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1 METHOD AND APPARATUS FOR MANUFACTURI NG I\/AGNETI C
RECORDI NG MEDI UM TECHNI CAL FIELD 5 [0001]

Sl et o etates zﬁgraﬁn;‘”ﬂgwmmme\i\l\|lL

a hard disk device or the |like, and nore specidsseal |y,
relates to a method and apparatus for manufacturing a

magneti ¢ r REITHODANIEAPRARATUS FORMANTEAQFORING | Oon Of
dust and gas froma carbon filmthat has accunul at ed

on the 10 surfaceAGNBTRURSCORDENSWIEONMM Ng carrier is
reduced. Priority is clainmed on Japanese Patent

Application No. 2007-182529, filed July 11, 2007, the
content of which is incorporated herein by reference.
BACKGROUND ART 15 [ 00P2dHNICAICEEND Years, the

i nprovenents in the recording density of magnetic
recordpog] nmedia has been dramatic, particularly in
the field of magnetic disks, and recent recording

densi tTiRprdian ervpiioh ir€latkHto layndtitdrRa sgfdratds farinanufacturing a
extraordinary rate equivalent to an increase of

appERKt rRbrdinyg mkni Bbdlini ahatddisd @$ice 3Othy Bigd, Snd MR8 ¥pecifically,
different technol ogies are responsi ble 20 for these

hitQfesitdR RMOART sppiritus RE Aatifaguiienshigetidredordifemetiurh e
key technol ogi es has been technol ogy for controlling
t BvRick ieiefgatioh ar anst &1d gaf from alveiber €hin thachasagaehlued be ad
and the magnetic recording nmedium [0003] Since the

Cafface 6 Y sabitrats@pportiiegapriefBirbdudedk nown as t he
W nchester system in 25 which the basic operations
i nvol VRrideiiyis alatmesl| ondhpagese Phieada dplifdtion dlo- 200018Z6QD, filed July
sl i di ng between
11, 2007, the content of which is incorporated herein by reference.

BACKGROUND ART

[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
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

which the basic operations involve contact sliding - head lifting - contact sliding between
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2 the magnetic head and the nmagnetic recording

medi um has becone the main system enployed within
hard di sk drives, sliding of the head on the recording
medi um has becone an unavoi dabl e necessity, and
therefore problens relating to tribol ogy between the
magneti ¢ head and the nmagnetic recording nmediumare

Clife lﬁg}hé’t% 1R AL S erdiBERBAiGA! hal B2biBe tBna system
ult,

res the abrasion resistance and sliding resistance

gf&%@#ﬁlﬁﬁ‘ﬁﬁd 9 i cTRAMBE bEthé 548 b tHa GecOREH AHR IR Masan

rtant role in deternrnlng the reliability of the

mﬁgdo & t@.ﬁ;ﬁ/o (jﬁfal@ D&ty &hd Rletedort prableRY 1A RABI6BCHeB ben

toma evel opment and i nprovenent of protective

'tﬂerfﬁagﬂ&f!: ﬂeg@ﬁﬂdcﬂ?et rhaﬁﬂxetfid edR &AL fhelil alel d@erdtQran unavoidable

| am nat1on onto he magnetic film 10 [0004] Various

MRl BhikakSud qA{sea @ﬁﬁnthp KR RAGEdsiA8ncP b B8k ¥Bisfahdd BF tHeQirface
magneti ¢ recordi ng nedia, but fromthe overal

V 'O?Mh&tté r&Erdtdgln‘IQdqu{ PR tkrdpriain ekt detbrnihiby the Réliabiliey of
e, carbon filns are mainly enployed. Carbon filns

artﬁe HEREH 3k YntdrS OBELrRY oftiRIE ttel diected BB Be deRTbpiRR: and
conditions during filmformation are vividly reflected

' %sro%&ﬁém bhStotb&ive Bith Ol Mibric@figHRNaR toflike 6 1&ambeh onto
filmor the CSS characterlstlcs and are therefore

exhd B9&lkNc filpor tant. [ 0005] Further, in order to
i nprove the recording density, it is desirable to
reducegdpg; flying height of the nagnetic head and
|ncrease t%e rotati onal speed of the nmedium and 20

t her ef argotd1RatérRGaYd Keeh pﬁpﬁﬁﬂ Bprbeehivel Mnfisefthins @®ti@recording
hi gher |evel of sliding durability. [0006] On the

ot f&dia BaFbm iH8 oMeralEViek SoiktS O BRRGiliB0anH aGabiditithnd the like,
thereby increase the recording density, the thickness
Of calthd@ fikh©4r6 elainVierhplby@tiNE@E6n filtnshe: defdlalyeomad bly 3putdfing
_ methods, and the conditions during film forrnation are vividly reflected in either the
corrosion resistance of the carbon film or the CSS characten'sticé, 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
therefore the magnetic recording medium requires a higher level of sliding durability.
| [0006]

On the other hand, in order to reduce spacing loss and thereby increase 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

demands for a protective film which is not only smooth, but also thin and tough.
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possi ble, for exanple to a filmthickness of not nore
than 100 A. There are strong 25 demands for a
protective filmwhich is not only snooth, but also
thin and tough. 3 [0007] However, when a carbon
protective filmformed by a gonventional sputtering
film formation nmethod is reduced in thickness as far
as pOS@b e, for exanple down to a film thickness of
100 A Fess, the durability of the formed filmmy

be unSaLISLAGKE! Yeatn k9981 SACE LAY b B Gk} i
Lt noF L

enploy sputter asnma
e .
TR AP RLER P “ﬁ%%%%%agﬁ. é eff°§t Mg 2 i
I 10
However, 1n those’ nme ergﬁgﬁgﬁgggggﬁe%%%%%%Fﬂ e
f|In1|ﬁ) ﬁrned using sputter method and plasma CVD
nmet hod, side the filmformation apparatus, carbon is

not onxlﬁ\ycofcﬁff"ﬁe theffdal A& e?xgﬁd:y% epﬁleﬁlt}@axﬁg;?acst‘nra@\ﬁ) mP#bd are

al so accunul®ates on the ces of carrier that

S Lﬁ@&%ngggwh read! 5tﬁ(§0§ caoﬁ%l% Rf foprﬁlggs i ﬁ?ﬁ prgfecti\rélfﬁmg ¥Re

of car ccumu expose aces 1 ncreases,
Hf e RnAiSndsBbEh M) SefAbRRmbRe film 15
or%edﬁ?ron1the ézcunh a%é%&ﬁirgbn to peel away from
t he exFﬁgﬂd surface. If the particles of carbon
generated as a result of this type of peeling adhere

tot heH%HQé} [ 2nBse Rhdd@GRere hl%%&rb&{ ?:Bfeb‘t?\}ecmﬁ‘l it Fopﬂedtlgmkge

formed on tHe carbon protective f resulting 1n

| %sakelr Zelod éﬂd’Ble&'a@ﬂﬂfﬁéth@&’ @grameldm%ﬁaneﬁ apfp@1uC AW is

product defects. Particularly in those cases where

t K@t &Y RABedYnAhEG o i s'iﬁ)étz%teft% EE@add&h@the@orPﬂh@&Hﬁces of
CVD nethod, the 20 resulting film conposed of carbon

hage Gt HE% ppR RSB raRaNARE 3R 283t BiRekpd dHcabhal

stress than a carbon protective filmfornmed using a

C OV BRI QAR ex b §ifabd Indi@ER Oetord Bekh ab PRl s L& the film

anount of generated carbon partlcles is large, and the
t Yiagnedffrofd théMdetihGKIR8 Ssbon 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
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]
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abnormalities nmentioned above tend to be particularly
probl ematic. [0010] 4 Methods of renoving a carbon
filmaccunmul ated on the surface of a substrate
supporting carrier by ashing the carbon fil musing an
oxygen plasma have been propgsed to prevent the
generation of the types of particles descri.bed above

i el e
PRI S A R 00 DM b s

f , . . .
%rprﬁgﬁ%eg%gé%t%n%?mel S g%a?‘tt?ﬁzéérﬁuécﬁ &pabWet(?JrleQsz 14, QdL

an ‘el ectr rougheni e surtface of the carrier

B ps et Bl St L pRIRkh OBl 301129150,
gg}gﬁeg%ﬁ- au&e@ﬁaag Aot zgétlfﬂ%ut&ﬁmmooﬁgg(mn. Further,

anese Unexam ne plication, Firs

FE m:dtxﬁﬁrg if;cgrg essiﬁ%ﬁ%li o g{%%g’l)muéétpd xLxQEg&af:l- ko386 eRLt e by

ere en c erabl e demand or further

| LR Srthdd of BR ca.tgi BA0LLAGES tgfpretvge}ﬁ gﬁﬁé&@g ef

magneti ¢ recording media in order to arther

i g&mg@{;& Bt fboR thd \Erh&GRL SiiHal SRS olhe Ot tRor BBGNAL b

recordi ng nedia. However, the nethods descri bed above
b QRG 20h A aBhiEni L QpRakibS Fast Miblilatiof REYeEs-§ 1B43),

ge ergtPS% of 15 par??clésf becauéelglthough thof%ugh
ashi nggpgurs in those regions such as the edges of
the carriér where the plasnma is readily concentrated,

sat i sfRELANY AR HaNheb S ASidtablb 8emaHAORE Air&inrovBnents in the
regions where the plasnma is less readily concentrated,

S UekhiRSss bPfie blndlce oSHEnBES e REing HBdi6  dréi o enable further
Accordingly, reducing magnetic recording nedia defects
C BB LmeRY i AE RRBrdRipleRGY b¥ fie frlabflub @Jcbﬂdﬁig%dias However, the
currently a significant problem 20 [001Z2] As

dRHOHPEIrHRO Hove AIBRe AL ndtAB1eGRLITSHCfly RANLH the Seneration of
generation fromthe carbon protective filmis the

f agdicled) Btcabd¥RiANicA thotdigh adr8R LR HShAE rded8s GRF hd BE edges of
t hat supports the

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 pro;cective film particles is currently a significant problem.

[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 tﬁe
substrate is very difficult, and methods of improving this level of cleanliness have been
keenly sought.

[0013]



substrate is very difficult, and nmethods of inproving
this level of cleanliness have been keenly sought. 25
[0013] 5 Further, according to research conducted by
the inventors of the present invention, the carbon
filmaccunmul ated on the carrker surfaces is not
conpletely renoved by the ashing treatnent described

~aboveg, and a%ﬁ)é&iz?%‘\%%e&&@lgcéngu&@cfw the RRedtBEoGBE Hrefhs invention,
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mai nly on at surfaces of the carrier. These

Eﬁg E%U&rc'ﬁ]ﬁ{ £cihARSPOH thEChrkiHsBrRENS hof dolnPlele®r BRbV by The

ers together with the carrier, and have al so been

fﬁ%ﬁé%eﬂﬁe&rﬁ@&%@@, Rbd REidkd €end @R o8 fhd dafifdr, ikl d6n

acuum chanber. In order to further increase the

\r/\,ﬁlfé ?%{jgac ces OEMS bdrderOThéke PREAES dr& kR inddoh@ il Formation

leving a stable | evel of product stability,

?lﬁagfo@s%c?g@e@m@w\gtﬁ e RarkifiCaiiaa WM CRaThEnRdd 4 QTHRRRBADE the

than t Intentionally used process gases nust

Gu@%@rrg@ééi’inmhé PREQY SRBIES Th Brdehto Furdle LR cd4s il ré&@rdidd)
requi red. DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE

SELNEP BYmddiErid AMENEE Rt QAL hokldyinbhestpleas@Néf product

i nventi on takes the above circunstances into

C QREiHAS AL inASion Withid 1R/ vacti Gfatnb& of BEBNInEt§IGthet than the

manuf acturing nmethod in which, during formation of a

C 3:BManal BRE b de¥Lyakds s Ohk atoigeth Sifd iadpeoveBeniginahiEteh are also
met hod, by suppressing the generation of particles
from.tde carbon filmaccunul ated on the carrier that
supports. the substrate, and suppressing the em ssion

of outgas for which the production source is the

accunul ated 20 carbon filmon the carrier surface, a
magneti ¢ recordi ng pBOLOSUREOHBIVENTIONCt ured t hat

has a high recording density, excellent recording and

r epr odpRbREEMINED BEISOLIVED BY THEINVEN@EONe quality.

t
0
b

[0014]

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 suppressing the generation of
particles from the carbon film accumulated on the carrier that supports the substrate, and
suppressing the emission of outgas for which the production source is the accumulated
carbon film on the carrier surfage, 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)
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MEANS TO SOLVE THE PROBLEMS 25 [0015] 6 As a result
of intensive and concerted research ained at achieving
t he above object, the inventors of the present

i nvention di scovered that when a residual carbon film
accunul ates on a substrate-sypporting carrier during
formation of a carbon protective filmon a substrate,
the 9eAE ‘.gullt.%@ in?efnsiqygr{d cfop&% {%@ea&%r 0y & E&Ee%ﬁltgltyeea]b 4,| m
and the erm ssion of outgas fromthe carrier “cou e
eff.ectj v . 1S] r .

S{))%?c?, the SL%to%%lﬁgﬂcfe}?gs%& 15%nﬁ'c§ﬂ cﬁ%g?er{qatﬁ&%heﬁ) ? I;]e51dual caribon film

t'ering ne orma ne m on e carrier

U LR R L APl s
T} B oL e Sl g
BT By S B BT s g

F el rﬁ‘etﬂcﬁetE ﬁfn&fa%é& lﬁgg 'i)Qt Q%lexeguﬁ‘aéehﬁlcﬁﬁf 5&[& the residual

i nvention. In other wor e presenf I nventi o

gclcﬁltnﬁﬁte Qar{)g}ﬁﬁlﬂlsgiﬁﬁ%s qutaq{ﬂn%aa & 'cr?éé%caé% fglgjot\w}xe

]
for manufacturing a nagnetic recordin

”E’tgg bt B8odAng SY BRELAL GechQlng rhdaffind ﬁ’% | Qe ORI BW RSl €F -
se %/

entl a traﬁsportlng sal d substrate into a

Pldi@drd Mut%?ﬁ% %%%5%%9 D& s SostrA0 $or iR 33;59}9?@4%' BB rier,

a magnetic mand a car on 15 protecti f1imon
S gh PSSt mﬁﬁ;e@oré e d Jg%fe%r%b&& Wb 18 Bter words, the

chanber s, erein sai met hod conprises a step of

f gfegérfa ChvEntiBR bdbtes|th Y0 R d6RAbddBEIoRUN f aCe, which is
performed follow ng a step of renoving a nagnetic

[ 260" IR W ol OSA flofid deBraih @bl Al mduhliffa

formation, but prior to a step of nounting & substrate

f Qiibsfrhtk 3y fFRh THnb @k Ak BRHed scf@hilali$ ransBBih Ldaid RBstRLRE d
for manufacturing a magnetic recording nedium _
a%ﬁl?a[l{?ﬂ( BohRcfed thanfRRVAd fHREKEH Rag @inthoRdiR iR Tand LRI
anetal filmon a carrier surtface is conducted by a

RSN ORISRl B R B 1B b et I08 sdil) &lardbeRSwherein said
rotating nagnetic field assistance.

method comprises a step of forming a metal film on 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.

(2) The method for manufacturing a magnetic recording medium according to (1)
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.

(3) The method for manufacturing a magnetic recording medium according to (1) or
(2) above, wherein said metal film formed on said carrier surface is a metal material

having low oxidative reactivity.



(3) The nethod for manufacturing a nagnetic recording
medi um according to (1) or (2) above, wherein said
metal filmforned on said carrier surface is a netal
material 25 having | ow oxidative reactivity. 7 (4)
The nmet hod for manufacturing-,a magnetic recording
nedlun1accord|ng to (3) above, wherein said netal

mmheri g, o ARG b SR LG ERCL YL LLaSAIRILARS 08P

arected 1rém Blp consisting o
P o) '
dbr%/ < W erem S?age}g I'g?ti(ijll ma{te 1al GaVlIl§ I?(Rﬁ 5)8&3.[{%’6 ;e%.(t,tllm g %Slm?r?steé’%xle n g

emen seelgctcc{] @A{Eﬁ{ 3 aouaggns an ﬁ‘ Ip H %#‘ !u?d)l Of thin
are Tanm na nas tra mformnlon
b t t d .
gf*eq S RinaAb Yor S ANARREL 1M Bl raé#gﬁgagaﬁmn; BB el

5 fi Io En n%gcte%ahd bersbgﬁc{ 1%%0&1% lufre?l tﬂ%fft%?ﬁfrng %Q’la.n'w;]a% onrg. substrate

paratus conp l' ses renovi

”?(%qsfr%i fgrn{aﬁgnotg\dge C ﬁ%ﬁlﬁ a@d SLﬁ‘)%a[té £, a:fhodf sﬁ%’lﬂ&%bets

ormat 1 orf, mounti ng a substrate

Ql%ln% b L@é&%ﬁé ﬁlbfggo#n%gmv eglrﬁ: %’ﬁ %ﬁbya%‘@o%c@nﬁamn wherein

SO conpri ses,

M@@J&xaﬁ%‘egm Hs%gpgﬂai}bec 8P£§’%E‘E %.:efn_fl?_%l)ﬂ% oG eTRhrom

a car i'er surfa NVENTI ON
[Q%@t folldwn mm&@h&dm@%ﬁf& bnoBYHA T AGE e B tAm

magneti c recordi ng mediumo preseént | nvention,

10 MHLEN:60R £ O{afn?eélﬁslnemm J‘s%ﬁs?:fa{e%g.?lgeteh péenév@@*anaagbecomage&

uses a net m coating forme

S %&Je&?&a?{ HIRRGE b cﬂ%n&ﬁ'f r 'fc%?amg"ét' }ﬁ&aﬁﬁhﬁ%ﬁ RRA-Rr Qigel i ve
I'm1s torned surfaces of a magnetic

recordlng nedlun1substrate, the problemthat arises

when the carbon filmthat accunul ates on the carrier

surfachﬂ§Fp@@ AR/ fhRarticl es that 20

subsequent ere to the substrate can be

ef fectiygby suppressed Furthernore, by coating the

carrier surface with a netal film outgas fromthe

15 carri eyGahe Be muRR5&SS R hcturing a magnetic recording medium of the

present invention, which employs a cleanliness retention technique that uses a metal film
coating formed on a substrate-supporting carrier, when a carbon protective film is formed
on both surfaces of a magnetic recordiﬁg medium substrate, the problem that arises when
the carbon film that accumulates on the carrier surface detaches to form particles that
20  subsequently adhere to the substrate can be effectively suppressed
Furthermore, by coating the carrier surface with a metal film, outgas from the

carrier can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0017]



BRI EF DESCRI PTION OF THE DRAWNGS 25 [0017] 8 FIG 1
is a schematic |ongitudinal sectional view
illustrating one exanple of a magnetic recording

medi um manuf act ured using the nethod for manufacturing
a magnetic recordi ng nmedi umeaccording to the present
invention. FIG 2 is a schematic illustration of an

appar abus, gsga;scﬁ%gz @gg]wdhl@pse%u pneky m%n& Bt Cg‘s(glg&g ofa

nedlun1acc e presen |nven
t || ust
ﬁ*aéﬁs kit B R %eﬁdr%%é‘t%eer%ﬂcﬁdf?. ARty n'g”
r di t FIG 4
R A OETRG 0ock 08D LERE Becd DS DN ON s a

I ng a-carrier R 7an appar at us

for m i 554 b AR i IRANE L i LBERNI D haiBEtHR: o magnetic

according“to the present | nven

. sche tlc ustratio filmcoating device
5 0w é“%%ne‘ft‘“m £ra g e {esﬁa"ﬁve%u Gin. DESCRI PTI ON OF

THE REFEBEr RS ?%gﬂﬁstr %g %%%D%ﬁeﬂngzcﬁﬁg an apparatus for

casset errin ubstrate supply

rOboE,fag eﬁla_o?ﬁeug%?o%@lﬁ lﬁﬂlsa%fa&&ﬁo %ohtﬁ%gés@ﬁt P@gmr obot

rTi1ers orna lon C

1r COE:R}'; éxls QHJOV%W hf&gtram%atarﬁgr Giahk %rﬁ{ppz%gmé or ﬁlamﬁaa&mga |

13 15 tering ch nmber or su ate eatlng

hanb
2R r%°’°§%1%2°?1§&n%fe Bl ot Y ™ st rat e
10 f or fi lFf@.qug MEQ&C(MGM%%Q%C&I fHP %aﬁﬁgt &Nice according to the

present invention.

DESCRIPTION OF THE REFERENCE SYMBOLS

[0018]
15 1. Substrate cassette-transferring robot mount
2: Substrate supply robot chamber
3: Substrate cassette-transferring robot

3A, B: Carrier metal film formation chamber
4,7,14,17: Corner chamber for rotating carrier
20 5,6,8t013, 15, 16: Sputtering chamber or substrate heating chamber
18 to 20: Protective film formation chamber |
22:  Substrate removal robot chamber
23, 24: Sgbstrate for film formation (non-magnetic substrate)
25.  Carrier

25 26 Support base
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25: Carrier 25 26: Support base 9 27: Substrate nount
28: Plate 29: G rcular through-hole 30: Support
menber 5 34: Substrate supply robot 49: Substrate
renoval robot 52: Substrate installation chanber 54:
Substrate renoval chanber 8@: Non-nmagnetic substrate
10 81: Seed | ayer 82: Undercoat film 83: Mgnetic

r ;ord é&_ :84. Protective film85: Lubricant
Igver %g E% N%tal filmcoating device 502: Chamber

503: Sygétrate supporting carrier 504: Magnet 505:
Target material 20 506: Exhaust vol une control valve

504 Dhh&fdh akMh&bf power source 508: High-frequency
power source

30:  Support member

34:  Substrate supply robot

49: Substrate removal robot

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

81:  Seed layer

82:  Undercoat film

83:  Magnetic recording film

84:  Protective film

85:  Lubricant layer

501: Metal film coating device
502: Chamber

503; Substrate-supporting carrier
504: Magnet

505: Target material

506: Exhaust volume control valve
507: Direct current power source
508: High-frequency power source
509: Gas inlet tube

510: Drive device

511: Magnetic field




509: Gas inlet tube 510: Drive device 25 511:
Magnetic field 10 BEST MODE FOR CARRYI NG OUT THE
NVENTI ON [ 0019] Enbodi ments of the carrier

cl eanliness inprovement produced by forming a netal
filmcoating on the carrier {jn accordance with the
present invention are described 5 below [0020]

First is agesoybpid @k CARRYIRGRAT THE @EVELTRE Medi um
that represents one exanple of the thin filmlamnate
producl?glgﬁm ng the nethod for manufacturing a magnetic
recordi ng medi um according to the present invention.
10 [ Opﬁﬂ)odﬁh&s o thecaftic? SBAMBLS SmproRtaiechUfbduadd Habinipnal
view iTTustrating one exanple of a magnetic recording
magl glté LR &d it d-A00 0 8dc8iakBR AR p#686t iMEhtiteh akd\@scribed
method for ‘manufacturing a magnetic recording medi um
_a%Fl%,qll ng to the present invention. [0022] 15 As
ilTustrated in FIG 1, this magnetic recording medi um
i ncl udgm@ non-magnetic substrate 80, and a seed

| aver 81, "an undercoat film 82, a magnetic recording

Fil'm 88y  REGIHAGE bfVaeflnelfg'nlat'iB 18ébrdfEimadili it epRbentsayie Example

85 | am nat ed sequentially on both surfaces or one

s WrhaGRn Glm (B8 AOROMREN@INOhSMBSET Bt RaBfactirB 2 Hagndkio
Exanpl es of materials that may be used for the

NQB:RRANGLiem SetBRtifBh theRestitGhvdfteon. t he types of Al
al oy substrates having a NP plating filmforned

10 t her eopgolner eaf ter

15

20

FIG. 1 is a schematic longitudinal sectional view illustrating one example of a
magnetic recording medium (thin film laminate) manufactured using the method for
manufacturing a magnetic recording medium according to the preserﬁ invention.

-[0022]

As illustrated in FIG. 1, this magnetic recording medium includes a non-magnetic
substrate 80, and a seed layer 81, an undercoat film 82, a magnetic recording film 83, a
protective film 84 and a lubricant layer 85 laminated sequentially on both surfaces or one
surface of the non-magnetic substrate 80.

[0023]

Examples of materials that may be used for the non-magnetic substrate 80 include

| the types of Al alloy substrates having a NiP plating film formed thereon (hereafter
referred to as NiP-plated Al substrates) typically used as substrates for magnetic
recording media, as well as glass substrates, ceramic substrates, flexible resin substrates,
and substrates prepared by coating one of these non—fnagnetic substrates with NiP using

either a plating method or a sputtering method.
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referred to as NI P-plated Al substrates) typically
used as substrates for magnetic recording nedia, as
wel | as glass substrates. ceranic substrates, flexible
resin substrates, and substrates prepared by coating
one of these non-magnetic sulstrates with Ni P using 25
either a plating nethod or a sputtering nethod. 11
[0024] o6M fther, the surface of the non-nagnetic
substrate 80 may be subjected to a texturing

{1 eat e BE slife HUEPRAGReALiAENAK 8 %TRE gub_p-e%&ee tapl e

electronagnetlc conversio aracteristrcs mpar t |ng

A SHDRLEALE ikl e A TR BRI 3RO O AR O

|nprove t eat tuation characteristics

r @Jﬁ%’x’sxﬂgc teBQt ds Siﬁi 2:951 gl.fbstraté 8% -}i;l%%q%%ﬂ&ﬁ anR¥Edpy to

[ ower rcoat 1ay or ne magnet 1I'C
EVehheaithcRAR] Qb JJ&% S b B mih SRl Fbfi P Harshe
fyﬁﬁ ﬁornggggFrect y tﬁeregn Exaﬁg é§?03%1$mhg ail!
mat erighosysed in formng the seed layer 81 include Ti
TiCr, H, Pt, Pd, NNFe, N FeMb, 10 NiFeCr, N Al, N Ta

and N Th-gkgeed"l@ef: ho»@ﬂn@&coﬁﬁhﬁeﬂt Ao oﬂ?feqloh Ihagnetic substrate
accordance wth the filmforned directly on the seed

| QY Bdntrols %%Nbstal Gk AUer mgﬁhﬁ e APYEES ]Exgﬁﬁlgs S¥he

necessari | formed fromonly a single layer, and

i fmafeﬁﬁllﬂsécﬁg forf¥ tl@@se%@ra?ém &ehde MU, BY PR HEINEEMO,
by lam nating a plurali 15 of filns having either

t REFBRANB AL MTPLSIINIRD, %cdjfhixf et € HMRS &'a&%?ﬁance with the
[ 0027] Conventional non-magnetic undercoat filns nay

beik &8 AGird-NeotRdesca®at fi 1 m 82, including single
elenment films of Cr, Ti, Si, Ta or Wor the like, or
al I oy fobders that al so include ot her el ement s,

provided the crystallinity is not inpaired. In terns

of t her@Z@emflrad ticQBsNbfer ¥ Addd hbGeERSLB! heGoimRa Hot &y a single
film 83 descri bed below, the undercoat film 82

layer, and if required, may be formed as a multilayer structure by laminating a plurality

of films having either the same composition or different compositions.
[0027]

Conventional non-magnetic undercoat films may be used as the undercoat film 82,
mcluding single element films of Cr, Ti, Si, Ta or W or the like, or alloy films that also
include other elements, provided the crystallinity is not impaired. In terms of the
relationship with the magnetic recording film 83 described below, the undercoét film 82
is preferably either composed solely of Cr, or formed from an alloy of Cr containing one
or more other elements selected from among Mo, W, V and Ti. In some cases,
depending on the type of the non-magnetic substrate 80, laminating a film of NiAl as the
undercoat film 82 may yield a dramatic improvement in the SNR, and may therefore be

desirable.
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is preferably either conposed solely of Cr, or forned
froman alloy of Cr containing one or nore other

el enents selected fromanong Mo, W V and Ti. In sone
cases, depending on the type of the non-magnetic
substrate 80, lam nating a f{dmof N A as the
undercoat film82 may yield a dramatic inprovenent in
t he S 8ind may therefore be 25 desirable. 12
[0028] re are no particular limtations on the

t hi ck TQ’ 21 €E§1 c?ﬂﬁgﬁﬁlﬁ&?otns £ 1n0%Bdmess BE QY Lt okt Bm 82,

deS|re coerci rce can be obtai ned, although t he’

t hl ¥ K ncgﬁw bR L&Y ABLY Tny el JBlathed ARORR ﬂferﬂg%éss 19%14f‘3rab1\

'S m)re prefera from10 to 30 nm

: EJI K ”%?ﬁr?egﬁ §H% 4 'F;?aa%r?&gé‘hoié 0888 BEEORRS 3@&% {fthe

”%?%nt e LA i LS, Lol

et

d%he % ﬁégﬁ;&g@gﬁl}gﬁgl ng ef| meSSQEI%He&nﬂgp?g i b fosiR,
R S B e e

ma@ngﬁ: réc%r&u?ooﬁllrpﬁ'a%\%nds 0 8Bedidifte RN oGh @ndeBirsbl R cRbse ik e

es W thin the undercoat filmg2 tends to

I NGHE 3R QonthagS il (NGicdell Rthe RGP ARY8IE tdoMab& ARE tHelparticle
|

the partlc e size wthin the magnetic recording film

h e 2of gxlg ?am@lgpwfﬁﬂﬂ B tuhGerédat SIBALRE € bkt frefuiRg ir0dh

coat f1lm82, which causes an undesirable

N na% oq%iaﬁ Qgse%e gLrngg Obe wikBin FeHDRETIRESrditdTBm 83 or the

iTm 82 d not necessarily be for med from

On ¥, m%lnét crlgéex‘?ne'dméeﬂhn sabaioh HeaREE ROy wheh takard

as a l'layer structure by lamnating a plurality

,ﬁdgéulgﬁlnﬁge@aggm%etm t he sane conposition or

erent conpositions. [0030] There are no
partlc limtations on the magnetic recording film
83, prgv(?g%d it °

Furthermore, the undercoat film 82 need not necessarily be formed from only a
single layer, and if required, may be formed as a multilayer structure by laminating a
plurality of films having either the same composition or different compositions.

[0030]

There are no particular limitations on the magnetic recording film 83, provided it
is a magnetic film capable of yielding the desired coercive force, althoﬁgh by using a Co
alloy layer represented by a formula CoaCrpPtcTasZr.CusN ig (whereina, b,c,d, e, fand g
indicate the composition ratio, and respectively represent b: 16 to 25 at%, c: 0 to 10 at%,
d: 110 7 at%, e: 0 to 4 at%, f: 0 to 3 at%, g: 0 to 10 at%,_ and a: the remainder) the

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

[0031]




20 is a magnetic filmcapable of yielding the desired
coercive force, although by using a Co alloy |ayer

‘represented by a fornula CoaCrbPtcTadZreCuf Ni g
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(wherein a, b, ¢, d. e, f and g indicate the
conposition ratio, and respeﬁ ively represent b: 16 to
25 at% c: 0to 10 at% to 7 at'/o, e: 0to 4
at% f: O to 3 at% .at% .and a: the, :
r emai HAdemagpREe “f?ﬁﬁiﬁbt”f“?fh‘%u BTN E 1 ProffcH vl i

enabl i ng the coerciye to be fur npr ovel
R A t%PfF@&bﬁﬂ?ﬁt%%?éme&?ﬁ%?ﬂct hi s

nbodj th t ect film 84 f )
ﬁgg%r@iq”%@saau% 5 PR AThPR < U P HE SR A g o
t he na% ) ecordln il m83 caused b ont

b&CHEaHC lff 3 h§ Ogﬁlﬁpéoé%ltlgq 1l 84, ales include
Co
r SPHE gaTa @ﬁm@ﬁ%”@ & o528 gt Pl e i SR s

cSRESTAFY * Chabi e S tofins ' e aédegﬁgﬁsmand
al so Cﬁﬂ%ﬁlnlng ot her added elenents. [0032] The

pr ot ect film84 may be formed using a nethod such
as spu

VD ot igB B i 1 e BBPTO0SSE SPG i Ra e pgec

protective igall hin a range from?2
tc'Smé‘ﬁ1 Wme@gg{)rpﬁasn}a 1%/% Odgg%lm% “the protective
fl|ﬂ18§§ th|n a range from2 to 9 rimis preferred
inter d reduci ng spacing loss. [0034] 15 The

| ubri e thlcl%xi% of gxg pfo?eé(l%’ fﬁ?{jg&{g Ptpn:% l\$ H{tﬂlﬁ%‘??%fe {r&lﬂez to %% nm.

protec Ive er|a

e S PR LT B S s

ch™a
Iubrlca ch.as.falty acids. Conventional methods
t?FBOﬁﬁ%é qugpﬁﬁ%%ng the | ubricant, including

r
d' pp' N%0034]

The lubricant layer 83 is formed on the surface of the protective film 84.

Examples of materials that may be used as the lubricant include fluorine-based liquid
lubricants such as perfluoroethers (PFPE), and solid lubricants such as fatty acids.
Conventional methods may be used for applying the lubricant, including dipping
methods and spin coating methods.

[0035]

Next is a description of a method for manufacturing the magnetic recording
medium that represents one example of a thin film laminate of the present invention.

[0036]
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wh

nmet hods and spin coating nethods. 20 [0035] Next is a
description of a nethod for manufacturing the nagnetic
recording nediumthat represents one exanple of a
thin filmlamnate of the present invention. [0036]
14 First is a description o{ the apparatus for

manuf acturi ng a nmagnetic recordlng medi um that is used

modi ur L COP AT a%;@g@g@ﬁg@% R

EF’%‘I"@ tg% bsa‘}sgfﬂgh@%%&’d%ﬁ ?nac uri ﬁ%‘ir[a%%@ g‘a'ect8 H%gmm ©

recordi | medi um.according to the present invention,
FP Or‘g“ q? eé’ressgﬁ]m P il Tustration of a sputtering
chanbe&)mchln the apparatus for manufacturing a
magnet @ rrecor di ng nediun1according to the present

iC 2:./ re Inte{r’l(aﬂn? li%arn%h%:nlhag géﬁllaﬁaaﬁ%sira on\éleﬁﬂ%ﬂlg Jgfl{ﬁet %ggrlatﬂg £t
d ~
mﬁ%@ﬁ%’f@far S RE DRI AEEDNEL nd Pede i RAARCRIG
SOl | | Ne
SN e .x%%a% i
: I%z:nigt%ét{rcl rgj‘cr cimo 1{1%@ &g Qcc%uIJlS &Q%‘T‘Qgﬁi 11J1 gﬁlcﬁ)% {ARE. 3?1@5 §1de

carrier stopped at a second

film
s Ipvlﬁet'vi’ 1llubu % ??Qaﬁﬁéés’&sf&dnqﬁ? fﬂ% %}f r %% Eog For ?Iﬁn IS ex agﬁp % ccording
: ﬁmpegﬁ acis]:o IBQ§ {hte %Qe%?] in%l‘?igﬁ' fogFIbhﬁ t%tef ﬂ&fcaﬁéﬁ Bth.hQ sohd

ore I'mTformation is first

oi”d U%tpr%gen ) ﬂ&@@h&%ﬂm & s%ebgwa ol fﬁittmm %ﬂsn&fpoglh&l

carrier sto e first fil

f or né]% L 91 cgtgéll 1&1&1929%? anﬁe Jd' 1fnks rebéseﬁfémﬁén)fhémﬁﬁsg is

position I ndicate t he dashed I|i nes,

f : Jté‘ﬂ%ugc? 51:%%&09@ fil fon%xl&:rog é)%ﬁp&y%gﬁlepx%rﬁs f@e %ﬁﬁgﬁrﬁ’%}lﬁnbers

carrier with the carrier

St 2pneda f@l’tthlg CR{MgE{L e fpBtifiG ek @PpdRRS kels@Rtrath Wvithin the

t hose cases where four targets are positioned
chamber, and therefore film formation is first conducted onto the substrate on the left

side pf the carrier with the carrier stopped at the first film formation position, the carrier
is subsequently moved to the position indicated by the dashed lines, and film formation is
then conducted onto the substrate on the right side of the carrier with the carrier stopped
at the second film formation position. In those cases where four targets are positioned
opposing the substrates within the chamber, this type of movement of the carrier
becomes unnecessary, and film formation onto the substrates supported on the left and
right sides of the carrier can be conducted simultaneously.

[0038]

As illustrated in FIG. 2, this magnetic recording medium manufacturing apparatus

includes a substrate cassette-transferring robot mount 1, a substrate cassette-transferring



20 opposing the substrates within the chanber, this
type of novenent of the carrier beconmes unnecessary,’
and filmformation onto the substrates supported on
the left and right sides of the carrier can be
conduct ed si nul taneously. [Oﬁ§8] As illustrated in
FIG 2, this magnetic recordi'ng nmedi um manufacturing
appar.at u

B e A s e
L e £l g
T 512 LR ERTRI, S v
i%?%bﬁgfn%@%n ?%}:fegsiﬁ o8, SR EOATBRE RS §Sub§rf¥e°reﬂx§va1

OHmUonc Kanber s
t t I or
R GRIER By g
4 [0) 1 on-
S 8, G OBl A 0GRt i orBasand

substrates for or g n magneti c
s GEPFHsER fmfﬁ&éﬁﬁgz m%%ﬁ%f@%‘#hereon [0039] A

vacuu_(gggp is connected to each of these chanbers 2,
52, 4 0, 54, 3A and 10 B, and each of the

2 f
the Lﬁ%ﬁ@gﬁgl’l Stprﬁﬁ R0k GLEd e ;&%ﬁ{éﬁa Ghi¥erk 01150, £360, 9 34 and

e I nsi eso are malntalnedlna

10 ﬁ%ﬁg& 8 f the gargeé{zﬁ s%a?%ogwgegsehgﬁlyQEtote&% oY ¢ EitHMbers, the

as the seed | ayer

%%f \%ﬁgﬁ fu%%’%ntglhédq}l §?edu%é&%res§@9§ﬁte b§ opeRish Bf thfvacuum

rotective I'm 84) on both surfaces

of the
Crt £ &n%%%'ﬁﬁf@ i S T T

of RSl re&;er&ﬁé,ﬁ}rﬂ‘ 6 BRI O FERARR RS, SRBbacd

am nat e can obtai ned. [0040] For

€ Xﬁﬁ'rp%o at%ongut%‘gﬁ?cgseﬂ £4 P8 &R e FBA IS ERBnABAierd) 8

apparatus o
15  magnetic recording medium that represents one example of a thin film laminate can be

obtained.

[0040]

For example, the magnetic recording medium manufacturing apparatus of this
embodiment can be configured as an inline type film formation apparatus. In the

20  magnetic recording medium manufacturing apparatus of this embodiment, the seed layer

81, the undercoat film 82, the magnetic recording film 83 and the protective film 84 may
be formed with a two-layer configuration, a two-layer configuration, a four-layer
configuration, and a two-layer configuration respectively.

[0041]



enbodi nent can be configured as an inline type film
formati on apparatus. In the 20 magnetic recording

medi um manuf act uri ng apparatus of this enbodi nent, the
seed |layer 81, the undercoat film 82, the nmagnetic
recording film383 and the prﬁ}ective film84 may be
formed with a two-1layer configuration, a two-I|ayer

Cn Y S s 0N A5 25 SRR e A g
il trated in_ FIG. 4, th i.er. 25 i ncl

BB CyReEs23 (adn e sra LR S er e s ST w7
(t inthe case of this enbodinent) provided on the
uﬁ%%?eo ?ﬁ@ﬁg%?et%e'SUpport base 26. [0042] 5 Each

of the ﬁgﬁstrate nmounts 27 is conposed of a plate 28
of subd tially the sane thickness as the substrates

5 Lo T SLL PG o G5 SORCIBANE] 16 SAPSUANRELAR oy
pateihsPy ot b A G RS PP ek YRl 5 e
o 3y R B o RARBR0 o ETRRG3  3 00 il
h: giu%eg%g%}art%%éﬁg %gﬁf%?ﬂé@ FrBer e ot CRRBTRK o
t Hxéﬂ%ﬁﬁ?{) Fétfmﬂnc ot he rp%}?ﬁ@#%&%@ Iﬁﬁdwttﬁﬁaér?sg@g gl’té?lfOI' of

es engage "W he support ne
0 o JEEREII0Y S BB aEs LM PRI e
BB 22 O AR BB L2 MRORE U Aol g wit
T R s e
OB SHEL P e PGSR 858 Bl 1 378 S o0

fol,| ] . . ' b . ation substrates
Sg%lgé)or a%@%sf%%qga:%glte Er%ﬂ't su}fQ@es Memixgbﬁngd%'f&ﬁx tion substrat

mount ed on t substrate nounts

15 53%8 r§ g% glfeglrg{ cga?fv dﬁ?ﬁ%ﬁé@%%@g&%ﬁ refldltilvmoftﬁy JEEH s@fface of the
support base 26, but are also positioned within substantially the same plane. In the
following description, the two film formation substrates 23 and 24 mounted on the
substrate mounts 27 are referred to as the first film formation substrate 23 and the second
film formation substrate 24 respectively.

20 [0043]

The substrate cassette-transferring robot 3 supplies the film formation substrates
23 and 24 from a cassette in which the substratés are housed to the substrate installation
chamber 2, and also extracts magnetic disks (namely, the film formation substrates 23

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

28]
n
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filmformation substrate 24 respectively. 20 [0043]
The substrate cassette-transferring robot 3 supplies
the filmformation substrates 23 and 24 from a
cassette in which the substrates are housed to the
substrate installation chaq?er 2, and al so extracts
magneti ¢ di sks (nanely, the iln1fornation substrates

2 f

Gy B oot o PR, 1 B 0ATE oy o
er 22. These substrate |nstallat|on and

rennvg%mgﬁ%ggérs 2, 22 17 each have an external

openlgg) one side of the chanber, and doors 51 and
55 th QE and close the openi ng. [0044] Further,

nei gh%ﬁheg% Y@%%Qﬁa&%@%@e&%% cgffﬂlet%ﬁ%nﬁé?éf@gétoét) 5'_123A

41to0 are nutually I nt €r connect ed

E}lq‘ Bard %Lﬁla%%h%?croh% s}ﬁldq%gte\%ltvg is{f) Jvﬂfed G doﬁﬁkcﬁon

ween eac at when these gate

i B éé( &R e%%aﬁ Iop&ggl’belrs rh% tﬂla@ %Jhg?th&fe gat@ @9065%&3‘9&@& tlﬁeﬁnﬁcﬂ: of

ependent |y seal ed space. The corner
C A al mddiin@nd ;% ghanbers used for
a?ﬂerlngeﬁ m’%’ﬁg ﬁo |re§t|on of the carrier 25,
and eg f these chanbers is provided with a
nechanlsnf not shown in the drawing, for rotating the

carri efye e chalsdes 7 Maddt17te dBgpdexkd ﬁﬂaﬁ@ﬁg the movin
[0046] The protective filmformation chanbers 18 to

Al R AHAIS SrrfePbs, faﬂtﬁ B -Ags ﬁ‘xeseQB&}B&?st ik iﬁ%vﬂ‘dbd \mth Mﬁlbé}ﬁm@m not
CVD net hod or the like, on the surface of

OW RITRSE dla@¥R for Fatin@HIRARP a&dnﬁnifem& ithd hghix@ ERER{bEON
substrate 23 and the second filmformafion substrate
24. A peggtive gas supply tube and a vacuum punp,
which are not illustrated in the drawi ng, are

C g n ﬂgor&qu&t&ue@ﬁﬁh REmAIY cRERHRCIRIY 80 b kRBnftRE &t tbMng a
chanoers

protective film, using a CVD method or the like, on the surface of the outermost layer

formed on the first film formation substrate 23 and the second film formation substrate
24. A reactive gas supply tube and a vacuum pump. which are not illustrated in the
drawing, are connected to each of the protective film formation chambers.

[0047]

The reactive gas supply tube is provided with a valve, the opening and closing of
which is controlied by a control mechanism not éhown in the drawing, and a gate valve
for the vacuum pump, the opening and closing of which is controlled by a control device
not shown in the drawing, is provided beﬁeen the vacuum pump and the protective film
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
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[0047] The reactive gas supply tube is provided with
a val ve, the opening and closing of 20 which is
controlled by a control mechani smnot shown in the
drawi ng, and a gate valve for the vacuum punp, the
openi ng and cl osing of whichds controlled by a
control device not shown in the drawing, is provided
b ro Lye fi
B PERR S Gork o BN P eBE LY SR KR ke il can e
%ﬁ&lﬂ% of this valve and punp gate valve, the supply
gas fromthe sputtering gas supply tube, the

pressg5&wgn5|de the 18 protective filmformation

chanb nd the exhausting of gas fromthe chanber

by, .
Ei‘ﬂduct : “ﬂﬁ?ws[cgéﬁé‘*?%%%@%g e R R e
Sl BRTEAIN 8 ABLIAS e VO L v

nerate a ISC bet ween the two, an

dha&rrg@;tgeetw% Gfis a@&a{a@@ﬁsésvtﬁe 0a8k ggsrlﬁg&&@éid dnﬂg% kpﬁbm

opt a plasma state. e active ra

afbdadbg(q g:i]agtt%ﬁ Et@{n ThISRE AlRA éﬂh‘ic!h' rgactalﬂj %Qay eg@a\'fyn}gﬁ fhe plasma

forne e surface of the outernost or ned

the f&me&bﬁ&%rgﬁ%v Fft%b' bﬁ&&r@gﬁa n%gd orf B FIh BILRY sBostrate

protective 0049] In t strate renova
cagqggqm§ﬁm,gﬁ§w&h@§ﬁmflIn1fornat|on substrate 23 and
second filmiformation substrate 24 nounted on the
carrlefggﬁ are renmoved using the robot 49.
Subsequently, the carrier 25 is transported into the

carri €in ﬂ'f@:"stl.lgétrate' rkrm)\taﬂ’ Eﬂmﬁaéroﬂ thl %rsrf hmat%’ su‘tﬁtratg QQQ&H the

In the present invention, a step of formng a netal
f il BhPRint RE ARG khtRHrats 4 fn@&ﬁed ¢h the carrier 25 are removed using the

bf‘st gﬁ%@ b@t@e&i chﬁ@erai@ ﬂletﬁqﬁ‘l i{)ﬁﬁaﬂblﬁ] %Q@Jté B@e%@ié El@tthgrge

robot 49. Subsequently, the carrier 25 is transported into the carrier metal film formation
chamber 3A, B.

[0050]

In the present invention, a step of forming a metal film on the carrier surface is
provided prior to the step of mounting a substrate for film formation on the carrier. By
providing this type of step, the emission of outgas from the carrier can be reduced.

[0051]

In the present invention, the metal material used for coating the carrier in order to
block the release of outgas may be either a magnetic material or a non-magnetic material,
although if a film of a magnetic material is formed, then the carrier itself bec-omes
magnetic, and therefore a non-magnetic material is preferably used. Furthermore, the

material itself may be composed of either a single metal element or a metal alloy
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provided prior to the step of nounting a substrate for
filmformation on the carrier. By providing this type
of step, the em ssion of outgas fromthe carrier can
be reduced. 20 [0051] In the present invention, the
metal material used for coatjgng the carrier in order
to block the release of outgas nay be either a

a . 1%%2 ﬁﬂ?ltag{} o?leleﬁg t& aﬂ%omﬂﬁatv'c@im%ﬁ%'ﬂﬁlt includes metal

a magnetic material is forned,

Qes%t@&dgsq{aﬁl'e &L 1t Ha@ %sﬁlt REEORRSse JIBENTRIN e 0@AL. Moreover, the

erefore a non-naghetic material i's preferably used.
{e the HZBE Slateflgl Shat éx}ii'ﬁ{s%rh!lozﬁl level %xﬁda@re&ﬁv1%olgﬁg§ g&keGifable.
her a single net element or a netal alloy 19
contal b a plurality of elenents, although an all oy
conposition that includes netal oxides is undesirable

as it r%%ﬁ%l 1£vehﬁ] nt Qfﬁex{ i% ?§ ﬁleqflmggﬁe He%%ﬁ@ﬁal on the

oxi des. reover, use of a netal material that

exd;bi s'i:ffac% f '&Q@lﬁl%’t@h 1+, % inckadubptBssiof @F6dt Wi th¥ olrasik Sfnimal,
undesirable. ~ [0052] 5 I'n the present invention, when

T Qe s fnB ?lrﬁ hs 5 @ﬁckt 01 AburTBE BE irlal OFh dcbBnGREd biihe
surtace, Imis too thin, then the suppression

effaet m&&sgslk@gn%@aﬂl@}s whith Hal icHRE peeliMh 61 tB&SIm frorth BR chirdefNand
is too thick, the total ambunt of the nmetal film

aGEHmtales %e%qﬁéﬁ@y iR hicE fhel BEELAEE Be SpBBddl IFeATAEIe)easons,
whi ch nmay cause peeling of the filmfromthe carrier,

angk ma (§ilkdeSCik BRESMDI Withif & BALSREM 30kd F0OWNI3AH 15 BRY), and is
carrier nust be replaced. For these reasons, 10 the

fihdR bRicoRosshih §rapbefeh ablo/10014 fHite | AR g 6rebveR ARt io
200 A(3to 15 rim, and is nore preferably within a

I 3AGSabll @Fned oded thk @ftird crBierd sArfldd, Wittt inbIliROWE fyped dTahields
fi'lmis preferably fornmed over the entire carrier

SUhd: arBviddl hir@wr réshskial the fign Fdmatioregionf shields that
are wi dely used for restrlctlng the filmformation

regi onjob®053] 15 An apparatus 501 illustrated in
FIG 5 represents one exanple of the apparatus used
for congugpdrigs sthelidsenBRin IG. Dieprsdimtoat efarpha of datapparatus

on the carrier in accordance
used for conducting the formation of a metal film coating on the carrier in accordance
with the present invention. This apparatus 501 is used 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 at an arbitrary rate of rotation using a drive device 510. A metal
target material 503 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
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with the present invention. This apparatus 501 is used
for coating the surface of the carrier with a neta
film and a chanber 502 includes a carrier 503 for
supporting a substrate within a state of vacuum At
this point, no substrate is ggpunted on the carrier 20
503. Magnets 504 for formng a rotating nagnetic field
?‘é a{;tr}g(ti ?E:Ho%g gf%%ﬁﬁrg st e CRANRE K02, ANGhAlEydR@sdcontrol valve
otated a r

an“arbitrary rate of rotation using a drive

dﬁd’é 8§ 128 lﬁdrﬁ'@é%mo‘i AR L oDBLGH iifthe BARink A beAGEStod8t the
tRe naterial used i n formng the netal flfn1coat|ng on
the . | R "l | JRgde ic ]

e B A R e e o e
into the. oS, i H e A0

| PR S0 TR R 1l R0 s spucd s s

P El%%;éngﬁ q%ﬁg‘ieh B B0 126260 AkkS a1 BOS from @ Hhed@ BurfhpdHick sqHA¥IBOT SA
use (0]

extract and renove gases frominside the

Cgm%{ tugelofﬂg a&%}oﬁﬁaﬁH% KRh BT RRLAHN thy BéatiBent pAMGo bhat

i§ contro y a control device not shown in the
dﬁﬁ%ﬁ&%d%ﬂ@t CndsRdsd0 set the exhaust volune at a
desired level. H gh-frequency electrical power is
appliegmﬁa the carrier 503 inside the chanber 502
usi ng hi‘gh-frequency power source 508. A direct 5

currentyd u;?w%? Rldk&G 0T Qupbh& theof@gicalmief fhidl cal@Sdifdharge af the

direct current power source 507. A gas inlet tube 509
| Sndtl) Qa\f%&i Efiekit 408 SvithbaRbaE cOBFost PmBRRRE Ar, ldiend the edatBN6S
gas to be i1ntroduced into the chanber 502. [0054]

ThE. QOE EurBRY el REhcS WilRlhk PResénd emBldandat.i TiRlpopenderce 7 is
t hat causes discharge of the 10 netal target materia

503t labd E@veg Sr& YR BRI V@ boWat sélrceAFurtibd thd\@phditg of the
coating ' of the carrier surface in accordance with the

Pr &SR ouRIBOHsHRArabl T DERQOWRS suBPIY bk Slectridabpoviet of 1 @lilSPo W.
a 'DC power source or a pul sed DC power source.

Furt hergosshe capacity of the power source 507 is
preferably sufficient to supply an electrical power of
50 to Iphe@k 306 inttddRElntd fhe Thentgasurg theicatriendeatirirdamient is

t he chanber during the carrier coating treatnment is
preferably a gas containing argon as the main component. A mixed gas containing
oxygen or nitrogen mixed with argon may also be used, but using this type of mixed gas
tends to invite a lowering in the degree of vacuum caused by gas adsorption on the
carrier, and is therefore undesirable. Further, when generating the discharge from the
metal target used for forming the coating film, it is necessary to ensure that the film
formation rate per unit of time is maintained at the maximum possible level, and
therefore the use of an argon gas having a purity of not less than 99.9% is fundamentally
preferred‘

[0056]




10

15

20

25

preferably a gas containing argon as the main
conponent. A m xed gas contai ning oxygen or nitrogen
m xed with argon may al so be used, but using this type
of mxed gas tends to invite a lowering in the degree
of vacuum caused by gas adsoyption on the carrier,
and is therefore undesirable. Further, when generating
the dlgcrasrtxgt%d rﬁg] 5 F}% f%gna'ﬁgltl Q%a hahoah éd&ﬁ@ oBQHe carrier in
form g the coa I's necessary to ensure
Lgcachlidwc% wf él%e p{r%%{t %ﬁ)bcﬁﬂleﬁt%v%h}%g{;odéi?& tthe%fan-i'inl ], With no

al ne € maxi mum possi

t h s eafteo h tl&iechggo% ia@fh @}'i StTL ?svﬂeﬂﬂna vQéﬁ(ﬂntsiﬁteOJf at
SEeS 9% 1's anent a y preferred.
056]
P qﬁ FitP

{ t
R
t t
S VAT o A 3PS e
hanmber. 5
f@%g%ﬁ%wgeﬁb% S A DA A

on fl(relcglijlﬁai %wa Sthtle rr1]1| t% tar{agp rgatérpa? ?ﬁﬁc#ﬁ i gxﬁlg%o&@%m

0O regu aust

w%%tﬁ?rﬁ% A
n'é)'.f 8%11 g}n% ég%v%? tble% Cfglj;l‘la% %\Aﬁﬁnlg &g%ethg%e%h a Eﬂ&;g @Jrrent

ron1 he pomer ource er a
i rect. cu

I
nésrl)wsrels Brg%e(r]re u‘? a d1 g}éﬁﬁ ?t'éd %I eVI %gfgrgr grgir}la% to 1,500
forna ion.rate I [
¢ i 8%?an“ﬁ%§§Pﬂ$g%ﬁ?é§%#%e SUEEQDME ?Ec g?agmm
t 0
s PEAFLS SN0 Rt B0 ORARD L o)
industiaﬁg production, the treatnment is preferably
conple %nthln a treatment tinme of approximtely I

to 5 mat eg&&gli%phmg 16 Bk h&atkal BRNE orRPRbA §Thd Seon

t he targe auses 1on zation of the argon 1

?ﬁ%as kﬂ%&&g&‘ GeSnb EHaEthxh &efébf‘%@éﬂmé hll@ 280 aff RBYEHEIRY In order

to an argon pfasma. In ord
to focus the generated argon plasma, the plasma is 1mpa.rted with kinetic energy by the

rotating magnets 504 positioned outside the chamber, causing the plasma to flow across
the target material in a diagonal direction while sweeping out a helical trajectory. Upon
impact with the surface of the target material, the argon gas plasma causes metal atoms
of the target material to fly off, thereby causing sputtering. The argon plasma that does
not contribute to the sputtering returns to the helical trajectory, and contributes to the
sputtering ?rocess 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
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to focus the generated argon plasma, the plasma is
inparted with kinetic energy by the rotating nagnets
504 positioned outside the chanber, causing the plasma
to flow across the target material in a diagona
direction while sweeping out,a helical trajectory.

Upon inpact with the surfacé of the target material,

g ggsﬁﬁo@g Ot gﬁﬁarpét ?’%@?Fl%ﬂg ggfcagﬁi %%@Lm&&emeeﬁ, B&: if the

rge eria er eby causi ng

SRUL L ek i (A

¢ StyBics BB SOBeE AABcR, B8Pk Nk R0 ik SR 6

and nt r.i but . [ L,

S 58tk b10 QUL PR SRR il e

r [ : se in

s R R e R L

pl . ia |1 in . :

A A 98L PPy B N e o

sur.fac . i: b i

L AL o RO G e e
[ d the carrier sandw ched t herebetween, but

F?bﬁkg%bggﬂe-poles of the opposing nagnetic fields are

synchr gﬁed with the sane phase, then repulsion

bet weeh the nmagnetic fields causes the plasm fl ow

to.l oscf?y,gg@]%mrtayuse@ﬁﬁ coattihg'ikﬁ:fc%@r ih PR R B DOlsE 8t

are preferably in an asynchronous antiphase state. 5

FULLREH BPE Eoitht e AR A8 oSPREInRhedchSudral, Aktlogh if a film

magnets used for formng the rotating magnetic fields

i Sbf% YRbSRL hrefiblib iRméy, HRAGR Hbldei B0 bdBmBORadrbil, afVlerkre
preferably from 300 to 600 rpm [0058] The netal

MBt B InBon iR chrdrRl is pRAGANNGuED G REHOR, tHe Mo HBitsclf Bray be
bl'ock the rel ease of 10 out gas may be either a
MBgRSbde o BHEY d HlglOhetd MNARNBANSSA Gld¥BlBhindg.a pldiRPHOh
if afilmof a nmagnetic material is forned, then the

hahiggisl 4188hdh RAGOPEREpBRENEHL Gncl RIBHbRIRRIOfs@nddirable as it
non-magnetic material 'is preferably used. Furthernore,

t hay Rl Blih Be rdit38bf galBYm BR oxfREIPASRE R ftheAist BEY méal material
single metal element or a netal alloy containing a

Pl mg:kihibiys DHfigh BV BN dtivalchHOUPR aRE udekiibleC OAPE iekdn®N
that includes nmetal oxides is undesirable as it 15 may
I Eigbdntion, Phelidal iSddEfasRatefy tBAGridr aPrdfttebl RudES Pd, Pt, Cr or Ti.
Mor eover, the use of a nmetal materia

[0059]

©

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
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 fréquency 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
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that exhibits a high level of oxidative reactivity is
al so undesirable. In the present invention, the netal
used for coating the carrier is preferably Ru, Au, Pd,
Pt, C or Ti. [0059] Furthernore, when formng the
filmon the carrier surface,osif the filmis too thin,
20 then the suppression effect on the outgas is

MR a08 it S0 SlsBBha e %&@ of dhlds tBat bLRMibdN ¥d fdrh&mickifl AL film
amount of the metal Tilmiformed on the hol der

[ 2 54 gni ficantly, which may cause peeling of
tﬁg&ﬁgﬁﬁé?é%n1the hol der, and al so i ncreases the
freqguency with which the hol der nust be replaced. For

these reasons, the filmthickness is preferably within

a range from30 to 200 AxSvbprd5 rum, and is nore
preferably within a range from50 to 25 100 A (5 to 10
nm . peaver, the filmis preferably formed over the
entire hol'der 23 surface, without installing the

types pfanplts 6f @s rdrRatondf 8 mMta08lnY cdasBbod 8¢ carki@Stdokditd 10 he
the film formation region. EXAMPLES 5 [0060]

F?% B9eron bR Qe AbEBIlN) ?1%{01@1 KB bbent inkéhtieR AlroNBindd

e carrier according to e present invention are

d§§@?&p@ng§&QM@&although the present invention is not
limfted solely to these exanples. (Exanple 1) 10 A

NQRxABEBt i ¢ substrate conposed of a N P-plated
al'um num substrate was supplied to the chanber of a

sput t eningg nfa-hdic k@Sshat E&ﬁbo%ﬂﬁ%ﬂiﬂ?m&é&iaﬁ%ﬁuﬁ%%&@&@s
transport device, and the inside of the chanber was

evigsiied Rdhe dHamb&\Wf B SpuBSHi fRin fofnaBibn agph@tue MaEE@§ubetihte
process, the substrate transport device was used to

MRl pot: aeyis RSt thednSidOSF theddhahib}3vhs 8l ddatéiU PoBRbWARY completion of
carrier within the vacuum envi ronment inside the

C hpddakuaiidmprddees, SidishReRe @inshbteddak fae liseb &0mB@E the substrate on
subjected to a sandblasting treatnment with 920 to 30

an A5052 aluminum alloy carrier within the vacuum environment inside the chamber.
The surface of the carrier had been subjected to a sandblasting treatment with #20 to 30
SiC particles. An undercoat film composed of Cr and a magnetic recording layer
composed of Co, which represent layers required to form the magnetic recording medium,
were formed on the carrier-mounted substrate inside the sputtering chamber, and a
carbon protective film of thickness 50 A was then formed on the substrate by plasma
CVDinaCVD _chamber. At this time, carbon was also deposited on the carrier surfaces
near the substrate.

[0061]

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 treatments are
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SiC particles. An undercoat filmconposed of & and a
magneti c recording | aver conposed of Co, which
represent lavers required to formthe magnetic
recording medium were fornmed on the carrier-nounted
substrate inside the sputterigng chanber, and a carbon
protective film of thickness 50 A was then forned on-

t B BLI6RLSInPYIAR b 35T FaferAc RN bWind trinéRr @B BRFer ifb the
this time, carbon was al so deposited on the carrier '

S Hd: Be@iber, NRBE arkbtEoxS Was bipphi& to [HRQBAber, DMK MMsld¥ the
the substrate was renoved fromthe carrier inside the

C brurve¥ wasUhSidag0.8 P, a5l RS 0@ MEditdcfisBR as Bplie€ Bor 1 EBRnd from
carrier fromwhich the substrate had been 25 renpved

Va2 po e ok @SR tHe €FTH dlb P tak e mARHA] 505 ARDK caBHiBTRGHER
treatnents are 24 described below using FIG 5 for

I SR ARCHE theROIT] QMK Gt MAREAISIDS &f thé Hreseadd dtitie rolaBiiOmidiers
next chanber, 100% argon gas was supplied to the

C beuylagd forrhiig a Ph@SSE fikn bMeé fheretifl ©f the a6y taBget 505 vethed
0.8 Pa, and a 1,000 Wdirect current was applied for 1

S @heMneks fof &fFroxiridelPOOYE bn 5O WirGRe b Fe tBridrhen tils Thvedlgaton, four
target material 505, thereby causing magnetron 5

S Rdgdiewdrd ths@fiedtvithirGhd kingle tigynten EQ®linght Gln Rlrmiddn 16 Be
the presence of the rotating nmagnets 504, and form ng

a pefistink @ fifdlitdrebustyad tivb ubsRitey héinted fon tHeearkied | Fusthtrodn order to
target 505 with a thickness of approximately 50A on

t REabiddoh@pef te chrfier GRf 4 Wwiler arbd) theldistantd ¥ the G bdt @aterial to the
four targets were installed within the single

C hamibesurfacena bdt g7 e, fridlthe fammmt warrohducted witheutfiotalig a
simul taneously on two substrates nounted on the

C @hieldefor. redttidtibf ek disthiargereldon.t 0 10 enabl e coating of the
carrier over a wder area, the distance fromthe

target [a¢82lerial to the <carrier surface was set to 75
mm and the treatnment was conducted w t hout.

I nst al Id dader o confinethe effent of @istmretad film goatihgindusotsaing ée release
region. [0062] In order to confirmthe effect of this
mesf alitgdsi from the edriierge gas dsteqorvessostaljed inahe chbabes €06, and the gas

components released into the chamber by the carrier were evaluated. The results of the
evaluations are shown in Table 1.
(Example 2, Comparative examples 1 and 2)

A carrier metal film coating treatiment was performed in the same manner as
example 1. The treatment conditions and evaluation results are detailed in Table 1.

[0063]

As is evident from Table 1, it was confirmed that formation of a metal film on the
carrier su_rface caused a reduction in the ion current of the above gas components.

[0064]

[Table 1]
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15 of outgas fromthe carrier, a gas detector was
installed in the chanber 506, and the gas conponents
rel eased into the chanber by the carrier were

eval uated. The results of the evaluations are shown
in Table 1. (Exanple 2, Conpz ative exanples 1 and 2)
A carrier nmetal filmcoating treatnment was perforned

fad 20 eva leo 1 Theo troat nmnt
condi tions. and e@buati onMeLiimsoatinge gt ai [WFUTHL (A)
Taple 1. [0063] As s ievident { ble 1 it was

confirmed that | Fobordilindn of a net SEPFSSm on the
carrier surface{; ca(g§ed ar}d%tarﬁf‘éti on &'n t he i(gglcurren(rﬂo2

film cnn

of | t he above gas conponents. [0064] A)25 [ Tabl e 1]} 25
[

C
'\/E Lo lonicnrr oant A) A/ b arh £l s
Yot 7] VD 1Tt

Ql Fa¥al 1
Thil cKrSPERES e i al 000 02 CfTA) (A) 1,000nphr aptEve ( CrE-12
1. 000 efamdpile 12 1. 4E-12 exanple 1 Conparative 50 A None
3. BE-1-—21 2 4E112 exanpte—2—Example——50—A-GF—50
> BE-GYMHE 19 Brdnplle 2 50 KoRu 50 1. DESDE-I2. §E- 19512
exampie 2
Example 1 50 A CrTi 50 2.5E-12 2.0E-12
Example 2 50 A Ru 50 1.9E-12 1.8E-12

INDUSTRIAL APPLICABILITY

[0065]

According to the method for manufacturing a magnetic recording medium of the
present invention, which employs a cleanliness retention technique that involves forming
a metal film coating on the substrate-supporting carrier, when a carbon protective film is
formed on both surfaces of the magnetic recording medium substrate, the problem
wherein the carbon film that accumulates on the carrier surface detaches to form particles
that subsequently édhere to the substrate itself can be suppressed.

Furthermore, by coating the carrier surface with a metal film, outgas from the

carrier can be suppressed.
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| NDUSTRI AL APPLI CABI LI TY [0065] According to the
nmet hod for manufacturing a magnetic recordi ng nedi um
of the 5 present invention, which enploys a :
cl eanliness retention technique that involves formng
a nmetal filmcoating on the sabstrate-supporting
carrier, when a carbon protective filmis fornmed on
bot h surfaces of the magnetismm®cordi ng nedi um
substrate, the probllem wherein the carbon filmthat
accunul ates on the carrier surface detaches to form
particles that subsequently adhere to the substrate
i tisel f AGifhold €orshPRfaea SRtk mddhefithfetdr@ih fRle@umbby nealiig Y
the carrier surface with a netal film outgas fromthe
C Stibfsir@e fo & BRmStigHIneSeelr, séfent@AL-MSpdrtindsattbdubaficf 18t a
manuf acturing a magnetic recordi ng nmedi um by nounti ng
a phsdiipséircafrecle® EhadmibeR) £no ForRiingO 1680 a@na@adticifih and a carbon
sequentially transporting said substrate into a 5
plptiteatiid finodn wpinoewhe dordivd fhetation @ifidn 04 tHam@erst weass t
a magnetic filmand a carbon protective filmon said
subst r gfieméthsd donprisds@rsRbT Btk & Rietk] Sk 6h £Enardd &lirface, which
wherei n said nethod conprises a step of formng a
med ek fofrhddrfoliowiag £ step dfeemeind magnetidrealiding Sedian fomeadl
followng a step of renoving a magneti c recordi ng
nmedtienfofiovoiny S&h brmetimr bue pridrad b step omdrinting 4 subseritd fonfilm
but prior to a step of nounting a substrate for film
1@orhatiomdn ail carriesai d carrier. 2. The nethod for
manuf acturing a magnetic recordi ng nmedi um according to
claim 1, wherein said step of formng a netal filmon
a carrier surface is conducted by a nagnetron
di2s c hafbremstpert foemamdaceing o thapirsit raeseitngmaddain avgording to claim
magnetic field assistance. 15 3. The nethod for
ndnwhereih waid sgp af foagingé inetal Moot cagrienmofaceis acreioeted byga t 0
claim

magnetron discharge sputtering method that uses rotating magnetic field assistance.

3. The method for manufacturing a magnetic recording medium according to claim
1 or 2, wherein said metal film formed on said carrier surface is a metal material having

low oxidative reactivity.

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

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

5. 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



1 or 2, wherein said netal filmfornmed on said carrier
surface is a netal material having |ow oxidative
reactivity. 20 4. The nethod for manufacturing a

magneti ¢ recordi ng medi um according to claim 3,
‘wherein said netal material Baving | ow oxidative
‘reactivity conprises one elenment selected fromthe

g foo dibm doymefict hyrgqushtidly trapeportiag sai@sybsiGite meachTif said chafgbers
apparatus for manufacturing a magnetic recording
nmesingrsarieranh them fopining althin film 85 saad substratecfor fleh fohsatiorsherein
and in which a plurality of thin filnms are | am nated

on a subistppaties Spriesra charthpar ffareragving e lagnstguendih@neyium
transporting said substrate to each of said chanbers
ufomg carrisafaliowingdiin forinetiorf, endd ¢hgmaertfbr movntihga sbstsxd fr film
substrate for filmformation, wherein said apparatus

c tmpeiigem scagtea fromrwhidhra spbsteigihagbean nampvet. gl alwoomgiisgg,
medium froma carrier following filmformation, and a
c hetwisery safdshambrrs eichanbsr oo smingtagndty filh joh parargerfsorfarat i on
on a carrier fromwhich a substrate has been renoved,
and al so conprises, between said chanbers, a chanber

for formng a netal filmon a carrier surface.



