfode can

be suppﬁgssq%g$qﬁgg§%%§$fégga)@all, An aspect of the present invention

is a nmethod uring a negnetic recording medi umusing. the 10

above- ment i oned plaqusg_ao@yfahaawgﬁ%ogieraci%h@cﬂméé%@% 5 510l dipg a

substrate to be deposited i n whi east a magnetic layer 1is“forned on a

nonmagnet i ¢ sihsd 1A &dvirt e QUi PYH it rANG et i (i chaw Talkeni al gas
into a plasma state by dischargé between the fil anent-shaped cat hode 15

heat ed underyazacuum condi ti ons and the anode in the chanber, and
accel erating and bonbarding the plasnma on the surface of the substrate to
be deposited hel dZyfihendot ditigpar tatBolior khatprikf edispyesdayen kaw ng

carbon as anmai n conponent.

15 chamber, is disposed on an inner side of the anode and near
the opening of the other end of the plasgsma wall, and is
disposed facing the substrate to be deposited held by the
holding part;

an AC power supply or a DC power supply which is disposed

20 outside the chamber, is electrically connected to one end
of the cathode via a first wiring, and is electrically
connected to the other end of the cathode via a second wiring;

a hole which is provided at the anocde, and through which
each of the first wiring and the second wiring passes;

25 a first DC power supply that is disposed outside the

chamber and is electrically connected to the anode;

a second DC power supply that is digposed outside the



In addition, in the nmethod for manufacturing a nmagnetic 20 recordi ng nmedi um
according to the present invention, preferably the raw material gas is a
raw material gas for forming a DLC | ayer/ as the protective |ayer on the
substrate to be deposited and includes a gas containing carbon and

hydr ogen. 25An aspect of the present invention is a magnetic recording

medi um manuf act ured using the above-nentioned nethod for manufacturing a
magneti c recording nmedium 9 including: the substrate to be deposited; and

the DLC | ayesndiie®thn e 1diistiicalien ¢ @ dimAareside tn FRREGE /@ THe
| NVENTI ON 5By appl yi ng one aspect of the present invention, it is possible

to provide a¢@l|dsim: (D4 appad adpiscicanadl ®if sppy essi ng the generati on of
di scharge at the back face of an anode, or a nagnetic recordi ng nmedi um

usi ng the plasma GQVgaapparailys meathaminged keghpllgn mgarUiast watkg ildie gaame. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1(A) is a cross-sectional

vi ew show ngimstchertes | dedribert hearpl asnma CVD apparatus according to an 15
enbodi ment, and Fig. 1(B) is a drawing showi ng a cathode and an AC power
supply viPewed fromn hexiiivsetinophafiam arhewsi8nghdwre i inFide ¢EAkher g.
2(A) is a phot graph showi ng that adherence of a carbon filmis absent in a
gap between @@ e 4 and a 20 gas introduction flange 15 after an 8-hour

cont i nuous ] .
According to the above-mentioned one aspect of the

present invention, it is possible, by disposing the anode
80 as to cover the opening of the other end of the plasma

10 wall, to provide the plasma CVD apparatus capable of
suppressing the generation of discharge at the back face of
the anocde.

In addition, in one aspect of the present invention,
it is preferable that the largest gap between the other end

15 of the plasma wall and the anode ig not more than 5 mm, and
that the largest gaps between the hole and each of the first
wiring and the sgecond wiring are not more than 5 mm.
Consequently, 1t 1s possible to provide the plasma CVD
apparatus capable of suppressing the generation of discharge

20 at the back face of the anode.

Furthermore, in one aspect of the present invention,
it is preferable to have a gap between the chamber and the
anode, linked to the gap between the other end of the plasma
wall and the anode, and that the largest part of the gap

25 between the chamber and the anode is not more than 5 mm.
Consequently, the generation of discharge at the back face

of the anode can be suppressed more effectively.



di scharge test for the plasma CVD apparatus shown in Figs. 1(A) and 1(B),
Fig. 2(8) is a photograph show ng that adherence of a carbon filmis absent
in a gap between an anode cone 4a and edch of first and second wirings 17a
and 17b, 25 Fig. 2(C) is a photograph showi ng that adherence of a carbon
filmis present in the gap between an anode 104 and a gas introduction
flange 115 after an 8-hour continuous discharge test for the plasma CVD
apparatus shown in Figs. 4(A) and 4(B), and Fig. 2(D) is a photograph

showi ng that adhengeicfr aigachenabpkti §£pFLsgiteddnd igaRMSIHNEER t he
anode 104 and a cat hode back board 111. 5Fig. 3 is a drawi ng showi ng a

relational cigyeclfetraper tdhhacen ath PGt headRimibee alfidoORe BARGRERSS.
Fig. 4(A) is a cross-sectional view showi ng schematically a conventi onal

pl asma CUD apbl atlisskeahdoFthe ddiB)beatsveserdits bghehorhdg fi tded adesmand an
AC power supply 10 viewed fromthe direction of an arrow 116 shown in Fig.
4(A). BEST MIDE RERI GARRYAMNSIGUTad#EC hAWENREEONargest pheteiofaftther gap
enbodi ments of the present invention will be described in detail using the
drawi ngs> Howetwgen dlhperdembEs skid tég¢ phache wellcan mebingraerdenstiand
that the present invention is not |limted to the description below, but

t hat the forfianfodeesivuentierebhecdprpeaidanf Eddvarharss it dack
departing fromthe purport and scope of the present invention._ Accordingly,
the present f3RRMf orP PR AP e cOiHRTeed more effectively.

2An aspect of the present invention is a method for

manufacturing a magnetic recording medium usging the

10 above-mentioned plasma CVD apparatus, including the steps

of: holding a substrate to be deposited in which at least

a magnetic layer is formed on a nonmagnetic substrate in the

holding part; and putting the raw material gas into a plasma

state by discharge between the filament-shaped cathode

15 heated under vacuum conditions and the ancde in the chamber,

and accelerating and bombarding the plasma on the surface

of the substrate to be deposited held by the holding part

to form a protective layer having carbon as a main component.

In addition, in the method for manufacturing a magnetic

20 recording medium according to the present invention,

preferably the raw material gas is a raw material gas for

forming a DLC layer as the protective layer on the substrate

to be deposited and includes a gas containing carbon and
hydrogen.

25 An aspect of the present invention is a magnetic

recording medium manufactured using the above-menticned

method for manufacturing a magnetic recording medium,



20 as being limted to the description of the enbodi mrents shown bel ow
Fig. 1(A) is a cross-sectional view show ng schematically the plasnma CVD
appar atus according to an enbodi nent of % he present invention, and Fig.
1(B) is a 25 drawi ng showi ng a cathode and an AC power supply viewed from
the direction of an arrow 16 shown in Fig. 1(A). The plasma CVD apparat us
is an apparatus that has a 11 left-right symretrical structure with
respect to a substrate to be deposited (for exanple, a disc substrate) 1
and i s capabim-xfadeposition on both sides of the substrate to be deposited
1 sinultaneously, but, in Fig. 1 (A , the left side 5 relative to the
substrate to be depesiswdtlkate IROWe AlRdiead;glindside is omtted.

The plasna CVD apparatus has a chanber 2, and to the chanber 2, a gas

i ntroduction fl anghelbLislapamtfedmnebhengdse isnbisadact bn Hd degesifeids
connected to the earth. A 10 filmform ng chanber is forned by the gas

i ntroducti orEFTEGIYOR SIE ANYENTIRhber 2, and thus the chanber may be
referred to by including the gas introduction flange 15 and the chanber 2.
In the chamber, aBy &owpdWidld B¢ @sieshodd Lhth@rgisesva iy epdliong ji&
mounted to the gas introduction flange 15, and the plasma wall 8 is

el ectrical | i REttiRke t 6P fPHATIPSt @nPiaFmenbVPsABRAF 2 tuFheaprRifacofal | 8
is disposed in a state of being insulated with respect to the chanber 2,
and is al so THRRIGRTPNTE PESHERLPB Phel G anis GRuEPPIRFF diftfe® P5. 1 n
addition, 20 the plasma wall 8 has a cylindrical .shape .or pol ygonal
055 oot | GH SHE ofBnen eI iud <A g GRGIIP DRIt T RiaeP s, a
filmthickness-correcting plate 8a | rqvi ded d.the fil

Lhi ckness- corPbcTPRETPFAFe 62 1% BPERTRI CaTl Y HBREEd 1S 2Bor PR
potential,. By the filmthickness-correcting plate 8a, it is possible to
control "the thickness of a filmto be

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1(a) is a cross-sectional wview showing
gchematically the plasma CVD apparatus according to an
15  embodiment, and Fig. 1{(B) is a drawing showing a cathcde and
an AC power supply viewed from the direction of an arrow 16
ghown in Fig. 1(A).
Fig. 2(A) is a photograph showing that adherence of
a carbon £ilm is absent in a gap between an anode 4 and a
20 gas introduction flange 15 after an 8-hour continuous
discharge test for the plasma CVD apparatus shown in Figs.
1(A) and 1(B), Fig. 2(B) is a photograph showing that
adherence of a carbon film is absent in a gap between an anocde
cone 4a and each of first and second wirings 17a and 17b,
25 Fig. 2(C} is a photograph showing that adherence of a carbon
film is present in the gap between an ancde 104 and a gas

introduction flange 115 after an 8-hour continuous discharge



deposited on the outer periphery of the substrate to be 12 deposited 1.
Near the opening of one end of the plasnma wall 8, the substrate to be
deposited 1 is provided, and it is confifured such that the substrate to be
deposited 1 is supplied 5 sequentially to the position shown in the draw ng
by a holder (a holding part) not shown and a transfer device (a handling
robot or a rotary index table) not shown. The substrate to be
deposited 1 is electrically connected to a DC power supply (a

direct-currendsponsr tite SURMENE did aHrhROWRT xR W o gis0n 4ae0eleiat i on,
and the DC power supply 12 is disposed in a state of being insulated with
respect to thesxharheri. Bh@)negahi peopodenbh adh@hidey afhdthe die eowrr
supply 12 is electrically connected to the substrate to be deposited 1, and
t he positiveopdt entidtain Hiden is ptekkatDlnpavepsp Supiphyerd 2Hes salehdd riccdal |y
connected to the earth 6. As the DC power supply 12, a power supply of, for
exanpl e, 0 tond590cataede Coaok IOgard X3d ! | i anpere) can be used. In the gas
i ntroduction flange 15, an anode 4 including 20 an anode cone 4a and an
anode ba$e 4b is diigpodeds avBaawhhbeshowng & hedathavRlhwarde PELweershown
in Figs. 4(ﬁ%@§nd 4(B) is not disposed, and the anode cone 4a shown in
Figs. 1(A) aree 19Btact g ohtvresmpd BroemtkaydesR t he anode cone
104a and cat hode backboard 111 shown in Figs. 4(A) and 4(B), 25 to thereby
be in a state wherfd%he §5 betfeer? t NeraFouReColerabaavaRy t FEM0de

back boar d 11, shown. 11, 1,9, 4(A) 304 4P Mevegho b Led, Sopsgquent!y.

4(B} is a drawing showing a cathode and an AC power supply

10 viewed from the direction of an arrow 116 shown in Fig. 4(A).

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, embodiments of the present inventionwill

be described in detail using the drawings. However, a person

15 skilled in the art can easily understand that the present
invention is not limited to the desgcription below, but that
the form and detail thereof can be modified variously without
departing from the purport and scope of the present invention.
Accordingly, the present invention should not be construed

20 as being limited to the description of the embodiments shown
below.

Fig. 1{a) is a <cross-sectional view showing
schematically the plasma CVD apparatus according to an
embodiment of the pregent invention, and Fig. 1(B) is a

25 drawing showing a cathode and an AC power supply viewed from
the direction of an arrow 16 shown in Fig. 1{(A).

The plasma CVD apparatus ig an apparatus that has a



13 suppress the generation of discharge at the back face of the anode cone
4a and the adherence of a CVD film I n other words, the anode cone
4a is disposed so as to cover the openi hg of the other end of the plasma
wall 8. 5 Furthernore, the anode cone 4a is set to have a speaker-Ilike
shape, and the anode cone 4a is disposed so that the | argest inside

di aneter side thereof faces the substrate to be deposited 1. Between the
anode cone 4a and the other end of the plasma 10 wall 8, a gap 18a is

provi ded, angetberiqkoeshmeantafi tHeudeRrd §a thSrPssier ald ¥ HMYste than 5
mm nore preferably not nore than 3 mm Meanwhile, 1n the present

enbodi ment, thebél gepanceeaf (Ebe bRagESE, partietk thesgzpcddail sssetigo be 3
nm As descri bed above, by setting the | argest gap 15 between the anode
cone 4a and tdpalbideart elepaditivm phadoehwaliBe8 66 tiee nibamrecd e e MM it
is possible not to prevent the plasma from being kept in the space
surrounded byepdelteddestonétdneandlyhéoypt admarinal |1 @) . Thae lsft whste
setting the largest gap to be larger than 5 mm there may be a risk 20 that
the pl asira dishettes tconbedsuhetbatk fabe dépohttadodd scohewnaami thwe
outside (that is, the outside of the space surrounded by the anode cone 4a
and the pl ash®fal 1@ ¥9 ovitieedap | arger than 5 mmor the plasm
generates abnormal_ di scharge at the back face or the outside. In other
words, 25 by settiTRf tHéamy (&S agRgrAsUSehast 2nphebdan 5 aRf ta the
possible to sqgﬁ%ess the deposition of a CVD filmon the back face or

out si de of t e rcBridadntrpfuction flepgents dy Bouphefine B 988, gaps

18b and 18c Det th int t.i fl 5 and h of th de 4
and pl asim v T EERF 61T RS SAnG T d 3 AP GRRTCRAML G1  ERE Gi-ieb dnd 16c

i f bl y. nhot i t he, whpl f.th 18b
5 DLt SE201 VP2 e T SUEADMI) B 5 MBI BTl 8 AORASD

bet ween the gas intro ion ange an e

5 mmat the ppst, 4 QiR o%%&ﬁoegf zt,hgnaaehégb%ﬁgtn axg%éﬁﬁnegg}é f}terf%%gd on

fl ange 15 and the anode may bé not nore mm a nost and al so

the part of ¢{he,oap. haP APY¥LREdN140r8aakalBnaf1 Reld9s 4 Ele t@ L 0ap

18a. In additioh, the whole of the gap 18c between the gas introduction
flange 15 ang the plasma wall 8 nay be not nore than 5 mmat the nost, or a
part of the gap 18c between the gas introduction flange 15 and the plasm

wal | 8 may be not IERetdtafnte TN g1 ddi@ 451 IBSis AN palse@ .t hehpayta@ia t he
gap 18c may be in a state of being linked to the gap 18a. As descri bed

above, hy setdin@ at heasted tpartheofaganttwidudiel gagdahdle apd 488 drenked to
the gap 18a to be not nore than 5mmat the nost, it is possible to suppress
nore effectimvbynd valdederiat edacokiabhdymabn2écdedcharieoat pdremdek face
of the anode 4, and it is possible to suppress nore effectively the
deposi ti on ofnet eybwhi |. m Bire tleshackaIhéel vflishesadddeastate of being
insulated with resgpect to the chamber 2, and is also insulated
with respect to the gas introduction flange 15. In addition,
20  the plasma wall 8 has a cylindrical shape or a polygonal
cross-section, with opened both ends.

At one end of the plasma wall 8, a film
thickness-correcting plate 8a is provided, and the film
thicknessg-correcting plate 8a is electrically connected to

25 float potential. By the £ilm thickness-correcting plate 8a,

it is possible to control the thickness of a film to be

deposited on the outer periphery of the substrate to be



At the outside of the anode cone 4a (the side opposite to the inside of the
pl asma wall 8), an anode base 4b is 25 provided, and the anode base 4b is
connected with the anode cone 4a. The ahéde base 4b is electrically
connected to a DC power supply (a direct-current power supply) 7, and the
15 DC power supply 7, the anode base 4b and the anode cone 4a are disposed
in a state of being insulated wwth respect to the gas introduction flange
15. The positive potential side of the DC power supply 7 is electrically
connected t aidhsHrapode base 4b and the anode cone 4a, and the negative
potential side of the DC power supply 7 is electrically connected to an

earth 6. As the D@faaW@heSUPRhYndg, of MONWRINGWIPLYeOblabna wxalmd e+n@ to 500
Vand 0 to 7.5 A (anpere) can be used. In the gas introduction flange 15, a
fil ament - shapeask ik cat:-bdse deddadit ecial Rodpyodiaeasiaid 0g Dé condrigexapl e,
tantalumis forned, and the hot cathode 3 is disposed so as to face the
substrate tosesh depesi tde lsulberhoe cat Hodled8ppsidespdsetlsi msipgd itelle anode
cone 4a and near the opening of the other end of the plasma wall 8, and is
di sposedbso d&rwentinbey Sortlvepded thynt heowndde tberr alendBbyha dredsleaf t he
hot cathode 3 are electrically connected to an AC power supply 5 positioned
out si de the fadholgingdpartdomat shgen]and hairansfegndevhgeofa thisedidingcat hode
3 is electrically connected to the AC power supply 5 via a 20 first wiring
17a, and theeRMerceml ¥tame Hyterdtadr) P9% B rically connected to

the AC power supplly 5 via a second , . ,
he substrate to be deposited 1 is electrically

connected to a DC power supply {a direct-current power

10 supply) 12 as a power supply for ion acceleration, and the

DC power supply 12 is disposed in a state of being insulated

with respect to the chamber 2. The negative potential side

of the DC power supply 12 is electrically connected to the

substrate to be deposited 1, and the positive potential side

15 of the DC power supply 12 is electrically connected to the

earth 6. As the DC power supply 12, a power supply of, for

example, 0 to 1500 V and 0 to 100 maA (milliampere) can be
used.

In the gas introduction flange 15, an anode 4 including

20 an anode cone 4a and an anode base 4b is disposed. Meanwhile,

the cathode back board 111 as shown in Figs. 4 (A} and 4 (B)

is not disposed, and the anode cone 4a shown in Figs. 1(3A)

and 1(B) is formed into a shape of integrating the anode cone

104a and cathode back board 111 gshown in Pigg. 4 (A} and 4(B),

25 to thereby be in a state where the gap between the anode cone

104a and the cathode back board 111 shown in Figs. 4 (a) and

4 (B} has been filled. Consequently, it 1is possible to



wiring 17b. The AC power supply 5 is disposed in a state of being insul ated
wWth respect to the gas introduction flange 15. As the AC power supply 5, a
power supply of, for exanple, 25 0 to 503V and 10 to 50 A (anpere) can be
used. One end of the AC power supply 5 is electrically connected to the
earth 6. Meanwhile, in the present enbodi nent, the AC power supply 16 5 is
used, but in place of the AC power supply 5, a DC power supply may be used.
Each of the first wiring 17a and the second wiring 17b extends fromthe

inside of thgugpedes eaneqdaetatibe OHlSILe 3 dd BN B eade Py ded at
t he anode cone 4a. The hole 4c may have one hole or two holes. That iIs, it

may be configuses soed 4dadndothe th@ndidnde Wt | Hocvhyarang, second wiring 17b
go through one hole, or that the first wiring 17a goes through one hol e and

the second wiri ng v htgoes wdrdghhd) dieicotdiere el e.s disposedihs |y gest
gap between the hole 4c and each of the first wiring 17a and the second

W ring 17b iwso praefer dhley opehingrefttilasm Gy et efpthéepbddya nedlinagr.e t han
3 mm As described above, by setting the largest gap to be not nore 15 than
5 mm it 5 s Posthétmonst the pnedentondd aph asyet frrohmivei mgdesyiter 11 itkee space
surrounded by the anode cone 4a and the plasma wall 8. That is, when
setting the $eaprstangapheoapede G 4ehdp Glspnsahacethay the datasett hat

t he plasma djsperses toward the back face or the outside of the anode cone
4a from 20 tHesid® FapgeEerh&is niheXerf hprepy Jérveritles Bbtio? nBP disschar ge
at the back face or the outside. In other words, by setting the |argest gap
to be not motEPeFRES tm it is possible to suppress the deposition of a

CVWD filmon the back face or outside of the_,anode .cone 4a._25Furthernore,
to the gaps bet vvegq?ii't"f%e‘hﬁg‘é PEINGORAER %’?ditﬂg q5het eﬂﬁﬁ%ﬁhf?&aﬁ‘fﬁ* second

wiring E0. kbey 9P PELLGR. RS 928k ALAOYNEHT R ] ARGE 4 S AN dhq,anode 4
gap 18a is preferably not more than 5 mm, more preferably
not more than 3 mm. Meanwhile, in the present embodiment,
the clearance of the largest part of the gap 18a is set to
be 3 mm. As described above, by setting the largest gap

15 between the anode cone 4a and the other end of the plasma
wall 8 to be not more than 5 mm, it is possible not to prevent
the plasma from being kept in the space surrounded by the
anode cone 4a and the plasma wall 8. That is, when setting
the largest gap to be larger than 5 mm, there may be a risk

20 that the plasma disperses toward the back face of the anode
cone 4a or the outside (that is, the outside of the space
surrounded by the anode cone 4a and the plasma wall 8) from
the gap larger than 5 mm or the plasma generates abnormal
discharge at the back face or the outsgide. In other words,

25 by setting the largest gap to be not more than 5 mm, it is
possible to suppress the deposition of a CVD £ilm on the back

face or outside of the anode cone 4a.



17 and the | argest part of the gap nmay be not nore than 5 mm However, it
is not indispensable that the | argest part of the gap is not nore than 5
mm Meanwhil e, the whole of the gap betwéen the 5 above-nentioned gas

i ntroduction flange 15 and the anode 4 may be not nore than 5 mmat the
nost, or a part of the gap between the gas introduction flange 15 and the
anode 4 may be not nore than 5 mmat the nost and al so the part of the gap
maybe in a state of being linked to the gap between the 10 hole 4c and each
of the first wiringdefedsd h@osesangapi1gng ohp 1BY% a6@Pid NG eTudd
state, it is possible to suppress nore effectively the generation of

abnor mal di sgh@rgas anddieidnackd #aengle tilseannodech, ofingthd GusdpPressor e
effectively the deposition of a C/D filmon the back face of the anode 154.
Qut si de t he hssmatwaadu @ iaae fliaregd,lhndatheolyngedt poneto D dise diagposed.
The neodym um magnet 9 has, for exanple, a cylindrical shape or a pol ygonal
Cross-secti ohgo amut t héc di staneethet Weamt heotansikten di amet er passi ng t hrough
the 20 center of the cylinder side face or the polygonal side face in the
tube diréction, adtearwhifet, ddichodw 13 dfs threefompaldlep Wetthiersns® heng@mor e
preferably within 35 mm). The center of the inside dianeter acts as the
magnet cent efntzpfiiehionddmage dit apdj sheamiadeofethiagobasneld Mare tdaeh of

t he approxi mate 25 center of the hot cathode 3 and the approxi mate center
of the subst? & ato e dOFssi Peda1PaThefebds M am HRyRateamd s &Fer ably a
magnetic force, at the magnet center, of not 18 |less than 50 G and not
more than 20PRE QGRS fﬂﬁr‘“@e‘prléf grdple gingfg 4 BaY PRFPETEafEaTot nore

than 150 G JTh why, th tic f t th t ter i t
o be not o} 6ot fin EH00 EoF s KAt Lof rFHeGHyTH G FRGNELE - ChJHerghShi ng 5

of the ghet i rce. at_the t .center .up to._2Q00 .S _the manufacturing
it 80 REatd o pRinpd TRALEL HEEE 18R, DrfRaGTsiDs P TRBIE ot

t i f | t .1 Gd t hat,, th
mmgnet i ¢ f ores B FER e Ml oA b b AOR Sl e MO 200
magnet | NCr ease$1asma wallh Baﬁ%rt%ﬁrhoﬁ htoRl a3, SVidnappard ﬁﬁs g

evacuati on nechani sm (not shown at evacuates the inside o chanber .

Furt her mor e, 5 ther 1l 56 e C\IA R PRAY HUS/NAS thd]fh S URNLIRENIN FHY
shown) supplying a deposition raw 15 material gas into the chanber,” and a

gas introducts afhdaite kfoasia e WS rSlPHY dRCAVIYS BHaS I aivi GRd tafe t he
gas introduction flange 15. Next, there wll be described a nethod

for depasitimgsta AL Hlidantiie phetsvlisthat gapoibe Wepase tiad &l disivyg drhe
pl asma 20 CVD apparatus shown in Figs. 1(A) and 1(B). First, the evacuation
nmechani sm i Sostray tldehkeidheoitise dap 18a. As described above, by setting
at least a part of each of the gaps 18b and 18c linked to
the gap 18a to be not more than 5 mm at the most, it is possible
to suppress more effectively the generation of abnormal
20 discharge at the back face of the anode 4, and it is possible
to suppress more effectively the deposition of a CVD film
on the back face of the anode 4.
At the outside of the anode cone 4a (the side opposite
to the inside of the plasma wall 8), an anode base 4b is
25 provided, and the anocde base 4b is connected with the anode

cone 4a. The anode base 4b is electrically connected to a

DC power supply (a direct-current power supply) 7, and the



of the chanber is put into a predeterm ned vacuum state, and for exanpl e,
toluene (C7H8) gas is introduced into the chanber as a deposition raw
material gas by the gas introduction 25lpechanism After the inside of the
chanber reached a predeterm ned pressure, by supplying an alternating
current to the hot cathode 3 by the AC power supply 5, the hot cathode 19
3 is heated. In addition, to the anode 4, a direct current is supplied by
the DC power supply 7, and, to the substrate to be deposited 1, a direct

current is syPRidwRd: e BC RpaWeRnsdBPhysd24b 5By hadd ifpddedirt sgat hode

3, alarge quantity of electrons are emtted fromthe hot cathode 3 toward
the anode coiee 48 sppdbdliewadssabar g bheisd aldedl Heddeaitt hediictcaichode 3
and the anode cone 4a. By the large quantity of electrons, toluene gas as a
deposi tion rie gaketheto@gast 1 msifdearnigrel110 chanpesitivegzedecial Bddeut into
a plasma state. At this tinme, a magnetic field is generated in a region for
converting tde tiod usheages: posipdlivoried snedredthd dedtlyc atdnaee: t3d oo tleasma by
t he neodym um magnet 9, and thus it is possible to densify the plasnma by

t he magnét i cadodd Hagrdilt end mireoveodegongt4onans W@id regehtye ohitemtial
deposition raw material nolecules in a plasma state are directly

accel er at ed W@é@‘atﬁhﬁe%?éﬁ??aﬁuEPWhE sRiste il eal e apgpesitedi tp, fly
toward the direction of the substrate to be deposited 1, and adhere onto
the surface ¥t EREsObstAattda BCRPTRHSIPPIY 1/ THRGEFUBRPPYY &f t fio9F DLC 20
filmis formed on the substrate to _be deposited 1. At this tine, on the

surface of t?f‘éar%]_o%t rateP 10 be’ bt ey 45 QAr(e%{EE?%‘?P o2 R 1599w ng

ol 2 (1) 15, DeL00 Saused TRt Son FPbh0n 1 3] b g

SRR el R S R T R T
tantalum is formed, and the hot cathode 3 is disposed so as
to face the substrate to be deposited 1. The hot cathode 3
ig disposed inside the anode cone 4a and near the opening
of the cther end of the plasma wall 8, and is disposed so

15 as to be surrounded by the anode cone 4a.

Both ends of the hot cathode 3 are electrically
connected to an AC power supply 5 positioned outside the gas
introduction flange 15. That is, one end of the hot cathode
3 is electrically connected to the AC power supply 5 via a

20 first wiring 17a, and the other end of the hot cathode 3 is
electrically connected to the AC power supply 5 via a second
wiring 17b. The AC power supply 5 is disposed in a state of
being insulated with respect to the gas introduction flange
15. As the AC power supply 5, a power supply of, for example,

25 0 to 50 V and 10 to 50 A (ampere) can be used. One end of

the AC power supply 5 is electrically connected to the earth

6. Meanwhile, in the present embodiment, the AC power supply



20 a magnetic layer is formed on a nonmagnetic substrate is prepared, and
the substrate to be deposited is held by a holding part. Next, by discharge
bet ween the hot cathode 3 heated under &%predetern ned vacuum condition and
the anode 5 cone 4a in the chanber, a raw material gas is put into a plasm
state, and the plasma is accel erated and bonbarded on the surface of the
substrate to be deposited held by the holding part. Consequently, on the
surface of the substrate to be deposited, a protective layer in which
carbon is a 4mBigui@4¢oBRENEN L 1% of BEMBAe AP SupPensf of Bd1godrell C

| ayer as a protective |ayer, 'a gas containi ng carbon and hydrogen can be
used as a r awmpgElema)l WaSused. Next, the effect obtained by the
present enbodi nent will be described. 15In the conventional plasna CVD
appar at us shown i rEakdlgsf dfd)fiant 4iBingSineaddene extohd wiheigan7H13

bet ween the cat hode back board 111 and the anode cone 104a, discharge may
be gener at ecexiteride fhraok thacknefdé hef arledenodieecdfdadatto ey ey slidad t o

t he adherence of the carbon film11l0a. 20 In contrast to this, in the

pl asma CVD dpparatius dfoliehd cppesentednbbdthenansfowrna 44 gs Thi Apland 1( B)
, the anode cone 4a shown in Figs. 1(A) and 1(B) is nade into a shape in
whi ch the arfotlengvniatves4gngndialite eat hvdehbadek -bodihgtl 1is shbnmir Biegs.

4(A) and 4(B) are integrated, and the | argest 25 gap between the hol e 4c of
t he anode cdifrZguiff SR sSthathd ity Shavingg 144 1B 1 Re 28€c S8F RS | ng
17b is set to, be not nore than 5 nm _and the | argest gap bet ween t he anode
cone 21 4a Wnthahd bt AertEEt e pl g idiat shestiett (o B hdt enor e

than 5 mm and accordingly, it . is possible to, syppress_the generation of

di schar ge. atdq% FBREROPRRES Jothanhbie THRPL A ENaS HEP HHfeh SHEEUSR a CvD

film IToadqhy(%%qét ﬁgiéipossible to suppress, by the peeling of the CVD
er

fil mhaving adhered as'3°s the case with conventional t echni ques, the

adnerence of the nael 4d.O0RJ iyun LeLhe subst ke Yo bedleansl Led qnd the

generation of failures i netic fecordin y SuUppressing

the generation of wqiﬁﬁgawg Ala e Qéﬁgn&%eri g uh% §Q%§Leené§ﬁt%e notl Nce

the | oss of power consunption as in the case of” conventl o hni ques

does not eximgdne t{iah O¥CRHINNG il L RRIBe @ 1R ey d AL LHEndgCcamposipli on of
a raw material gas by the power |6ss al so does not exist, 15 and there al so

exi sts no rigdedfiddie dwer,i g abekiihg gual ibygoirthen fid mdeRaskbed on the
substrate to be deposited 1. Exanples [Exanple 1] For the plasnma

CVD appabat Ushahewinj A tH g poskib) candt 2> pLByenarcife bodbmaoftdmbeisy
di scharge test was carried out. (Common test conditions)
kept in the space surrounded by the anode cone 4a and the
plasma wall B. That is, when setting the largest gap to be
larger than 5 mm, there may be a rigk that the plasma disperses
toward the back face or the outside of the anode cone 4a from
20 the gap larger than 5 mm, to thereby generate abnormal
discharge at the back face or the outgide. In other words,
by setting the largest gap to be not more than 5 mm, it is
possible to suppress the deposition of a CVD film on the back
face or outside of the anode cone 4a.
25 Furthermore, to the gaps between the hole 4c and each

of the first wiring 17a and second wiring 17b, the gap between

the gas introduction flange 15 and the anode 4 is linked,



Substrate to be deposited: Si wafer Raw material gas: C/H6 Gas flow rate:
3.25 sccm 25Pressure: 0.3 Pa Anode voltage Vp (voltage of DC power supply
7). 75 22 Plasma current Ip (current oft7DC power supply 7): 1650 rnA
Substrate bias (voltage of DC power supply 12): -250 V 5Not cat hode 3:
tantalum fil ament Qutput of AC power supply 5: 200 W External magnetic
field: 50 gauss (Results) For the gaps between the anode cone 4a
and each of the 10 first and second wirings 17a and 17b, there was no

adherence of 584 CibOLAdddP (388 Bt nal E)B.E may be nof Hotd&19ap Pekveen the
anode 4 and the gas introduction flange™15, tﬁere were no adherence of a

carbon filmuahskén, addiid abr Nhdi s HvRONALBI vl IGhyas (es B
2(A)). 15[ Conparative Exanple 1]
the gap is not more than 5 mm.
Meanwhile, the whole o©f the gap between the
5 above-mentioned gas introduction flange 15 and the anode 4
may be not more than 5 mm at the most, or a part of the gap
between the gas introduction flange 15 and the anode 4 may
be not more than 5 mm at the most and also the part of the
gap may be in a state of being linked to the gap between the
10 hole 4c and each of the first wiring 17a and the second wiring
17b. By adopting such a state, it is possible to suppress
more effectively the generation of abnormal discharge at the
back face of the anode 4, and to suppress more effectively
the deposition of a CVD film on the back face of the anode
15 4.
Outside the gas introduction flange 15, a neodymium
magnet 9 is disposed. The neodymiummagnet 9 has, for example,
a cylindrical shape or a polygonal cross-gection, and the
distance between the ingide diameter passing through the
20 center of the cylinder side face or the polygonal side face
in the tube direction, and the hot cathode 3, ig preferably
within 50 mm {(more preferably within 35 mm}. The center of
the inside diameter acts as the magnet center, and the magnet
center ig positioned so as to face each of the approximate
25 center of the hot cathode 3 and the approximate center of
the substrate to be deposited 1. The neodymium magnet 9 has

preferably a magnetic force, at the magnet center, of not



For the plasma CVD apparatus shown in Figs. 4(A) and 4(8),
conti nuous discharge test was carried out. (Conmon test conditions)

C/H8 Gas flow rate:
3.25 sccm Pressure: 0.3 Pa Anode voltage Vp (voltage of DC power supply 7):

Substrate to be deposited: Si wafer 20Raw naterial gas:

75 V 25Plasma current Ip (current of DC power supply 7):

16

an 8- hour

50 mMA V Hot

cathode 3: tantalumfilanment Qutput of AC power supply 5: 200 W External
magnetic field: 50 gauss 5(Results) There was t he adherence of a

carbon fi hgsn.gde sgapapatmnenotb& anedeo 1045ands | hawkat
(Figs. 2(C) and 2(D)). There were the adherence of a car

Por

fePagkpoard 111
filmin the gap

10 betweenst hetaneds #R4nand ¢ heh@asot Mdrdusidon sl angerddSreasdni n
addition, the trace of abnormal discharge in several places (Fig. 2(Q).

10

15

20

25

why the magnetic force at the magnet center is set to be not
more than 200 G ig that, in neodymiummagnets, the heightening
of the magnetic force at the magnet center up to 200 G is
the manufacturing limitation. In addition, the reason why
the magnetic force at the magnet center is more preferably
get to be not more than 150 @ ig that, when the magnetic force
at the magnet center exceeds 150 G, cost of fabricating a
magnet increases.

In addition, the plasma CVD apparatus has an evacuation
mechanism (not shown) that evacuates the inside of the
chamber. Furthermore, the plasma CVD apparatus has a gas
supply mechanism (not shown) supplying a deposition raw
material gas into the chamber, and a gas introduction part
15a of the gas supply mechanism is provided at the gas
introduction flange 15.

Next, there will be described a method for depositing
a DLC film on the substrate to be deposited 1 using the plasma
CVD apparatug ghown in Figs. 1(A) and 1(B).

First, the evacuation mechanism is started, the inside
of the chamber is put into a predetermined vacuum state, and
for example, toluene (C;Hg) gas ig introduced into the chamber
ag a deposition raw material gas by the gas introduction
mechanism. After the inside of the chamber reached a
predetermined pressure, by supplying an alternating current

to the hot cathode 3 by the AC power supply 5, the hot cathode



[ Exanpl e 21 Using the plasma CVD apparatus shown in Figs.

1(A) and 15 1(B),

a DLC filmhaving a thickness of 40 nm was deposited on a 3.5-inch nedi um

under the foll owi ng cormmbn test conditibhs,

and the hardness of the DLC

filmwas eval uated by neasuring the contact angle of water with respect to

the deposited DLC film The rel ationship between the contact 20 angle and
(Common test conditions) Substrate to
gas: C7/H8 Gas flow rate: 3.25

the hardness is as shown in Fig. 3.
be deposited: 3.5-inch nedium Raw nmateri al

sccm 25Pr essyrig; hQa%eBa ApRAes ¥l télge W cheohhade #f DAiRQUR! csupRhy 7):

24 Plasma current Ip (current of DC power supply 7): 1650 mA

Substrate bigs 4 ¥RitialeLf +PE ROWIweRRIpY112) ;, ar®) 86 th0@u¥stadde 350 V
5Hot cat hode 3: tantalumfilament Qutput of AC power supply 5: 200 W

Ext er nal

10

20

25

monetis ddpighe D 1gausKirect current is supplied by the DC

power supply 12.

By heating the hot cathode 3, a large quantity of
electrons are emitted from the hot cathode 3 toward the anode
cone 4a, and glow discharge is started between the hot cathode
3 and the anode cone 4a. By the large quantity of electrons,
toluene gas as a deposition raw material gas inside the
chamber is ionized to be put into a plasma state. At this
time, a magnetic field is generated in a region foxr converting
the toluene gas positioned near the hot cathode 3 into plasma
by the neodymium magnet 9, and thus it is possible to densify
the plasma by the magnetic field and to improve ionization
efficiency. Then, deposition raw material molecules in a
plasma state are directly accelerated by negative potential
of the substrate to be deposited 1, fly toward the direction
of the substrate to be deposited 1, and adhere onto the surface
of the substrate to be deposited 1. Consegquently, a thin DLC
film is formed on the subsgtrate to be deposited 1. At this
time, on the surface of the substrate to be deposited 1, a
reaction of the following Formula (1) is being caused.

CiHs + € — CuHp + xHyT - (1)

Next, there will be described a methed for
manufacturing a magnetic recording medium using the plasma
CVD apparatus shown in Figs. 1(A) and 1(B).

First, a substrate to be deposited in which at least

75



(Results) Substrate bias -250 V: Knoop hardness 2930 HK (contact 10angl e
57) Substrate bias -300 V: Knoop hardness 2970 HK (contact angle 56)
Substrate bias -350 V: Knoop hardness 3000 HK (contact angle 55)

15[ Conpar ati ve Exanpl e 2] Usi ng the plasma CVD apparatus shown in
Figs. 4(A) and 4(B), a DLC filmhaving a thickness of 40 nmwas deposited
on a 3.5-inch nediumunder the foll ow ng conmmon test conditions, and the
har dness of the DLC fil mwas eval uated 20 by neasuring the contact angle of

vater with respectodio the denosi tm D Gl b Molhsgrel 8t i easBERabet waen t he

contact angle and the hardness is as shown in Figs. 2(A) to 2(D). (Comon
test conditi 2 rDS R & HD N Aennsd ted b 8. Sepdeit s@di snadRavynat eri al

gas: C/He Gas flow rate: 3.25 sccm Pressure: 0.3 Pa 25 Anode voltage Vp
(vol tage of HXG JIoMEHasHRP! ek, KAP d¥scharge between the hot cathode 3
heated under a predetermined vacuum condition and the anode
5 cone 4a in the chamber, a rawmaterial gas is put into a plasma
state, and the plasma is accelerated and bombarded on the
surface of the substrate to be deposited held by the holding
part. Consequently, on the surface of the substrate to be
deposited, a protective layer in which carbon is a main

10 component ig formed. Meanwhile, when forming a DLC layer as
a protective layer, a gas containing carbon and hydrogen can
be used as a raw material gas.

Next, the effect obtained by the present embodiment
will be described.

15 In the conventional plasma CVD apparatus shown in Figs.
4{A) and 4{(B), since there exists the gap 113 between the
cathode back board 111 and the anode cone 104a, discharge
may be generated at the back face of the anode cone 104a,
to thereby lead to the adherence of the carbon £ilm 1l0a.

20 In contrast to thig, in the plasma CVD apparatus of
the present embodiment shown in Figs. 1(A) and 1(B), the anode
cone 4a shown in Figs. 1(A) and 1(B) is made into a shape
in which the anode cone 104a and the cathode back board 111
shown in Figs. 4{(A) and 4 (B} are integrated, and the largest

25 gap between the hole 4c of the anode cone 4a and each of the
first wiring 17a and the second wiring 17b is set to be not

more than 5 mm, and the largest gap between the anode cone



Plasma current Ip (current of DC power supply 7): 1650 mA 5Substrate bias
(voltage of DC power supply 12): -250 V, -300 V, and -350 V Hot cat hode 3:
tantalum filament CQutput of AC power supply 5: 200 W External magnetic
field: 50 gauss 10(Results) Substrate bias -250 V: Knoop hardness
2650 HK (contact angle 65) Substrate bias -300 V: Knoop hardness
2770 HK (contact angle 62) 15Substrate bias -350 V: Knoop hardness 2830 HK
(contact angl e 60) According to each of results in Exanple 2 and

Conparative Exaim &1 cﬁ:‘lﬂ&e eh*aeo%o%ac%lagﬂlaewwl Exappl &2 d$ pdmRldeer than
that in Conparative Exanple 2, 1t was confirmed that a DLC fil m having

hi gher har dngsse Wasslepaal t &g i b dfoaiel 2 A% §8Mpes £0b Ve tib GumRalald ve
Exanpl e 2. DESCRI PTI ON OF SYMBOLS 1, 101 substrate to be deposited 252,

102: chanbertige déderseihoder (dicieatdwde) the back face of the anode

cone 4a and the adherence of a CVD film. In addition, it is

5 posgsgible to suppress, by the peeling of the CVD film having
adhered as is the case with conventional techniques, the
adherence of the peeled CVD £ilm to the substrate to be
deposited and the generation of failures in the magnetic
recording medium.

10 By suppressing the generation of discharge at the back
face of the anode cone 4a, since the loss of power consumption
ag in the case of conventional techniques does not exist,
the lowering of energy to be used for the decompogition of
a raw material gas by the power loss also does not exist,

15 and there algo exists no risk of the lowering of film gquality
of the film deposited on the substrate to be deposited 1.
Examples
[Example 11

For the plasma CVD apparatus shown in Figs. 1(a) and

20 1{B), an 8-hour continuous discharge test was carried out.
(Common test conditions)

Subsgtrate to be deposited: Si wafer
Raw material gas: C;Hg
Gas flow rate: 3.25 scom

25 Pregsure: 0.3 Pa

Anode voltage Vp (voltage of DC power supply 7): 75



4, 104: anode 26 A4a, 4b, 4c: 5, 104a: anode cone 104b: anode base
hol e 105: AC power supply 5 6, 106: earth 7, 107: DC power supply

10

20

22

Plasma current Ip (current of DC power supply 7): 1650

ma

Substrate bias (voltage of DC power supply 12}: -250
v

Hot cathode 3: tantalum f£ilament

OCutput of AC power supply 5: 200 W

External magnetic field: 50 gauss
(Results)

For the gaps between the anode cone 4a and each of the
first and second wirings 17a and 17b, there was no adherence
of a carbon film (see Fig. 2(B)).

For the gap between the anode 4 and the gas introduction
flange 15, there were no adherence of a carbon film, and in
addition, no trace of abnormal discharge (see Fig. 2(4)).
[{Comparative Example 1]

For the plasma CVD apparatus shown in Figs. 4(A) and
4(B), an 8-hour continuous discharge test was carried out.
(Common test conditiong)

Subgtrate to be deposited: Si wafer

Raw material gas: C;Hg

Gas flow rate: 3.25 scam

Pressure: 0.3 Pa

Anode voltage Vp (voltage of DC power supply 7): 75

Plasma current Ip (current of DC power supply 7): 1650

Substrate bias {(voltage of DC power supply 12}: -250



8, 108: plasma wall 8a: filmthickness-correcting plate 9: neodym um
magnet 10 12, 112: DC power supply 15, 115: gas introduction flanges
23

Hot cathode 3: tantalum filament

Cutput of AC power supply 5: 200 W

External magnetic f£field: 50 gauss

5 (Results)

There was the adherence of a carbon film in the gap
between the anode 104 and the cathode back board 111 (Figs.
2(C) and 2(D)).

There were the adherence of a carbon film in the gap

10 between the anode 104 and the gas introduction flange 115,
and in addition, the trace of abnormal disgcharge in several
placeg (Fig. 2(C)).

[Example 2]

Using the plasma CVD apparatus shown in Figs. 1(A) and

15 1(B), a DLC film having a thickness of 40 nm was deposited
on a 3.5-inch medium under the following common test
conditions, and the hardness of the DLC film was evaluated
by measuring the contact angle of water with respect to the
deposited DLC film. The relationghip between the contact

20 angle and the hardness is as shown in Fig. 3.

(Common tesgt conditions)

Substrate to be deposited: 3.5-inch medium

Raw material gas: C;Hj

Gas flow rate: 3.25 sccm

25 Pressure: 0.3 Pa

Anode voltage Vp {(voltage of DC power supply 7): 75



15a, 115a: gas introduction part 17a: first wring 17b: second w ring
15 109: magnet 110a:

24

Plasma current Ip (current of DC power supply 7): 1650

Substrate bias (voltage of DC power supply 12): -250
v, -300 VvV, and -350 V
5 Hot cathode 3: tantalum filament
Output of AC power supply 5: 200 W
External magnetic field: 50 gauss
(Results)
Substrate bias -250 V: Knoop hardness 2930 HK (contact
1¢ angle 57°)
Substrate bias -300 V: Knoop hardness 2970 HK (contact
angle 56°)
Substrate biasg -350 V: Knoop hardness 3000 HK (contact
angle 55°)
15 [Comparative Example 2]
Using the plasma CVD apparatus shown in Figs. 4 (A) and
4{(B), a DLC film having a thickness of 40 nm wag deposited
on a 3.5-inch medium under the following common test
conditions, and the hardness of the DLC film was evaluated
20 by measuring the contact angle of water with respect to the
deposited DLC film. The relationship between the contact
angle and the hardness is as shown in Figs. 2(A) to 2(D).
(Common test conditions)
Substrate to be deposited: 3.5-inch medium
25 Raw material gas: C;Hg
Gas flow rate: 3.25 sccm

Pressure: 0.3 Pa



carbon film 110b: particles of carbon film 111: cathode back board
113: gap 20 114: ring-shaped space
25

Anode voltage Vp (voltage of DC power supply 7): 75

Plasma current Ip (current of DC power supply 7): 1650

5 Substrate bias (voltage of DC power supply 12): -250
v, -300 v, and -350 V
Hot cathode 3: tantalum filament
Output of AC power supply 5: 200 W
External magnetic field: 50 gauss
10 {Results)
Substrate biasg -250 V: Knoop hardness 2650 HX {(contact
angle 65°)
Substrate bias -300 V: Xnoop hardness 2770 HK (contact
angle 62°)
15 Substrate bias -350 V: Knoop hardness 2830 HK (contact
angle 60°)
According to each of results in Example 2 and
Comparative Example 2, since the contact angle in Example
2 dies smaller than that in Comparative Example 2, it was
20 confirmed that a DLC film having higher hardness was
depogited in Example 2 as compared with Comparative Example
2.
DESCRIPTION OF SYMBOLS
1, 101: substrate to be deposited
25 2, 102: chamber
3, 103: cathode (hot cathode)

4, 104: anode



116: arrow 27 CLAIMS 1. A plasma CVD apparatus, conprising: a chanber;

a plasma wall that is disposed in said chanber and has 5 a cylindrical
shape or a pol ygonal cross-section wth2®pened both ends; a hol di ng
part that is disposed in said chanber and holds a substrate to be deposited
di sposed near the opening of one end of said plasma wall; 10an anode that
is disposed in said chanber and is disposed so as to cover the opening of
the other end of said plasm wall; a filanment-shaped cathode that is
di sposed in said ghamiey.,.i s dspesed on an inner side of said anode and
near 15 the opening ‘of the Sther end of said plasma wall, and is disposed

faci ng sai d subst gt e 1lpahe Gerrsip-ed hel d by said holding part; an AC
power supply or a power supply which is disposed outside said chanber,

is electrically camrnegiad to one end 20 of said cathode via a first wring,
and is electrically
5, 105: AC power supply
5 6, 106: earth
7, 107: DC power supply
8, 108: plasma wall
8a: film thickness-correcting plate
9: neodymiun magnet
10 12, 112: DC power supply
15, 115: gas introduction flanges
15a, 1ll5a: gas introduction part
17a: first wiring
17b: second wiring
15 109: magnet
110a: carbon film
110b: particles of carbon film
111: cathode back board
113: gap
20 114: ring-shaped space

116: arrow



connected to the other end of said cathode via a second wiring; a hole
which is provided at said anode, and through which each of said first
wiring and said second wiring passes ; a7first DC power supply that is

di sposed outside said 25 chanber and is electrically connected to said
anode; a second DC power supply that is disposed outside said chanber and
is electrically connected to said substrate to 28 be deposited held by

sai d hol ding part; a gas supply mechani sm supplying a raw materi al
gas into said chanber; and gfagyxhaust nmechani sm exhausting the
inside of said 5 chanber. 2. The pl asnma apparatus according to claim1,

wherein: thel argqxstpl%lgaqj#g}ﬁa{}eatqﬁercwicgi@azi d plasma wal |l and said
anode is not nore than 5 nm and 10t he | argest gaps between said hol e and

each of said first; WiHdigk,@nd said second wiring is not nore than 5 nm 3.
The plasma CVD apparatus according to claim?2, having a gap between said

chanber and sai d angdesmbi K2 it he gappdbebeingan d BRagbleraedthaef said
pl asma wall and said anode, the |argest part of said gap between said

chanber and sahd iadedealeshgpaalr ATEL tdan b citssd sethe opl wbth dpédied
apparatus according to claim2 or 3, 20 having a gap between said chanber
and sai d pl aseteh waddis; | i nked to the gap between the other end of said

pl asma wall and said anode, the |argest part of said gap between said
chanber and sai d pi dsriedinad Ipahdi ridhatoti sliendsed 5.mmaizb Gabest Red f or

manuf acturing a magnetic recordi ng nmedi um
holds a substrate to be deposited disposed near the opening

of one end of said plasma wall;

10 an anode that is disposed in said chamber and is
disposed so as to cover the opening of the other end of said
plasma wall;

a filament-shaped cathode that is disposed in said
chamber, is disposed on an inner side of said anode and neaxr

15 the opening of the other end of sgaid plasma wall, and is
digpoged facing said substrate to be deposited held by said
holding part;

an AC power supply or a DC power supply which is disposed
outside said chamber, ig electrically connected to one end

20 of sald cathode wvia a first wiring, and is electrically
connected to the other end of said cathode via a second wiring;

a hole which is provided at said anode, and through
which each of said first wiring and said second wiring passes;
a first DC power supply that is disposed outside said

25 c¢chamber and is electrically connected to said anode;

a second DC power supply that is disposed outside said

chamber and is electrically connected to said substrate to



using a plasma CVD apparatus according to any one of clainms 1 to 4, the
met hod conprising the steps of: 29 hol ding a substrate to be
deposited in which at | east a magnetic tayer is fornmed on a nonmagnetic
substrate in said holding part; and putting said raw nmaterial gas into a
pl asma state by 5 di scharge between said fil anent-shaped cat hode heat ed
under vacuum conditions and said anode in said chanber, and accel erating
and bonbardi ng the plasna on the surface of the substrate to be deposited

hel d by sai %@0&950&9% 28 thd 0y d@aficprﬁﬂi%ﬂd’%dlﬁy:er havi ng carbon as a
1 . o) nu

mai n conponent . The met Ho r manutracturing a magnetic recording

medi um accordi ng t0 £l Al YIRS 1S S yTRIEH @lavdaRtlet il Y4 s
material gas for formng a DCC | ayer as said protective |layer on said

substrate tojdhen deposi ddusdre. Ihd ncl udes a gas contai ni ng carbon and
hydrogen. 7. A magnetic recordi ng nedi um manuf actured using the nethod for

manuf act uri ng a naghed:ticauLac afick ign D@6l ehaCEO1EE Nghéoiskalmn 6F GRIR | Si ng:
20sai d substrate to be deposited; and said DLC | ayer forned on said
substrat e t oclbenseposi t ed.

2. The plasma CVD apparatus according o claim 1, wherein:
the largest gap between the other end of said plasma
wall and said anocde is not more than 5 mm; and
10 the largest gaps between said hole and each of said

first wiring and said second wiring is not more than 5 mm.

3. The plasma CVD apparatus according to claim 2, having
a gap between said chamber and said anode, linked to the gap
15 between the other end of said plasma wall and said anode,
the largest part of said gap between said chamber and said

anode being not more than 5 mm.

4, The plasma CVD apparatus according to claim 2 or 3,
20 having a gap between said chamber and said plasmawall, linked
to the gap between the other end of gaid plasma wall and said
anode, the largest part of said gap between said chamber and

said plasma wall being not more than 5 mm.

25 5. A method for manufacturing a magnetic recording medium
using a plasma CVD apparatus according to any one of claims

1 to 4, the method comprising the steps of:



(31

10

15

20

29

holding a subgtrate to be deposited in which at least
a magnetic layer is formed on a nonmagnetic substrate in said
holding part; and

putting said raw material gas into a plasma state by
discharge between said filament-shaped cathode heated under
vacuum conditions and said anode in said chamber, and
accelerating and bombarding the plasma on the surface of the
substrate to be deposited held by said holding part to form

a protective layer having carbon as a main component.

6. The method for manufacturing a magnetic recording
medium according to c¢laim 5, wherein said raw material gas
iz a raw material gas for forming a DLC layer as said
protective layer on said substrate to be deposited and

includes a gas containing carbon and hydrogen.

7. A magnetic recording medium manufactured using the
method for manufacturing a magnetic recording medium
according to c¢laim 6, comprising:

said substrate to be deposited; and

said DLC layer formed on said substrate to be deposited.



