METHOD AND APPARATUS FOR MANUFACTURING MAGNETIC RECORDING MEDIUM
TECHNICAL FIELD [0001] The present invention relates to a method and apparatus for
manufacturing a magnetic recording medium used in a hard disk device or the like, and more
specifically, relates to a method and apparatus for manufacturing a magnetic recording medium in
which the generation of dust and gas from a carbon film that has accumulated on the 10surface of a

substrate-supporting carrier } %%egND&ﬁgwﬁgg%%ﬁgﬁegmﬁégm Application No.

2007-182529, filed July 11, e‘content of which is‘incorporate y reference.

BACKGROUND ART 15[0002] InfeesnRt MRk he FRRFoVEments in the ording 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 70for these
huge improvements in recording density, bueagigidhé. kéltechnologies has been technology for
controlling the sliding characteristics between the magnetic head and the magnetic recording medium.
[00031 Since the €88 Jcontact star stop) method known as the Winchester system, in which the

basic operations involve contact sliding - head lifting contact sliding between ‘
e present invention relates to a method and apparatus for manufacturing a

magnetic recording medium used in a hard disk device or the like, and more specifically,
relates to a method and apparatus for manufacturing & magnetic recording medium in
which the generation of dust and gas from a carbon film that has accumulated on the
10 surface of a substrate-supporting carrier is reduced.
Priority is claimed on Japanese Patent Application No. 2007-182529, 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

[
[

which the basic operations involve contact sliding - head lifting - contact sliding between




the magnetic head and the magnetic, recording medium, has become the main system employed
within hard disk drives sliding of the head. on the recording medium has become an unavoidable
necessity, and. therefore problems relating to tribology between the magnetic head and the magnetic
recording medium are currently an unavoidable 5 technical issue. As a result, the abrasion resistance
and sliding resistance of the surface of a magnetic reéording medium. play an important role in
determining the reliability of the medium, and intensjve efforts continue to be directed towards th.e

development andiiBIBTERTRSAL 675D Fot SRS HAS S LS B G S AR BRIk & TP amination onto

the magnetic; film 1? 00041 . . . Various materials have been proposed rotective films for magnetic
recording media,e%lg £ 8(%%%1\1/8% %%v%\é?ﬁté%%ﬂr% ?g?r%%at()ji |%§tga%ﬁcgﬁ§r§n§ﬁ%§uén gﬁf’e like, carbon

films are mainly %&m@y&%&%maéimg{&%@%{é@%ﬁ@iﬁ;’@@l&% saLtigring methods, and the

conditions during film formation are vividly reflected in either the corrosion resistance of the carbon film

or the CSS charagserigtics and pasitherafomexikemely mpartant ([BRABY an uidherdn. order to
improve the recording density, it is desirable to reduce the Dying height of the magnetic head and

increase the fotatiomatSpeed oftheemédivmmpanditherisfore the shidigpeticstecording meeiem requires a
higher level of sliding durability. [0006] On the other hand, in order to reduce spacing loss and thereby
increase the recSidireershsitycarstherhesslsy telprotestivelfiindresdsine B redirtéd ofs far as

possible, for example tg a film thickness E{ﬁnot more than 100 A. There are strong 25demands for a.

protective filrn wifiEHE St SRR LRSS Tt S5 T QAT BRI (e fhe development and

improvement of protective films and lubricating films and the like for lamination onto
the magnetic film.
10 [0004]

Various materials have been proposed as protective films for magnetic recording
media, but from the overall viewpoints of film formability and durability and the like,
carbon films are mainly employed. Carbon films are generally formed by sputtering
methods, and the conditions during film formation are vividly reflected in either the

15 corrosion resistance of the carbon film or the CSS characteﬁsticé, 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 higher level of sliding durability,

[0006]

On the other hend, 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

[N
h

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




However, when a carbon protective film formed by a conventional sputtering film formation ethod is
reduced in thickness as far as possible, for example down to a EIm thickness of 100 A or less, the
durability of the formed film may be unsatisfactory. [0008] Accordingly, methods that employ sputter
method and plasma CVD method are becoming widespread as methods capable of forming carbon
protective films having higher strengths than those obtainable using sputtering methods. [0009]
10However, in hose methods where the carbon protective film is formed using sputter method and
plasma CV]) method, ingfi§élthe EIm formation apparatus, carbon is not only formed on the surface of
the substrate, but also ccumulatéas on the surfaces 8;[§hée carrier that supports the substrate. When

the amount of this type 0f CABoR SeRUIHOTART SH % HURATREHEEAS IRLFEALAS SHLETBRE 8feh as internal
stress cause the fim AR farmed ftomule Aceuma'edieabonde pecl anay fram xposgdsurface. If the

. O O O
particles of carbon generated as a result of this type o peelflng adhere 10 the substrate surface, then

protrusions tend {g; hedermeshon dhescarhanarptectivediimmeasultinghinlogalized film thickness

abnormalities that can cause product defects. Particularly in those cases where the carbon protective
film is formed using a pjasrga CVD method, the 20resulting film composed of carbon has a higher
degree of hardness and higher internal stress than a carbon protective film formed using a
conventional sputtering4netiow and thelcifotetivoamotnt of igeheratdagoaBvh pattioleseis large, and
the type of film thickness abnormalities mentioned above tend to be particularly problematic. [0010] 4
Methods of remobfigRaREarAPITAY AtEfAtAafeaels tHosusca BrarEnsetiatLlas Bpvatng carrier by
ashing the carbon film usin an oxygen las a have been proposed to prevent the generation of the
types of particles ‘(éseér‘qur%%?{g%\?re‘){gg?eexatﬁ?rg?e‘? %Seuelgféjﬁ‘g#og%}egﬁ%@ imined Patent Application, First
Publication No. Hei 11- §§o, and Japanese Unexamined Patent Application, First Publication No,
2002-025047). Further, a treatment for suppressing peeling of accumulated material from an electrode

by roughening the surfagg.efthe:capierhkasheenyseddonreventthe peeling:ptangccumulated film
from the surface of a substrate-supporting carrier (for example, see Javanese Unexamined Patent
Application, First BubticattndNod 2006:178B439thod, inside the film formation apparatus, carbon is
not only formed on the surface of the substrate, but also accumulates on the surfaces of
the carrier that supports the substrate. When the amount of this type of carbon
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]



10[0011 Recently, there have been considerable demands for further improvements in the
cleanliness of the surface of magnetic recording media in order to enable further improvements in the
recording density of the magnetic recording media. However, the methods described above alone are
not able to satisfactorily reduce the generation of 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 carréethadeoreinghneadieing Mageetiaecdelints mwedie defesbstgused by carbon
protective film particles is currently a significant problem. 20[0012] As described above, one of the

causes of particlSBHERESH oM, 1 ERS GA BB L CHVE AT S YRS RIRTRR AR PRV aTe cleanliness

of the carrier that supports the substrate is very difficult, and methods of improving this level of
Cloanliness have SESN Hhay AR LODLAT Firr KLt 8 TaLAren FRRALTo by the

inventors of the pf&%ﬁ&%iﬂX%&SQHe&@%t&%@i?@i@k@oﬁcﬂﬂ@%ﬁgrﬁﬂ e garies siaces is not

completely removed by the ashing treatment described above, and residues tend to remain on the

carrier, mainly onitba flatisusfaces Obihe caspRibhesRstesislitasanedramsportedinteether film,
formation 5 chambers together with the carrier, and have also been confirmed as a component of the

outgas emitted insigettheniacsumrehambeiidn drdertofusthenincidase dhelsecoiding density of a
magnetic recording medium while achieving a stable level of product stability, the emission within the

vacuum chamber@fdbenipohe s athdrithaattive intdatonsliussreprBeassjasdstmust be avoided,
and improvements in this area are also 10required, DISCLOSURE OF INVENTION PROBLEMS TO
BE SOLVED BY HH9EfRARE RERIGROGIALS- L8 Predsi HOion BRes e 5BaRle &fcumstances

into consideration, with.an,biect of providing & manyiactufigamethod Jwhich,uring formation of a
10 [0011]

Recently, there have been considerable demands for further improvements in the
cleanliness of the surface of magnetic recording media in order to enable further
improvements in the recording density of the magnetic recording media. However, the
methods described above alone are not able to satisfactorily reduce the generation of

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
uncbtainable in regions where the plasma is less readily concentrated, such as the flat
surfaces of the carrier. Accordingly, reducing magnetic recording media defects caused
Mwmhmpm&mWemmpmﬁd%mcmmmwaﬁgﬁkmﬂmﬁhm,

20 - [o0iz]

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 cleaniiness have been
keenly sought.

25 [0013]




protective film on a substrate using a CVD method, by suppressing the generation of particles from the
carbon Elm accumulated on the carrier that supports the substrate, and suppressing the emission of
outgas for which the production source is the accumulated 20 carbon film on the carrier surface, a
magnetic recording medium can be manufactured that has a high recording density, excellent
recording and reproduction characteristics, and stabfe quality. MEANS TO SOLVE THE PROBLEMS
25 [0015] As a result of intensive and concerted research aimed at achievin.g the above object,
the inventors of the prE&BRE: MRS HdetreratPRat Whah' e FRGRGE b SFHmh BEttitflates on a

substrate-supporting carrjer durin Eormatiqn of a carbon protective film on a substrate, the generation
of dust from the%%?%f?ﬁrb%%fé%‘fﬁ%gﬁ ?ﬁegﬁatfﬁec?gr‘nslgrs%ﬁ% Butgas S trﬁrémcvgrr?g%%uld he

effectively suppressed by Using.a magneiten.spultering.methed o fonta metal fim.andhe carrier

surface, thereby coating the residual accumulated carbon film, with this metal film formation step

conducted thilowjngthe,step, of femanming themagheticrecardite. Mediumfrom thessasrier following
film formation, but prior to the step of mounting a substrate for film formation, on the carrier, 10and

they were therefarerable itochmpletiethexpresent inveritiohedn wtifermabids cthepresenthinvention
relates to the aspects described below. (1) A method for manufacturing a magnetic recording medium
by mounting a sobistateiftifisido theatiowrorrevarrieln seuentiaihiptragispoitingrediingubstrate into a.
plurality of connected chambers, and forming at least a magnetic film and a carbon protective film on
said substrate fOFRE 6 ATRRSHI HithR d B ERL e AR RS MBI LB ses a step of
forming metal film %1. a carrier, surface, . which is\E)%e):rfor ed followin ea,(ss(t)% %E{g oving a. magnetic

recording mediuft oM SSiTEAHT8 TR g T ToTtanion. Butior o a Step of founting a substrate

for film f Ofma“0flnq&ﬁa&gl&afﬁ&ﬁfpr@c%ﬂ%g&%%é%mm%a&%m@ﬂ;@agﬂ@&&% ipgosdinggnedium

according to (1) above, wherein said step of forming a metal film on a carrier surface is conducted by a
magnetron dischargegputtering method that uses rotating magnetic field assistance. (3) The method
for manufacturing a magnetic ording medium according to (1) or (2) above, wherein said metal film
formed. on said carrier surface is a metal material 25having low oxidative reactivity.

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[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 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

20 carbon film on the carrier surfa;:e:, 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

b2
wh

[0015]




7 (4) The method for manufacturing a magnetic recording medium according to (3) above, 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 5plurality 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 said apparatus
comprises a chamber fés repsavirfgréemgneticyesordirganed e framchicangerfeliowing film
formation, and a chamber for mounting 10a substrate for film formation on a carrier from which a
magnetic recordiPRjaHediuiT WX bRldAcrBRioVaay SHaISE CEHp Hss S hsR febf abiar tialvBers, a

chamber for forming a metal film on a carrier surface. EFFECT OF THE INVENTION 15[0016] By
using the method TOPFHATRRRCR AR A FABRE RSB aE PRATBrISE fid BRESBAEIGR ion, which

employs a C'ea”'{iﬁr%sénr%%%@s%%”ef%%h,gr‘én “&ﬁ%@?&f%%%sfr%rg?]%tea&%% ‘%%Q@v@%ﬁ‘neagnc}’%ea .
substrate-suppor Ing carrier, when a'carbon protective film Is for ed on both surfaces of a magnetic

recording mediuny,ubsirate.he Rrpblendhat cQariseswhenithasahan fimdhat aceueuiates on the

carrier surface detaches to form particles that subsequently adhere to the substrate can be effectively
suppressed Futtherrparanhby e aating the: calirien sk taegonsthrec enetatitrooHutgas feaaudhe carrier

can be suppressed.
accumulated carbon film, with this metal film formation step conducted following the
step of removing the magnetic recording medium from the carrier following film
forma’cionl. but prior to the step of mounting a substrate for film formation on the carrier,
10 and they were therefore able to complete the present invention. In other words, the
present invention relates to the aspects described below.
(L 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

et
A

protective film on said substrate for film formation within said chambers, wherein said
method comprises a step of forming a metal film on a carrier surface, which is performed
following 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.

20 (2 The method for manufacturing & 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

25 having low oxidative reactivity.




BRIEF DESCRIPTION OF THE DRAWINGS [0017] 8 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. 2isa
schematic illustration or 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 ap aratus for manu{acturln neti recoré ng medium
according to t\fllgeljpreszh %lvéﬁl fioﬁ)r ma %Ct i % SHienvatic oSt 3%6%68%“&%‘?8?81{ i E% ng device
according to thg,presenEIBYENE th i SERIRN ﬁ%g%&%%&&ﬁ%ﬁ@%% SIVBSs 3 00181
151:Substrate cassette-transferring robot mount Substrate supply robot chamber Substrate
cassette-transfaerngtretiot8A fiBnChergpupatahfiktinfp rMBRioA chadnBerCr and Ti.
(%) An apparatus for manufacturing a magnetic recording medium, having a
5  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 said apparatus comprises a chamber for removing a magnetic
recording medium from a carrier following film formation, and a chamber for mounting
10 a substrate for film formation on a carrier from which a magnetic recording medium has

been removed, and also comprises, between said chambers, a chamber for forming a

metal film on a carrier surface.

EFFECT OF THE INVENTION
15 [0016]

By using the method for manufacturing 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 recording medium substrate, the problem that

20 arises when the carbon film that accumulates on the carrier surface detaches to form
particles that 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.

25 BRIEF DESCRIPTION OF THE DRAWINGS
[0017]



4,7, 14, 17: Corner chamber for rotating carrier 205, 6, 8 to 13, 15, 16: Sputtering chamber or
substrate heating chamber 18. to 20: Protective film formation chamber Substrate removal robot
chamber 23, 24: Substrate for film formation (non-magnetic substrate') 25: Carrier 26: Support base
27: Substrate mount 28: Plate 9Circular through-hole. 30:Support member 534:Substrate supply robot

49:Substrate removal robot 52:Substrate. installation hamber
F1G. 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
5 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 Hllustrating a carrier within an apparatus for manufacturing a

magnetic recording medium according to the present invention.

10 FIG. 5 is a schematic fllustration of a metal film coating device according to the

present invention.

DESCRIPTION OF THE REFERENCE SYMBOLS

[0018]
15 1 Substrate cassette~-transferring robot mount
2 Substrate supply robot chamber
KH Substrate cassetie-transferring robot

3A, B: Carrier metal film formation chamber
4,7, 14,17 Corner chamber for rotating carrier
20 5,6, 81013, 15, 16: Sputtering chamber or subsirate heating chamber
18 to 20: Protective film formation chamber
22: Substrate removal robot chamber
23, 24 Substrate: for film formation (non-magnetic substrate)
25: Carrier

25 26 Support base



54:Substrate removal chamber 80;Non-magnetic substrate 1081:Seed layer 82: Undercoat film 83:
Magnetic recordinn film 84: Protective film 85: Lubricant layer 15501: Metal film coatinc, device
502: Chamber 503: Substrate-supporting carrier 504: Magnet 505: Target material 20 506:

Exhaust volume control valve 507: Direct current power source. 508: High-frequency power source
509: Gas inlet tube 9

27:  Substrate mount
28 Plate
29: Circular through-hole
30:  Support member
5 34 Substrate supply robot

49:  Substrate removal robot
52 Substrate instaliation chamber
54:  Substrate removal chamber
80:  Non-magnetic substrate

0 8L Seed layer
82:  Undercoat film
g3: Magnetic recording film
84:  Protective film
85: Lubricant layer

15 501:  Metal film coating device
502:  Chamber
503:  Substrate-supporting carrier
504: Magnet
505: Target material

20 506: Exhaust volume control valve
507: Direct current power source
508: High-frequency power source
509:  Gas inlet tube

510: Drive device

B
Lh

511:  Magnetic fleld



510: Drive device 25511: Magnetic field 10 BEST MODE FOR CARRYING OUT THE INVENTION
[0019] Embodiments of the carrier cleanliness improvement produced by forming a metal film coating
on the carrier in accordance with the present invention are described below. [0020] Firstis a
description of a magnetic recording medium that represents one example of the thin laminate
produced using the method. for manufacturing a matfhetic recording medium according to the present
invention. 10[0021] FIG. 1 is a schematic longitudinal sectional view illustrating one example of a.

magnetic recording rdiu (thinB%ﬂMP&E?%Qﬁ&%EW@M@%MEﬁW@%r manufactutin.2 a

magnet@c record@ng medium according to the present invention. [00221 15As illustrated in FIG. 1, this
magnetic recording medilif includes a non-magnetic substrate 80, and a seed layer 81, an undercoat

fim 82, a magnetic recording fim, 83, 2 praleelivn Im, 84.3c AuSisaRL e aminated

sequentially on both surfaces or one surface of the non-ma.gmetic.substrate 80.

metal film coating on the carrier in accordance with the present invention are described
5  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
recording meditm according to the present invention.

10 [0021]

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

[0022]

ook
(@41

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]

20 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 substrafes for magnetic
recording media, as well as glass subsirates, ceramic substrates, flexible resin substrates,
and substrates prepared by coating one of these non-magnetic substrates with NiP using

25 either a plating method or a sputtering method.




[0023] 20Examples of materials that may be used for the non-magnetic substrate 80 include the types
of Al. alloy substrates having a Ni? 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-magnetic substrates with Nill using 25either a ptating method or a sputtering method. [0024;
Further, the surface of the non-magnetic substrate 80 may he subjected to a uting treatment for the
purposes of achieving fig?é]favorable electromagnetic  conversion characteristics, imparting the
substrate with in-plane magnetic anisotropy to 5improve the heat fluctuation characteristics, and/or
removing any polis ark§vjiopane surfapg &idBe BoRyBENGISF tHAB E O AR BICTHAed on the

non-magnetic substrate 80 contrals the crystal o;i%{;ftation of the ﬁl[TLif.?r ed. direc_tlé/ thereon.
Examples of the IRAERATHEEFH Yo Fﬁﬂﬁ%ﬁ@ssoéél SVRE POTRATEEH SFEEEFBE Pd, NiFe, 10

ety on the 60 Sy [0E30] LG T seaa Hot Heb Loy o8 Tar aae e only & smgle
5  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, HE, Pt, Pd, NiFe, NiFeMo,
10 NiFeCr, NiAl NiTa and NiNb, which may be selected and used in accordance with the
film formed directly on the seed layer.

[0026]

Furthermore, the seed layer 81 need not necessarily be formed from only a single
layer, and if required, may be formed as a multilayer structure by laminating a plurality

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

Conventional non-magnetic undercoat films may be used as the undercoat film 82,
including 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

20  relationship with the magnetic recording film 83 described below, the undercoat 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.

3
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layer, and if required, may be foiined as a multila er structure by laminating a plurality of films having
either the same composition or different compositions. [00271  Conventional non-magnetic
undercoat films may be used as the undercoat film 82, irrluding 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 20 relationship with the magnetic recording film 81 described below, the undercoat film
82 is preferably either composed solely of Cr, or formed from an alloy of Cr containing one or more
other elements selectefiéih among Mc, 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 SNRREEREF RIpATHEHSIJFB S s SPaBrehidingsio Dle undvreseiafetho particular

limitations on. the thickness of th underc?at film provided the esiged C e{cive force can he obtained,
although the thickFRSEFS BT ERSFIBISP Rt FARTLPR P 16 AT A 16 Hohe TREferably from 10 to

30 n.m thickness of the undercoat.film, 82 becames overly thin, then,the crystal orjentation of either the
magnetic recordir‘fvgﬁﬁlrﬁ"laé%g%%r%gf é% tﬁgﬁ?fna ercoat ﬁlﬁ] geé, ch}rl [ employed?rtrll'ie non-magnetic

intermediate §lm formed: hetwegn.the underseat fim 82:andthaimagneticecardingfiln 83, tends to
deteriorate, causing an undesirable decrease in the SNR. In contrast, if thc thickness of the undercoat

film 82 is too largeithendhrapanticte ddsizafstheperdcleswithindhe indsrcoat fitm 82dends to
increase, resulting in an accompanyincrease in the particle size within the magnetic recording film 83
or the nonmagnetic imtermedtste fiomfdrsetiondrecd hderoodhfimdgRowhichScauddbean undesirable
decrease in the SNR. 100291 Furth.smore., the undercoat ElIm 82 need not necessarily be fomied

from only a singleTagrsticanerit et rsagsre deRTivd asarimg fayér st dre By dniitating a
plurality of films hayIng eiter e, S RO on O et oMo IONS: d093 % e
10 size of the particles within the undercoat film 82 tends to increase, resulting in an
accompanying increase in the particle size within the magnetic recording film 83 or the
non-magnetic intermediate film formed on the undercoat film 82, which causes an
undesirable decrease in the SNR.
[0029]

15 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 ne particular limitations on the magnetic recording film &3, provided it

20  is a magnetic film capable of yielding the desired coercive force, although by using a Co
alloy layer represented by a formula Co.CrePtcTagZr.CusNig (whereina, b, ¢, d, e, fand g
indicate the composition ratio, and respectively represent b: 16 to 25 at%, ¢: 0 to 10 at%,
dilto7at%, e 0todat%, £ 0to 3 ath%, g 0to 10 at%,_ and a: the remainder) the

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

ool
n

[0031]



There are no particular limitations on the magnetic recording film 83, provided it 20is a magnetic film
capable of yielding the desired coercive force, although by using a Co alloy layer represented by a
formula CoaCrbPt,, TatiZreeufNig (wherein a, b, c, d, e, f and g indicate the composition ratio, and
respectively represent lu 16 to 25 at%, c: 0 to 10 at%, U: 1 to 7 at%, e: 0 to 4 at%, f: 0 to 3 at%, g: 0 to
10 at%, and a: the remainder) the magnetic anisotrop}dcan be increa ed., enabling the coercive force
to be further improved. [0031] 13 In the magnetic recording medium of this embodiment, the
protective film 84 is féfrHEobEHsETiekfeHE raeoraingfins 88 ko Preveintisc rattbitigeofilinedimgnetic
recording film 83 caused by contact between the head and the surface of the medium. Conventional
materials may foengskentdietagietisceverfling smaiti texapnphé sirridecsyitarsentsisnent films
formed from C, Si02 or Zr02 or the like, or films containing these materials as the main component and
also containindcstigingddenielsmepisoyoostct betpsrpildeadeatiththgsuifagere themmdiusing a
method such as sputtering method, an ion beam method or plasma CVD method or the like. 10[0033]
The thickness %f"?ﬁé%gc‘ﬁ\?éﬁﬂﬁ# grishypredpuitsinratesiye fitens 4 tadexsmpisettialydie thickness

of the protective film 84 within a range from 2 to 9 nm is preferred in terms of reducing spacing loss.
single component films Tormed 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,
an ion beam method or plasma CVD method or the like.

10 [0033]

The thickness of the protective film 84 is typically within a range from 2 to 20
nm. Setting the thickness of the protective film 84 within a range from 2 to 9 nm is
preferred in terms of reducing spacing loss.

[0034]

15 The lubricant layer 85 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 perfluoropolyethers (PFPE), and solid lubricants such as fatty acids.
Conventional methods may be used for applying the lubricant, including dipping
methods and spin coating methods.

20 [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]



[0034] 15The lubricant layer 85 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
perfluoropolyethers (PFPE), and solid lubricants such as fatty acids. Conventional methods may be
used for applying the lubricant, including dipping methods and spin coating methods. 20[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] 14 First is a. description of the
apparatus for manufackiming adesagrieticofetordiagmreiunuthiat isnsednirzthecrrsthdidgor
manufacturing a magnetic recording medium according to the present invention. [0037] FIG. 2isa
schematic diagramditusthatiiigisdérdramphebforasapiaratus erassHafsertiing B iiEgnetic recording
medium according to the present invention, FIG. 3 is a schematic illustration of a sputtering chamber
within the appardfF& e aRGRIEETIHE & Haynetic recording according to the present invention, and

FIG. 4 is a side view ill Lzﬁing a carrier within the apparatus for manufacturing a magnetic recording
10 medium according t R present invention. In FIG. 3, the carrier indicated by the solid lines

represents the state when the carrignis siopped:ata-fistitm formatiennositign.whereas the carrier
indicated by the dashed lines represents the state when the carrier is

manufacturing a magnetic recording medium according to the present invention, FIG. 3
is a schernatic 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
10  medium according to the present invention. In FIG. 3, the carrier indicated by the solid
lines represents the state when the carrier is stopped at a first film formation position,
whereas the carrier indicated by the dashed lines represents the state when the carrier is
stopped at a second film formation position. In other words, in the sputtering chambers
illustrated for this example, two targets are positioned opposing the substrate within the
15 chamber, and therefore film formation is first conducted onto the substrate on the left
side of 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
20 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

|30
w

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




stopped at a second film formation position. in other words, in the sputtering chambers illustrated
for this example, two targets are positioned opposing the substrate within the 15 chamber, and
therefore film formation is first conducted onto the substrate on the left side of 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 th&n 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 positiorech2B:oppesingie Sabdtaies withiakiverphaiobr thistBFatof movement of
the carrier becomes unnecessary, and film formation onto the substrates supported on the left and

right sides of thérstaiisior arBoESRdERTRSE SirttET e Cu s 2O 3GT ™o1EtAg FRIEHEFE in FIG. 2, this

magnetic recording medium manufacturing apparatus includes a substrate cassette-transferobot
mount 1, a substPHE RS SMTRFA ARt NG T %d‘@%tﬁgg%%ﬁ B 3ope %%83% ot

%fraét’e supdl\l/ r ¢hamber 2, a substrate

supply robot 34, a2 bStra 1¥)enié]nsz%sa1 Iéax%qré 1l D& F2%a L %‘&zﬁ%&l&%{% o butd 0k for rotating the
Su

carrier, sputtering ¢ ambers an strate heating chambers 5, 6, 8 to 13, 15 and 16; protective EIm

formation chambes 18.19:20,2 substrate semoral shamberat: ssubsirateremenalbiakot chamber

22, a substrate removal robot 49, a carrier metal film formation chamber B. and a plurality of carriers
25 with a plurality Ofssubstiates:fiey finufosmationitnosimanetic sibsiratés) 23 amda@4urivuntec

thereon.
magnetic substrates) 23 and 24 mounted thereon.
[0039]
A vacuum pump is connected to each of these chambers 2, 52, 4 to 20, 54, 3A and
10 B, and each of the carriers 25 is transported sequentially into each of the chambers, the
insides of which are maintained in a reduced pressure state by operation of the vacuum
pumps. By forming thin films (such as the seed layer 81, the undercoat film 82, the
magnetic recording film 83 and the protective film 84) on both surfaces of the mounted
film formation substrates 23 and 24 inside each of the film formation chambers, a
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]




110039] A vacuum pump is connected to each of these chambers 2, 52, 4 to 20, 54, 3A and 10B, and
each of the carriers 25 is transported sequentially into each of the chambers, the insides of which are
maintained in a reduced pressure state by operation of the vacuum. pumps. By forming thin films
(such as the seed layer 81, the undercoat film 82, the magnetic. recording film 83 and the protective
film 84) on both surfaces of the mounted film formatiok®. substrates 23 and 24 inside each of the film
formation chambers, a 15magnetic recording medium that represents one example of a thin film

laminate can be obtaiped, 10040J Fof ex le, the netic recording, mediym manufacturing
apparatus of this embgc])S (ﬂr%lesz%ﬁt%%hnt%(gbﬁ%%rce%r as rgﬁg#] ?ngtsyfl)3%%?%0?%18&15(%:&3%5}{3{%%n the 20

magnetic recording saadiwpmanufasiyingirRrpasaltm Rl dhisambed peridtiesasd layer R1, the
undercoat film 82, the magnetic recording film 83 and the protective film 84 may be formed with a

two-layer configufation, heweptayebawmifguration, a four-layer configuration, and a two-layer
configuration resoect'%oig As illustrated in FIG. 4, the carrier 25 includes a support base 26 and a
plurality ]

5 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 members 30 extending from the periphery of the through hole 29 towards the
10 interior of the through hole 29. The film formation substrates 23 and 24 are fitted inside
the through holes 29 of the substrate mounts 27, and the edges of the substrates engage
with the support members 30, thereby supporting and holding the film formation
substrates 23 and 24. These substrate mounts 27 are provided in alignment on the upper
surface of the support base 26 so that the main surfaces of the two mounted film
15  formation substrates 23 and 24 are not only substantially orthogonal relative to the
upper surface 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 substrates are housed to the substrate supply
robot 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
25  removed from the substrate removal robot chamber 22. These substrate supply and

removal robot chambers 2, 22




of substrate mounts 27 (two in the case of this embodiment) provided on the upper surface of the
support base 26. {00421 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 members 30 extending
from the periphery of the through hole 29 towards the 10interior of the through hole 29. The film
formation substrages [23emdRaareofiereekinsighe tiEe tiibaghambrisapd ¢omé lsystrabattistints 27, and
the edges of the substrates engage with the support members 30, thereby supporting and holding the
film formation suBsHAES DSR4, These substrate mounts 27 are provided in alignment on the
upper surlbee of the suppor base 26 so that the main surfaces of the two mounted lllin 15formation
substrates 23 and 24 are not only substantially orthogonal relative to the upper surface of the support

base 26, but are also ppsitioned within suhstantially, the;same plaagelmthe follpwing description, the

=

two film formation substrates 23 and 24 mounted on the substrate mounts 27 are referred to as the

first film formatiopgubstsate:L3ipngktbensasanddimtosmation suhsicatei2draspestivabs 20[0043]
The substrate cassette-transferring robot 3 supplies the film formation substrates 23 and 24 from a
cassette in whiclhbthecsubafratéscdredouseddohthe/subbtatesupplysrobotchambersRieand also
extracts magnetic disks (namely, the film formation substrates 23 and 24 with each of the films 81 to
84 formed therecHritaehavasecpioBredeBlUewTrase substrate removal robot chamber 22. These
substrate supply and re[%%\é?l robot chambers 2, 22 17

The corner chambers 4, 7, 14 and 17 are chambers used for altering the moving
10 direction of the carrier 25, and each of these chambers is provided with & mechanism, not
shown in the drawing, for rotating the carrier and transferring it to the next chamber.
[0046]
The protective film formation chambers 18 to 20 are chambers for forming a
protective film, using a CVD method or the like, on the surface of the outermost layer
15 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
20  which is controlled by a control mechanism not Shown 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 betv\.reen the vacuum pump and the protective film
formation chamber. By controliing 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



each have an external opening on one side of the chamber, and doors 51 and 55 that open and close
the opening. [0044] Further, neighboring walls between each of the chambers 2, 52. 4 to 20, 54,
SA and B are mutually interconnected, and a. gate valve is provided within the connection between
each pair of chambers, so that when these gate valves are closed, the inside of each chamber is an
independently sealed space. [0045] The corner chanibers 4, 7, 14 and 17 are chambers used for
altering the moving 10direction of the carrier 25, and each of these chambers is provided with a
mechanism, not stecvirfithiefetragtiergcier botatid ghthecbaiae ah da- SABTEI Ak the2AERt chamber.
[0046] The protective film formation chambers 18 to 20 are chambers for forming a protec.btive
film, using a CVB¥HEHS or the like, on the surface of the outermost layer formed on the first film
formation substrate 23 ﬁn‘%i}he second film formation substrate  reactive gas supply tube and a
vacuum Dump, which 8 t illustrated in the drawing, are connected to each of the protective film

formtion chambers. [0947] ., T 5ACINE 035 SHOPLBS 5 ieVdsd WIh A YRlYew e opening and

closing of which is con y a co/Intl mechanism not shown in the drawing, and a gate valve, for

the vacuum gumpthe, eReningand.closing efwhichiscantiolasby-a.contrakgeviseBrighown in the
drawing, is provided%etween the vacuum pump and the protective film formation chamber. BY

controlling the opeainy-andreiasing Oéthisivaliehafithpfompiatcubsatve thesupphe digbs drom the
sputtering gas supply tube, the pressure in protective film formation chamber, and the exhausting of
gas from the chahsberecdie beocardrdiied sooasianspeirdimeTornaati s esadyetds WiRibethe protective

film formation chamber , ' ‘ .
to adopt a plasma state. The active radical and ion reactants generated within the plasma

are formed on the surface of the outermost layer formed on the film formation substrate
10 23, thus forming a protective film.

[0049]

In the substrate removal chamber 54, the first film formation substrate 23 and the
second film formation substrate 24 mounted on the carrier 25 are removed using the
robot 49, Subsequently, the carrier 25 is transported into the carrier metal film formation

15 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.

20 [00517

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 becomes
magnetic, and therefore a non-magnetic material is preferably used. Furthermore, the

25  material itself may be composed of either a single metal element or a metal alloy



5 using a CVD method, a reactive gas is supplied to the chamber, a high-frequency voltage is applied
between an electrod.e 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 are formed on the surface of the
outermost layer formed on the film formation substrat&91023, thus forming a protective film, 100491 In
the substrate removal chamber 54, the first film formation substrate 23 and the second film foimation

substrate 24 meyoigon INEAITISE 2R ALGemANEHANA e IR A% SuBeRAMENY, the carrer 25

is transported into the carrier metal film formation 15chamber 3A, B. [0050] In the present invention, a
Step of- formingodethie cateierableface isayrosde thphordedireostes dfamathntingdass dstratecfor EIm

formation on the carrier. B roviding this type of step, the emission of outgas from the carrier can
be reduced. 207635 ° a%%é%?%%ﬂ é‘ﬁ‘ﬂi@ﬁﬁ@é‘}ﬁﬁ? HaP YSFEANAG t5&!&rrier in order to

block the releaggiafiguigas 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 becomes =emetic, and therefore a
non-magnetic uteri& i®pYeferably used. Furthermom, the 25material itself may be composed of either

a single metal element gr a metal alloy .19 . .
g ?n the present mve%tlon, when forming the film of the metal material 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 accumulated
on the carrier increases significantly, which may cause peeling of the film from the

10 carrier, and also increases the frequency with which the carrier must be replaced. For
these reasons, the film thickness is preferably within a range from 30 to 200 A (3 to 20
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 carrier surface, without installing the types
of shields that are widely used for restricting the film formation region.

15 [0053]

An apparatus 501 illustrated in FIG. 5 represents one example of the apparatus
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

20 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 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

25  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 from inside the chamber 502. An exhaust volume
control valve 506 that is controlled by a control device not shown in the drawing can be

used to set the exhaust volume at a desired level. High-frequency electrical power is




containing a plurality of elements, although an alloy composition that includes metal oxides is
undesirable as it may result in the release of gas from the oxides. Moreover, the use of a metal
material that exhibits a high level of oxidative reactivity is also undesirable. 5[00521 In the present
invention, when forming the film of the metal material on the carrier surface, if the film is too thin, then
the suppression effect on the outgas is minimal, wher&as if the film is too thick, the total amount of the
metal film accumulated on the carrier increases significantly, which may cause peeling of the film from
the 10 carrier, a Iso.inc e fr CY. Wi ' I r r these
reasons, the fiﬁ‘?ﬁ@ﬁgk?ﬁég%s §§%%§%§;6 ys(\%%uf%lr% zciﬁ %ﬁ]%%w&%%%?%gqé%{ E%'é%{t%g% ?1%%%8% more
preferably withinsa ranigedrombotto 100iAd(b the amm)nMarabyes, flvenfiniiisqrafetabhyofeemed over
the entire carrier surface, without installing the types of shields that are widely used for restricting the

film formation P&Yieh > 95{0bB8F nlehbmatat it thaietrmera s te SReSEn eI @Ehple of
the apparatus ggseg g%riﬁ%gggé@%gqg@g%@a gf& metal film coating on the carrier in accordance

with the present invention. This apparatus 501 is used fin coating the surface of the carrier with a
metal filmSand a chaffibé4502 includes a carrier 503 for supporting a 20substrate within a state of

vacuum. At this point, no substrate is nted .on the carrier 503. Magnets 504, for forming.a rotating
magnetic field are inst éﬁjgﬁfsﬁalér‘fﬁg%oﬁéwchﬁs h%e ?%%%%r??&s‘f%&?&%&f%%%ﬁrﬂ1§%%ﬂs Fotation

using a drive dgvigealQ: Ameial iasoRlimaieia.eadhrtariaas ihe matenah yeeddn.farming the
metal film coating on the carrier is installed inside the chamber, and a magnetic field 511 from the 25

magnet 504 péhetates ndadreichaacbénso2vihdhis forsmei b edasutadbopehe tanyetadierial 505.

The chamber 502 isf prgvid(ﬁs a\/ith an exhaust port a%(b
e

h t [ t tract and
remove gases FrBATHEME e RAMHEF B A B @8%%2%%}%%?%3?\??%% e?ﬁ%é("}@go% rolled by

a control gdevicg Nesshovw ik the7dsawing- 435 KEisest t saiphesdiaustyobemer arasigsired level.

High-frequency electrical power is 20 applied to the carrier 503 inside the chamber 502 using a
high-frequency $8&Y source 508. A direct current is applied to the target material 505 from a direct
current power source 56)3 A gas inlet tube 509 is provided in the chamber 502 to enable the treatment
gas to be introduced [nto% e chamber 502.

The gas 509 introduced into the chamber during the carrier coating treatment is
preferably a gas containing argon as the main component. A mixed gas containing
15  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
20  therefore the use of an argon gas having a purity of not less than 99.9% is
fundamentally preferred.
[0056]
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
25  substrate mounted thereon, inside the chamber 502 that is held in a vacuum state of not
more than 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




5[0054] 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 507 is preferably a DC power source or a
pulsed DC power source. Further, the capacity of 10the power source 507 is preferably sufficient to
supply an electrical power of 50 to 1,500W, [0055] Th&lgas 509 introduced into the chamber during the
carrier coating treatment is preferably a gas containing argon as the main component. A mixed gas

contaiming 15yaen.B:OUARSRIIERE WIRBLIANMAY ASBDRAISEAs Bt T s ge of mixed gas

tends to invite a lowering in the degree of vacuum caused by gas adsorption on the carrier, and is
therefore undesirdileg Fdrthercuhen gecteiatipg ke tdischarge! froge theatmesdbtar getnused for forming
the coating film, it is necess% .that the film formation rate per of time is maintained at

[ .ensur nit
e i BORETITESal ot BB IRE T A GRS A& AR BB STt 160 than
99.9% is fundapattally prafered OBl Asiluatataddh Gomihs fosmation.af armgtaldilm coating

on the carrier in accordance with the present embodiment involves housing the carrier 503, with no 25
substrate Mountedhetison citsidé phevehamiséersok ahdridibdidrie asezoatredtaithiof npowsore than | x

0872 ok g B IO R B R e
production, the treatment is preferably completed within a treatment time of
approximately 1 to 5 seconds.

[0057]

10 The electrical power applied to the target material causes ionization of the argon
gas introduced into the chamber, thereby converting the gas to an argon plasma. In
order to focus the generated argon plasma, the plasma is imparted 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.

15 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 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

20 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 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

25 uniformity, and therefore the matching poles are preferably in an asynchronous

antiphase state. Furthermore, the rotational speed of the rotating magnets used for



21 hold the pressure inside the chamber within a range from 0.5 to 1.0 Pa, and then applying a direct
current electrical power to the metal target material 505 from the power source 507. Either a direct
current pulsed power or high-frequency power may be used, but in terms of achieving a favorable Elm
finimation rate per unit of time, the use of a direct current power is preferred, and a discharge is
generated within a power range from 100 to 1,500W.34 terms of ensuring applicability with practical
industrial production, the treatment is preferably completed within a treatment time of approximately 1
to 5 seconds. trj [ teri Qpization of the
argon gas oo I e B Ly R S P et o
focus the genergisdeasgbnfplashig, ithedplasma is imparted 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 whﬂé)%]eeping out a helical trajectory. 15Upon impact with the surface of the target
material, the argon gasplasma.caues.Qatalatoms Phibeatargshmaisrialin fy off (theigbyrcausing
sputtering. The argon plasma that does not contribute to the sputtering returns to the helical trajectory,
and contributesutgaherspbiteithgr provess tichreatér nkxrt imoactstine tiangetemalteridiowgdcdraimgly, using a
rotating magnetjc field causes a.d[ram tic i%cr asegin the numﬁﬁg{%of chances for. im%egcglzo etween the
argon plasma Snt THEMEPGEP AatariS) | PERG 1'r1i§eﬂ1t R B FOVERERTGRTAE BEERHY raRS SPTRELarrier
surface per unjt Qffimg.ntie FRIalng RBLakLHAS @ dnsiatiahitaPROFIRGNASTIONS MR Nedarget
material and the carrier sandwiched therebetween, but if the same poles of the opposing magnetic
fields are syncerowmeed wittithee sainglphwsd, dearenepuisiosid edieaerradniggneticaididefcauses the
plasma flow to Ilose gu iformity aq[?lotherefore.theoqlattchi oles are Péeferablg(gin an asygchronous

. elements, although’dn a COMPOSIIO meludes metal oxides 1s ungesirable as
antiphase state.elghr eimore ;" the ro aﬁongf%peedn e rotating magnets use r

10 may result in the release of gas from the oxides. Moreover, the use of a metal material
that exhibits a high level of oxidative reactivity is also undesirable. In the present
invention, the metal used for coating the carrier is preferably Ru, Au, Pd, Pt, Cr or Ti.

[0059]
Furthermore, when forming the film on the carrier surface, if the film is too thin,

15 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 carrier increases significantly, which may
cause peeling of the film from the carrier, and also increases the frequency with which
the carrier must be replaced. For these reasons, the film thickness is preferably within a
range from 30 to 200 A (3 to 20 nm), and is more preferably within a range from 50 to

20 100 A (5 to 10 nm). Moreover, the film is preferably formed over the entire carrier




22 forming the rotating magnetic fields is typically within a range from 60 to 800 rpm, and is preferably
from 300 to 600 rpm. [0058] The metal material used for coating the carrier in order to block the
release of 5outgas 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 becomes magnetic, and therefore a non-magnetic
material is preferably used. Furthermore, the materiaitself may be composed of either a single metal
element or a metal alloy containing a plurality of elements, althoqé%ﬁ an alloy composition that includes

metal oxides is UEegiraBleaSIEBREPraRRRt i} thielfeBasaeor el Hsthithasxitae RMdlBdver, the use
of a metal material that exhibits a high level of oxidative reactivity is also undesirable. In the present
invention, the mebaFiE8Y t8 Boating the carrier is preferably Ru, Au, Pd, Pt, Cr or Ti. [0059]
Furthermore, when forming the film on the carrier surface, if the -film is too thin, 15 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 carrier increases signifiggntiypywisich may cause peeling of the film from the
carrier, and also increases the frequency with which the carrier must be replaced. For these reasons,
the film thickpess is prefegably within a range from 30 to 200 A (3 to 20 tun), and is more preferably
within a range from 50 to 20100 A (5 to 10 nm). Moreover, the film is preferably formed over the entire

carrier surface, withouEirstpting thefiypet of ghisids!thi ereinddeljhasediforesitingthe film
formation region. EXAMPLES ) o o
present invention are described below, although the present invention 1s not limrted

solely to these examples.
(Example 1)

10 A non-magnetic substrate composed of a NiP-plated aluminum substrate was
supplied to the chamber of a sputtering film formation apparatus using a substrate
transport device, and the inside of the chamber was evacuated. Following completion of
the evacuation process, the substrate transport device was used to mount the substrate on
an A5052 aluminum alloy carrier within the vacuum environment inside the chamber.

15 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

20 CVD inaCVD 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

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



5 [0060] Examples of the formation of a metal film coating on the carrier according to the present
invention are described below, although the present invention is not limited solely to these examples.
(Example 1) 10A non-magnetic substrate composed. of a NIP-plated aluminum substrate was supplied
to the chamber of a sputtering film foimation apparatus using a substrate transport device, and the
inside of the chamber was evacuated. Following cor%‘bletion of the evacuafion process, the substrate

transport device Cyvas.}l}J%ebd}Lto rlrllounHPBess bst ate on }Q&ASOS% alumin m alloy p‘a{ri%r within the
vacuum environient inside the ciramber. 15TRe Stirfate of the carrier had Beeh Subj&
sandblasting regmentullh 199,19.30;5ie Rarlds.An iateont p samposadolier and a magnetic

jected to a
recording layer composed of Co, which represent layers required to form the magnetic recording

medium, were formed0R4be-crarigr motnied subsiraiednsidethe.sppierng:chamherand a carbon
protective EIm of thickness 50 A was then formed on the substrate by plasma 20 CVD in a CVD

chamber At this timeeearkbancws® alsbedefid sitedtiapdheacatilsiosuifaees nesnthessuhsirate. [0061]
Subsequently, the substrate was removed from the carrier inside the chamber  using the substrate
transport. deVicesPTherisanigkeffoth elvicktns BelostateShadbewnersrenovetkisthgrstransported into
the next chamber. Subsequent treatments are 24 described below using FIG. 5 for reference.

Following trar_lsfér%f TRk SRS S RGeSt %ﬁ?ﬁﬁ%@?ﬁfb@%‘%@%%%%ﬁ%ﬁ stippigdto the chamber,
E LR e 08 Coy AL SO e e g
targets were installed within the single chamber, enabling the film formation to be
performed simultaneously on two substrates mounted on the carrier, Further, in order to
10 enable coating of the carrier over a wider area, the distance from the target material to the
carrier surface was set to 75 mm, and the treatment was conducted without installing a
shield for restricting the discharge region.
[0062]
in order to confirm the effect of this metal film coating in suppressing the release
15 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
evaluations are shown in Table 1.
(Example 2, Comparative examples 1 and 2)
A carrier metal film coating treatment was performed in the same manner as
20 example 1. The treatment conditions and evaluation results are detailed in Table 1.
[0063]
Asis evident from Table 1, it was confirmed that formation of a metal film on the
carrier surface caused a reduction in the ion current of the above gas components.

[0064]

25 [Table 1]




5sputtering of the CrTi alloy target material 505 in the presence of the rotating magnets 504, and
forming a sputtered film of the material of the CrTi alloy target 505 with thickness of approximately 50A
on the surface of the carrier. In this investigation, four targets were installed within the single chamber,
enabling the film formation to be performed simultaneously onsubstrates mounted on the carrier.
Further, in order to 10enable coating of the carrier over a wider area, the distance from the target
material to the carrier surface was set to 75 mm, and the treamient was conducted without installing a
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[0065]

INDUSTRIAL APPLICABILITY

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 adhere to the substrate itself can be suppressed.

10

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

carrier can be suppressed.




25 INDUSTRIAL APPLICABILITY [0065i According to the method for manufacturing a magnetic
recording medium of the. Jpresent invention. w-hich employs a cleanliness retention technique that
involves forming a metal EIm coating on the substrate-supporting carrier, when a carbon M@Lﬁﬁye film
is formed on both surfaces of the magnetic recording, medium substrate, the problem, wheréinthe
carbon film that accumulates on the carrier surface detaches to form particles that subsequently
adhere to the substrate itself can be suppressed. ~; ,hyethermore, by coating the carrier surface with a
metal film. outgas from he canner can be suppressed. MCS LE,P 26 CLAIMS A method for
manufacturing a magnetic recording medium by mounting a substrate for film formation on a carrier,
sequentially transporting said substrate into a 5plurality of connected chambers, and forming at least a
magnetic film ant a carbestprotectisedilinon saidasubstnaterfirfitmdoniationuwitizin said chambers,

wherein substrate for film formation on a carrier, sequentially transporting said substrate into a
5 plurality of connected chambers, and forming at least a magnetic film and a carbon
protective film on said substrate for film formation within said chambers, wherein
said method comprises a step of forming a metal film on a carrier surface, which
is performed following 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
10 formation on said carrier.
2. The method for manufacturing a magnetic recording medium according to claim

1, 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 claim
1 or 2, wherein said metal film formed on said carrier surface is 2 metal material having

low oxidative reactivity.
20 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

a2
W

of connected chambers, and in which a plurality of thin films are laminated on a substrate




said method comprises a step of forming a metal film on a carrier surface rhicli is perfutmed following a
step of removing a magnetic recording medium from said carrier following film formation bqt(prjcg; toa
step of mounting a substrate for film formation on said carrier. 2. The method for manufa@[ﬁﬁﬁb a
magnetic recording medium according to claim 1, thr'?ein said step of forming a metal film on a carrier
surface is conducted by a magnetron discharge sputtéfing method that uses rotating magnetic field
assistance. is 3. The method for manufacturing a magnetic recarding medium acc ro&in 0 cdai 1 or 2,
wherein said mAetAERESHYEG B %%]i%ﬁf&#?é’r e S é%f&@f%%ﬁ%g%ﬁa‘f%%\ﬁféﬁﬁﬁ Xithative reactiv
Y. 20 4.The method for manufgc urinLé% ama ngtic 1|1el@cordingdmeditu ?nglidi:ﬁ to claim eyherein said
metal material K&V W SA08H0E 581]\9&3‘ PR SHE SIEMERT SietiBd TR &roup consisting
of Ru"ku, Pd, Pt. Cr and Ti An apparatus for manufacturing a magnetic recording medium, having a
mur 250f conné’&l?g’é?‘@hambers, and in which a plurality of thin films are laminated on a substrate. 27

for film formation by se ential%{ trants}%)orting s%id %ub%rra}g tco)v%?cg r%fasgie igl}lgcmlbcﬁrrlg %sigi% a carrier
and then forming a thit APBH S8 f?g?eaf%rafﬁmeformaﬁ%n, whereiir < said’ app‘arafus comprises

a chamber forr .moyin%a rggﬁneticjr%m%lo%#leldigné fro ar%bee%r{lgei\_rgl%lI%Wirgaﬁslrrgsf%rg%tilpﬁl and a
chamber for méUAG 4 St SPAIE BSr A Sh i BARST S AR S UbsHA Ras Been
removed, wherein the substrate that has heen Jen 0\{%% 'sasabnggrgréeticvg%c%gﬁigg&ggg%mgt%@ed also
comprises, betWSBI S BRAABE!s, S RRAHDET TOr T8TMinG a metal filnt on a carrier surtace.

that has been removed is a magnetic recording medium, and also comprises, between

said chambers, a chamber for forming a metal film on a carrier surface.



