METHOD AND APPARATUS FOR MANUFACTURI NG MAGNETI C
RECORDI NG MEDI UM TECHNI CAL FIELD 5 [0001] The
present invention relates to a nethod and appar at us
for manufacturing a mnagnetic recording nediunlused in

a hard disk device or the like, and nore s
relates to a nethod and apparatus for manu ‘ \ “
magneti c recording mediumin which a carb
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reference. BACKGROUND ART 15 [0002] In recent years,
the inprovenents in the recording density of nagnetic

recording nedia has be articularly in
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Priority is clalmed on Japanese Patent Application No. 2007-182528, filed July

11, 2007, the content of which is incorporated herein by reference.

BACKGROUND ART
15 [0002]

In recent years, the improvements in the recording density of magnetic recording
media has been dramatic, particularly in the field of magnetic disks, and recent recording
densities have particularly increased at an extraordinary rate equivalent to an increase of
approximately 100-fold in the last 10 years. Many different technologies are responsible

20  for these huge improvements in recording density, but one of the key technologies has
been technology for controlling the sliding characteristics between the magnetic head and
the magnetic recording medium.

[0003]

Since the CSS (contact start-stop) method known as the Winchester system, in

25  which the basic operations involve contact sliding - head lifting - contact sliding between
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the magnetic head and the nagnetic recordi ng medi um
has beconme the nain system enployed within hard disk
drives, sliding of the head on the recordi ng nedi um
has becone an unavoi dabl e necessity, and therefore
problens relating to tribol ogy between the nmagnetic
head and the magnetic recording nmediumare currently
an unavoi dable 5 technical issue. As a result, the
abrasi on resi stance and sliding resistance of the
surface of a magnetic recordi‘ng medi um play an
' ﬁrtant rolﬁ i n determnin the_reliabilit¥ t he
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reduce the l yi ng hei ght of magnet 1 c
|nq5@ﬁ§§wﬁ&§m{otatlonal speed of the nmedium and 20
therefore the magnetic recording nediumrequires a
10i gher |oegl of sliding durability. [0006] On the
ot her hand, in order to reduce spacing |oss and

t her eby Vafieus@asdials gve be@R6sbs&ttas Pesisetild/filmt RS nia?x\e@nk FRSreling
of the protective filmneeds to be reduced as far as

posia¢did, Byt ffolt the el veewpoin® JFifil i fdrbisiki) @&SduedbilPind TR 16ke,
than 100 A. There are strong 25 demands for a

pr odagoh ifitnes dré manipeinployeds Gaedondiihyars gEetally fdatiéd B sp@tering
thin and tough. 3
methods, and the conditions during film formation are vividly reflected in either the
15  corrosion resistance of the carbon film or the CSS characteristics, and are therefore
extremely important.
[0005]
Further, in order to improve the recording density, it is desirable to reduce the
flying height of the magnetic head and increase the rotational speed of the medium, and
20  therefore the magnetic recording medium requires a hiéher level of sliding durability.
[0006]
On the other hand, in order to reduce spacing loss and thereby increasé the
recording density, the thickness of the protective film needs to be reduced as far as

possible, for example to a film thickness of not more than 100 A. There are strong

25  demands for a protective film which is not only smooth, but also thin and tough.



[ 0007] However, when a carbon protective filmforned
by a conventional sputtering film formation nethod is
reduced in thickness as far as possible, for exanple
down to a film thickness of 100 A or less, the
durability of the fornmed film may be unsatisfactory. 5
[ 0008] Accordingly, nethods that enploy sputter nethod
and plasma CVD nmethod are becom ng w despread as

nmet hods capabl e of form ng carbon protective filns
having hi gher strengths than-those obtai nabl e using
sputterh&ﬁ nmet hods. [0009] 10 However, in those

met hods {R&r e the carbon protective filmis forned
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of carbon . accumilated on Xposed surfaces increases,
§actors &M§h as internal stress cause the film 15

formed fromthe accunul ated carbon to peel away from
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generated as a result of this type of p I ng adhere
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formed oh the carbon protective f resulting In

| 0G@bHZ 8ldnfthd tﬂ&ﬁth&s@b&ﬁﬁ@ol@&ﬂ%@ﬁﬂehﬁ%ﬁ&h@d@at can cause
product defects. Particularly in those cases where

the carlpggoprotective filmis formed using a plasm
CVvD nmet hod, the 20 resulting filmconposed of carbon

1has a hingheverde gogan@hodh ¥h&Ho 8 SarBHprble@ive Filnh RfeR@Lsing
stress than a carbon protective filmformed using a

C ONyp@ifdrinfethal asiPildsin@ OVIgmétRéd) D8ide &1 Gilm fdt@ERh@pgarduldecarbon is
anmount of generated carbon particles is large, and the
t y pet oiily farnad érhthe sunfaesof theBaistran) Hut lesacominildtaatheabaces of
tend to be particularly problematic. [0010] 4 Methods
of thecandrnight suppatshigersubstrate Sthenl thd hab@nl ofxhisttype oftaroace
of a substrate
accumulated on exposed surfaces increases, factors such as internal stress cause the film
15 formed from the accumulated carbon to peel away from the exposed surface. If the
particles of carbon generated as a result of this type of peeling adhere to the substrate
surface, then protrusions tend to be formed on the carbon protective film, resulting in
localized film thickness abnormalities that can cause product defects. Particularly in
those cases where the carbon protective film is formed using a plasma CVD method, the
20  resulting film composed of carbon has a higher degree of hardness and higher internal
stress than a carbon protective film formed using a conventional sputtering method, and
therefore the amount of generated carbon particles is large, and the type of film thickness

abnormalities mentioned above tend to be particularly problematic.

[0010]




supporting carrier by ashing the carbon fil musing an
oxygen plasma have been proposed to prevent the
generation of the types of particles described above
(for. exanple, see Japanese Unexan ned Patent
Application, First Publication No. Hei 11-229150, and
5 Japanese Unexam ned Patent Application, First
Publ i cati on No. 2002-025047). Further, a treatnent
for suppressing peeling of accunulated mat eri al from
an el ectrode by roughening t fe surface of the carrier
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Accordi ngly, reducing magnetic recordi ng nedia defects

icaused Pbyucarbon protective filmparticles is
currently a significant problem 20 [0012] As

descr i bretead0were haVtevetf conkl@erfAdiEeBrandf folafier thRovements in the
generation fromthe carbon protective filmis the
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that supports the substrate is very difficult, and
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been keenly sought. 25 [0013] 5 Further, according
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i nvention,

15 particles, because although thorough ashing occurs in those regions such as the edges of
the carrier where the plasma is readily concentrated, Satisfactory ashing tends to be
unobtainable in regions where the plasma is less readily concentrated, such as the flat
surfaces of the carrier. Accordingly, reducing magnetic recording media defects caused
by carbon protective film particles is currently a significant problem.

20 [0012]

As described above, one of the causes of particle generation from the carbon
protective film is the fact that improving the cleanliness of the carrier that supports the
substrate is very difficult, and methods of improving this level of cleanliness have been

keenly sought.

25 [0013]



N

the carbon filmaccunmul ated on the carrier surfaces is
not conpletely renoved by the ashing treatnent

descri bed above, and residues tend to renain on the
carrier, mainly on the flat surfaces of the carrier.
These residues are transported into other film
formation 5 chanbers together with the carrier, and
have al so been confirmed as a conponent of the outgas
emtted inside the vacuun1cha€ber. In order to further
increase the recording density of a magnetic
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be manufactured that has a high recording density,

1exg&juirent recordi ng and reproduction characteristics,

and stable quality. MEANS TO SOLVE THE PROBLEMS 25
[0015] 6 As a result of intensive and concerted
research ained at achieving the above object, the
inventors of the pr@sCtOSUREOF INVEMNTEXOVered that a
residual carbon filmthat had accunul ated on a
subst r aPROBLIYS MO BESQRYED 8y THE INNENTIONat | on of a
car bon

[0014]

15 The present invention takes the above circumstances into consideration, with an

object of providing a manufacturing method in which, during formation of a carbon
protective film on a substrate using a CVD method, by effectively reducing the carbon
film accumulated on the carrier that supports the substrate, suppressing the generation of

particles that accompany peeling of the accumulated film, and suppressing the emission

20  of outgas for which the production source is the accumulated carbon film on the carrier

25

surface, a magnetic recording medium can be manufactured that has a high recording

density, excellent recording and reproduction characteristics, and stable quality.

MEANS TO SOLVE THE PROBLEMS

[0015]



protective filmon a substrate was able to be renoved
efficiently by providing an ashing 5 step using an
oxygen plasma, with the aching step conducted
following the step of renoving the magnetic recording
mediumfromthe carrier followng filmformation, but
prior to the step of nounting a substrate for film
formation on the carrier, and also discovered that by
using a magnetic field to cause plasma convergence
within the oxygen plasma, and in particular by
formng a rotating magnetic field in the vicinity of
the regi8A reeplt ofatFrsive Aed copesitet ressar Sriimmed & aphissing dis apeie
carrier is great, the ashing efficienpcy could be
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The net hod for manufacturing a magnetic recording

e diouikah ba e e mibréffet velyshpprabal end theyrwdietheréforgibiesd Bginplete the
step of formng a netal filmon a carrier surface,

15\hi pésentSnvepimf @ oridl woak | thawragnsiavedtiat refateofo o phdatdestgibed
ashing to renove an accumnul ated carbon protective
filbeloamdhered to a carrier surface, but prior to a step

of nmounting a substrate for
)] A method for manufacturing a magnetic recording medium by mounting a

substrate for film formation on a carrier, sequentially transporting said substrate into a
plurality of connected chambers, and forming at least a magnetic film and a carbon
20  protective film on said substrate for film formation within said chambers, wherein said
“method comprises a step of conducting ashing to remove an accumulated carbon
protective film adhered to a carrier surface, which is performed foliowing a step of
removing a magnetic recording medium from said carrier following film formation, but

prior to a step of mounting a substrate for film formation on said carrier.



5 filmformation on said carrier. (3) The nmethod for
manuf act uri ng a magnetic recordi ng nmedi um according to
(1) or (2) above, wherein said step of conducting
ashing to renove an accunul ated carbon protective
filmadhered to a carrier surface and said step of
formng a netal filmon a carrier surface are
conducted within a single chanber. 10 (4) The nethod
for manufacturing a magnetic recordi ng nedi um
according to any one of (1) to (3) above, wherein

sai ashggg to renmove an accunul ated carbon protective
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15 thereby concentrating a plasma causing said ashing at a carrier surface.
6) The method for manufacturing a magnetic recording medium according to (5)
above, wherein said magnetic field applied to said plasma during said ashing step is a
rotating magnetic field that sweeps out a helical trajectory.
N The method for manufacturing a magnetic recording medium according to any

20  one of (2) to (6) above, wherein said step of forming a metal film on a carrier surface is
conducted by a magnetron discharge sputtering method that uses rotating magnetic field
assistance.
(8) The method for manufacturing a magnetic recording medium according to any
one of (2) to (7) above, wherein said metal film formed on a carrier surface is a metal

25 material having low oxidative reactivity.



5 of connected chanbers, and in which a plurality of
thin filnms are lam nated on a substrate for film
formati on by sequentially transporting said substrate
to each of said chanbers wusing a carrier and then
formng athin filmon said substrate for film
formation, wherein said apparatus conprises a chanber
for renoving a magnetic recording medi um from a
carrier followng filmformat| and a chanber for
nDunting a substrate for fil 10 formati on on a

carg |er a.substrate has

o 68 Comsiidiel o R PtentRed o m%.de i a%sféiwgﬁ%@
con?uctln to. e

pr é hegelr]; Ialld ngal materi lixavmg?ow ox1&alf%ve reactl lq comp(Jie:E)onel.h

PSR hered carrier. surt
appar.at.u of .. mapuf act uri n gpetj.c cordi ng
&fj‘emeﬁ“gé?s%?g 0 8RR B sy B G Red Boonpr o ng @

erAlflg palfafhé gﬁrga éar érﬁ’l é%&%’ﬁggcof"d Is:g% u%{ h?\}iqug a%it?rallty

tmee sal ng as

r ewyﬁn&&d%ﬁml %dqg w‘ﬁ%ﬁ Qgﬂl Cfﬁ)l f&f@gﬁ h aref llaJtlmat@cﬂj&?J s%gstrate

o a carrier surface an mount 1 ng

su Q&Ifflﬂtf&nfa@(gn lfy' slecmemfxaq’ls' %sg&ﬂné)&masug@rra{e t@éach gigs%pd cimx?oers

apparatus for ranufacturin hagneti c recordi ng

MediHI,: 8E5Q7A fith fofining Qinin fim dnlskid sBRBYE for WtE Ev&fn&m%awerem
chanmbér for conducting ashing to renove an accunul at ed

20 sﬁiaaﬁﬁﬁnﬁ cOhSiiskd ¥ EhafbbrToraensvigch ﬁq&n@tn&@é&dlﬁg m&ditirh 868 a
and said chanber for formng a mnetal I mon a carrier

su rcﬁﬂ@ﬁfo%vﬂn@ﬁ&i f3eh&ios Nl R efambe6H rE@Btlﬁl:a SubrakeNWER ON
[0016] 9 By using the met hod for manuf acturing a
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whi ch enpl oys ashing of the accunul ated carbon filmon
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whearban pratetroia fiph adteeddity @ cdmidrBurfase.f or med on bot h
surfaces of a magnetic 5 recording nmedium the carbon
fi I(M)t hdlie apparamnzifoatmesufaomring @ magieric excorging fr@diemiascoadihgro (10)
to be effectively renoved by ashing, neaning the
pr abbeniirtha gsreptiswigervherhiger far formohgtaasited §int on a carrier surface

R

15  between said chamber for conducting ashing to remove an accumulated carbon protective
film adhered to a carrier surface and said chamber for mounting a substrate for film
formation on a carrier.

(12)  The apparatus for manufacturing a magnetic recording medium according to (10)
or (11) above, wherein said chamber for conducting ashing to remove an accumulated

20  carbon protective film adhered to a carrier surface and said chamber for forming a metal

film on a carrier surface are a single chamber.

EFFECT OF THE INVENTION

[0016]



formparticles that subsequently adhere to the
substrate can be effectively suppressed. Furthernore,
by coating the residual filmthat remains on the
carrier surface follow ng ashing with a netal film
outgas fromthe carrier can be suppressed. 10 BRI EF

DESCRI PTI ON OF THE DRAWNGS [0017] FIG I is a

schemati c | ongi tudi nal sectional viewillustrating one
exanpl e of a nagnetic recording nedi um nanuf act ured
usi ng the nmethod for manuf act ari ng a 15 magnetic

recordi ng nedi um accor di n% to the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a schematic longitudinal sectional view illustrating-one example of a
magnetic recording medium manufactured using the method for manufacturing a
magnetic recording medium according to the present invention.

FIG. 2 is a schematic illustration of an apparatus for manufacturing a magnetic
recording medium according to the present invention.

FIG. 3 is a schematic illustration of a sputtering chamber within an apparatus for
manufacturing a magnetic recording medium according to the present invention.

FIG. 4 is a side view illustrating a carrier within an apparatus for manufacturing a
magnetic recording medium according to the present invention.

FIG. 5 is a schematic illustration of an ashing treatment device and a metal film

coating device according to the present invention.

[Description of the reference symbols]



5 6, 8 to 13, 15, 16: Sputtering chanber or substrate
heating chanber 18 to 20: Protective filmformtion
chanmber 10 22: Substrate renoval robot chanmber 23, 24:
Substrate for filmformation (non-nagnetic substrate)
.25: Carrier 26: Support base 27: Substrate nount 15
28: Plate 29: G rcular through-hole 30: Support
menber 34: Substrate supply robot 49: Substrate
renoval robot 20 52: Substratﬁ)installation chanber
54: Substrate renoval chanber'™ 80: Non-nmagnetic
substrag% 1: Seed |l ayer 82: Undercoat film 25 83:
Magnet | f cording film1l 84: Protective film 85:
Lubri capt, | ayer 501: Ashin evice, metal filmcoating
de&Yce ggﬁ§%¥€ﬁ§ 'gPE§”§5§gmgGBEWrate-supporting
cary i er 5,204 NBgNSl., S08he o 00t material

3: Substrate cassette-transferring robot

5 3A: Carrier ashing chamber
3B:  Carrier metal film formation chamber
4,7,14, 17: Corner chgmber for rotating carrier
5,6,81t013, 15, 16: Sputtering chamber or substrate heating chamber
18 to 20: Protective film formation chamber

10 22: Substrate removal robot chamber

23, 24: Substrate for film formation (non-magnetic substrate)

25: Carrier

26: Support base

27: Substrate mount

15 28:  Plate

29: Circular through-hole

30: Support member

34: Substrate supply robot

49: Substrate removal robot

20 52:  Substrate installation chamber
54: Substrate removal chamber
80:  Non-magnetic substrate

81: Seed layer
82: Undercoat film

25 83: Magnetic recording film



506: Exhaust volunme control valve 507: Direct current
power source 10 508: High-frequency power source
509: Gas inlet tube 510: Drive device 511: Magnetic
field 15 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
[0019] Enbodi ments of the ashing of the accunul ated
carbon filmon the carrier and the inprovenent in
carrier cleanliness produced by formng a netal film
coating on the <carrier in accordance with the present
i nvention are described bel ow! 20 [0020] First is a
descri ption of_a magnetic recordi ng nedi umt hat

r eptiesehiPEcB¥fdi®xanpl e of the thin filmlaninate

pro
rec

00 2. FILG 1| h tl | i tudi |
: %)l][]on Sh‘%‘iWCF’ITe{ﬁ%ﬁ?%?ﬁ(’:aﬂggngeﬁ:‘scgexgﬂg: euolfng magneti c

sec
recgydi %garm)%di um (thin filmlam nate) manufactured

usi

%uce usi ng t he met hod for manufacturing a magnetic

r di rY° HBY' Y according to the present invention.

ng t het hod for manufact uri ng a magnetic

di [ ' ‘to th toi ti .
{0035 SebRPRREREATD LG "] PLnrS magnetic

r ecgydi rﬂgdgﬁg%di um includes a non-nagnetic substrate

80,

mag

a l

and a“seed |l ayer 81, an undercoat film 82, a
Ot | Gfar%?&fa‘iéﬁaf‘g film83, a protective film384 and
t

ubrica ayer 85 | am nated sequentially on both

sSur §RCeFExMustifime ShtfoRGHvOf the non-nmagnetic substrate

80.

10

15

20

[0023]

507: Direct current power source
508: High-frequency power source
509:  QGas inlet tube

510: Drive device

511:  Magnetic field

BEST MODE FOR CARRYING OUT THE INVENTION

[0019]

Embodiments of the ashing of the accumulated carbon film on the carri;er and the
improvement in carrier cleanliness produced by forming a metal film coating on the
carrier in accordance with the present invention are described below.

[0020]

First is a description of a magnetic recording medium that represents one example
of the thin film laminate produced using the method for manufacturing a magnetic
récording medium according to the present invention.

[0021]



10 Exanples of materials that may be used for the
non- magneti c substrate 80 include the types of A
all oy substrates having a NP plating filmforned
thereon (hereafter referred to as N P-plated A
substrates) typically used as substrates for nmagnetic
recording nedia, as well as glass substrates, ceramc
substrates, flexible resin substrates, and substrates
prepared by coating one of these non-nagnetic
substrates with NP u sing 15 i ther a plating nethod
or a sputtering nethod. [0024] Further, the surface
AR

of the afic ?ﬂ%*&{dwék%ct@oawwlﬁéﬂréw e exagplela
texturln treat or the oses achi evi ng nore
B A A R A

t he substrat h in-plane magnetic
L R W@lﬂh@a@dws (it Beteginvention.

charactﬁg tics, and/or renoving any polishing marks.
[ 0025] €-seed | ayer (lower undercoat |ayer) 81

f or med RPIULHI%{CG(M]FI?}HQ rh?% Iﬁ)égrfse brseE: rrgllnﬁgggigﬁnﬁ 0 L{d?e{;a! nsontrrl;]aegnetlc

yst al at1on’ of g :
h t
S AR S B RTRL
Ni p?d\@uveli%m EM' aﬁ@ g‘ubnunf&llaver glka-li-lg’lll‘%&g '%(ﬁutelﬁially ?n ?r{l?)i%% §r one

selected and used in accordance Wt

di rs&edct Mftﬁ@n&nhﬁag%@tﬁ:@uﬂs‘m{t@%ﬂ [0026] Furthermore, the

seed | ayer 81 need not necessarily be formed fromonly
a singlgo2®p layer, and if required, may be fornmed as a
mul tilayer structure by lamnating a plurality of

10f i I s hewaliptes 8 hit&tald the nﬁ?ﬂ?us‘&@?ﬂ?%'n%h rrgr%'ilc glb@tta?er Nhciude

conpositions. [0027] Conventional non-
underg@abs Al 6P subRaid ﬁa¢ﬁ$geﬂN@$laklh§fmnﬂ>ﬁﬁ&QF}éreJn _fj'xéf@aﬁgr

i ncludi ng single elenent filns of a or
or réfereedlto KeNiPPlatedl Al @ybsiratbsy sy plchiRt us@d §s%ubs1.xgte§. ﬂpﬁlh@@nc

ot her elenments, provided the crystallinity is not
| Mpeordéng mekiia, 4serellas GlhsststiRtrates, ceramic substrates, flexible resin substrates,
and substrates prepared by coating one of these non-magnetic substrates with NiP using
15  either a plating method or a sputtering method.

[0024]

Further, the surface of the non-magnetic substrate 80 may be subjected to a
texturing treatment for the purposes of achieving more favorable electromagnetic
conversion characteristics, imparting the substrate with in-plane magnetic anisotropy to

20 improve the heat fluctuation characteristics, and/or removing any polishing marks.

[0025]

The seed layer (lower undercoat layer) 81 formed on the non-magnetic substrate

80 controls the crystal orientation of the film formed directly thereon. Examples of the

material used in forming the seed layer 81 include Ti, TiCr, Hf, Pt, Pd, NiFe, NiFeMo,



relationship with the magnetic recording film 83
descri bed bel ow, the undercoat film82 is preferably
ei ther conposed solely of C, or forned froman all oy
of Cr containing one or nore other elenents sel ected
fromanmong Mo, W V and Ti. In sone cases, depending
on the type of the non-magnetic substrate 80,

lam nating a filmof N Al as the 15 undercoat film 82
may yield a dramatic inprove t in the SNR and may
therefore be desirable. [002 There are no

part.icular, linta t hi ckness af. t he .

Ji?s%aﬁ A a8 %Sr%*\*)f AtrEleRLTP S Ergge with the
for dge % HQ 1 Ithough the thickness is
pref@r B1°g S5 INCE B e [P Shge from 5 to 40 nm and is
nore pr ably from10 to 30 nm If the thickness of
t he und chat film 82 beconmes overly thin, then the

C rystal g r[iﬂeﬁgcg'gtﬂlxe sg%dqfiyer &1 11§ EottrPgﬁsgﬂgg)%tfé)r&ea ?&9 bt Aingle

ilm83 forme ndercoat

f”ﬁkﬂ)‘ %Qd ﬁréqaﬁe ngy E@aﬂpﬁ{d ‘tﬁ%@?ﬂ}u@t&% b(' 'leJn{ﬁaftlgé yslqrallty

et ween t ér coat magnet |
r eC rf‘ijrhﬂ%]vfn ﬂﬂe??he s&n@é lgn?h %l d#gr gfffe%%o o%§.' ng an
esira decrease in the 25 SNR. 1N ontrast, if
the t hi s of the undercoat film82 is too |arge,
then the particle 14 size of the particles within the
under co@gnvEhtlofal 3én-BAREC LifielcBE TRASRay bR Js'tﬂégmhéﬂccﬁﬂﬁlm 82,
acconpanying increase in the particle size withi
Magin@tdifg JiRSOdIEhdndfildslohT 8T, i, Thle W stam-ie. emdvqnms that also
intermediate filmfornmed on the undercoat film 82,
10Mhi iﬁhud‘eﬁdﬂ&ESleﬁEhts, prodigsd thabry Saldsier e agempdired. Nig tsPVRof the
- [0029] Furthernore, the undercoat film 82 need not
ne Clefiﬁ@fshibyvith Qheflﬂargﬁ&iﬁ récf)ﬂimgcﬂ’lﬂn)BB descHbdideRw| BY @fdercadi @iim 82
if required, may be fornmed as a nmultilayer structure
by ik prefanablyl difjeracompdsed sdidly §f @f orffbrint¥s filog\an Aloyeadif Cheontditigz one
same conposition or different conpositions. [0030] 10
Thesrena¢ ehdrelep@nts sadasted fromianmiohaMopWs Vaind Thdn swgpmates,c
recording film83, provided it
depending on the type of the non-magnetic substrate 80, laminating a film of NiAl as the

15  undercoat film 82 may yield a dramatic improvement in the SNR, and may therefore be
desirable.
[0028]
There are no particular limitations on the thickness of the undercoat film 82,
provided the desired coercive force can be obtained, although the thickness is preferably
20  within a range from 5 to 40 nm, and is more preferably from 10 to 30 nm. If the
thickness of the undercoat film 82 becomes overly thin, then the crystal orientation of
either the magnetic recording film 83 formed on the undercoat film 82, or if employed,
the non-magnetic intermediate film formed between the undercoat film 82 and the

magnetic recording film 83, tends to deteriorate, causing an undesirable decrease in the

25  SNR. Incontrast, if the thickness of the undercoat film 82 is too large, then the particle




is a magnetic filmcapabl e of yielding the desired
coercive force, although by using a Co alloy |ayer
represented by a fornula CoaCrbPtcTadZr eCuf Ni g
(wherein a, b, ¢, d, e, f and g indicate the
conposition ratio, and respectively represent b: 16 to
25 at% c: Oto 10 at% d: 1 to 7 at% e: O to 4 at%
f: O0to3 at% g: 0 to 10 at% and a: the remai nder)
the 15 magneti c ani sotropy can be increased, enabling
the coercive force to be furtMer i mproved. [0031] In
t he. magneti ¢ .recordi ng nedi ym this. enmbodi nent, the
ot GIZBG oSS s B e ThAPGELIM e GGy Fme inan

[ fi.lm83 to prevent scratching of the
L e Ea b T R Ty e
the head and the.surface of the di u 0 ..
convershammeast Gt Ry wuhtudiresb i fe vbicheuste
film, 84, and exanpl i nclude single conponent filns
fo#ﬁ%ﬁ”??%%*%fﬁgﬁﬁﬁggﬁ'ZrCQ or the like, or filns
Lont ai nj ] these materials as the nmain conponent and
al so co_télning ot her added el ements. [0032] The
Pr 01 St Fiffhefhdr i iSoalin] O {IEh BBy BPLNRLH Ry

as sputtering rethod, an 1 on beam ne

CVRigRtLRM af ifk?ﬁlré% r'é%/ be]f§mehi‘2g§fﬁ%§i£\?m&tskpég8g Bfgaﬁlé@(ing a

the protective Istyp _
fr Yedlicd OF s RiVing eftfdrtileROmd BngobiliGk B esiRerddf cdnliBsitions.
protective f||ﬂ1§ﬁ within a range from2 to nmis

preferrgdso)in terms of reducing spacing loss. 5 [0034]
The lubricant layer 85 is formed on the surface of the

10pr ot ect Thee drk héhdidoular ERANRNESH BE mABBY leddring HRT sITBMVIE it
used as the lubricant include fluorine-based |Iiquid

| ulig & gagHetic SiHCApAT FOIldindQRORKIRRIBertiPERE, alRBEEh®9 ukifg a Co
| ubricants such as fatty acids. Conventional nethods

mayalibelaus egprdseritedaiy @l fyrmiug: ¢der, Pl Ar@amNi, (WheInudbR9d, e, fand g

di ppi ng 10 net hods and spin coating nethods.
indicate the composition ratio, and respectively represent b: 16 to 25 at%, c: 0 to 10 at%,
d: 1to 7 at%, e: 0 to 4 at%, f: 0 to 3 at%, g: 0 to 10 at%, and a: the remainder) the

15 magnetic anisotropy can be increased, enabling the coercive force to be further improved.

[0031]

In the magnetic recording medium of this embodiment, the protective film 84 is
formed on the magnetic recording film 83 to prevent scratching of the magnetic
recording film 83 caused by contact between the head and the surface of the medium.

20 Conventional materials may be used for the protective film 84, and examples include
single component films formed from C, SiO; or ZrO, or the like, or films containing
these materials as the main component and also containing other added elements.

[0032]

The protective film 84 may be formed using a method such as sputtering method,

25  anion beam method or plasma CVD method or the like.



[0035] Next is a description of a nmethod for

manuf acturing the nmagnetic recording medi umthat
represents one exanple of a thin filmlanm nate of the
present invention. [0036] 15 First is a description
of the apparatus for manufacturing a magnetic
recording nmediumthat is used in the nmethod for
manuf acturing a magnetic recordi ng nedium according
to the present invention. [Oq 71 FIG 2is a
schematic diagramillustrating one exanple of the
apparatg@ ;or 20 manufacturing a nagnetic recording
medi um érding to the present invention, FIG 3 s

a sc .he thlcklnelzsls %XS tg-n Erto egtlveqflm %fl ‘?’sggpléa‘ﬁ wrf'tgin%r}%l% ?rtlem 2 to 20 nm.

within e appara

re g%&ﬁéﬂrg hﬂ@%&s@ & g:%&@h%%l&x @4 m in %@ @r‘i}m Y6 HFn' i ﬂ;]-eferred

a sid view Il us carfrier
vv| tlmg_ngg}eedggggg al; H%mgsor manuf act ur| ng a magnetic
recording ne cording to the present invention.
dn Fl G gzt he carrier indicated by the solid 25 |ines
represents the state when the carrier is stopped at a

first firhdifRbsrRleOss D@ ntd Sitne slxﬁace%ﬁ{e%?cﬁechtkeﬁlﬁ\@ﬂ Ier
i ndi cated by the dashed lines represents the state

WhetkafPies Stakakerils tHabmayp bORREA i luica®R G Me flbdriRe-based liquid
formation position. In other words, in the sputtering

chaghehss such ésgsétfrualtoemelfs oFrPER iaSd RK& mahemtstsm ab 89 8Liss.
are positioned opposing the substrate within the

C hardaeéntiosan sheth R medy e @sddifbritpplgingrenk hdicing ifdludsdg dipping
conducted onto the substrate on the left 5 side of the
10 armdtleods Widtshintchbfing afethogy. st opped at the first film
formation position, the carrier is subsequently noved
to the possiti on i ndicated by the dashed |lines, and
filmformation is then conducted onto the substrate
on the Nexlida d&saiptiaf oftaectiod fori ngnufasttiting themaguetid redording
stopped at the second filmformation position. In

t hoseliuatheigeptsentsorfeguamplapipaghis fikm aanpud ¢fiterpeeent invention.
opposi ng the substrates within the chanber, this type
of novef®3é] of the carrier 10 becones unnecessary, and

filmformation onto the substrates supported on the
1§ ef t andirstis a description of the apparatus for manufacturing a magnetic recording

medium that is used in the methed for manufacturing a magnetic recording medium
according to the present invention.

[0037]

FIG. 2 is a schematic diagram illustrating one example of the apparatus for

20  manufacturing a magnetic recording medium according to the present invention, FIG. 3

is a schematic illustration of a sputtering chamber within the apparatus for manufacturing
a magnetic recording medium according to the present invention, and FIG. 4 is a side
view illustrating a carrier within the apparatus for manufacturing a magnetic recording
medium according to the present invention. In FIG. 3, the carrier indicated by the solid

25  lines represents the state when the carrier is stopped at a first film formation position,




right sides of the carrier can be conducted

simul taneously. [0038] As illustrated in FIG 2, this
magneti ¢ recordi ng medi um manuf act uri ng appar at us

i ncludes a substrate cassette-transferring robot nount
1, a substrate cassette-transferring 15 robot 3, a
substrate supply robot chanber 2, a substrate supply
robot 34, a substrate installation chanber 52, corner
chanbers 4, 7, 14 and 17 for rotating the carrier,
sputtering chambers and substtate heating chambers 5,

6, 8 to 13, 15 apd , protective filmformation o

c haWiFEs s t]f‘i §aig ?até%g HE&P#}&? Eﬂeﬁ EREVENS Bh3HE wpenghe cagier is

substrate renoval .robhot chanber 22, substrate

¢ entVPRF HLBHSEPR0 am fgrmAeh pasphon QST HREFRIMe sering chambers
n1fornation”cQ%

o g Tos i pple, o et Sy
S nE Y et iR RRAR Lo AR BRI he Sypppce on the e

ZPPAI U Blict In TR LA s (R o B2, he carier
C P Sftheqib L8 IS AR  BABR b 1 forpation i

52, t,hé] dofaeld ontd ’tlg%ebsﬁ'gtg or?’ ﬁe ri?ﬁt@id@ %ﬂﬂe Qgrﬂérlgﬁth?lﬂéégaﬁﬁf sﬁopped

25 1s transported sequentiall'y 1nto eac _

ch a{f‘ﬂ%rsgcond hﬂ?for&zﬂ%h ?gsﬁiog.f IA'YH&}sQ Ic?as@{ ¥h .toExte t@ﬂ\g&? gre h}@sit@oned

reduced pressure sta by operation o acuu

PUNRPosifdythd QIbSHRY whthin el chhiiBer, (SYEPe 8ndveReR SEMe LANE"
81, the undercoat film 82, the 5 nmagnetic recording

18 1 | pac&BesanfbctHay RROLRCIHNAioh bhiB B4 bs@ e Abfbrisdbif BE R and
of the mounted filmformation substrates 23 and 24

I nsiigesieachthekartifi@at bd dbhdRicaBiiu@hes@nbers, a

magneti ¢ recordi ng medi umthat represents one exanple

of a thijeo38j I m|am nate can be obtained. [0040] 10

For exanpl e, the magnetic recordi ng nmedi um

manuf actasrilugataip 1@ RUsisefaghdlic Secoim@etid i than@&Bulifg apparatus
configured as an inline type filmformation apparatus.

| n inbledes a substrate cassette-transferring robot mount 1, a substrate cassette-transferring

gggqrstng %gfsg\g]sgratg within the

15  robot 3, a substrate supply robot chamber 2, a substrate supply robot 34, a substrate
installation chamber 52, corner chambers 4, 7, 14 and 17 for rotating the carrier,
sputtering chambers and substrate heating chambers 5, 6, 8 to 13, 15 and 16, protective
film formation chambers 18 to 20, a substrate removal chamber 54, a substrate removal
robot chamber 22, a substrate removal robot 49, a carrier ashing chamber 3A, a carrier

20 metal film formation chamber 3B, and a plurality of carriers 25 with a plurality of
substrates for film formation (non-magnetic substrates) 23 and 24 mounted thereon. In
the apparatus of this embodiment, the carrier ashing chamber 3A and the carrier metal
film formation chamber 3B utilize the same chamber.

[0039]



magneti ¢ recordi ng medi um manuf act uri ng appar at us of
this enbodi nent, the seed |aver 81, the undercoat
film82, the magnetic recording film83 and the
protective film84 may be forned with a two-I|ayer
configuration, a two-layer configuration, a four-I|ayer
15 configuration, and a two-|aver configuration
respectively. [0041] As illustrated in FIG 4, the
carrier 25 includes a support, _base 26 and a plurality
of substrate nmounts 27 (two i'{ the case of this

oot R G955 S0 AR HELSSE B8 55
O 8l oSS B AR bt
e R R S e

o AR ) OS] ATELED 4805 S BB LR 1. B

& %a%hétﬂu%dirfg@ﬂ%%tanc?tﬁilﬁﬁgﬁg\fe%rﬁgg %trbggl%%lﬁg:eg S h Qe

peri ery o roug e interior

of f';ltr% for‘nlagont b P?J"e%% ide-ggb lole.m & Foing mbers, a
e 5 of e Py RiBioh e

substrates 24 are fitted insi rough

hol rfragn ? r&t)rdﬁrl}qne%lmgt\?\%p?ﬁ%%ﬁﬁe%x%ple 8t Bign BH8ER Qb be

t he su%strates engage e support nenbers 30,

t hejpghgsupporting and holding the filmformation
substrates 23 and 24. These substrate nounts 27 are
provi deghokd) al i gnment on the upper surface of the 5
support base 26 so that the main surfaces of the two

1070UNt edfér ki€ tNeBhdg0fic SatBatifgh&fum Rdn@Rbhridgapdaud of this
only substantially orthogonal relative to the upper

SUrdne@ment chilBe coRfiRAIb abmfife t3Pe filiforn@kién &p&@rus. In the
positioned within substantially the sane plane. In the

f ol thagnititGe DRI thedivinOManufddirib vepphtatudof is @Rbodient, the seed layer
substrates 23 and 24 nounted on the substrate nounts
27 &t e niefebatdilin 8D, thesmdghaicfredosding filln@3faod thaptoeative film 84 may
substrate 23 and the second 10 filmformation
Substforaice Wl a tves jagaticonf@hisation, p G&etBlyer configuration, a four-layer

15  configuration, and a two-layer configuration respectively.

[0041]

As illustrated in FIG. 4, the carrier 25 includes a support base 26 and a plurality
of substrate mounts 27 (two in the case of this embodiment) provided on the upper
surface of the support base 26.

20 [0042]

Each of the substrate mounts 27 is composed of a plate 28 of substantially the
same thickness as the substrates for film formation (the non-magnetic substrates) 23 and
24, in which is formed a circular through hole 29 having a slightly larger diameter than

the outer periphery of the film formation substrates 23 and 24, with a plurality of support

25  members 30 extending from the periphery of the through hole 29 towards the interior of



The substrate cassette-transferring robot 3 supplies
the filmfornmati on substrates 23 and 24 from a
cassette in which the substrates are housed to the
substrate installation chanber 2, and al so extracts
magnetic disks (nanely, the filmformation substrates
23 15 and 24 with each of the filns 81 to 84 formnmed
t hereon) that have been renoved fromthe substrate
renoval chamber 22. These substrate installation and
renpval chanbers 2, 22 each Wave an external opening
on one side of the _chanber, and doors 51 and 55 that
op &b thrgpgh halede Tf‘ﬁgmbf?é’ﬁ?t’ﬁﬁ substios2P andp qrg fiftqqdpside the
nelgh%% g m%j s between each of the chanbers 2, 52,
29 of e sybsiratepnoypts 24y g the egees pk thy wiBHriss prgage with

d i ded h
botlic a%tﬁ%%%a ptEefr?ba%éméwnga“n P Inee o fornaiion guhgus 23
\ g t he +n5|de 8; Fach chanber is an
.nc%%%h?f eSSBS e P i s o e

h , d 17 h
o308 Basts o ndrthRfin Sl o aAY ?wguneeéﬁﬁmm%on syfrates
ca%l a“‘P“t JERGofind e A Sy fud ot PRl SaaRT oL

0046 Th

anquﬁé{?a%ésfe%g Tl bibo bkl EH < GORBR me SHAMARL 3 oEhe

(9]

pLOt tive t1on ers
C ‘f’f %rggrcre ({glgﬁ?}f E)]g w%ﬁlrr{ iﬁér?%ﬁ‘rﬁ‘ %db\{t?atgs f2!3 n;hd i’ilsr{l nLgtrerarggC\ﬁe

| a%@ﬁstratt: %Uﬁgzﬁd?e Felf@reri b agtthefﬂrgtm] %Mﬁdn%ﬂb ﬁ!ﬁ@% Eu%ttﬁe &gond

and the second filmformation slﬁstra te

10" €ah iR Pal@SubHRRbY rdspRfvapd a vacuum punp, which are
not illustrated in the drawi ng, are connected to each

of the pogfjective filmformation chanbers. 10 [0047]
The reactive gas supply tube is provided with a val ve,

t he openhdigbsaad cakQeitREst&fing Mbt@@uﬂ)pﬁleﬁ‘ﬁgﬁfnpkolrrﬁglopyub@trates
control nechani smnot shown in the drawi ng, and a gate
val2g@nd 24 from a cassette in which the substrates are housed to the substrate installation
chamber 2, and also extracts magnetic disks (namely, the film formation substrates 23
15 and 24 with each of the films 81 to 84 formed thereon) that have been removed from the
substrate removal chamber 22. These substrate installation and removal chambers 2, 22
each have an external opening on one side of the chamber, and doors 51 and 55 that open
and close the opening.
[0044]
20 Further, neighboring walls between each of the chambers 2, 52, 4 to 20, 54, 3A
and 3B are mutually interconnected, and a gate valve is provided within the connection
between each pair of chambers, so that when these gate vaives are closed, the inside of
each chamber is an independently sealed space.

[0045]



for the vacuum punp, the opening and cl osing of .which
is controlled by a control device not shown in the
drawi ng, i s provided between the vacuum punp and the
protective film 15 formati on chanber. By controlling

t he opening and closing of this valve and punp gate

val ve, the supply of gas fromthe sputtering gas
supply tube, the pressure inside the protective film
formati on chanber, and the eﬁgausting of gas fromthe
chanber can be controll ed. 048] 20 When film

f or mat I ’ﬂ'ln I > C ndgers gd]hm é.?/ reptu%gc{flor zﬁte{mg\/tg] Bgvmg

fOfI’THtIOﬂC& u , a reac

dlrg&B fgg%(t, 1etr 9? agg' gF CSQ }palrr%re]r .l:IS{'qe_I]'g‘}J? %qythv C%netc lsm not

S We st “an de an forTa
t
S i SEIEED 4l

|nto th anber to adopt a plasma state. The active
radi cal an& ion reactants generated within the plasm

20 ar eTlfe‘Hrﬁ&%fv Ofiint f3fmatidh EiRGHeR 8 11D a?é‘éh%ﬂé??f? r foR¥E a

formed on 't n1fornat|on substrate

for %t&gveaﬁ le Eglr?gcat EVB nfetrboibr &9\%9&1 thd &&t@oﬁﬁ%‘eﬁﬁés?la#r

renoval chanmber 54, the first filmformation substra

23 taidd bib@e fint ARCRRRatloh bubsd4 7Bdnl @R s846R8 Filnfofm#A1dn substrate
nounted on the carrier 25 are renoved using the robot

49 24 SUBERAHEIAL bupplytnkR abd@d VdcBim By, SWhich aRTBOIIhRGed Hthe
the carrier ashing chanber 3A and the carrier netal

fi ldrawigy, BeofBcted e Rixlof B protddiitdTiim ferkaash émambers.t he
carrier ashing chanber 3A and the carrier netal film
10f or nat i popaghanber 3B utilize the same chanber. [0050]
10 The aching of the accunul ated carbon filmon the
carri er Tieoearicd gag supplytthie ipprodidsitwitheitadd) thesdening and closing of
conducted by first renoving the substrates having the
magviadhiiccohirbliaddnd coprobinedhhniste ndtishawnain thetdrevihg, kel of gatervelide
thereon fromthe substrate-supporting carrier under
vadouhg vesus paure the lopenigsing tlosingaf’ whitdhys ¢ongolize by & esntrol device
whi ch was accunul ated with carbon
not shown in the drawing, is provided between the vacuum pump and the protective film

W

15  formation chamber. By controlling the opening and closing of this valve and pump gate
valve, the supply of gas from the sputtering gas supply tube, the pressure inside the
protective film formation chamber, and the exhausting of gas from the chamber can be
controlled.

[0048]

20 When film formation is conducted within the protective film formation chamber
using a CVD method, a reactive gas is supplied to the chamber, a high-frequency voltage
is applied between an electrode and the film formation substrate to generate a discharge
between the two, and this discharge causes the reactive gas introduced into the chamber

to adopt a plasma state. The active radical and ion reactants generated within the plasma
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15

20

filmat the same tine as the substrate, inside the
chanber, and then applying high 15 frequency

el ectrical power to an arbitrary portion of the
carrier. |If oxygen gas is then sinultaneously

i ntroduced into the chanber froman arbitrary

| ocati on, the oxygen gas undergoes deconposition with

the carrier itself acting as an el ectrode, resulting
in the generation of an oxygen plasma. \Wen the thus
gener at ed oxygen plasna cont ts the accunul at ed

carb fllnton rrier s the c on is
deéé?ﬁé 87 B derra gl B oS I g1aisd on s T dreess spare
d i.ng.ashin he carbon film it is already
Q %ﬁ &ﬁ%%&ﬁﬂmghg fi¥%ner at ed pl asma, because of its
nature [ ﬁpds to be concentrated near sharp edges or
in the'v élnlty of the position where the

hi gh-fr I%QI#: sﬂgs\(ratglreen%vlz‘if %grhbep gmh%ﬁrst f[ilrg Qo i) gﬂon nsggsgfits T%é and the

resul t; carrier 08% 'thorough
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i nvention, flow contro asma |I's achieve

USichShiRr TRGREHd Grder Gl ik ft)nnattlbr?ckﬁtnmrojfB d‘t‘:‘i@@thé DghelhSnber.

pl asma to be concentrated uniformy wth
vi cini tyyosyj the substrate nmounting regions of the
carrier. POSS|bIe techni ques for form ng the magnetic

field iTlusy bfsd REdnuldedafbloX 8 oPBE BRRE AlcofBENS the @lesent
el ectromagnet either inside or outside the chanber,

t hemefymerd @NLhdicied gy fiREreiny ARz HF sUBEAGhGENS he hbgnetic film and
illustrated in the drawi ngs. However, use of a fixed

10 promgtied filmaind ¢asiké PemERpdres fiom mmtxbhrateh@pwrﬁ@rmniesunder
concentrated, making it difficult to achieve

f awvaquatn] sibsginntigp@itiohing onih dle@artiad, vhieh wacdcostul@edWittecarbon

area. [0052] In order to resolve the problem

deditm attbdsamio dve as the suk@dte, irgidagreaimter, fahddheh apdlying high-

preferably fornmed in the plasma. As a result of this

r otfizguengy alegiveltowerf to eh atbitratyepoploa ofithe carrier. If oxygen gas is then
simultaneously introduced into the chamber from an arbitrary location, the oxygen gas
undergoes decomposition with the carrier itself acting as an electrode, resulting in the
generation of an oxygen plasma. When the thus generated oxygen plasma contacts the
accumulated carbon film on the carrier surface, the carbon is decomposed and removed
as gaseous CO and CO..

When conducting ashing of the carbon film, it is aiready well known that the

generated plasma, because of its nature, tends to be concentrated near sharp edges or in

the vicinity of the position where the high-frequency electrical power is applied. Asa

result, the carrier undergoes thorough ashing along the edges of the carrier and in the



15 that effects the ashing is inparted with kinetic
energy, and flows across the carrier in a diagona
direction while sweeping out a helical trajectory.

[ 0053] The oxygen plasma that contacts the carbon on
the carrier surface initiates a reaction wth the
carbon to form CO and C02, and therefore has the
effect of renoving 20 the carbon fromthe carrier
surface by rel easing these gases into the chanber. The
oxygen plasma not involved in?khe reaction returns to
the helical magnetic field trajectory
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pl asma khe carrier surface, resulting in an 25
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mai ntal ning t egree or vacuum a

cl egemeﬂan%stﬁe ty%m n{agltlé'ﬁg kB RGNS inkiR ﬂvﬁrﬁg@ r ﬂm’vé/ver use of a fixed
positioned outside the chanber. The rotational spee

10 hhgeIRE5RE thU%?QnﬁrP&hé%@bi@Qnahb@on&&ﬁ:%{ea Rehk B GNEEL St to
fieldis typically wthinarange from60 to 800 rpm

andachvdfa@drasiahing bf BEWRNOcdrGer GO0ssTaRilie ak&h. [ 0055]
Furt hernore, because the carbon fil maccunul ates on

bot h sunfmeps of the carrier, rotating nagnets nust
be installed in opposing positions wwth the carrier
sandwi cheordertth essélixethypreblem Nbsceibadebovel 4 rotafifg HadePRIIES
of the opposing nagnetic fields are synchronized with
t heprsferlygbrace in théiglmsniae Pud la 3és0i ofxiis wa s g ifagnetia gel@ttheplasma
fields causes the
15  that effects the ashing is imparted with kinetic energy, and flows across the carrier in a
diagonal direction while sweeping out a helical trajectory.
[0053]
The oxygen plasma that contacts the carbon on the carrier surface initiates a
reaction with the carbon to form CO and CO,, and therefore has the effect of removing
20  the carbon from the carrier surface by releasing these gases into the chamber. The
oxygen plasma not involved in the reaction returns to the helical magnetic field trajectory,
and contributes to the ashing process when it next makes contact with the carrier.
Accordingly, using a rotating magnetic field causes a dramatic increase in the number of

chances for contact between the oxygen plasma and the carrier surface, resulting in an

25  improvement in the carbon removal rate from the carrier surface per unit of time.



15 plasma flow to lose uniformty, and therefore the
mat chi ng poles are preferably in an asynchronous

anti phase state. [0056] In the present invention,
basically, pure oxygen gas is used when conducting the
treatment descri bed above, although using a m xed gas

of

argon (Ar) gas and oxygen gas 20 as the treatnent

gas is also possible. In ternms of the pressure inside
t he chanber during the treatnent al t hough the
treatnment can be conducted at‘any pressure within a
range from 1.0 to 10 Pa, if the pressure is too | ow,
t hen thgxgﬁbgen pl asnma dlscharge tends to becone
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cont ai ni ng_oxygen that has been iIntroduced 1nto the
i¢hanber (@3¢ exists in the vicinity of the carrier. The
hi gh-frequency electrical 10 power applied at this

tinme is rehRehdrt GaéauRAWEErtda it GecmbIn@HSEBYRY subtaddd bPth&carrier,
range from 13. 56 to 60 MHz, and if due consideration
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of

the equi pnment required, a frequency of 13.56 MHz is

pr efherebedveen FMbteb®ir, if the BetnelPo@h of th€6PpedItd/meinedd fidlds ate
power introduced into the carrier is preferably within

a
of
15

20

syactgenidet ovicth 1HaQarh®pHal) théd replilsioObetween Bieawdga&iciRRIE tdugks the
the carrier itself acconpanies

plasma flow to lose uniformity, and therefore the matching poles are preferably in an
asynchronous antiphase state.

[0056]

In the present invention, basically, pure oxygen gas is used when conducting the
treatment described above, although using a mixed gas of argon (Ar) gas and oxygen gas
as the treatment gas is also possible. In terms of the pressure inside the chamber during
the treatment, although the treatment can be conducted at any pressure within a range
from 1.0 to 10 Pa, if the pressure is too low, then the oxygen plasma discharge tends to
become unstable, whereas if the pressure is too high, then considerable time is required

to expel the residual oxygen gas from the chamber following completion of the discharge,

and consequently the pressure is preferably within a range from 2 to 5 Pa. The flow rate



15 the application of the above high-frequency

el ectrical power, a treatnent tinme of not nore than

10 seconds per aching treatnent is preferred, and if

productivity is also considered, then a treatnent

time of not nore than 3 seconds is nore desirable.

[0058] Next is a description of a netal filmcoating

on the carrier surface according to 20 the present

enbodi nent. Even when the carbon accunul ated on the

carrier is subjected to ashi%@ usi ng the nethod

di sclosed in the present invention, the accunul at ed
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is subjected to a 10 heat tr ment. In the %orner

C asPecifivagdhs bhBe EduiphehOregBiel ANre@hiede ) 6f 1388WITLH preferred. Further
materials is conducted by magnetron di scharge,
beahsltgh-frdiperay eBasicdl pbeas@@ddiced Mitd e cEhHaIREfcaRY S@fin ad
deterioration in the purity of the process gas
(t yrprge dilomyl 0Pty FHOAY.) Mo ubr lbechufeteatiti® f tHicaeiBalis@eaccéiinies
quality of the fornmed filmitself also tends to

1 etthe dpplicatien of Fur dbbveerhigh-freqtidrey eleatitab povad aQreathe fainsef héte
carrier itself is also exposed to heating during the
submsdre tiare ] heeadnds per ashing treatment is preferred, and if productivity is also

b

considered, then a treatment time of not more than 3 seconds is more desirable.

[0058]

Next is a description of a metal film coating on the carrier surface according to

20 the present embodiment. Even when the carbon accumulated on the carrier is subjected

to ashing using the method disclosed in the present invention, the accumulated film may
not be able to be completely removed in some cases, such as when the surface of the
carrier has been subjected to surface roughening, or when the treatment time has been
reduced in consideration of achieving favorable mass productivity for the magnetic

25  recording medium. Accordingly, the carbon that has not been completely removed by



15 treatnment, the release of the outgas containing CO
and CO2 fromthe carrier surface is accelerated. This
outgas released fromthe carrier adsorbs to the
substrate surface prior to filmformation, causing a
deterioration in the magnetostatic characteristics and
the electromagnetic conversion characteristics of the
magneti c recording medium [0060] 20 In the present
invention, in order to resolve this problem a step of
forn1ng a metal filmon the Farrier surface is

f er abl rovided follow.ng the, st of . conducti,n
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and also increases the frequency with which the

15 artreatgrentynhs teldase of ¢l caitgedconfaoring ¢l sl C@afmomtbs carrier surface is

accelerated. This outgas released from the carrier adsorbs to the substrate surface prior to
film formation, causing a deterioration in the magnetostatic characteristics and the
electromagnetic conversion characteristics of the magnetic recording medium.

{0060]

20 In the present invention, in order to resolve this problem, a step of forming a
metal film on the carrier surface is preferably provided following the step of conducting
ashing to remove the accumu}ated carbon protective film adhered to the carrier surface,
but prior to a step of mounting a substrate for film formation on the carrier. Providing
this type of step has been confirmed to reduce the emission of outgas from the carrier.

25 [0061]




15 the filmthickness is preferably within a range
from30 to 200 A (3 to 15 nm, and is nore preferably
within a range from50 to 100 A (5 to 10 nm.

Moreover, the filmis preferably fornmed over the
entire carrier surface, without installing the types
of shields that are widely used for restricting the
filmformation region. [0063] 20 In the present

i nvention, the ashing treatneg% of carbon adhered to
the carrier and the coating eatnment of a netal film
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target material itself. If the surface of the target
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of the discharge beconme unstable during the coating

treat mempdosgf the carrier surface conducted follow ng
ashing, but the filmformation rate per unit of tine
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achi eve the desired coating film thickness, and
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501 illustrated in FIG 5 represents one exanpl e of

t healgppaeaesube frageady Woh whh thechiriagmitshiee replagei.eForalsiaé regsons,
and the formation of a netal filn1coatin% on the 15

1g ar i 8lm ihipkaese o peednady withima tange foore $@19t209 Av@ ft i50m), ahdiis
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more preferably within a range from 50 to 100 A (5 to 10 nm). Moreover, the film is
preferably formed over the entire carrier surface, without installing the types of shields
that are widely used for restricting the film formation region.
[0063]
20 in the present invention, the ashing treatment of carbon adhered to the carrier and
the coating treatment of a metal film on the carrier surface may be either conducted in
different chambers, or conducted as a series of processes within the same chamber. In

order to improve the effect of the treatments, the ashing treatment and the metal film

coating treatment are preferably conducted in that order, within the same chamber.




perform ng aching of the carrier and for coating the
surface of the carrier with a netal film and a
chanber 502 includes a carrier 503 for supporting a
substrate within a state of vacuum At this point, no
substrate is mounted on the carrier 503. Magnets 504
for formng a rotating magnetic field are installed
out si de the chanber, and are each rotated 20 at an
arbitrary rate of rotatlon using a drive device 510. A
metal target material 505 that® acts as the nateri al
used in formng the netal filmcoating on the carrier
| s i nst Hthesg caSFSn‘g*re&‘eth% Heatregnipeondugied Withinglareme ehafriber, d
fro the magnet 504 Penetrates into the chanber
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The power source 508 sup e el 8ctrica pome

10t Nadhachid 4ol tl\tﬂ&edﬂ‘v@rr EHe%gudéQ(‘?’mat lng it 18 eilil'r?lcotn }Qe Sitrier

generates the plasma with e oxygen- contalnlng gas,

durshiiie, tWchldn ERtd ddeérseaecfl}@btp @uqu this Reabl &9%Wen from the oxide.
enbodi ment. A hi gh-frequency power source or a

m cr owapg@sgour ce can be used as this power source 508.
The capacity of the power source 508 is preferably

suf fi ci eRbpraRus YPPilivstakd & AG! § lepRbenRANLExaRIeDP 1 Q%paratus
1,000 Wto the holder during aching discharge.

15 uldtefomondrictisOté €eridd Ashirplua@ine &Smbdva ofh fetar ﬁlﬁ?doatﬂQVéﬁ fthe
t hat causes di scharge of the
15 carrier in accordance with the present invention. This apparatus 501 is used for
performing ashing of the carrier and for coating the surface of the carrier with a metal
film, and a chamber 502 includes a carrier 503 for supporting a substrate within a state of
vacuum. At this point. no substrate is mounted on the carrier 503. Magnets 504 for
forming a rotating magnetic field are installed outside the chamber, and are each rotated
20  atan arbitrary rate of rotation using a drive device 510. A metal target material 505 that
acts as the material used in forming the metal film coating on the carrier is installed
inside the chamber, and a magnetic field 511 from the magnet 504 penetrates into the
chamber 502 and is formed on the surface of the target material 505. The chamber 502 is

provided with an exhaust port, and an exhaust pump is used to extract and remove gases

25  from inside the chamber 502. An exhaust volume control valve 506 that is controlled by



nmetal target material 505 within the gas conposed
mai nly of Ar, during the coating of the carrier
surface in accordance with the present enbodi nent. The
power source 7 is preferably a DC power source or a
pul sed DC power source. Further, the capacity of the
power source 507 is preferably sufficient to supply an
el ectrical power of 50 to 1,500 W 20 [0067] The gas
509 introduced into the chanber during the ashing
treatnent is preferably a ga¥ containing oxygen as
the main conponent. A m xed gas of argon and oxygen
nay? COBTY deving nakBawn Kiihe Hakiag s hepeeddp 56 theganusiaRiame e
contribution . to the aching treatnent that deconposes
andeHERHYEs Hisefrequenansledtielipeyr BoRPied|ioite ferisie03 pids e
CO and CO2. 25 the use of pure oxygen gas is . .
pr P@Rhes 02 ysiie e iehrfisARencyRANSE S%‘f‘ﬁég&t fhgﬁecafl@@ﬁt ipppplied to the
oxygen, 28 h as.nitrogen gas, can_adsorb to the.
e e matiial DS i R GUGICE BT Sl ARe) Bt Haie0s s
hanber ,..and are therefore undesirable. For the above
£ e dbiied i e B Py e € B TP Pen 2R s iyt efiifon
is(ﬁregegiply a high-purity oxygen gas having a purity
of HFT°TRSE "than 99.9% 5 [0068] The gas 509

i ntrodu into the chanber during the carrier coating

treatmnme tgﬂs preferably a gas containing argon as the

T 1 ORIy RSB R SR AR08 p G S

thi a%téﬁgyzg &n QEctmd%(, %gnegﬁe% thetSpZﬁélqg witRin itﬁevda(ggen-acohtgi\ﬂﬁg %ﬁ?%derﬁg the

t he degree of vacuum cau y gas adsorption

10L0 GAlef ésﬁi'hg oﬁﬂg pxjesQEnI J?I?Jo@imﬁt.e Aumgﬁ-ﬂec{uﬁ}gcly%owg%lgﬁr&ed} !

when generating the discharge from nmetal target

Bt Silodavdiofide Elbe LQUAL MY phRE s6@BE 5039 Thi EdPhcidylof ihd power
necessary to ensure that the filmformation ' rate per

uni dour@d 5081 i§TBrefefnbFBLMAC RN Shplly ah BRHTERX b&MMPYSSE 1 BOEW to the
| evel , and therefore the use of an argon gas having a

purtiolaér @king &shirdg@%shdrgtan 99. 9% i s fundanmental |y
preferred. 15 [0069]
[0066]

15 The power source 507 supplies the electrical power that causes discharge of the
metal target material 505 within the gas composed mainly of Ar, during the coating of
the carrier surface in accordance with the present embodiment. The power source 7 is
preferably a DC power source or a pulsed DC power source. Further, the capacity of the
power source 507 is preferably sufficient to supply an electrical power of 50 to 1,500 W.

20 [0067]

The gas 509 introduced into the chamber during the ashing treatment is preferably
a gas containing oxygen as the main component. A mixed gas of argon and oxygen may
also be used, but because the argon gas makes no contribution to the ashing treatment

that decomposes and removes the accumulated carbon film in the form of CO and CO,,

25  the use of pure oxygen gas is preferred. Furthermore, gases other than argon or oxygen,



When the present invention is realized using the
apparatus illustrated in FIG 5, the gas used for the
ashing treatnent and the gas used for the formation of
the netal film coating may be introduced into the
chanmber through the sane inlet tube, but may al so be

i ntroduced through separate inlet tubes. 20 [0070] The
ashing treatnent of the present enbodinent is

initiated by housing the carrier 503, with no
substrate nounted thereon, inide the chamber 502 that
is held in a vacuum state of not nore than | x 10"4
Pa,SUAd MRS &35 G4 a9PTh Fehgearder Qv ariedlis degre Rffyaspymyinside the
Subsequent |y, oxygen gas is_introduced fromthe gas
 nicBtmes gad ée@,ef%(% undtrablS t FroPeAPRY 8o rifs oty egnagag wsed for
506, i s used to regul ate the exhaust volune and hol d

© hehsFBE ifaumetn s Pt hos B PRHRABEEN P PHITE AP @t ess
fron1é 59 5 Pa, and a hi gh-frequency el ectrical power

i s WaReR: applied to the carrier 503 fromthe power
;source EBg From a practical perspective, the

hi gh-fr quéncy el ectrical power applied preferably has

f 13.56 MHz. h I | withi :
Fange 10100 TEHERICUS tr Ber ¢ ORA D ue: el o

[ . J: Bt .of 1] nd
O SR A0 18 SoRSk Pl AR i b B

. | vi i gh-f .

pr SPGBl gl R skhidfhoh By 1:OR: b ERHAREY WY o i o
£ 0 101 MhvilVRNBRYRE in thdladeRE TBvAR B o) saaramr#;cﬁ)ﬁt&h et ¥
wi th practi cal |néhstr|al producti on, fie as I ng

10t T QALRE ARG & sheRESE Glaadhde COMRELWREh WhiltB 1R dd-hBeom the

approximately 2 to 5 seconds. The ©oxygen gas

| Ntk e 8 maidhif uldaGorGhaiiehe MRS HIRER isklcds QR 18 @bduRMhat the
under the influence of the high-Trequency el’ectrica

PoviBi fafatibbdtetper dnfiOf tihiéds nla®iaiRQ3t the ki HBRPBRAKESve], And
forman oxygen plasma. At this tine, the plasm is

MRl thdrafole AABE b A taRdn pds hbVIBe PPStY bOTdt MEIQKR 99 0% is fundamentally
hi gh-frequency el ectrical power is introduced and at

t herabraadp edges of the carrier, resulting in
unsati sfactory ashing of the flat surfaces of the
lxcarrier[00asid therefore the magnets 504 are used to
focus the plasma. 15 Moreover, in order to increase
t he anoWiien Ok peesdni ingengen is wgalizedofing thewppatans ilimagnet is FEQ4,
are
the gas used for the ashing treatment and the gas used for the formation of the metal film
coating may be introduced into the chamber through the same inlet tube, but may also be
introduced through separate inlet tubes.
20 [0070]
The ashing treatment of the present embodiment is initiated by housing the carrier
503, with no substrate mounted thereon, inside the chamber 502 that is held in a vacuum

state of not more than 1 x 10 Pa, and then closing the gate valve on the chamber.

Subsequently, oxygen gas is introduced from the gas inlet tube 509, the exhaust volume

25  control valve 506 is used to regulate the exhaust volume and hold the pressure inside the



preferably rotated using rotational notors 510,

thereby formng rotating magnetic fields. By formng

this type of rotating magnetic field, the plasm that

effects the ashing is inparted with kinetic energy,

causing the plasnma to flow across the holder in a

di agonal direction while sweeping out a helica

trajectory. The oxygen plasma that contacts the 20

carbon on the carrier surface initiates a reaction

with the carbon to form CO am® C02, and therefore has

the effect of rennvin% the carbon fromthe hol der

surchaeler withip arawge fre 2 toPadpd Crigh-frequgnayisleciing ppver. is then

this tinme, the oxygen plasnma not involved in the

r ederlicdip ﬁh%f%fr'fﬁéoil gOfPH@ PRYET seuce PR$q KEam Epragtisplperspective, the

ctory, and . contributes to the ashing process
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rotating magnetic fie bsit1on
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p05|t|on|ng a rotating body inside a vacuum

envihdi R BRREnraRA &k tRPR)s bR Fhde th'é RloRilcqRaty é#éc'tr}égl JoRECE
fromexternally to an internal rotating body are -

di fifhdaudeti afdA tHRGharp PALRS 61 1RO aRrick FesuRin S AatiBRdRYy ALHMIG the
the degree of vacuum and the cl'eanliness, the rotatlng

nMagmeiisfaik of e EfrBdradil YheRGStE tHe ARABKELOION SletiGedtth BcGNBOPSIma.
Furthernore, the rotational speed of the magnets used

15 orméresvet, ipriidi o ih@tat tHgmidwg Beishitig bérhid 8f tinfe, th Rlagadtd 304 are
within a 15 range from60 to 800 rpm and is
pr gfreferalldy yotdedosing dddattional@miidors H¥O, thereby forming rotating magnetic fields.
By forming this type of rotating magnetic field, the plasma that effects the ashing is
imparted with kinetic energy, causing the plasma to flow across the holder in a diagonal
direction while sweeping out a helical trajectory. The oxygen plasma that contacts the
20 carbon on the carrier surface initiates a reaction with the carbon to form CO and CO,,
and therefore has the effect of removing the carbon from the holder surface by releasing
CO and CO; into the chamber. At this time, the oxygen plasma not involved in the
reaction returns to the helical magnetic field trajectory, and contributes to the ashing

process when it next makes contact with the holder. Accordingly, using a rotating

25  magnetic field causes a dramatic increase in the number of chances for contact between



[0072] The generated oxygen plasma reacts with the
accunmul ated carbon filmon the carrier surface,
converting the carbon to CO and CO2. By using the
exhaust punp 512 to externally discharge the
conpletely gasified CO and CO2, the carbon on the
carrier 20 surface is renoved. Wien the ashing
treatment is conplete, the oxygen gas supply from the
gas inlet tube 509 is halted, and any residual oxygen
gas is discharged fromthe Jfanber using the exhaust

512. ubse uent | t gate val ve provided on the
et AR/ AR R MR R M

e chapber. 50 nced, hut if the gate valve
|srgﬂ@ﬁgg @@P&%ﬁ“@ﬁé RS "Phses generated inside
the cha T 25 502 by the ashing treatnent and the
oxygen @g lhave been satisfactorily discharged fron131
t he cha t hen these %%3 s are released. into th

e
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the size of the chanber, the exhaust punp 5 ﬁas an
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or greater prefera y 2,000 liters per second or
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invention refers to a process of using a p asna

gagirdfyratddil térmeoMBaihthiQing &eldogred sflvaduamGatie @lealined3, tﬁé"i@tatmg
el ectrode 511. Exanples of the plasm generated

durmhaggett 43¢ PreferadBgBSitidriae butsl@e RO CHRANPEE Fulhed 8, thérotational

hydrogen plasma or a hal ogen gas plasma. As described

aboped ofithe oxgrgamsqil fasthaniddthe ecoHnpmsgrtit RadCiarypRalywithiA a

into CO gas and CO2 gas, whereas it is thought that a
15 range from 60 to 800 rpm, and is preferably from 300 to 600 rpm.

[0072]

The generated oxygen plasma reacts with the accumulated carbon film on the
carrier surface, converting the carbon to CO and CO,. By using the exhaust pump 512 to
externally discharge the completely gasified CO and CO,, the carbon on the carrier

20  surface isremoved. When the ashing treatment is complete, the oxygen gas supply from
the gas inlet tube 509 is halted, and any residual oxygen gas is discharged from the
chamber using the exhaust pump 512. Subsequently, the gate valve provided on the
chamber is opened, and transfer of the carrier out of the chamber 502 is commenced, but

if the gate valve is opened before the CO and CO, gases generated inside the chamber

25 502 by the ashing treatment and the oxygen gas have been satisfactorily discharged from



hydr ogen pl asma deconposes the carbon filminto Cl-14

gas or the like, and a hal ogen gas plasna deconposes

the carbon filminto a halide gas. O these, the use

of an oxygen gas plasma is preferred in terns of the

carbon filmrenoval rate. [0074] 20 As illustrated in

FIG 5, the formation of a netal filmcoating on the

carrier in accordance with the present enbodi nment

i nvol ves housing the carrier 503, with no substrate

nmount ed thereon, inside the cHanber 502 that is held

in a vacuum state of at Jleast | x 10-4 Pa,

i ntthodasbarghen thess coseraraielrhyed imaiha hoxt lragber, hiolms tuhdesigrbie.

inlet tube 509, wusing the exhaust volunme contro

valArgogpalyt ence tahg ashérngareptmentdh bags rompiétedythe grudi obldme bentrol

25 pressure inside the chanber within a range fromO0.5

t o VRIve Sghiis Pestrapbhiamedigislyyetrig the mixineus exbaust rgigr Adhqugh

el ectrical power to the netal target material 505 from

t hele Eﬁ@a@f 0% B PEdugigy rate ofthelsayttegingiinpaiatus e yhotr: thpethsed

fo gh frequency power ¥ be used, but in
meé}?m ¢ KiNRAPRGHY 1F BOIGR Ao Plefed A R QRS e - Sr%fcélds and

per. it of time, the use of a direct current powe
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es ’ion éggelntroduced into
1d he cha L t her eby convertlng the gas to an argon
plasma. " I'n“order 10 to focus the generated argon

pl asme, Tltleha@m% @é%eh % tg%ﬁ'gsreﬁtq emlénr}a }sqet ‘Inracesst ofd ugng a

the rotating nagnets positioned outs
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target material, the argon gas plasm c netal

at nyrgfrogé?lfplzisﬂﬁ ot @l‘izﬂ%@n Eie@tpﬁagdlﬁl ad &s&crib}fd Sole, at &@%&Péfasma

causi ng sputtering. argon pl asma t hat does 15 not
15 Orteédnipdics tHeQatbBefilBPitlol(®S §28 Gnd @@ﬁga@,swﬁe&ag ing toebi: 6al a

trajectory, and contributes to t
hydrogen plasma decomposes the carbon film into CH, gas or the like, and a halogen gas
plasma decomposes the carbon film into a halide gas. Of these, the use of an oxygen gas
plasma is preferred in terms of the carbon film removal rate.
[0074]

20 As illustrated in FIG. 5, the formation of a metal film coating on the carrier in
accordance with the present embodiment involves housing the carrier 503, with no
substrate mounted thereon, inside the chamber 502 that is held in a vacuum state of at
least 1 x 10™ Pa, introducing a gas containing mainly argon from the gas inlet tube 509,

using the exhaust volume control valve 506 to regulate the exhaust volume and hold the

25  pressure inside the chamber within a range from 0.5 to 1.0 Pa, and then applying a direct



sputtering process when it next inpacts the target
material. Accordingly, using a rotating magnetic
field causes a dramatic increase in the nunber of
chances for inpact between the argon plasma and the
target material, resulting in an inprovenent in the
coating rate of the carrier surface per unit of tine.
The rotating magnets are installed in opposing 20
positions with the target material and the carrier
sandwi ched t herebetween, but ?% the sane poles of t he
opposi ng. magneti c flelds are synchronlzed W t
sanBEHALErca] RRyer i ‘@ﬁ{B‘F‘Q BigeRAHRb P tom th%@‘ﬁ’@t’ F%‘rce 507.

| ose u and

fiel.ds causes the asma flow to niformt

t heibes @fﬁﬁféﬂ%%?ﬁ%@wwr Bighffeaupr IR LBy, D qtﬁecﬁhw in terms
asy onous. an ase state. Furthernore,
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magnet i .c na% or a
lS re%lera%fy com ltg n al}l € Cﬁg?})r m’l telé ftO SCCO]’I
nagnetl? terlal |s forned then t he holder |tself
becones égg%etlc and therefore a non- magnetic
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itself may er a sin

el eé’!;@ mtrogﬁce@mmech@éhaﬁl)éroﬂﬂergwgoﬁ{'cﬂliﬂégheagap{oléﬁ q}g'oh ¥]a§#na In order
el enents, although an al [ oy conmposi tion that includes

1Tt @lfoking S8netafed ldfg@lﬁ‘?lla&ﬁ@ kR pBiSmh Is irhSart@®Yith fel%atctenérgy B)hﬁe
rel ease of gas fromthe oxi des. Mreover, the use

met Rlatifi@hegnke@k04 foiRbne@oMshk iR cRanfed RadsBY ﬂJe fkma to flow across
oxi dative reactivity is also undesirable. f 77]

Fur thb ef gt geriaMiendidfoondrding@ibh @hild swekpy dub£hdtiodl fidaREtory. Upon
surface, if the filmis too thin, then the

S upipfpaa it healiffe bf Batatdemereilif)ase drgonFadipiiila,calBEh@@ASitoms
if the filmis too thick, the 15 total anount of the

met &fl thd talgpa riatdriaeyd {19 o) therebyodadsiig spireri@@ SHE argon plasma that does
significantly, which may cause peeling of the film
15r omt tdveritug to éie spuatadingaksions itanibe Baisd Srajetreryf and goreriioyeswd thh
! s(i)rllttering process when it next impacts the target material. Accordingly, using a rotating
magnetic field causes a dramatic increase in the number of chances for impact between
the argon plasma and the target material, resulting in an improvement in the coating rate
of the carrier surface per unit of time. The rotating magnets are installed in opposing
20  positions with the target material and the carrier sandwiched therebetween, but if the
same poles of the opposing magnetic fields are synchronized with the same phase, then
repulsion between the magnetic fields causes the plasma flow to lose uniformity, and

therefore the matching poles are preferably in an asynchronous antiphase state.

Furthermore, the rotational speed of the rotating magnets used for forming the rotating




the hol der nust be replaced. For these reasons, the
filmthickness is preferably within a range from 30
to 200 A (3 to 15 nn), and is nore preferably within a
range from50 to 100 A (5 to 10 nm. Moreover, the
filmis preferably forned over the entire holder 20
surface, without installing the types of shields that
are widely used for restricting the film formtion
regi on. EXAMPLES [0078] 34 Exanples of the carrier
ashing and the formation of &3netal filmcoating on
the carrier according to the present invention are
dedragngsisdieldeis sypically wﬁb‘a@ﬁaﬂeﬁﬁ% PR PP P ppd istPredeiatlsfrom
not, Jimted solely to these exanples. (Exanples | to
15)30ét°%0h5??3'rragneti c substrate conposed of a
NiP-plabg%saluninun1substrate was supplied to the
chanber la sputtering filmformation apparatus using

a substrate .transport.devj.ce nd the,inside of the
chanbor TTHEe e HETACBE EGH G o o Y FOHOB e of
o R P BB S BB AR 8
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substrate inside the sputtering chanber, and a carbon

1er %e@qgéu}{% thé leBagfor %ﬂ' fRORTHRS Sxidhl. Ielo%s‘ertth@@sefopﬁ REl herial
the Substrate by plasma 15 CVD in a CVD chamber. At

t i tfar LiHBs 2 GRh QB WRgid&Alve eeamgmws@tuﬁ@es%lé. he carrier
surfaces near the substrate. [0079] Subsequently, the

substrafog7was renoved fromthe carrier inside the
chanmber

Furthermore, when forming the film on the carrier surface, if the film is too thin,
then the suppression effect on the outgas is minimal, whereas if the film is too thick, the
15  total amount of the metal film formed on the holder increases significantly, which may
cause peeling of the film from the holder, and also increases the frequency with which
the holder must be replaced. For these reasons, the film thickness is preferably within a
range from 30 to 200 A (3 to 15 nm), and is more preferably within a range from 50 to
100 A (5 to 10 nm). Moreover, the film is preferably formed over the entire holder
20  surface, without installing the types of shields that are widely used for restricting the film

formation region.

EXAMPLES

[0078]



using the substrate transport device. The carrier from
whi ch the substrate had been 20 renoved was then
transported into the next chanber. Subsequent
treatnments are described below using FIG 5 for
reference. Oxygen gas was supplied to the chanber
fromthe gas inlet tube 509 shown in FIG 5, and the
exhaust vol une control valve was operated to adj ust
the pressure inside the chanber to a value within a
range from1.5 to 5.5 Pa. Sulfsequently, a 13.56 MHz

hi gh-frequency bias electrical power of 300 to 500 25
W was apiAmrieg of the caeer@aliing and teggrmapien eftsi metal ififpe coatihgeon the
rotating magnets 504 were either 35 rotated at a
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gev al uat BFOBY2ENHE SOSFAHEPPA 067 NEPIREY P PIRIR Rybsicate was

bef . fter the ashing, treatment. 0080] As i

v RS P o S s T SRR o el BRSPS | n
th f .k nt.r.od d tati netic .

£1 QT PORHEVice, ghd s inyide O e cpeper wat &Y pohiea ESiow g fyppletion of
fil i g i gni.f.i nt | nd the difference in

{ bR ey nG RS 2 ek Bl RO M8 b TSR IR Spiefg on

of a%.!%%o X htr"jﬁig{;m gﬁ& c%nqﬁ?githilx 91%%}Juuml\ég\r/ieo%\rﬁgrqt’insilcfe ﬂyf\%ﬁ%jnbﬁé

contirne avor abl'e ashi ng pertornmance coO

S SeTESUED Lyl 45693 TR 08y YT g

di fd; .1 Ompose nd a‘Ma ic recor. ayer
| IS epangs. dn@]vlﬁlhé}po%tpﬂ,t Bode BPYA dr%Ert?ﬁ%gPJ 'af}lgll ggpef

and | ower surfaces o e carrier when F ot a
Megigbbsed b &, Ghich rdpRsert DL EOAYGRA td Rorm LRGN ' i
refl e%:)tS t he f’actc trélg)ateéege;usg thé apr)rBIrll%cat|%lr%tr%f)_rd%nﬁénedmm’

hi gherd forfHdeAGHe @HREMLIAE subdiaiBside thelsPGteRAS Hafberl Md a
conducted via the upper surface of the carrier, the

OX Ye@®Bn PoREHWR film of thickness 50 A was then formed on the substrate by plasma

15 CVDina CVD chamber. At thistime, carbon was also accumulated on the carrier

surfaces near the substrate.
{0079]
Subsequently, the substrate was removed from the carrier inside the chamber

using the substrate transport device. The carrier from which the substrate had been

20  removed was then transported into the next chamber. Subsequent treatments are

described beléw using FIG. 5 for reference. Oxygen gas was supplied to the chamber

from the gas inlet tube 509 shown in FIG. 5, and the exhaust volume control valve was
operated to adjust the pressure inside the chamber to a value within a range from 1.5 to
5.5 Pa. Subsequently, a 13.56 MHz high-frequency bias electrical poWer of 300 to 500

W was applied to the carrier 503. At this time, the rotating magnets 504 were either



Is concentrated around this point of electrical power
application, thereby increasing the 20 renoval rate on
the upper surface. It is thought that introduction of
the rotating magnetic field causes the oxygen pl asma
to be drawn uniformy around the vicinity of the
carrier, resulting in nore uniformashing. [0083] 36
Moreover, it is thought that because the helica
trajectory magnetic field |nproves the ionization
efficiency of t he oxygen gas,3% he di scharge continues
even under |ower pressure, resulting in a nore
f aVBiREH e ra@peTaLsPersiof 00 aRcer WerEemRsddronghe paatus. The
non netic substrate conposed _of a N P-pl ated
al dﬁ?ﬂ%mtglt?dglt%‘t’@%@ Plasmpyas @véthing ringe fremd Pe 2-8 gecopds.
filmfornati on apparatus using a substrate
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environﬂﬁ i nsi de the chanber. The surface of the
carrier ad been subjected to a sandblasting

treat mem 1s%gglt?r%91 C’gtragleqow %eo a%ﬁt was condu ad }’rllqgfieégsgﬁge of an

film conpose § 4 RLOF
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chanber, and a Carbon protective

10A V&@ﬁact:mhe]cﬁrrfepﬁééﬁgse@.n the substrate by plasm CVD in
a CVD chanber. At this tine, carbon was also
accunul gbgd on the carrier surfaces near the
substrate. Subsequently, the substrate was renoved
from t hRiofeddr] i€Was offirthed thBe: RNRMIEEshis bdHbrrhdh€e could be
substrate transport device. The carrrer from which
t henssnthifddreatewittdioReaias Vi ad aWaser thatbet frafigpor t ed
into the next chanber. Subsequent processes are
descri bpdshiel ow using FIG 5 for reference. 20 Oxygen
gas was supplied to the chanber fromthe gas inlet

15t ube 50%hesghendmenson whetzin Hdifference develops in the removal rates for the upper

(%]

and lower surfaces of the carrier when the rotating magnetic field is not introduced is
thought to reflect the fact that because the application of the high-frequency electrical
power to the carrier is conducted via the upper surface of the carrier, the oxygen plasma
is concentrated around this point of electrical power application, thereby increasing the

20 removal rate on the upper surface. It is thought that introduction of the rotating magnetic
field causes the oxygen plasma to be drawn uniformly around the vicinity of the carrier,
resulting in more uniform ashing.

[0083]



and the exhaust volume control valve was operated to
adj ust the pressure inside the chanber to a value of
5.5 Pa. Subsequently, a 13.56 MHz hi gh-frequency bias
el ectrical power of 300 Wwas applied to the carrier
503. At this tine, the rotating nmagnets 504 were
rotated at a rotational speed of 600 rpm 25 [0084] 37
Fol | owi ng conducting an ashing treatment by exposure
to an oxygen plasnma discharge for 3.0 seconds, the
supply of oxygen gas from thedgas inlet tube 509 was
hal ted, and the exhaust volune control valve was
oper at edlofegvasxihia thoughy that besaviseltha heligalgrajefrogrmagneticdield inroves
chanmber. Subsequently, the carrier was transferred to
t hehsignization efifpiency ofthe OgYEER Eegothe diashanga sonsinwrs keveadindey Iaviee
chanber, the pressure inside the chanber was held at
0. Presre, gesplting in g nywotaygrahle eshing perfarmencewas appl i ed f or
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t arl§¥mAfakOeri al 505, thereby causing magnetron
sputtering of the CTi alloy target material 505 in
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hi rsa“?PﬁU %Vt“’red%\{ P aime PP 4 EFBley Wéirt 4 InF IR etaRg féernber was

th enab the filmformation

Stk Tt it gc%?‘ﬂ‘iﬂ"f‘&ﬁ@%ﬁ?ﬂﬁ“iﬁ‘hg’f’ﬁés GBS FaPess
d
o TS e SR e
ld; g%@n‘fé‘%"g’% ugg?t{eqlge @amaetor Il"p sugfa ace o% ﬁ]e am%r é’xag \gﬁep\év%&etcted

V\BS con
s e £ S AR R

Met@land i h—;gg}n‘é@@rte&d?cgné ﬂyé%@rﬂﬁo@&%f \;vllﬂ& rreSIIegﬁtslgyers re(ﬁlred to
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into the chanber by the carrier were eval uat
1 eskbideShebutteRBg crARib&Y HdUahibe SroRkfe IR WhicRnel&dd £ wés then

15  formed on the substrate by plasma CVD in a CVD chamber. At this time, carbon was
also accumulated on the carrier surfaces near the substrate. Subsequently, the substrate
was removed from the carrier inside the chamber using the substrate transport device.
The carrier from which the substrate had been removed was then transported into the
next chamber. Subsequent processes are described below using FIG. 5 for reference.

20 Oxygen gas was supplied to the chamber from the gas inlet tube 509 shown in FIG. 3,
and the exhaust volume control valve was operated to adjust the pressure inside the
chamber to a value of 5.5 Pa. Subsequently, a 13.56 MHz high-frequency bias electrical
power of 300 W was applied to the carrier 503. At this time, the rotating magnets 504

were rotated at a rotational speed of 600 rpm.

25 [0084]



(Exanples 17 to 22) A carrier aching treatnent and a

nmetal filmcoating treatnent were perforned in the

same manner as exanple 16. The treatnent conditions

and evaluation results are detailed in Table 2. In

exanpl es 21 and 22, the carrier ashing treatnment and

the nmetal 25 filmcoating treatnent were conducted

within a single chanber. 38 [0086] As is evident from

Tabl e 2, when oxygen gas ashing was perforned

following the CVD filmformaiion, the ion

current-neasuring type gas detector recorded an
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was used, even though the same chanber was use
1§hqeg%yg§nw%gd§§§|ggnand the netal filmformation, the

target materi al ot oxidi ze during the ashing

[0085]

In order to confirm the effect of this metal film coating in suppressing the release
of outgas from the carrier, a gas detector was installed in the chamber 506, and the gas
components released into the chamber by the carrier were evaluated. The results of the

20  evaluations are shown in Table 2.
(Examples 17 to 22)

A carrier ashing treatment and a metal film coating treatment were performed in

the same manner as example 16. The treatment conditions and evaluation results ére

detailed in Table 2. In examples 21 and 22, the carrier ashing treatment and the metal

25 film coating treatment were conducted within a single chamber.
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treatnment, the netal filmformation rate did not
decrease, and the em ssion of gas from the carrier
was able to be suppressed. [0087] [Table 1] 25 39
H gh- Oxygen Chanber frequency Treatnent Accunul at ed
carbon fil m Magnetic supply rate pressure el ectrical
time renmoval rate (% field application power Upper
Lower Upper/lower (sccm (P a) (VIA (seconds) surface
surface difference Exanple 1 None 500 5.5 300 2.8 27
21 6 Exanple 2 None 500 5.5 300 2.8 39 31 8 Ex anple
3 None 300 5.5 500 2.8 54 40 14 Exanple 4 None 400
4.5 500998Q 29 23 5 Exanple 5 None 300 3.5 500 2.8 30

22 8 Example 6 _None 200 2.5 500 2.8 25 21 5
As g%vident from Table 2, when oxygen gas ashing was performed following the

CVD film formation, the ion current-measuring type gas detector recorded an increase in
the ion current values for CO and CO,. This phenomenon was observed to display the
5  same trend regardless of whether the ashing was conducted using a rotating magnetic
field or without using a magnetic field. In contrast, when the metal film was formed on
the carrier surface, there was a confirmed reduction in the ion current values for the
above gas components. When the CrTi film was formed in the same chamber as that
used for conducting the ashing treatment, no reduction in the ion current was observed.
0  On the other hand, when a film of Ru was formed in the same chamber as that used for
the ashing treatment, the ion current was reduced. These results are because the CrTi
target installed inside the same chamber as that used for the oxygen ashing underwent
oxidation, resulting in a marked deterioration in the film formation rate during the metal
film coating treatment. This oxidation was confirmed by the fact that the voltage applied
5  tothe CrTi target during sputtering discharge of the target increased by approximately
15%, and the fact that the film thickness of the film actually formed on the substrate was
reduced to only approximately 10% of the film thickness obtained when oxidation did
not occur. On the other hand, in the case where a target material with a low oxidative
reactivity such as Ru was used, even though the same chamber was used for the oxygen
0  ashing and the metal film formation, the target material did not oxidize during the ashing
treatment, the metal film formation rate did not decrease, and the emission of gas from
the carrier was able to be suppressed.
[0087] |

[Table 1]




Exanpl e Rotating 500 5.5 300 2.8 50 51 -1 7 Ex anple
8 Rotating 500 5.5 300 2.4 42 41 2 Exanple 9 Rotating
500 5.5 300 2.0 36 37 1 Exanple 10 Rotating 500 5.5
300 1.6 28 28 0 Exanple 11 Rotating 500 5.5 400 1.6

77 78 -1

Rotating 100 1.5 500 1.6 55 56 -1

Exanpl e 12 Rotating 500 5.5 500 1.6 93 94 1
Exanple 13 Rotating 300 3.5 500 1.6 52 53 -1 Exanple
14 Rotating 200 2.5 500 1.6 52 53 -1 Exanple 15
[0088] [Table 2] 40
Ashin Metalfilmecoatin lon clent (A CD Chanber

out put nmagnetic Chanber Material Thickness (A (A CO
COo—Ttierd High-
. Oxygen | Chamber | frequency | Treatment Accumulated carbon film
Magnetic . .
field supply rate| pressure | electrical time removal rate (96)
application R - L Uonerl
pper ower pperilower
nd
(seem Fe) ) (seconds) sutface sutface | difference
E“T‘ple None 500 5.5 300 28 27 21 6
Exa;“ple None 500 5.5 400 2.8 39 31 g
"‘xa;“ple None 500 5.5 500 23 54 20 14
Example
4 None 400 453 500 28 29 i 5
Example
s None 300 3.5 500 28 30 22 8
”‘xa:‘pl" None 200 2.5 500 28 25 21 5
Example .
7 Rotating 500 5.5 300 238 50 51 -1
Example .
o Rotating 500 5.5 300 2.4 42 41 2
Exampl
”'xa;"f’ | Rotating | 500 5.5 300 2.0 3 37 B
Example .
10 Rotating 500 5.5 300 16 28 28 0
Example . .
1 Rotating 500 55 400 16 77 78 -1
Example . .
12 Rotating 500 5.5 500 1.6 93 94 -1
Example . .
13 Rotating 300 3.5 500 16 52 53 -1
Exampl
’“‘I‘:P ®! Rotsting | 200 2.5 500 16 52 53 1
Example .
5 Rotating 100 1.5 500 16 55 56 -1
[0088]

[Table 2]




Exanple 16 50 A 3A 300 Yes 3B C' T

Exanple 17 0 None 3B CxTi

50 2.3E-12 4.5E-12

1,000 1.4E12 1.4E-12

Exanpl e 18 50 A 3A 300 No None 1.2F"11 2.3E-11
Exanpl e 19 50 A None None 8. CE12 7.4E12 Exanple 20 50

A 3A 300 Yes None 1.5E. 11 2.5E-11

300 Yes BACTi 51

300 Yes 3A Ru SD 1.9E-12 3. 0E-12
APPLI CABI LI TY [ 0089]
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INDUSTRIAL APPLICABILITY

5 According to the method for manufacturing a magnetic recording medium of the

present invention, which employs ashing of the accumulated carbon film on the

substrate-supporting carrier and a cleanliness retention technique that uses a metal film

coating, when a carbon protective film is formed on both surfaces of the magnetic

recording medium substrate, the carbon film that accumulates on the carrier surface is

10 able to be effectively removed by ashing, meaning the problems caused when the film

detaches to form particles that subsequently adhere to the substrate itself can be

effectively suppressed.

Furthermore, by coating the residual film that remains on the carrier surface

following ashing with a metal film, outgas from the carrier can be suppressed.




41 CLAIM5S 1. A method for manufacturing a magnetic
recordi ng nedi um by nounting a substrate for film
formation on a carrier, sequentially transporting said
substrate into a 5 plurality of connected chanbers,
and form ng ‘at |east a magnetic filmand a carbon
protective filmon said substrate for filmformation
wi thin said chanbers, wherein said nmethod conprises a
step of conducting ashing to renove an accunul at ed
carbon protective filmadheréd to a carrier surface,
whi ch is perforned follomﬁnﬂ a step of renoving a
magneti ¢ recordi ng nmedi um aid carrier follow ng
filmformation, 10 but prior to a step of nounting a
substrate for filmformation on said carrier. 2. The
nmet hod for manufacturing a nmagnetic_recordi ng nedi um

acdor di Agrethed &r gapyfacturing 3 magagtic sespydinednedymbydpQiptipg a
f i n tal filmon a carrier surface, which is
oer PSRTB P 1T fosmRing CB AeTien SAUall SRETTEE T P ST g 2
) | ated carpon. 15 protective. fil
R T R
ti bstrate for .. filmformati an on  sai )
caPp® SRt bRt o faitieSeEhiRg R
Lecor & A RERAMBAREL L8R 8 Moy Bnghe LRl
. ect | film adhere 0. a
oo B AUELLE R Ahcel (PLARRELIE LhIM NGRS i Pes sieo
S _ _ c A . _
O haE R g L2082 RaSATAHCLY ! A B Bl o
10" €& FHoP@ RPHMLARRL L St Br ﬁl:rrﬁi}oml iofbn &id WARE.EI N
sai d ashing to renové an accunul ate car%on protective
filmadhered to a 25 carrier surface is conducted
using a plasma conprising oxygen. 42 5. The net hod

f ora. manufeaditdl tdnuiBERSL d Badn@fQtQrditk MBREINBcording to claim
according to claim 4, wherein an external magnetic

fi @l firth& cappsirRd ste of Anflinp b BRAPHIGOIFR daicNEhriAeeY GRiBh is
t hereby concentrating a plasna causing said ashi ng at

a gafférimed foHbWin@€#d step of conducting ashing to remove an accumulated carbon

N

15 protective film adhered to a carrier surface, but prior to a step of mounting a substrate for

film formation on said carrier.

3. The method for manufacturing a magnetic recording medium according to claim
1 or 2, wherein said step of conducting ashing to remove an accumulated carbon
20  protective film adhered to a carrier surface and said step of forming a metal film on a

carrier surface are conducted within a single chamber.

4, The method for manufacturing a magnetic recording medium according to claim
1 or 2, wherein said ashing to remove an accumulated carbon protective film adhered to a

25 carrier surface is conducted using a plasma comprising oxygen.



5 6. The nethod for manufacturing a nmagnetic recording
medi um according to claim 5, wherein said nagnetic
field applied to said plasma during said ashing step
is arotating magnetic field that sweeps out a
helical trajectory. 10 7. The nmethod for manufacturing
a magnetic recording nmediumaccording to claim 2,
wherein said step of formng a nmetal filmon a carrier
surface is conducted by a magnetron discharge
sputtering nethod that uses ré3tating magnetic field
assi stance. 8. The nethod for manufacturing a nagnetic
recordi ng medi um according to claim 15 2, wherein
said netal filmfornmed on a carrier surface is a netal
mater i all heTBsHRadgon mapulagiuring hegaeticraesrding mediur accTidimg to claim
met hod for manufacturing a magnetic recordi ng medi um
ac ColBTFiRy 27 gxisEnah magnetic filh isepplied susait Masmalcomprisiag ioaygen,
havi ng | ow oxi.dative reactivity conprises one el ement
20 REETOY CONSENRHBA BIpRASRIRG SEie g MEATBT SRiace. AU, Pd
and Pt. 10. An apparatus for manufacturing a nagnetic
recordi ng medi um having a plurality of connected

ch%nber anﬁ %n mhl& Iurallt of thin filnms are
| afi nat £ BA"OS fer ‘é&"é” FTRRENEYq rﬁﬁof%?%?q‘%a"ﬁﬂ}fdmg to claim

seque t|aII trans substrate.to each of
sagd i anber g sa%lgmu1p ??%%nge%éﬁﬁar’g%l "&rﬁ{’j‘”%ﬁﬁi FiphiteRgs arotating

th b rateforf | mformation,
V\hlggg}l;ém?glgnha&“éee%\ss%ég i RSB Ises a chan‘loer f or

renmovi ng a magnetic recording nediumfroma carrier
following filmformation, and a chanber for nnunting a

10SUBST T ahl f ifoqfrl N arrier fromwh
a substr at eé?lL od f&rg?g#a?[n{%v enga gtlc d’ecolr med msr} acg(érgmg to clalm
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bebWeRReis @1@5‘[%%? er%tagh fn b £Ca§'l‘9Jr s??ac‘? i %Mdncqfcﬁbs haI ng

to renove an accunu on protective

adRRERgoh Bisthafzd Eﬂdtt@rrngstﬁ{ertl'foﬁ‘ﬁ%t u%}rota-{:ag g@%ﬁﬁg YRS dlstgnce

manufacturing a magnetic recording m accor
claim 10, further conprising a chanber for formng a
netal filmon a carrier surface between said chanber

f o8, conTheGhdttidg féShknOfbctlithglaG RN & cBELoRETURE A ﬁ:gor&ﬁé RO
protective
2, wherein said metal film formed on a carrier surface is a metal material having low

oxidative reactivity.

9. The method for manufacturing a magnetic recording medium according to claim
8, wherein said metal material having low oxidative reactivity comprises one element

selected from the group consisting of Ru, Au, Pd and Pt.

10. An apparatus for manufacturing a magnetic recording medium, having a plurality
of connected chambers, and in which a plurality of thin films are laminated on a substrate
for film formation by sequentially transporting said substrate to each of said chambers

using a carrier and then forming a thin film on said substrate for film formation, wherein



10 filmadhered to a carrier surface and said chanber
for nmounting a substrate for film formation on a
carrier. 12. The apparatus for manufacturing a
magneti ¢ recordi ng medi um according to claim 10 or

11, wherein said chanber for conducting ashing to
renove an accunul ated 15 carbon protective film
adhered to a carrier surface and said chanber for
formng a netal filmon a carrier surface are a single
chanber. 43

said apparatus comprises a chamber for removing a magnetic recording medium
from a carrier following film formation, and a chamber for mounting a substrate for film
formation on a carrier from which a substrate has been removed, and also comprises,
between said chambers, a chamber for conducting ashing to remove an accumulated

5 carbon protective film adhered to a carrier surface.

11. The apparatus for manufacturing a magnetic recording medium according to
claim 10, further comprising a chamber for forming a metal film on a carrier surface
between said chamber for conducting ashing to remove an accumulated carbon protective
10 film adhered to a carrier surface and said chamber for mounting a substrate for film

formation on a carrier.

12. The apparatus for manufacturing a magnetic recording medium according to
claim 10 or 11, wherein said chamber for conducting ashing to remove an accumulated
15 carbon protective film adhered to a carrier surface and said chamber for forming a metal

film on a carrier surface are a single chamber.



