1 METHOD AND APPARATUS FOR MANUFACTURING MAGNETIC
RECORDING MEDIUM TECHNICAL FIELD 5[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 a carbon film that has accumulated
on the surface of a substrate-supporting carrier 10is removed by ashing,
and the generation of dust and gas withinthe apparatus is reduced.

Priority is claimed on Japanese Patent Application No. 2007-182528, filed
July 11, 2007, i BOTHE AN BRRQYREFEHABTLRR@NCe.

BACKGROUND ART [00 . the improvements in the
recording density of magr?\e%g?cG%}ég%ﬁ}r%ggn%%y%&ﬁ%ramatic,
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-folckinrtnedastriOyears. Many different
technologies are responsible 20for these huge improvements in recording
d%nsity, but®A&l of the key technologies has been technology for
controlling the sliding characteristics between the magnetic head and the

magnetic reCorImGTBETMAR fsteRsio a methodjppcbagmares Sopeumiefetturing a

start-stoplmethod known as the Winchester system, in 25which the basic
operat%%ﬂs involve ¢ ﬁ%%%lﬁﬁ?glq r}ézgg %ﬁln(g%%%?{tg’&lgi?d?ﬁ]& BétGRsaifisally.

the magietiaheasbanddhsmagnelicrecardingmedivim, has become the
main system employed within hard disk drives, sliding o} the head on the

recordimngh medmfirastecome anunayeidabierneeessitys RAL INSRIAIS carrier
&robl_ems relating to tribology between the magnetic head and the

agrelie Peed Paind e dndrhaeeretrtentl dust andyoidatle 1% tephnigalis reduced.
issue. As aPresuIt,, thia,abrasion resistance and sliding resistance of the

surface of & MAGHEAE IR AR ISR A PIAPPARHAP OltatRYBIS2A28, filed July
determining the g&{@@l&t@/ﬁt ¢ medium, and intensive efforts continue to
A ) ) ICH 1S it . .
be directed towards the development and |meﬁ?glveyrﬁ%f%iegfeprotectlve films
and lubricating films and the like for lamination onto the magnetic film.
|0[0004] Various materials have been proposed as protective films for
magnetic recording media, but flesCreRveral xiewpoints of film
formability and durability and the like, carbon films are mainly employed.
'Carbon filmM&4ré generally formed by sputtering methods, and the
conditions Plurine%film formation are vividly reflected in either the
nrecent years, the improvements in'the recording density of magnetic recording
media has been dramatic, particularly in the field of magnetic disks, and recent recording
densities have particularly increased at an extraordinary rate equivalent to an increase of
approximately 100-fold in the last 10 years. Many different technologies are responsible

20 for these huge improvements in recording density, but one of the key technologies has

been technology for controlling the sliding characteristics between the magnetic head and
the magnetic recording medium.

~ [0003]

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

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



15corrosion resistance of the carbon film or the CSS characteristics, and

are therefore extremely important. [0005] Further, in order to improve the

recording density, it is desirable to reduce the flying height of the magnetic

~ head and increase the rotational speed of the medium, and 20therefore

the magnetic recording medium requires a higher level of sliding durability.

[0006] On the other hand, in order to reduce spacing loss and hereby
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
moreshan B0 Abad ReTeare:sieng28Aemands, foraftotective film which
is not only smooth, but also thin and tough. [0007] However, when a
carbomjnatestivn filmi fasmed by @ capventionabsputie e fim formation
method is reduced in thickness as far as possible, for example down to a
film befeRIfessiaf VOB Aeaetesstytheddineability rob bhenforaackfilny imdyeh @etween
unsatisfactory. [0008] Accordingly, methods that employ sputter method

~ and PrABASECES SN 0 BRESEE SHRTG NG s i a5 Treili cd sreapiltde

ff i grbon rotecti gl sahavin .higher strengths than those
S te R e [DO0BT TOMBARF A HBE letueee

whege the GRIRIBBFAIRGHYE fim) M%%%ﬁh?iﬂ%l%%‘ﬁ&%x%%ﬁ‘O%Q.rr‘e(fiabtimy of

plasma CVD method, inside the film formation apparatus, carbon is no
onlytfiermehenatiie seitace G thecsuhst afee Bt ANOAGEIMIALSI OPhIDE and
surfaces of the carrier that supports the substrate. When the amount of

this ippEcweaisd matstnsiine droruxpesed Suface shindke aseanfanionsonto
such as internal_stress cause the film 15 formed from the accumulated
carbSR TEPERT GiWhy from the exposed surface. If the particles of carbon
1generated A% result of this type of peeling adhere to the substrate

surface, then protrusions tend to be formed on the carbon protective film,

resulting invipealizeddtim mi@%§%@99@m§l&i&§mtfﬁ% ﬁ@'ﬁg% ert?c(.jrl‘elcc:(t)rding

defects, Particularly in those cases where the carbon protectivefilm is

formeetizsing faoplaisnoac@viewethe dthie 20rasbitin g firmueomposecief ke,
carbon has a higher degree of hardness and higher internal stress than a
carbGRPpRdtERtivE FIRNTb empldYsdingreben ilmnticretnsplittéomg hve thyortezing

therefo%]e(}he tount g,f,%enerated carbon particles is large, and the type
of il T CRHES S S5 RBFHAHEY Asd b IREM LB g& taNig ko tis et ie aidgy the

1@r0b4§%%'rggggagle of the carbon film or the CSS characteristics, and are therefore
extremely important.
[0005]
Further, in order to improve the recording density, it is desirable to reduce the
flying height of the magnetic head and increase the rotational speed of the medium, and
20 therefore the magnetic recording medium requires a 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

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



4 Methods of removing a carbon film accumulated on the surface of a
substrate-supporting carrier by ashing the carbon film using an oxygen
plasma have been proposed to prevent the generation of the types of
particles described above (for example, see Japanese Unexamined
Patent Application, First Publication No. Hei 11-229150, an 5Japanese
Unexamined Patent Application, First Publication No. 2002-025047).
Further, a treatment for suppressing peeging of accumulated material from
an electrode by roughening the surface of the carrier has been used to
prevent theypgeeling of an accumulated film from the surface of a
substrate-supporting carrier (for example, see Japanese Unexamined
Patent Applicatien vHhitstRatblisatiaeie. 200616334 3)cHIRA3H! sputtering film
Recently, there have been considerable demands for further
impfeverientsethahes rdeasiine dscbnthess frfaseofiriagueticretoddingto a film
media in order to enable further improvements in the recording density of
the MABHERE rEEb (PP HBvey i et B e alseive
alone are [‘1‘&% le to satisfactorily reduce the generation of 15patrticles,
because although thorough ashing occurs in those regions such as the
edges of thecatrigrwhars dheRlaspicyisrari GoRsRaTated SAESIAGIOMre
ashing tends to be unobtainable in regions where the plasma is less
readity congevitiatechdischeas dheafisiis urfacesngicthe s RriREACERRI NGINe
reducing magnetic recording media defects caused by carbon protective
film pakgeresigtbtiiranthpsa Shipiibrsprokienerizgfooie)s.  As described
above, one of the causes of particle generation from the carbon protective
film is the falt’that improving the cleanliness of the carrier that supports
he substrate js very difficult.. and methods of improving this level of
1%IeanIines??%é{é\?/vee %gqe%oﬁgénr?wogé% St gﬁﬁ?ﬂ?@? ot Hrt%%lrl? ACEORAiRY Y82
resegieR:anaurted PthedvYERIRS O IERIE SRR ANMENER D, HAG G100 is
film accumulated on the carrier surfaces is not completely removed by the
ashimg tréafment desoribetlabove; ahctasiduesstendutauemain @ fheices of
carrier, mainly on the flat surfaces of the carrier. These residues are
trandl5tEesiHte st Refotpazaion Sehahbars wogetther withoflvercanrier,
and have&lso been co firq&ed as a component of the outgas emitted

insidSHRNARLUT EOFABRTATH SREEPTE HATIOE SHEtranbetRd TREsreany the film
densibygh & magpalisARsaiding medum whlle achigning.a siable evel of
product stability, the emission within the vacuum chamber of components
othefathianstbecintentionali Usac QrICesH IR MSNEAYRI08 th AN strate
improvements in this area are also 10required. DISCLOSURE OF
INVENTO MNPROBIsEMSTOBE SOV BB Y iftd i ANEMNTHON 8014 in
15The present invention takes the above circumstances into
con&ideiizsbHmiic s BRect ot piesviintacavanpledueiisi sise thasticirarly in
whic during f%rmaggn %bfa carbonéar tective film on a substrate usin
, i

VDS A R EBe FUBR ARG ThE BABB AP P RctAgs: the

26ariel Ak HRRRHRINR SHORAIR.SURRISSSINANG Aeneration elparidles,
that accompany peeling of the accumulated flim, an suppressm% e
€MISERBl 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]



20 of outgas for which the production source is the accumulated 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 stable quality. MEANS TO SOLVE THE
PROBLEMS 6 As a result of intensive and concerted research aimed
at achieving the above object, the inventors of the present invention
discovered that a residual carbon film that had accumulated on a
substrate-supporting carrier during formation of a carbon protective film on

a substratgwasiablecRmsemavsdmificienty by prpviding an %%Qigﬁas%}sa

using an oxygen plasma, with the ashing step conducted following the
stepafremguingdhey magipetic sesoiding wiedunyem thensander felowii@sed
film formation, but prior to the step of mounting a substrate for film
forniatiery o s awrace ahtalge discaverietdisatiipg asing Gomagmetic see
field to cause plasma convergence within the oxygen plasma, and in
partiCARBFEy RSRHEES Feesi r%%%aé‘ﬁéti@ﬁé%ﬂi’ﬁqﬁ@ﬂﬁém ifpof kid Y EYiomd
Owhere the accumulatjion of, carbon on_the carrier is great, the ashing

o e e oy e b A R s
discouerarethal:RyHRIngne fagReiransRuising methosio form a mgta
film on the carrier surface following ashing, thereby coating any residual
accuonylatesh carbafacthe emissiental owgasfopritencarisr-caulsh be

even more effectively suppressed, and they were therefore able to
comsietatheed Sprdsenthinveritiom! sothertwomsrihe @reseffoirventiznsee
relates to the aspects described below. (1)A method for manufacturing a
magiRBHRETR USRI Echish: HYtiatiARrg & Subligrtes M ARAOOMR4AdN on

1@ carrier, Sﬁ@]ﬂ ntially transporting said substrate into a plurality of
connected chambers, and forming at least a magnetic film and a carbon
20protectivedim,omaaithstBatrats iRt flon. frmatior, within Saig-ChamRe R e
wherein said method comprises a step of conducting ashing to remove an
accuhmibtes carsonmiratetthse:fiiin adhaieshedm caties: seiface; ivieh is
performed following a step of removing a magnetic recording medium
froniBBiEVERERErTGNe iiTgNecrophatione Ieeprismeecadite profim dimtingrathe
substraﬂtledfo%fil%or atioq on said carrier. 7 (2) The method For
manufactuting & da%é{ﬁé PEE BFRINGY IR SRCEHHE 5 q H)catsatRation of

1";““%'}1?8&9,9{&%&99: @1&1@%@&1@5 .Qgsf’}i ec;[ca‘clu];islrpx 32 r%a{ginesr %%fz%ct%’e edges of
which is performed following said step of conducting ashing to remove an

accursulaied waian: piacty RNy adheredite, B6aHiR)s HiasE. Ryt Brier
to a step of mounting a substrate 5for film formation on said carrier. (3)

The undthodermegiofactbringamaagactieseeatdingmediied, accosding fie:
(2) above, wherein said step of conducting ashing to remove an
accimitncaeef BsrtorcprotecidaghnTsisbenagneic seiedisarmedi daiosaidused
stepPof fogg;lingoa met JIlfilm qn a carrier surface are conducted within a

single CHaMBEr 10 TR SO FOF RN GG & RP4hetic recording
sfnedium a%@ming to any

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

keenly sought.

25 [0013]



one of (1) to (3) above, wherein said ashing to remove an accumulated
carbon protective film adhered to a carrier surface is conducted using a
plasma comprising oxygen. (5) The method for manufacturing a magnetic
recording medium according to (4) 15above, wherein an external

magnetic field is applied to said plasma comprising oxygen, thereby
concentrating a plasma causing said ashing at a carrier surface. (6) The
method for manufacturing a magnetic re§ording medium according to (5)
above, wherein said magnetic field applied to said plasma during said
ashing stepdigaQiating magretis fighdihal sWeeRs aHbR helica)-Laler O ion,
20(7)The method for manufacturing a magnetic recording medium
acctredingydofamyaaneab(@) to (6 abtvepfdterdinsaichsirpOf fareMBI® Bthe
metal film on a carrier surface is conducted by a magnetron discharge
sputteigdrerEid daraibes et ganidignitie fretenassistdheear(B)Thanly on
metgg%for rpanuf turing a magnetic recording medium according to an

2508 f (2Y 6T 7Y H5508, hndhet I FIGEAFAIPGIH G oot A ggrmation

surlag i3:a. el WalseLhRdn g PR OxIAAINE reaetity 8 OMRS, ooy e ine

method for manufacturing a magnetic recording medium accor n’Pg kG Eg)f
abovegwbeIein Saith metaldnateiahbaving Jow exidative fseagtivity recording
comprises one element selected from the group consisting of Ru, Au, Pd
anddRsi{1 6 sAmanppianatusdior mediufachitingteemagnatisiseeandingroduct
medium, having a 5plurality of connected chambers, and in which a
plursitityl i thismiraomratiimitateervn ehanbatparommofitntfotheation thy
sequentiallX transporting said substrate to each of said chambers using a
carrSrERENERFOPRSTS 3T R Brodaite S L PR R iR B iMatsA are also

ld"’h%‘c’;iﬁr&ﬁid apparatus comprises a chamber for removing a magnetic
recording medium from a carrier following film formation, and a chamber
for mounting 10a substrate for film formation on a carrier from which a
magnetic recording medium has been removed, and also comprises,
between said chambers, alclEmPbSIRE CondbaiiMgiashing to remove an
accumulated carbon protective film adhered to a carrier surface. (11) The
apparatus TS FhERGTIUBR § in{ &Gt L F 8ryiRY THebium according to
(10) abOVﬁJ L}ﬁther comprising a chamber for forming a metal film on a

. Ofl
carrier surrace

wy

15 The present invention takes the above circumstances into consideration, with an
object of providing a manufacturing method in which, during formation of a carbon
protective film on a substrate using a CVD method, by effectively reducing the carbon
film accumulated on the carrier that supports the substrate, suppressing the generation of
particles that accompany peeling of the accumulated film, and suppressing the emission

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

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

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

MEANS TO SOLVE THE PROBLEMS

25 [0015]



15between said chamber for conducting ashing to remove an
accumulated carbon protective film adhered to a carrier surface and said
chamber for mounting a substrate for film formation on a carrier. (12) The
apparatus for manufacturing a magnetic recording medium according to
(11) above, wherein said chamber for conducting ashing to remove an
accumulated 20carbon protective film adhered to a carrier surface and
said chamber for forming a metal film on a carrier surface are a single
chamber. EFFECT OF THE INVENTION[0016] 9 By using the
method oL MARYIRGILHNGA MARNGHEFREALIna eI AL IR RRSeRt.

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

subsispte spPaIitae carkiesrarek tholaanhaassketantion Ieenice,thatim that
uses a metal film coating, when a carbon protective film is formed on both

surfaeeéscofrauntg meticsubstecosdimgrimediamy: theicabomdidmdhatarbon
accumulates on the carrier surface is able to be effectively removed by

ashiPfgsTivahity e probraseabiedd Rerercnse tifisestabhatovidfoersn ashing
g)arti les that subse ueggl% adhgr%et%i he substrate can be effectively
0

SIEp.sing an oxy ecn plastiia, Wil t G P A P I R DR b

Suppréessed: fhefmicre by

the i ' ' j as from the ..
B o T

DRAMONGS:[86] 8] moufkt!fe: alsissagehamati GJengibadinal-sastional view
illustrating one example of a magnetic recording medium manufactured
usingittryerrdtihetibforsinanufagterimiel agmetitaecording garediwithin the oxygen
according to the present invention. FIG. 2 is a schemaitic illustration of

an PR AtAR S RITAARA TRy B Byt PasIER A frie dha ik Bordihgregion
P the presentinvention ¢ FIC, 3 s 2 schomatic lustationate,
sputtering Chamber within an apparatus for mantialiting e fisghegould be
recording, BeriHmaagerdngamine BERRBRNaNIoN.AAICHE Radlle
view illustrating a carrier within an apparatus for manufacturing a mag%etlc

recording e siumaacokding tofthe presentiinventieRarrier fok@ediisidving ashing,
schematic illustration of an ashing treatment device and a metal film
coatiPRjel vieizaor dinidue theprésedtinventisremidion of outgas from the carrier

could be even more effectively suppressed, and they were therefore able to complete the
15 present invention. In other words, the present invention relates to the aspects described
below.
(H A method for manufacturing a magnetic recording medium by mounting a
substrate for film formation on a carrier, sequentially transporting said substrate into a
plurality of connected chambers, and forming at least a magnetic film and a carbon
20 proteétive film on said substrate for film formation within said chambers, wherein said
method comprises a step of conducting ashing to remove an accumulated carbon
protective fitm adhered to 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.
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[0018] 1:Substrate cassette-transferring robot mount Substrate supply
robot chamber 3:Substrate cassette-transferring robot 53A:Carrier ashing
chamber 3B:Carrier metal film foin anon chamber 4, 7, 14, 17: Corner
chamber for rotating carrier 5, 6, 8 to 13, 15, 16: Sputtering chamber or
substrate heating chamber 18 to 20: Protective film formation chamber 10
27: Substrate removal robot chamber 23, 24: Substrate for film formation

(B9N-MagRSlGIRUPRIFHBh AR RETHGh a@Betic recording medium according to (1)
above, further comprising a step of forming a metal film on a carrier surface, which is
performed following said step of conducting ashing to remove an accumulated carbon
protective film adhered to a carrier surface, but prior to a step of mounting a substrate
for film formation on said carrier.

3) The method for manufacturing a magnetic recording medium according to (2)
above, wherein said step of conducting ashing to remove an accumulated carbon
protective film adhered to a carrier surface and said step of forming a metal film on a
carrier surface are conducted within a single chamber.

4 The method for manufacturing a magnetic recording medium according to any
one of (1) to (3) above, wherein said ashing to remove an accumulated carbon
protective film adhered to a carrier surface is conducted using a plasma comprising
oxygen.

(5)  The method for manufacturing a magnetic recording medium according to (4)
above, wherein an external magnetic field is applied to said plasma comprising oxygen,
thereby concentrating a plasma causing said ashing at a carrier surface.

(6) The method for manufacturing a magnetic recording medium according to (5)
above, wherein said magnetic field applied to said plasma during said ashing step is a
rotating magnetic field that sweeps out a helical trajectory.

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

8) The method for manufacturing a magnetic recording medium according to any
one of (2) to (7) above, wherein said metal film formed on a carrier surface is a metal

material having low oxidative reactivity.
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15

20

Support base 27: Substrate mount 15 28: Plate 29: Circular
through-hole 30: Support member 34: Substrate supply robot

9) The method for manufacturing a magnetic recording medium according to (8)
above, wherein said metal material having low oxidative reactivity comprises one
element selected from the group consisting of Ru, Au, Pd and Pt.

(10)  An apparatus for manufacturing a magnetic recording medium, having a
plurality of connected chambers, and in which a plurality of thin films are laminated on
a substrate for film formation by sequentially transporting said substrate to each of said
chambers using a carrier and then forming a thin film on said substrate for film
formation, wherein said apparatus comprises a chamber for removing a magnetic
recording medium from a carrier following film formation, and a chamber for mounting
a substrate for film formation on a carrier from which a magnetic recording medium has
been removed, and also comprises, between said chambers, a chamber for conducting
ashing to remove an accumulated carbon protective film adhered to a carrier surface.
(11)  The apparatus for manufacturing a magnetic recording medium according to
(10) above, further comprising a chamber for forming a metal film on a carrier surface
between said chamber for conducting ashing to remove an accumulated carbon
protective film adhered to a carrier surface and said chamber for mounting a substrate
for film formation on a carrier.

(12)  The apparatus for manufacturing a magnetic recording medium according to
(11) above, wherein said chamber for conducting ashing to remove an accumulated
carbon protective film adhered to a carrier surface and said chamber for forming a metal

film on a carrier surface are a single chamber.

EFFECT OF THE INVENTION
[0016]



49: Substrate removal robot 20 52: Substrate installation chamber 54:
Substrate removal chamber 80: Non-magnetic substrate 81: Seed
layer 82: Undercoat film

9
By using the method for manufacturing a magnetic recording medium of the
present invention, which employs ashing of the accumulated carbon film on the
substrate-supporting carrier and a cleanliness retention technique that uses a metal film
coating, when a carbon protective film is formed on both surfaces of a magnetic
5 recording medium, the carbon film that accumulates on the carrier surface is able to be
effectively removed by ashing, meaning the problems caused when the film detaches to
form particles that subsequently adhere to the substrate can be effectively suppressed.
Furthermore, by coating the residual film that remains on the carrier surface
following ashing with a metal film, outgas from the carrier can be suppressed.
10
BRIEF DESCRIPTION OF THE DRAWINGS
[0017]
FIG. 1 is a schematic longitudinal sectional view illustrating one example of a
magnetic recording medium manufactured using the method for manufacturing a
15 magnetic recording medium according to the present invention.
FIG. 2 is a schematic illustration of an apparatus for manufacturing a magnetic
recording medium according to the present invention.
FIG. 3 is a schematic illustration of a sputtering chamber within an apparatus for
manufacturing a magnetic recording medium according to the present invention.
20 FIG. 4 is a side view illustrating a carrier within an apparatus for manufacturing a
magnetic recording medium according to the present invention.
FIG. 5 is a schematic illustration of an ashing treatment device and a meta) film

coating device according to the present invention.

25 [Description of the reference symbols]



25 83: Magnetic recording film 11 84: Protective film 85: Lubricant layer
501: Ashing device, 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 10508:
High-frequency power source 509: Gas inlet tube 510: Drive device 511:
Magnetic field 15BEST MODE FOR CARRYING OUT THE INVENTION
[0019] Embodiments of the ashing of thF accumulated carbon film on the
carrier and the improvement in carrier cleanliness produced by forming a
metal filmjggating on the carrier in accordance with the present invention
are described below. [0020]

1: Substrate cassette-transferring robot mount
2. Substrate supply robot chamber
3: Substrate cassette-transferring robot

5 3A:  Carrier ashing chamber
3B:  Carrier metal film formation chamber
4,7, 14,17 Corner chamber for rotating carrier
5,6,81013, 15, 16: Sputtering chamber or substrate heating chamber
18 to 20: Protective film formation chamber
10 22: Substrate removal robot chamber
23, 24: Substrate for film formation (non-magnetic substrate)
25: Carrier
26: Support base
27: Substrate mount
15 28: Plate
29: Circular through-hole
30: Support member

34: Substrate supply robot

49: Substrate removal robot

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

81: Seed layer
82: Undercoat film

25 83 Magnetic recording film



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 medium according to the present
invention [0021] 12 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 present invention. [0022] As
illustrated in FIG. 1, this magnetic recording medium includes
anogymagngtic:sulsirate 80, and a seed layer 81, an undercoat film 82, a
magnetic recording film 83, a protective film 84 and a lubricant layer 85
lamisatedisetuentigdy on both surfaces or one surface of the
non-magnetic substrate 80. [0023] 10Examples of materials that may be
use&Pfor thehiarienagrotic Sibstrata80evictude the types of Al alloy
substrates having a NiP plating film formed thereon (hereafter referred to
as lﬁﬂglplﬁléadnﬂ?"substrates) typically used as substrates for magnetic
Jecqrding media, as well as glass substrates, ceramic substrates, flexible
resin substrates, an Subgtrates prepared by coating one of these
nonsmagn@tig,substrates with NiP using 15either a plating method or a
sputtering method. [0024] Further, the surface of the non-magnetic
substate Bhgnayateesubjected to a texturing treatment for the purposes of
achieving more favorable electromagnetic conversion characteristics,
impa¥fing Bibagtiysitame cvitlidhvpleme magnetic anisotropy to 20improve
the heat fluctuation characteristics, and/or removing any polishing marks,

[0028]° Difig SULR9SEIRRVEF undercoat layer) 81 formed on the

1610n56§§gr1_§ti _§ubstrate 80 contrals the crystal orientation of the film
formed direlgtﬁyrteﬁél%%ynpggr%ﬁgse of the material used in forming the

seedoayerglinghide Ti, TiCr, fif, Pt, Pd, NiFe, NiFeMo, 13 NiFeCr, NiAl,
NiTa and NiNb, which may be selected and used in accordance with the
film fobmebrdiseietlicon the seed layer. [0026] Furthermore, the seed
layer 81 need not necessarily be formed from only a single Slayer, and if
requitéd, Magppiés fiskhed as a multilayer structure by laminating a plurality

15 BEST MODE FOR CARRYING OUT THE INVENTION

[0019]

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

20 [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 medium according to the present invention.

[0021]



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 10include other elements, provided the
crystallinity is not impaired. In terms of the relationship with the magnetic
recording film 83 described below, the undercoat film 82 is preferably
either composed solely of Cr, or formedlfi'om an alloy of Cr containing one
or more other elements selected from among Mo, W, V and Ti. In some

cases, dequiﬁga%%%&gftﬁﬁﬁﬁg&ﬁ%ﬁﬂ%éw ﬂdpt%{%e §9 example af a
F a érag’l

laminating a film of NiAl as the 15 undercoat film 82 may yie atic
improyemientdorthe; SiNRrandimay thenaferebe desinablesii0028hethod for
There are no particular limitations on the thickness or the undercoat film
82, Providet theadeatnsticosersivg fordiercarcheioptaitiedyakhoughdbe
thickness is preferably 20within a range from 5 to 40 nm, and is more
preferably[?P f 10 to 30 nm If the thickness of the undercoat film 82

ecomes qverly thin, then the crystal orientation of either the magnetic )
5?ecording %fr?wﬁ kg (jg?érinlgg %}h htgu%/ﬁﬁ%?%%%{eﬁ?rﬁglﬁénb [FEAT5ISSRs S Rppmagnetic
NONsPRAGNENRE, mi@éné‘é‘eql%%xf i JQWCQS%%%}Q%Q%%E%%Q&H!% %?mag}da
the magnetic recording film 83, tends to deteriorate, causing an ’
undesialile desreasael nltbacaNRydnssamiastedfstaadhiehnessah & aces or one
undercoat film 82 is too large then the particle 14 size of the particles
withitr e ofibie reoanfigne @2svbsoiget8lincrease, resulting in an
accompanying.increase in the particle size within the magnetic recording
film 83 or Eﬁ(g n-magnetic intermediate film formed on the undercoat film

182, which gauses an undesirable decrease in the SNR. 50029% ‘
Furthermore, the un e%c?gétsﬁ & @?r%&u er%l e cESLAPe S E rO Y fpciude

onlya gipglerlay %n&@%ﬁ%ﬁ%ﬁ%ﬁ@%‘%ﬁa@@% m%m@x%ﬁereaﬁer

structure by laminating a plurality of films having either the same
complsition er Nifferiert campesitiansjo080)st0Thana anese: aicular
limitations on the magnetic recording film 83, provided it is a magnetic film
capEsREBrgAiding e tastles sduiaive forenicathescgs.BiexisinganGabstrates,
aIIoX (I?Xeg re resented E)y a formula CoaCrbPicTaiZreCurNi, (wherein a,
b, ™, P FLENG §TTRATEARY 98 08 S Sdithse o marRe e spesEmiAs yith NiP using
1{ePIBRENL B OJA 23R, R0 AQ A, d: 10 7 %, &: 010 4 2% f: 0 0
3 at%, g: 0 to 10 at%, and a: the r malncFer) the magnetic anisotropy can
be increagegb4gnabling the coercive force to be further improved. [0031]
In the magnetic recording medium of this embodiment, the protective film
84 is formedtber.the msgrratitirecordingnfilims83tatptevant sesatehiag ohthe
magnetic recording film 83 caused by contact between the head and the
surf5EBS g e aHEaifRs the purposes of achieving more favorable electromagnetic

conversion characteristics, imparting the substrate with in-plane magnetic anisotropy to
20 improve the heat fluctuation characteristics, and/or removing any polishing marks.
[0025]
The seed layer (lower undercoat layer) 81 formed on the non-magnetic substrate
80 controls the crystal orientation of the film formed directly thereon. Examples of the

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



20Conventional materials may be used for the protective film 84, and
examples include single component films formed from C, Si02 or ZrO, or
the like, or films containing these materials as the main component and
also containing other added elements. [0032] The protective film
84 may be formed using a method such as sputtering method. 25 an on
beam method or plasma CVD method or the like. 15 [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 Wi{%in a range from 2 to 9 nm is
pref ' . o i The lubricant .
yor B e emmme o e e 54 BSraAs g o
matéiialftinad thaytheonsedas herlubricant include fluorine-based liquid

- lubricants such as perfluoropolyethers (PFPE), and solid lubricants such
as fatty aci¢igzeConventional methods may be used for applying the
lubricant, including dipping 10 methods and spin coating methods. [0035]
Next is a deSEREHION: Gt srethsttionFehAeirartering ive lermghdnen only a single
gecquéqgarrﬂqg}gmi;pft repre erntsaone exfatup le of a thin film Jaminate of
the present invention; [0036] 18Kt i& B &LFpHORBE ihe apipatianisrtarlity
manyfRcEYHng & EH‘@QI%L'%‘aﬁ?&«%ﬂ&&&%‘%JP&‘I%@%&'%&A%{?%&Q&“‘% method
for manufacturing a magnetic recording medium according to the present
invention. [@237] FIG. 2 is a schematic diagram illustrating one example of
the apparatus for 20manufacturing a magnetic recording medium
accordingldentisatiorasest-inagantiomndet®asfisia sciyemadic dustratiereoat im 82,
sputtering chamber within the a%p:aratus for manufacturing a magnetic

recoPSIHG R ERRIFTSBESHERY 86 the! brésdatmVerition ikharritay Algsdhsidaso
iewy illustrain er%%lrlriserr\é)v\i/E é heecasa1 Eatus for manufacturing a
1@/ VY yi'ﬂﬁg gtth 198? 1S, Q rc}tth J%?gp Oq%ls not 1 alxﬁ er{ﬂé‘??%oﬁ&e 3,

magnetic recording medium accor pres

the casriensBnl WE%@%%@Q@@Q@A@%ﬁl{%@rﬁgﬁ@dﬂggﬁ?{ﬁeWrba%pcg)g? film 82

carrier is stopped at a first film formation position,
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
15 undercoat film 82 may yield a dramatic improvement in the SNR, and may therefore be

desirable.

[0028]

There are no particular limitations on the thickness of the undercoat film 82,
provided the desired coercive force can be obtained, although the thickness is preferably

20 within a range from 5 to 40 nm, and is more preferably from 10 to 30 nm. If the

thickness of the undercoat film 82 becomes overly thin, then the crystal orientation of
either the magnetic recording film 83 formed on the undercoat film 82, or if employed,
the non-magnetic intermediate film formed between the undercoat film 82 and the
magnetic recording film 83, tends to deteriorate, causing an undesirable decrease in the

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



16 whereas the carrier indicated by the dashed lines represents the state
when the canier 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 chamber, and therefore
film formation is first conducted onto the substrate on the left 5side of the
carrier with the carrier stopped at the first film formation position, the
carrier is subsequently moved to the poﬂion indicated by the dashed
fines, and film formation is then conducted onto the substrate on the right

side;of thereamignwithihecariss stoppedatihg %@_ﬁg&qg!m&% tion,

position. In those cases where four targets are positioned opposing the
substratesawithinritieachiantbesriiis fypevahmoreraetiekibe GaEI8M 83 o the
10becomes unnecessary, and film formation onto the substrates
suppertedoatithiatsfcdint igintfoided of the warrierciimise, conducieshs an
simultaneously. [00381 As illustrated in FIG. 2, this magnetic recording
me iRk SEEEE Bppaitus includes a substrate

gassette-tr[ Lfrring robot mount 1, a substrate cassette-transferring
15robot 3, a substrate supply robot chamber 2, a substrate supply robot

34, a substiaie.stallalioncham ben 32 LOINST FRAIDEIS Arofutd ANG L1,

for rotating the carrier, sputtering chambers and substrate heating
chanilugesabe6a@i 16 rddyik8, ang b6praseativenfiimafermationchambers 48,
to 20, a substrate removal chamber 54, a substrate removal robot
charipab2f flsyHsvaeidmdvasaobobngosticamigifishingpoirasier 3A, a
carrier 20metal film formation chamber 3B, and a plurality of carrier- 25
with a plur[gﬁtv]of substrates for film formation (non-magnetic substrates)

183 and 24ﬁl1%lnlte thereon. in the.apparatus of this embodiment, the =
carrier ashing c%gr%l élrr( 5 lrga{n1 tlﬁ%ocxgs%}lré?’r%g?g Bl PSP O B AnRBarided it

3B wilizeatheisameshamhe EﬁiJmé—gesired’%ogﬁc%é%}ogymgoi?gﬁ%g}%%%t]ge dco
to each of these chambers 2, 52, 4 to 20, 54, 3A and 3B, and each of the

carrigiy 24 ésrtransperded séguentiatyCinie BAZhQINNA Chasiders, the e, fand ¢
insides of which are maintained in a reduced pressure state by operation
of tHaNEEUtRFPIRPEOBIATSrHIA & tRRTNpS ESIetnEE titdsdia tayen8d |0 at%,
the %r:'f)i?rc}og} fiIer) 824 tt'? ?_magnetioc recording film 83 and the protective
film 84) 8 Both strfacd< o the mauttsd i YarhantA Sstratadenshind
1@4 'H%Q%@@&%Q&&B? JAHTEJ %{EHJ&QQ&] g&%ﬂ%qﬁ%’caewlavg ?oerEg t%egé) 1F drltl?lgr improved.
medium that represents one example of athin film laminate canbe
obtained. [00#Q] 10For example, the magnetic recording medium
manufacturing apparatus of this embodiment can be configured as an
inline typelfiltire forpratiorr@ppagatudium tehimagnetiedecoprgsnadibam 84 is
manufacturing apparatus of this embodiment, the seed layer 81, the
und&rapst ?ﬂr&%%l??%ﬁ%lma@ﬁ@ﬂé feEctiiagRenBR akbinhefpheteetivesifim

84 meacgrg% f%m%g C\;/gitsr(]a fbtwo-ltayteg %onfig%ragio(ril, ad two-la%(er _
con igurail gn, oy R ayery contact oetweerl the head and the surface of the medium.
20 Conventional materials may be used for the protective film 84, and examples include
single component films formed from C, SiO, or ZrO, or the like, or films containing
these materials as the main component and also containing other added elements.
[0032]

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

25 anion beam method or plasma CVD method or the like.
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15configuration, and a two-layer configuration respectively. [0041] As
illustrated in FIG. 4, the carrier 25 includes a support base 26 and a
plurality of substrate mounts 27 (two in the case of this embodiment)
provided on the upper surface of the support base 26. 70[0042] Each

of the substrate mounts 271s composed-of a plate 28 of substantially the
same thickness as the substrates for film formation (the non-magnetic
substra? 3 and 24, in which is formed a circular through hole 29

having a slignhtly larder diameter than the outer periphery of the film
formatigmsuhstiaiaso? Shanda2dstvitifi Brpdralitypdf S lyppaittimerabge 18t 2 to 20
extending from the periphery of the through hole 29 towards the interigr of
D@ hSLgl AR5 Ph BRI S S SRS SR Ut L 1
inside the t rough th0|§1§c129 of ggganswgsstrate mounts 27, and the edges of
P& SUS t}gtggn%n%arge Wittp (e suﬁporf’members 30, thereby supporting
and holgjpgathe film formation substrates 23 and 24. These substrate

mounts 27 are provided in alignment on the upper surface of 5the support
base 26 e liftaictine lpin $hifloemed thethwsrrforemédrlnTatertivatiai 84-

bstrates 23 and 24 t onl bstantially. orth | relatiy the.. .
B B P I BeL 3b b e HidE pCIa  ryoed liuid
?Hgﬁgﬁﬂ{@kycb% %@%@@ﬁﬁ)ﬁéﬂl@? (OHprneL A8 RUNIBRHA Mo fatty acids.

ormation substrates 23 and 24 mounted on the substrate mounts 27 are
referveskionasitenfest fikm berosadidor spbbtimtalzSlaindctne, Hidedmedifiping
formation substrate 24 respectively. [0043] The substrate

casters ardrstarapdfirsbeet 8dhplies the film formation substrates 23 and
24 from@ %% sette in which the substrates are housed to the substrate
supply 8 hamber 2, and also extracts magnetic disks O-lamely, the

film formation 32RubSHRIRSLZE AREh34 Nvith sagh@hthe thnm8nti8decording

formed thereon) that have been removed from the substrate removal robot
chadibenBa. rfresensubstrexersplephy atidr&inolahivietadtiberiyessng ipgention.
each have an external opening on one side of the chamber, and doors 51
and 55 fﬂg%gpen and close the opening. [0044] 20Further, neighboring

lIs b ! 4 i ecordin,
e S L A A S SR

mutually interconnect

CRBARGH FbRIWRAN EAR HRAldf ohambefstsorbatmdyertibessoghite medium
valves are closed, the inside of each chamber is an independently sealed

spacediigDshe present invention.
[0037]

FIG. 2 is a schematic diagram illustrating one example of the apparatus for
manufacturing a magnetic recording medium according to the present invention, FIG. 3
is a schematic illustration of a sputtering chamber within the apparatus for
manufacturing a magnetic recording medium according to the present invention, and
FIG. 4 is a side view illustrating a carrier within the apparatus for manufacturing a
magnetic recording medium according to the present invention. In FIG. 3, the carrier

indicated by the solid lines represents the state when the carrier is stopped at a first film

formation position,



The corner chambers 4, 7, 14 and 17 are chambers used for altering the
moving direction of the carrier 25, and each of these chambers is provided
with a 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 formed on
the first film formation substrate 23 and fhe second film formation
substrate 24. A reactive gas supply tube and a vacuum pump, which are
not Whatrated darthe diawingspie eunResied t9.eachahiheprotestive.film, i
formation chambers. 10[0047] The reactive gas supply tube is
provideetdvitl sesalvdthBopeinngpsidnclosinig-ofvathicmiscontiaifddBners
control mechanism not shown in the drawing, and a gate valve for the
vacttisirpiehip; thespening narerssiig Rosineieh 9ersome et iyraecoittiothe
devi%ﬁ nt())t shgvt\{]n ir}thelgraﬁ/vin%,. is provided between the vacuum pum
and THE ProfaatvE et TETbIREAU SharsenIBs e damiroin e e sarider
andslosing.olthls vl A0d IR GRS YAIYE, R SURDIY, Of D8R OIS e,
sputtering gas supply tube, the préssure inside the protective Tilm ™~
formasioseghambanvantiie sodnaustag el gasiromibe Ghambes AR Rbiion is
controlled. [0048] 20When film formation is conducted within the
protéetiveniilisiddpmationsubamben Usingra G Df mhe tanckravidantive-gastipped
supplied to the chamber, a high-frequency voltage is applied between an
electrS¥e AR diB iR ARATS I SuD Bt ates tertse Mt atiRsepfargepositioned
betweeor;ith%tvgob z;[m(tj thisﬂgis har% e causes the reactive gas introduced
into THe Chamber 16 adopt A prasHA Qe RE S etve ERA R v RS Her
1ieagiantzenRRled WIITIRGAIASIA A oMt ol he sufpce o e
outermost layer formed on the film formation substrate PRRINIE orming a
protegiivedBr HRQ4R] dictiresubistiate kpmavadshgmber 54, the first film
formation substrate 23 and the 5second film formation substrate 24
mounted &¥03Re carrier 25 are removed using the robot 49. Subsequently,
the carrier 25 is transported into the carrier ashing chamber 3A and the
carrier mefSIRTHEHAGTSH: CharBentic i mhmssiimannuiheeingiemaratus

aShilp)ngC]ggtmb r 3A and the cartier m%gl film for{'nation chamber 3B utilize

the same chamber. [G0B0T 10 The AShiRe b e e & RIS G5 RtERTIng
10N theGarmanRcer dingadhe Rrssentembadiment s condusted by first
removing the substrates having the magnetic film and protective film and
the lilkeforimedidheresn, frenetbesubstiate SURROITIRG LAeY HOESFier,
vacuum, subsequently positioning only the carrier, which was
acciHitareE it eaenivias haisanhenire Stiiecsibstrate, linsidethee

chaﬁ]be , and then applying high- 15 frequency electrical power to an
arbi é‘%f%‘i‘}?ﬁ% DT B2 BRYTUA TGS BhEhrEPRUTtaRetRmtgie removal

introguced into chamber from an arbitrary location, the oxygen gas .
undergoes ecrotgr)nfp%ssl%%ﬁav?/ﬁ 1 Vé% gg?ﬁ%%%t% actifig a8 %llﬁr%%f/ Cifodesarrier
20esuling ihe.gansrationef a5 awgsnpiasBIa.hensthehys generated
oxygen plasma contacts the accumulated carbon film on the carrier
surfadetrtine tarfionisdecamposedaid sernexed 20as gaseaue &R/ 1n
CO.,. When conducting ashing of the carbon film, it is already well
knotf it e ¢ diie embedplesmie betiaushiof itbanaturaA terddsstaaber metal
conﬁl%%t ated near sharp edges or in the vicinity of the position where the

hig UBHE) SEERa HEWEF ibsipid s result, the carrier
undergoefogggfough ashing along the edges of the carrier and in the



21 vicinity of the position where the high-frequency electrical power is
applied, but uniform ashing of the entire carrier including the flat surfaces

is difficult. [0051] In order to address this problem, in the present

invention, flow control of the 5plasma is achieved using a magnetic field,
with the aim of enabling the plasma to be concentrated uniformly within

the vicinity of the substrate mounting regions of the carrier. Possible
techniques for forming the magnetic field include installing a fixed
permanent magnet or electromagnet either inside or outside the chamber,
thereby generaingpihe,Hie pkimagpeliclig'ddiushateddn the dravy n% 3A and
However, use of a fixed 10magnet narrows the region in which the plasma
is cdRcantratbaf hakindeit difficuttntp @achievq.favanaiie ashingms thanwhelene
carrier across a wide area [0052] In order to resolve the problem
des@fildeticAnBId derBrnng ¢adynete diel drispreferatily doermed i tvevacuum
plasma. As a result of this rotating magnetic field, the plasma 15that

effenéfgl?ﬁe%/s/‘f‘ﬁﬂ’é‘% i R Stk hE fecd e, S lal FRAvS sty BsSthahe

Scar[;h%r H@tﬁ 9&81 nal tq |on \{%hlle ECUe{{]%lhe carg cal ra ecg \‘,J}?erpoume q

[0053 The oxygen p asmat at conta 3 O %ﬁes8
surﬁaﬁem}matsﬁ AsaAGoN withthg carban, i Irm S RANHS D2na0d ,
therefore has the effect of removing 20the carbon from the carrier surface
by releasiingethedegasdiaintatheehamnbas. khe0xygemplasmamslte can be
involved in the reaction returns to the helical magnetic field trajectory, and
conthBiited to the ashing, process when it next makes contact with the
carrier. Ai&})é(g}mgly, using a rotating magnetic field causes a dramatic
increase number of chances for contact between the oxygen

Plasma ang e, earer sHifAce: lesulin Q&%&%@{Wemem nine

carbon removal rate from the carrier SUFFAGE per unit of e, P15 5G5S
In tb@yasent tay et ihedalaing imagpetivsesian farpngdRe 1y the
abovementioned rotatlng magnetic field may be posmone either inside or
outsidentitie @shidigechadibe mbutkecaysepositiostingsarotatingihadyseed layer
inside a vacuum environment, 5and applying a rotational drive force from

extéin g}wq@gﬁqﬁtgmﬁ%dbﬁwwgyegpédmg film 83 and the protective film 84 may

be formed with a two-layer configuration, a two-layer configuration, a four-layer

15 configuration, and a two-layer configuration respectively.

[0041]
As illustrated in FIG. 4, the carrier 25 includes a support base 26 and a plurality
of substrate mounts 27 (two in the case of this embodiment) provided on the upper

surface of the support base 26.

20 [0042]

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

members 30 extending from the periphery of the through hole 29 towards the interior of
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15

20

difficult and not preferable in terms of maintaining the degree of vacuum

and the cleanliness, the rotating magnet is preferably positioned outside

the chamber. The rotational speed of the magnet used for forming the

rotating magnetic field is typically within a range from 60 to 800 rpm, and

is preferably from 300 to 600 rpm. 10[0G%5] Furthermore, because the

carbon film accumulates on both surfaces of the carrier, rotating magnets
heshraishaledln Shpdindopesiionsubiine Thmdrdmalitslinside the
therebetween. Moreover, if the same poles of the opposing magnetic i
fibtaughrbdlgnefonibeauRirrineearie phasd, i depaldion wbaals grgage with
magnetic fields causes the 15plasma flow to lose uniformity, and therefore

thhe PRRHITpORSE e HIRriraBNPRY EMA PRGNS S HBHASE digRsubstrates

[0056 In the present invention, basically, pure gxygen gas js used

wRAGH GBI e trais Rt ed B XIS MO ULhG & PhRea gurtace of

gas of argon (Ar) gas and oxygen gas 20as.the treatment is also .

BbeEHRRTH &P the S hedBaTR SHERRE 1L &Eﬁ?&?ﬁ%&?%ﬁ%ﬁ%ﬁ}{a formation

treatment, altho% the treatment can be conducted at gn. re%%t%;re f

PR o TG P01 A A BT RSRPO S TR i R per surface

oxygen plasma discharge tends to become unstable, whereas if the

e HPROT By RN D A B I G P SA A L e plane. In

residual oxygen gas from.the chamber following,c letion gf the

T P A G e PG e ST i 21 gted on the

front 2 to 5 Pa: The flow rate ,")" of the treatment gas.is preferably, set

R B o Hoe s Erbiad el e T HR SRt S e

descri ahove. Regulatjon of the pressure is typically performed using

agﬁcé)%‘?ﬁg? 8?3’[’?1%088%1’[ o %/tael?éé{,r\?v I ai\ée ftted to the chamber but not

shown i 621 drawings. [0057] In the present invention, during the ashing

treatmem gécribed above, high- frequency electrical power is applied to

the carriger itself, thereby generating.an o n plasma by dec [

the reat TNt G o By e han T BT P AR st
m d exists in the vicinity,©f th rier. T igh-fr.

e e S b PE AT s ace sy

frequency within ar 3 0 I 1 j

R B o b g o

e&%{r%?és%@%ﬁﬁ Cé(zi% %é%E%M%Zd rgtgeﬂg %gf i%Hﬁt&?fhéP@on) that have been

r
hSIg requency electrical power introduced Into the carrier is preferably

V\%ietrrrlligv%c{ %%91? tfllig %%89&9 ROV MQ&?SH&%&?%P%Q&BHM@J@&WW and

carrier itself accompanies 15the application of the above high-frequency

e}g&%{pﬁl&%\@&&%@@m% éh[@ﬁ }93(\2%% 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, 3A
and 3B are mutually interconnected, and a gate valve is provided within the connection
between each pair of chambers, so that when these gate valves are closed, the inside of
each chamber is an independently sealed space.

[0045]



more than 10 seconds per ashing treatment is preferred, and if
productivity is also considered, then a treatment time of not more than 3
seconds is more desirable. [0058] Next is a description of a metal film
coating on the carrier surface according to 20the present embodiment.
Even when the carbon accumulated on the carrier is subjected to ashing
using the method disclosed in the present invention, the accumulated film
may not be able to be completely remO\{gd in some cases such as when
the surface of the carrier has been subjected to surface roughening, or
when the firaiipentlimedas been frouced n.cRBRIMRIAHAN QL AEHEING N,
favorable mass productivity for the magnetic recording medium.
Acaciirelingiyftie earonsthati has notheeeimaorapletehyiesaonathbye 2448, not
ashing treatment remains on the carrier as a residue that has been
conVeradnthadractigafedreteiiecsyetiraroxpge mapkdenieg iandtit hasg bieenber.
confirmed that when this activated carbon residue is transferred to another
film formafi8tEhamber together with the carrier, the residue is released
into the chamber as an outgas containi and/or CO2. 5[0059] In an
5:nline typg‘ﬁ?rﬁr?é??tnlg%i%hma%ggg?g us, ﬁ)rﬂ%%r\fiqng%’gr% ﬁeécl%(])anm " @rafggﬁr'ﬁfag 2
SteprALEW BHRSIERIE MR fims Joip el (RETRO RIS, SYBPIE L IR MNEs: layer
carrier, and either films of those materials required for forming the
magmnetid racbedirng fine divinase darmed Seaidantiadbsanthersslsisatafirate
the subsequent chambers, or the substrate is subjected to a 10heat
treatfnenteaptitirezfo mmm cake aptherethenfiimnfor mztio rofichlus ot the
materials is conducted by magnetron discharge, because the outgas
rel e 488 i f5SFRICHN B rach 0EE Araseaive FHROITHAHE PRARYSST the
jgProcess g@zﬁﬁlpically pure Ar) required for the discharge, the quality of
the formed film itself also tends to deteriorate. Further, in the latter case,
because thg: caltifkitae Hﬂﬁo@%&@&ﬂ%@gé@ﬁ%iOQ\Q%QQ&%%%&Rﬁ%?Jﬁng of
heat 15treatment, the release of the outgas containing CO and CO, from
the ehivies surfatieddaeceterdtedcibhistonigas welease drikomn thedcagtievalve
adsorbs to the substrate surface prior to film formation, causing a
detdPiOPALIBRIHNtREN AR ERSStag endlskrsraristiishdneptivelisid bire matmbticyice

conversion chayracteristics of the ignetic recording medium. [0060] 20In

the PESEnt ifVERAGH, THofcSP 1 FeSoRVEtHI JROBIBRR RS BF RIATRYY ™
1metal filmanihasarier &%{I@ﬁﬁéﬁ@rgggﬁag'¥ne% yided fallowing the ﬁﬁ%% gate

of conducting ashing to remove the accumulated carbon protective film
adhered tacthgmarsiiswdace BhidRrar 2 siep RbMAURHAG A SHhsirate

for film formation on the carrier. Providing
protective film formation chamber, and the exhausting of gas from the chamber can be
controlled.
[0048]
20 When film formation is conducted within the protective film formation chamber
using a CVD method, a reactive gas is supplied to the chamber, a high-frequency voltage
is applied between an electrode and the film formation substrate to generate a discharge

between the two, and this discharge causes the reactive gas introduced into the chamber

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



this type of step has been confirmed to reduce the emission of outgas
from the carrier. 25[0061] 25 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 or
a magnetic material is formed, then the carrier itself becomes magnetic,
and therefore a non-magnetic material is preferably used. 5Furthermore,
the material itself may be composed of gither a single metal element a
metal alloy containing a plurality of elements, although an alloy
composition hahinghses melaleuidss is yndesirahle A5l eS LRy
the release of gas from the oxides. Moreover, the use of a metal material
thatZzéxthilpitsran high feveliok dititlative reactivity is also undesirable.
10[00621 In the present invention, when forming the film of the metal
material ol¥#h¥ carrier surface, if the film is too thin, then the suppression
effect on bhe out%as is minimal, whereas if the film is too thick, the total

amount of tHa° SBPER I AR ATARET it & e LR forErEaB sbstraie 23 and the
Ssigrg'g'&%ggt}}f "YQ—@%Q'B‘}@GC u eeling of the film from the 15 carrier, and
also increasnés the %requ%%@;% ?v%ﬁlevuﬁl%ﬁ?ﬁgggg?ﬁéef rir‘?ueértelcr)e’emr(()evé3 aceE For
thesenteasons,dhRdimg, thicknassis ity within A Lang e Sam. AR 34
200 A (3 to 20 rim), and is more preferably within a range from 50 to 100

A (310 1 waimier Mere Guerfothedidmcisuptefembly foksedavesiheeatifRr ashing
carrier surface, without installing the types of shields that are widely used
for FE&HRIAG tHE Hipreoimaton FéginmeopooBShbder 3P ttibzptesemte chamber.
invention, H@ shing treatment of carbon adhered to the carrier and the
coating trb[‘a ment of a metal film on the carrier surface may be either

1¢conductegiy Qﬁﬁﬁé%?&@?c@l&%ﬁm%g%g%%89 3 580es Of processes

within the same chamber. In order to improve the efect of the treatmentssent
the asbiagrisieaimeatandsna-oesabiln 2RcosinGIeAIMARL AR REcTerRbIY
conducted in that order, within the same chamber. 26 In those cases
wheretthe v datnentiediie comdudcteckwvitihom the sameteharpbendeesadsader
the surface of the target material for the metal material coating film is
expUSEiTo e ¥R PTASHIBE QhigRE e BbiHn o estipgtretthve it cif ton
metal material having a high oxidative reactivity is used, then particular
car?lﬁn egéégetsoa é’i[ {a %arsm tt%gg\l/%s‘lté%exfagﬁr 5 F?%f; BB e gt Hsh@RalvingaMelr the

1surfacg.afdhadargatmaterial oxidizes oihen net iy dges e initiation of
the discharge becomﬂg\?}nstable durir?g’pthe coating tIrTeeat'meﬁ’t(y(%‘ﬁ ﬁ%sclgfﬁ%rf
surtacelcondubtedfollowingoasbingmbet e filmisrmationdatenesyoihol;
time also decreases dramatically, making it difficult to achieve the desired
coaltitgHives tieknesst andiththarsimgea isatisfactory sugptessiorafipigtyase
from the carrier is 10unachievable. Moreover, the oxidized material may
itsefCRSF O AT 1RED ARt SFRICBC iticer Rap warisig adesige eoffisetsthe
due 1o the release of oxygen from the oxide. [0064] . =~ An apparatus 501
iIIusatgr%tl'f{-:-néll 1ﬁl%aelcflc r.g nrg%nrleoz‘etﬁfsc%rﬁgé?é?ﬁ%lg%‘f 8P SareRReGE andssmoved

20condusting thecarienashing and the formation of a metal film coating on
the

When conducting ashing of the carbon film, it is already well known that the
generated plasma, because of its nature, tends to be concentrated near sharp edges or in
the vicinity of the position where the high-frequency electrical power is applied. Asa

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



15carrier in accordance with the present invention. This apparatus 501 is
used for performing ashing of the carrier and for coating the surface of the
carrier with a metal film, and a chamber 502 includes a carrier 503 for
supporting a substrate within a state of vacuum. At this point, no substrate
is mounted on the carrier 503. Magnets 504 for forming a rotating
magnetic field are installed outside the chamber, and are each rotated
20at an arbitrary rate of rotation using a Srive device 510. A metal target
material 505 that acts as the material uged in forming the metal film

coatj ier sk - Insi nd a magnetic fiel
L o i e e gF P MR o
on theisyidage afithearganmatesialo0b sdrheshambrep02 is provided
with an exhaust port, and an exhaust pump is used to extract and remove
gases 25ftdfinlinside the chamber 502. An exhaust volume control valve
506 that is controlled by 27 a control device not shown in the drawing can
be used td"<BHHE aLAEsTONINE MR e BTSN dventisig Hlore eprarebyf the
glect ggala;?soe\l/g 1rmi/se&e\lg)splié—:‘d to the. c%rgi r 503 inside the chambper 502 using
a high-frequency power SOUTes 5087 & ARSIt ERe a5 e ARz to be
targ ial irect CUrE 507. A gas in

e e e B0 o ananls T e,
be intraetuceesibiottimihantbefohids [BO8Rknetic IMeIRAWERE SQUIEE208ed
supplies the electrical power that, with the carrier 503 acting as an
eleckrotiancyenegates: tHecplasrairithin itheloxygasideohtainingegassrebiring
10 the carrier ashing of the present embodiment. A high-frequency power

souREBEH REIEFSRrERidnes e khileetindariepiwer Botitre 3680 héxed

apacit Lgprg JOWver source 0 iepreferabl sufficient to supply an
lglec%t}?gé ?powevrpo%lg(s 1 ,166@ \7\?‘ %g tﬁlélsglélrlr?egf) BRI s ARG i S hitligp ro

10066 I5R05RANEH LIRS 590 SupRlies e, elegitial power that causes

discharge of the metal target material 505 within the gas composed mainly
of Ar, durifigitie coating of the carrier surface in accordance with the
present embodiment. The power source 507 is preferably a DC power
source or 8 pidlgdd BRIpohersbisredeEiibtiahdne capavipnoftiegines
source 507 is preferably sufficient to sugglﬁ/ an electrical power of 50 to

201 BHERY [568H ™ "TREGEs 508 BhtrRitEs EaRsHasE tamisme
he ' 1t is_preferably. a gas .containin en as the main |
A e B Ay AT R TS S Rl B e

becalsgentheirtgon GasMAkemPeLRRMISHIthe ashing 25 treatment
that decomposes and removes the accumulated carbon film in the form of

CO and ClO®3the use of pure oxygen gas is preferred. Furthermore,
gases other than argon or oxygen, 28
The oxygen plasma that contacts the carbon on the carrier surface initiates a
reaction with the carbon to form CO and CO,, and therefore has the effect of removing
20 the carbon from the carrier surface by releasing these gases into the chamber. The
oxygen plasma not involved in the reaction returns to the helical magnetic field trajectory,
and contributes to the ashing process when it next makes contact with the carrier.
Accordingly, using a rotating magnetic field causes a dramatic increase in the number of

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

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



such as nitrogen gas, can adsorb to the carrier, lowering the degree of
vacuum inside the chamber, and are therefore undesirable. For the above
reasons, the oxygen gas used for the ashing treatment is preferably a
high-purity oxygen gas having a purity of not less than 99.9%. 5[0068] 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 oxygen or nitrogen mixed wit? argon may also be used, but
using this type of mixed gas tends to inv@e a lowering in the degree of
vacuum cwggg by gas adsorption on the 10carrier, and is therefore
undesirable. Further, when generating the discharge from the metal target
material useddordemingdthe coatingdilmikisnecessaonmensure that
the film formation rate per unit of time is maintained at the maximum
posaileletespsibngd dothbreforentiie fise ofabapgonogasdtasingacauiysafatat
less than 99.9% is fundamentally preferred. [00691 When the present
inveliBBR FOABaH BH RERtS HSHEPHIE AL MRS e NN 9 G Y ButveegaiscusEdt,
gor tgln% as iri\g tarlerattal 1(()anatl grrgget e % s used for the formation of the metal
film Coating may be Introduced into the SHAMbErRPIUGHIHS Edra L fietre
tubeibmaalspReaboduEad by pliah-sepaiAleplet fibes, 20100701
The ashing treatment of the present embodiment Is |n|t|atecf%ymhousmg
the casriBnesQaviihng supsiraiersiauplescheRRside dhe.arMmEeE
502 that is held in a vacuum state of not more than | x 10 Pa, and then
clogitigtivialgaced efiies orghgs whaddbérrSubtequeritly noxygarigraisdsypically
introduced from the gas inlet tube 509, the exhaust volume 25control
valvé' aiga%ee@%%gé%%% wehia psrfosiimEcanPhsidtherpressure
jénside the %%ihamber within a range from 2 to 5 Pa, and a
high-frequency electrical power is then applied to the carrier 503 from the

power SOW&%@%r&r%h@sp{@c%%rpﬁﬁ%%%%ﬁta@seoﬂigﬁﬁfrsﬁ%c%@Coﬁthe carrier,

electrical power applied preferably has a frequency of 13.56 MHz, has a
poweralgyehwgdthin rauabgafrom 106pto QR Woemanadf thve.considaration
is given to the amount of ashing per unit of time and the increase in the
temppereReiec ot théormieriitdelfaas adesafttof epolyiegrtmedighefrequency
power, preferably has a power level within a range from 300 to 500W.
MorSab R LTS BF GHECARG PGB WAER FAchie R eesietiali causes he
ro ' ing. ent.is preferably completed within a time of
e B s i s e
chamhentidergagsdRionization under the influence of the
high-frequency electrical power applied to the carrier 503, and
decompodésestd form an oxygen plasma. At this time, the plasma is mainly
concentrated at the position where the high-frequency electrical power is
introduced™AEIPAEIFY EHgiiradyesay tnere ariern s istingdinhensatisfattarine
ashing of the flat surfaces of the carrier, and therefore the magnets 504
m?esmb%ﬁea%a% AL EMSREV B SR H8NEASHEE th 0xyeen gas

treat
are usera O ToCusS

2@MQutaf ashing Rerunil gés@ms' the-magnsts nggéu?é?n&’a%f%%‘%gésé%@%ng

using rotational motors 510, thereby forming rotating magne

fornmng-dhisdyperabrotativgdnagneatic fie @nﬁ%@t@%@ﬁ‘ﬂ? ﬁt@gﬁy@%ﬁéqgange
ashing is imparted with kinetic energy, causing the plasma to flow across

the tarriefin A0Ragdrial miwctionwhile siveeping.autha helicalstaieetents to
The oxygen plasma that 20contacts the carbon on the carrier surface
initiSteL e rsehlh WitFerRd BrbisFFEs foray @igh, then considerable time is required

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

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



and CO?, and therefore has the effect of removing the carbon from the
carrier surface by releasing CO and CO2 into the chamber. At this time,
the oxygen plasma not involved in the reaction returns to the helical
magnetic field trajectory, and contributes to the ashing process when it
next makes contact with the carrier. Accordingly, using a 25 rotating
magnetic field causes a dramatic increase in the number of chances for
contact between the oxygen plasma an ihe carrier surface, resulting in
an improvement in the carbon removal rate from the carrier surface per

unit gfitime.:30n[QQ¢ L1, I1he-10 _E?gvmgg?éﬁg@%mt@lﬁd?% opposing, satisfy

positions with the carrier sandwiched therebetween, it the same poles
of theeopposinguipagnetis-fiekls are syneevized ith the %ﬁﬁ&@n?*b@ﬁ%med
then repulsion between the magnetic fields causes 5the plasma flow to
loseusinBamaitiauanc times efote thel yaatdhchgsgolestateeptafesabbyitifo@thown in
asynchronous antiphase state. Furthermore, the rotating magnets used for
fornﬁﬁd%‘?é‘%stating magnetic fields may be positioned either inside or
gutside thj()g.)sﬁri]ng chamber, but because positioning a rotating body

Inside a vacuum environment, and applying a rotational drive force from

externaly fpAmiternahiaiing. hadyare dilicult d0and notreferable in

. il Ve,
terms of maintaining the degree of vacuum and the cleanliness, the

rotafiagueageietgiasEppreferaphiipositinnedruiside thethamReking an oxygen
Furthermore, the rotational speed of the magnets used for forming the
rotablag Ay Aetenfiedils isetypicaitytwithinaaisingefyam 66 o808 1 pmoardd
is preferably from 300 to 600 rpm. _[QO72g 15The generated oxygen

plasiid P frith &<t iin At barb e frion The ianfacsentaclectrical

onyerting the carbon.to CO.and CO2. By using the exhaust pump 512 to
e O Y e i 0 A OB g o
the cardar sunase isdemavesh-Whanthe ashing é&?@éﬂ%ﬁé Reomplete,
the oxygen gas supply from the gas inlet tube 509 Is hated nd any

resishral ftogigenogas is disshanggotar theuefishambss waindshe 8XBaust e,

pump 512. Subsequently, the gate valve provided on the chamber is

opehédi ghtefensictiesting pardeinvat efethmtohartberbB Discathmetited,

but if the gate Ive is opened before the CO and CO2 gases generated

inside tie & a1|¥1 Q802 by RS AShiRT tHSafFRRE QA e e s areshpardes

ee ' iLy dli from the chamber, then these gases are
lfelegfe%&?é?ﬁ%gegﬁgi%gﬁ%f 28whit h%%%ﬁ%e%?%%ﬁ” AEBPHiHER Corte

the aghingaieataienidias £er0 complated, he.exnausH YOIMME PNl

valve 506 is preferably immediately set to the maximum
considered, then a treatment time of not more than 3 seconds is more desirable.

[0058]
Next is a description of a metal film coating on the carrier surface according to
20 the present embodiment. BEven when the carbon accumulated on the carrier is subjected
to ashing using the method disclosed in the present invention, the accumulated film may
not be able to be completely removed in some cases, such as when the surface of the
carrier has been subjected to surface roughening, or when the treatment time has been
reduced in consideration of achieving favorable mass productivity for the magnetic

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



31 exhaust rate. Although dependent on the production rate of the
sputtering apparatus as a whole, the exhaust volume control valve
operation is typically completed in not more than 1.5 seconds, and ideally
in not more than 0.5 seconds, thereby contributing to the discharge of the
residual gases from the chamber. Furthermore, although dependent on
5the size of the chamber, the exhaust pump 512 has an exhaust rate that
is typically 1,000 liters per second or greﬁter, and preferably 2,000 liters
per second or greater. [0073] The ashing described in the present

inventiom#eiaEsiR-A RIAGESS OTHSIng:a plasma o tg@% §8n?% rg%moxe% the,,

carbon film accumulated on the carrier 503. Examp e plasma
genanateddiitingy s (35eea st Uge i haXyEe R RSa (A WIHLLO88 N ctivated
plasma or a halogen gas plasma. As described above, an oxygen plasma
deceathpo sesidtise sozatpdeirfithtoi atotBDfjastandt GO gas; rwdreneasvitishe carrier
thought that a hydrogen plasma decomposes the carbon film into CH4 gas
or tH FRECSHYTEIFRArEdEA GasThmsmacacoraposesinexaman i Mito a
halide ga 085 hese, the use of an oxygen gas 15plasma is preferred in
terms of the carbon film removal rate. [0074] As illustrated in FIG. 5, the
formation of 3 Metalrneating. o8, hs cartier n.aseordance wit tt}r}]eea hing
present embodiment involves housing the carrier 50%, Wwith no substrate
mouried teeredsrinside erthambaeb0R At isipsliddANMAGHURN Stateql
not 20more than 1 x 104 Pa, introducing a gas containing mainly argon
froniiline javia leeteints 50@indify frenedihestyoitimecoatitioineaive 506okened
regulate the exhaust voltune and hold the pressure inside the chamber

witHFTAPHAGE R dRR BB 81 1D BassacHfa hehimisin g iirebsteterienbiected o a
legtri wer to the metal target material 505 from the power source
e o P ot
Lfseébrﬁki&ﬂéli Wm&ﬁ_)&%hﬁ:%ﬂigg@, ‘%%Qﬁ?p{ﬁefm;g F%ggd1i£§%ﬁ%a%mgrogauses
time, the use of a direct current power is preferred, and a discharge 1s
genedatetbwithinnaipoueryrange frotes106: teydia00 HW Af te§me Ofor the
ensuring applicability with practical industrial production, the treatment is
preférabigedhapletis oithtriamied ity dppfolintatslyoldoes seeorfisthfO 0T Fe
The electrica%)ower applied to the target material causes ionization of the
t

SR b SeS I HAR PSP, TrRasehip dewHs M b yrbYeirheat

argon gas’n
I?rg%égl%@@le h@lgz{%e({f the outgas containing CO and CO, from the carrier surface is

>

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

[0060]

20 In the present invention, in order to resolve this problem, a step of forming a
metal film on the carrier surface is preferably provided following the step of conducting
ashing to remove the accumulated carbon protective film adhered to the carrier surface,
but prior to a step of mounting a substrate for film formation on the carrier, Providing

this type of step has been confirmed to reduce the emission of outgas from the carrier.

25 [0061]
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10 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. Upon impact

with the surface of the target material, tR€ argon gas plasma causes metal
atoms of the target material to fly off, thereby causing sputtering. The

argon pﬂﬁ%ﬂé?%&t)&tn?%%% ‘869,%38%@&%%&%@%@3%9@&Eﬂ%&ﬁé 108 in order
helical trajectory, and contributes to the sputtering process when it next
ipgpasts the taeget brateriak Aepordingly; usingnatiotatingishagnetin fisignetic
causes a dramatic increase in the number of chances for impact between

thaarigbrafilusigiaifndilieabigeesatierantseabitidgmosh Tﬂﬁ%r‘é‘(‘_}ét%‘ﬁf jipelf
%gﬁ%&%&?ﬁ%&%% .ﬁ%rrrelgrg%n;?é{g %ﬁ%ﬁg r?;a?ﬁrm%%le%h SR tr%%%gused.

in"opposing 20positions wi rget material and
the aanties sandwicheshiheebeiyy eeroRipbchersamer RaegefiiReal element or a
opposing magnetic fields are synchronized with the same phase, then
reptisivpetwtenitige plaghélicfieldsvassdththeprismpficantpdesen that
uniformity, and therefore the matching poles are .prgera

] ly in g

A8gherometaL SHeh SsendEaiEa b AR E O S HE ) ﬁe;?%?%epgf%aaﬁﬂlg the

rOI3H09 MRANKIS USRI IPATINAIRA (AN ShBRIASHEHIRIAS I oxidative

t§§éa ly Wit%%l a fange froom 60 to 800 rpm, and is preferab%y from 300 to

6QRctpMy [RATH] undekhebieetal material used for coating the carrier in

order to block the release of outgas may be either a magnetic material or

a non-ni8@¢&tic material, although if a film of a magnetic material is

formed, then the carrier itself becomes magpetic, and therefore a ., .

non-maghtzlﬁcn Fﬁ%?giig}‘ignplr%l}‘é‘r’\égﬁr)} USet pé&?h@%g?eﬁ??h%er%g e?fgf%gﬁ the

neaYieeseemRosed ofigithe i singlennetad elpmeniion ameetahaliedutgas is

containing a plurality of elements, although an alloy composition that

imeiniohes ,métatk axid dseisi bm desirablielashic i@magresulofritheretdbfiba ofcumulated

gas from the oxides. Moreogver, the use of a metal material that efzﬂilbgs a
1

HigHe FaIdFIRAISRRS REHAR I el raKivante nesgero! the film from the
Furthermore, i i ' e | im.i
R T e I SR LSRR, o
filRrds tondhickhsradanniahannupit eiibe metahfilmiguadopotheXsariet3 to 20
increases significantly, which may cause peeling of the film from the
carenndrisl miges mefewdds withfreytrasefiamtdR chihd ¢ariaet gt Pdoreover,
replaced, For these reasons, the film thickness is preferably within g.ran
e & P Hea SR

i 5 BOBTRES 15 0n) A S HSrE BrETeIy WA g o o7

SO EOR thipdR 194 uMareoyelthe-limdsinieisatiderasshover the

entire carrier 20surface, without installing the types of shields that are
widely ug®d3pr restricting the film formation region. EXAMPLES [0078]
34 Examples of the carrier ashing and the formation of a metal film

coating Bhtheeesié F%%%&Wﬁ@%%%?ﬂﬁ%é%%@iﬁé@e carrier
Z%é%r\ﬁ%i %ga H%}}}gaﬁr%%% &F glﬂl\é?ﬁtﬁﬂl'%rp%telm%% §84§21¥et91g§ﬁ§é3 either conducted
in different chambers, or conducted as a series of processes within the same chamber.

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

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



(Examples 1 to 15) 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. 10The surface of the carrier had been
subjected to a sandblasting treatment with #20 to 30 SiC particles. An
undercoat‘[\‘| composed of Cr a d a %net ord r‘\%tk‘ yer composed
to

Se Ca es where the U"e me
of Co, which represent layers required to Torm the ma € VRBBFAfTRPer

medjsisWate farnest eR %&%@GMP&@Q&M%&@% &%ﬁ?%ﬁ% is exgosed to

sputtering chamber, and a carbon protective film of thickness50 A wa
thentfoomyeehpinthe subsiratephy qiiagmaidbEM R A GMIRehARBEr nALbiS
time, carbon was also accumulated on the carrier surfaces near the
subétaa@f@mmaswgexqmwmmmmawmsmwmrfmmmeoxidaﬁon
arrlzr inside the chamber using the substrate transport device. The

ﬁ#?é%%%méttftﬁ‘eﬂédéstfété Hifacs GE RO BrarhegEd e disen then not only

carr
trangpartes the ext Subse nt treatments are described
below usmg FIG Yor redflces?gn %mee”ﬁg?sew‘é%“ trj%%?oead”t%tfﬁ@mem of the

chambey: B@ﬂb%ﬂﬁ@t%lﬁl%@ﬁégglﬁg%%m@ fﬁl@foﬁn%% tgt% ér?l%yt of time

volume control valve was operated to adjust the pressure inside the

chamtiveietoeasaaduenaithily antaidgei faMcibdadhiave theeRnaceamntlys i

13.56 MHz high-frequency bias electrical power of 300 to 500 25W was

applidgktssthend arprerBOBs s ftisnimeptersivoteftingzmdgmets:Sadiwere
ither 3%? rog ted at a rotational speed of 600 rpm, or were removed from

1the AESHARRE THETERSIn Pt Y theasdipmafiinaasateiea

range fiam 610,75 ssconds, The tsatment sondiigns and the remaval

rate for the accumulated car on film are detaile Bfé“%nﬁ?g‘

rate for thepeegumulated carbon film was evaluated by S5measuring the
carbon film thickness before and after the ashing treatment. [0080] As is
evident from dpablads GHehtheashifghvascpasdicted iRths resenssafus
an introduced rotating magnetic field, the removal rate for the
accUrtifafEandaFHBa | %Frﬁ%ﬁtffé‘é@@é g Hificerhyicarsd ameeidiffdreriosiin thehe

emoval rates for the ld/pt%eﬂ and lower 1Qsurfaces of the carrier decreased.
If 00 é:ﬁrler I accordance e present nvention. This apparatus 501 is used for

performing ashing of the carrier and for coating the surface of the carrier with a metal
film, and a chamber 502 includes a carrier 503 for supporting a substrate within a state of
vacuum. At this point, no substrate is mounted on the carrier 503. Magnets 504 for
forming a rotating magnetic field are installed outside the chamber, and are each rotated
20 atan arbitrary rate of rotation using a drive device 510. A metal target material 505 that
acts as the material used in forming the metal film coating on the carrier is installed
inside the chamber, and a magnetic field 511 from the magnet 504 penetrates into the
chamber 502 and is formed on the surface of the target material 505. The chamber 502 is
provided with an exhaust port, and an exhaust pump is used to extract and remove gases

25 from inside the chamber 502. An exhaust volume control valve 506 that is controlled by
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. Moreover, it was confirmed that a favorable ashing performance could be

maintained even with a lower gas volume and a lower chamber pressure.
[00821 15The phenomenon wherein a difference develops in the removal
rates for the upper and lower surfaces of the carrier when the rotating
magnetic field is not introduced is thought to reflect the fact that because
the application of the high-frequency electrical power to the carrier is
conducted via the upper surface of the carrer, th I

GG A 2 ETS Bt S el SRR aRIna Fume o
IncIeasiRdhe 12 rerexvat jalR QRS BRBEsuppice. i ihdRenghtIb@inside the
introduction of the rotating magnetic field causes the oxygen plasma to be
dtambarfif mdingrobightfrequicinity ofvthie mater) Be stildhigainchioret imfepked to
ashing. [0083] .36 Moreoyver, it s thought that because Ee helical .
LTy GO b AT BT A TRy & 10 Blogale 509 is

%%Svit Nl ‘%‘hsﬁé%aéﬂ&ﬁlc&e@%‘éet% EYEN AL JAMERPEESSY IR HRRVIBEI T the
ore favorable ashing performance. (Example 16) A non-magnetic
wbstratesgomposed of a NiP-plated aluminum substrate was supplied to
the chamber of a sputtering film formation apparatus using a substrate
transpol®@&Mice in the same manner as example |, and the inside of the

chamber, was evacuated. Eollowing completion .of the eyacuati rocess,
the sub%ﬁ%ﬂ%owgﬁg%rﬁedse e %‘%u%g %0%18%1&?‘#8%%%@&%%5 %hn% SATRrSo3

%59?%&' YDIUBAOY Saral R QvaRHUR-QRYiENBSIRhiARIde dBturing
chamber. The surface of the carrier had been subjected to a sandblasting
treatment w26 thSHrSitpanolds okn uhdegbdatdimcomposedafcCpr a
and a magnetic recording layer composed of Co, which represent Iaé‘?rs

rEGLTEE S TORITIFSNRIGHEH T RBrBME IGUIGA Werd T HRATOH thEc Power
L e S e G RIS e REITRS 804 5 P00 W o the

ective 0 €ss was ormedon the substrate by
RIasadaNhkinsgiEVRsehamber. At this time, carbon was also
accumulated on the carrier surfaces near the substrate . Subsequently,
the subfixiié]was removed from he carrier inside the chamber using the

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

removed R RO TR HEAS PO SHARKS THe TS ERR-RAREr St caytiafischarge of the
processes ri Si I 2 :
R e R s ETes, Homogn s o
and ¢heiexbadsta/nlune chRteIna\Rayassonesatestiimadjustihpopressauee 507
inside the chamber to a value of 5.5 Pa. Subsequently, a 13.56 MHz )
highedferpbén eyDiSioBlec st darbies00 A/nREs ysimeet thurtBesathppapacity of

503. At this time, the .rotatif? a%nffts.504 were {otate att ar tationalfSOt
S%]@é)&ma%w%ﬁ@gm (:’I y Suilicient to supply an electrical power o (o]
1,500 W.
[0067]

The gas 509 introduced into the chamber during the ashing treatment is
preferably a gas containing oxygen as the main component. A mixed gas of argon and
oxygen may also be used, but because the argon gas makes no contribution to the ashing
treatment that decomposes and removes the accumulated carbon film in the form of CO
and CO,, the use of pure oxygen gas is preferred. Furthermore, gases other than argon

or oxygen,



Following conducting an ashing treatment by exposure to an oxygen
plasma discharge for 3.0 seconds, the supply of oxygen gas from the gas
inlet tube 509 was halted, and the exhaust volume control valve was
operated to exhaust all residual gas from inside the chamber.
Subsequently, the carrier was transferred to the next chamber, 100%
argon gas was supplied to the chamber, the pressure inside the chamber
was held at 0.8 Pa, and a 1,000 W direct current was applied for 1 second
from the power source 507 to the CrTi e%l?oy target material 505, thereby
caugj ! 0 [ fthe CrTi alloy target material 505 in.the
e IR o S R e
matﬁﬁ@&f,thlﬁi Grelhakeydarges anenal %Q%m@ @a@&&%%ﬁﬂen gas used for
approximately 50A on the surface of the carrier. In this investigation, four
targ@@sawmetmstaﬂmdswiﬂﬁémbheaéiiwl@mmmb@m%@ammm@lﬁhm of not less
formation to be performed simultaneously on the two substrates mounted
on tHecXrA&r. Further, in order to enable coating of the carrier over a
§Nider areﬁgég%distance from the target material to the carrier surface was
set to 75 mm, and the treatment was conducted without installing a shield
for reSt“Ctﬂg é@? 5%8&1&%&@&5%9{9 ﬁe]t(?xgr%%lzr durln %9 ggr}%r%oggfrmtggz? ment is
effect of this metal film coating in suppressing the release of outyas Hom
the prrsabA-gas detesins was nsilledinhe shamben 302 .and ihe,
components released into the chamber by the carrier were evaluated. The
resuits shitrenéxakrations wite sironunan alabibe 2e{Example sk fyig: 22)nixedAras
carrier ashing treatment and a metal film coating treatment were
perf6RHFa iiVilie SarRangiareicster RAMIBIIT 6T Rk gatatepptionditithes
1@”%‘3%%'9%28“ Hesu}ts are dea?lle%in Table 2. In examples 21 and 22, the
& it fin' BLfiGr tHasthetitahrsgg from the

1 ore undegr,
carrier ashing treatment and
condidctad athing; SI0gieChAmBRL 132 0980k, As i gvidentfrom e
Table a, when oxygen gas ashing was performed }oilowmg e VD fﬁhm
fornfiaticforagoio Pe eie iR ast ing-tyRem eas: dRISEIANFeCHdatabyel, and
increase in the ion current values for CO and CO,. This phenomenon was
obstredtotiispiayf therSsagmetrend regardiess obwhather hiciashingnentally
was conducted using a rotating magnetic field or without using a magnetic
fiel P B ftrast, when the metal film was formed on the carrier surface,

1dhere Was? %giﬁirmed reduction in the ion current values for the above
gas components. When the CiTi film was formed in the same chamber as

that used forsomdyRIng theshingealmant, 4R sdustiomindhed e, 5.

current was observed. 10 On the other hand, when a film of Ru was
formiedgis thelsanie: eitamp hesasthaidusedfortigashingHeatmente thedonim
current was reduced. These results are because the CrTi target installed
insiderthhe saies dhisadilsed merthatcbaabefchihueiohygencashingberidemmantiso be
oxidation, resulting in a marked deterioration in the film formation rate
durifg ?ﬁ‘éc?ﬂélﬁé‘?‘fﬁtheé’&%‘@ﬁﬁ‘éﬂfﬁ%ent. This oxidation was confirmed by
»¢he fact th %? voltage applied 15to the all target during sputtering
discharge of the target increased by approximately 15%, and the fact that
the fim thicknassotae: Ui gt BIOTIRRA RIS, SHORIRIS NASFedHeetl o
to only approximately 10% of the film thickness obtained when oxidation
did Akt eccuno @ decotiertbibmesein theicase whene stargetimateiakWithum
a low oxidative reactivity such as Fut was used, even though the same
chastierinasnugethior thé )8y endastingpsing themetal fitm fercation, the
target material did not oxidize during the ashing treatment, the metal film
formAtiRSIT eyt 160 aBcrenseduspt e dimigsibreolba&ftohe thbagsrrieinme

was able to be suppressed. [0087] [Table 1] 39 Magnetic fie Id
25 "“control valve ?&P 1@ useg to reLuIate tlm[i exhaust]volume anéJ hold the pressure inside the
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chamber within a range from 2 to 5 Pa, and a high-frequency electrical power is then
applied to the carrier 503 from the power source 508. From a practical perspective, the
high-frequency electrical power applied preferably has a frequency of 13.56 MHz, has a
power level within a range from 100 to 1,000 W, and if due consideration is given to the
amount of ashing per unit of time and the increase in the temperature of the carrier itself
as a result of applying the high-frequency power, preferably has a power level within a
range from 300 to 500 W. Moreover, in terms of ensuring applicability with practical
industrial production, the ashing treatment is preferably completed within a time of
approximately 2 to 5 seconds. The oxygen gas introduced into the chamber undergoes
ionization under the influence of the high-frequency electrical power applied to the
carrier 503, and decomposes to form an oxygen plasma. At this time, the plasma is
mainly concentrated at the position where the high-frequency electrical power is
introduced and at the sharp edges of the carrier, resulting in unsatisfactory ashing of the
flat surfaces of the carrier, and therefore the magnets 504 are used to focus the plasma.
Moreover, in order to increase the amount of ashing per unit of time, the magnets 504
are preferably rotated using rotational motors 510, thereby forming rotating magnetic
fields. By forming this type of rotating magnetic field, the plasma that effects the
ashing is imparted with kinetic energy, causing the plasma to flow across the carrier in a
diagonal direction while sweeping out a helical trajectory. The oxygen plasma that
contacts the carbon on the carrier surface initiates a reaction with the carbon to form CO
and CO,, and therefore has the effect of removing the carbon from the carrier surface by
releasing CO and CO; into the chamber. At this time, the oxygen plasma not involved
in the reaction returns to the helical magnetic field trajectory, and contributes to the
ashing process when it next makes contact with the carrier. Accordingly, using a
rotating magnetic field causes a dramatic increase in the number of chances for contact
between the oxygen plasma and the carrier surface, resulting in an improvement in the

carbon removal rate from the carrier surface per unit of time.
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[0071]

The rotating magnets are installed in opposing positions with the carrier
sandwiched therebetween, but if the same poles of the opposing magnetic fields are
synchronized with the same phase, then repulsion between the magnetic fields causes
the plasma flow to lose uniformity, and therefore the matching poles are preferably in
an asynchronous antiphase state. Furthermore, the rotating magnets used for forming
the rotating magnetic fields may be positioned either inside or outside the ashing
chamber, but because positioning a rotating body inside a vacuum environment, and
applying a rotational drive force from externally to an internal rotating body are difficult
and not preferable in terms of maintaining the degree of vacuum and the cleanliness, the
rotating magnets are preferably positioned outside the chamber. Furthermore, the
rotational speed of the magnets used for forming the rotating magnetic fields is typically
within a range from 60 to 800 rpm, and is preferably from 300 to 600 rpm.

[0072]

The generated oxygen plasma reacts with the accumulated carbon film on the
carrier surface, converting the carbon to CO and CO,. By using the exhaust pump 512
to externally discharge the completely gasified CO and CO,, the carbon on the carrier
surface is removed. When the ashing treatment is complete, the oxygen gas supply
from the gas inlet tube 509 is halted, and any residual oxygen gas is discharged from the
chamber using the exhaust pump 512. Subsequently, the gate valve provided on the
chamber is opened, and transfer of the carrier out of the chamber 502 is commenced,
but if the gate valve is opened before the CO and CO, gases generated inside the
chamber 502 by the ashing treatment and the oxygen gas have been satisfactorily
discharged from the chamber, then these gases are released into the next chamber,
which is undesirable. Accordingly, once the ashing treatment has been completed, the

exhaust volume control valve 506 is preferably immediately set to the maximum
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exhaust rate. Although dependent on the production rate of the sputtering apparatus as a
whole, the exhaust volume control valve operation is typically completed in not more
than 1.5 seconds, and ideally in not more than 0.5 seconds, thereby contributing to the
discharge of the residual gases from the chamber. Furthermore, although dependent on
the size of the chamber, the exhaust pump 512 has an exhaust rate that is typically 1,000
liters per second or greater, and preferably 2,000 liters per second or greater.

[0073]

The ashing described in the present invention refers to a process of using a
plasma to gasify and remove the carbon film accumulated on the carrier 503. Examples
of the plasma generated during this process include an oxygen plasma, a hydrogen
plasma or a halogen gas plasma. As described above, an oxygen plasma decomposes
the carbon film into CO gas and CO, gas, whereas it is thought that a hydrogen plasma
decomposes the carbon film into CH, gas or the like, and a halogen gas plasma
decomposes the carbon film into a halide gas. Of these, the use of an oxygen gas
plasma is preferred in terms of the carbon film removal rate.

[0074]

As illustrated in FIG. 5, the formation of a metal film coating on the carrier in
accordance with the present embodiment involves housing the carrier 503, with no
substrate mounted thereon, inside the chamber 502 that is held in a vacuum state of 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
hold the pressure inside the chamber within a range from 0.5 to 1.0 Pa, and then

applying a direct
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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 film formation 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 1,500
W. In terms of ensuring applicability with practical industrial production, the treatment
is preferably completed within a time of approximately 1 to 5 seconds.

[0075]

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

Furthermore, the rotational speed of the rotating magnets used for forming the rotating
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magnetic fields is typically within a range from 60 to 800 rpm, and is preferably from
300 to 600 rpm.

[0076]

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

[0077]

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 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
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.

EXAMPLES
[0078]
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Examples of the carrier ashing and 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.

(Examples 1 to 15)

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.
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
CVD ina CVD chamber. At this time, carbon was also accumulated on the carrier
surfaces near the substrate.

[0079]

Subsequently, the substrate was removed from the carrier inside the chamber
using the substrate transport device. The carrier from which the substrate had been
removed was then transported into the next chamber. Subsequent treatments are
described below using FIG. 5 for reference. Oxygen gas was supplied to the chamber
from the gas inlet tube 509 shown in FIG. 5, and the exhaust volume control valve was
operated to adjust the pressure inside the chamber to a value within a range from 1.5 to
5.5 Pa. Subsequently, a 13.56 MHz high-frequency bias electrical power of 300 to 500

W was applied to the carrier 503. At this time, the rotating magnets 504 were either
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rotated at a rotational speed of 600 rpm, or were removed from the apparatus. The
treatment time within the oxygen plasma was within a range from 1.6 to0 2.8 seconds.
The treatment conditions, and the removal rate for the accumulated carbon film are
detailed in Table 1. The removal rate for the accumulated carbon film was evaluated by
measuring the carbon film thickness before and after the ashing treatment.

[0080]

As is evident from Table 1, when the ashing was conducted in the presence of an
introduced rotating magnetic field, the removal rate for the accumulated carbon film
increased significantly, and the difference in the removal rates for the upper and lower
surfaces of the carrier decreased.

[0081]

Moreover, it was confirmed that a favorable ashing performance could be
maintained even with a lower gas volume and a lower chamber pressure.

[0082]

The phenomenon wherein a difference develops in the removal rates for the upper
and lower surfaces of the carrier when the rotating magnetic field is not introduced is
thought to reflect the fact that because the application of the high-frequency electrical
power to the carrier is conducted via the upper surface of the carrier, the oxygen plasma
1s concentrated around this point of electrical power application, thereby increasing the
removal rate on the upper surface. It is thought that introduction of the rotating magnetic
field causes the oxygen plasma to be drawn uniformly around the vicinity of the carrier,
resulting in more uniform ashing.

[0083]
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Moreover, it is thought that because the helical trajectory magnetic field improves
the ionization efficiency of the oxygen gas, the discharge continues even under lower
pressure, resulting in a more favorable ashing performance.

(Example-16)

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 in the same manner as example 1, 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. 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 CVD in a CVD chamber. At this time, carbon was
also accumulated on the carrier surfaces near the substrate. Subsequently, the substrate
was removed from the carrier inside the chamber using the substrate transport device.
The carrier from which the substrate had been removed was then transported into the
next chamber. Subsequent processes are described below using FIG. 5 for reference.
Oxygen gas was supplied to the chamber from the gas inlet tube 509 shown in FIG. 5,
and the exhaust volume control valve was operated to adjust the pressure inside the
chamber to a value of 5.5 Pa. Subsequently, a 13.56 MHz high-frequency bias electrical
power of 300 W was applied to the carrier 503. At this time, the rotating magnets 504
were rotated at a rotational speed of 600 rpm.

[0084]
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Following conducting an ashing treatment by exposure to an oxygen plasma
discharge for 3.0 seconds, the supply of oxygen gas from the gas inlet tube 509 was
halted, and the exhaust volume control valve was operated to exhaust all residual gas
from inside the chamber. Subsequently, the carrier was transferred to the next chamber,
100% argon gas was supplied to the chamber, the pressure inside the chamber was held
at 0.8 Pa, and a 1,000 W direct current was applied for 1 second from the power source
507 to the CrTi alloy target material 505, thereby causing magnetron sputtering 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 material 505 with a 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 on the two substrates mounted on the carrier. Further, in order to 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.

[0085]

In order to confirm the effect of this metal film coating in suppressing the
release of outgas from the carrier, a gas detector was installed in the chamber 502, and
the gas components released into the chamber by the carrier were evaluated. The results
of the evaluations are shown in Table 2.

(Examples 17 to 22)

A carrier ashing treatment and a metal film coating treatment were performed in
the same manner as example 16. The treatment conditions and evaluation results are
detailed in Table 2. In examples 21 and 22, the carrier ashing treatment and the metal

film coating treatment were conducted within a single chamber.
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[06086]

As is evident from Table 2, when oxygen gas ashing was performed following the
CVD film formation, the ion current-measuring type gas detector recorded an increase in
the ion current values for CO and CO,. This phenomenon was observed to display the
same trend regardless of whether the ashing was conducted using a rotating magnetic
field or without using a magnetic field. In contrast, when the metal film was formed on
the carrier surface, there was a confirmed reduction in the ion current values for the
above gas components. When the CrTi film was formed in the same chamber as that
used for conducting the ashing treatment, no reduction in the ion current was observed.
On the other hand, when a film of Ru was formed in the same chamber as that used for
the ashing treatment, the ion current was reduced. These results are because the CrTi
target installed inside the same chamber as that used for the oxygen ashing underwent
oxidation, resulting in a marked deterioration in the film formation rate during the metal
film coating treatment. This oxidation was confirmed by the fact that the voltage applied
to the CrTi target during sputtering discharge of the target increased by approximately
15%, and the fact that the film thickness of the film actually formed on the substrate was
reduced to only approximately 10% of the film thickness obtained when oxidation did
not occur. On the other hand, in the case where a target material with a low oxidative
reactivity such as Ru was used, even though the same chamber was used for the oxygen
ashing and the metal film formation, the target material did not oxidize during the ashing
treatment, the metal film formation rate did not decrease, and the emission of gas from
the carrier was able to be suppressed.

[0087]

[Table 1}
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[0088]

[Table 2]
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According to

the method for manufacturing a magnetic recording medium of the present
invention, which employs ashing of the accumulated carbon film on the
substrate-supporting carrier and a cleanliness retention technique that
uses a metal film coating, when a carbon protective film is formed on both
surfaces of the magnetic recording medium substrate, the carbon film that
accumulates on the carrier surface is 10able to be effectively removed by
ashing, meaning the problems caused vifien the film detaches to form
particlesthat subsequently adhere to the substrate itself can be effectively
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[0089]

INDUSTRIAL APPLICABILITY

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

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

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

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

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

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

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

effectively suppressed.

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

following ashing with a metal film, outgas from the carrier can be suppressed.
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15film adhered to a carrier surface and said step of forming a metal film

on said carrier surface are conducted within a single chamber. 3. The
method for manufacturing a magnetic recording medium according to MOSLLP
claim 1, wherein said ashing to remove an accumulated carbon protective
film adhered to a 20carrier surface is cadducted using a plasma
comprising oxygen. 4. The method for manufacturing a magnetic
recording medium according to claim.3, rein an external magnetic field
is applied to said plasma comprising oxygen, thereby concentrating a
plasma causing said asking at a carrier surface. S LI. P 42 5.The method
for manufacturing a magnetic recording medium according to claim 4,
Wherein saitihmé dmetiofieft byt te gait pleerrdi climeg Y 8IP 1 SN 618 3

is a rotating magnetic field that sweeps out a helical trajectory. 56.Th .
AU I 1 RO TEEr AL RSH e BoTOINg B4 Qe 0o

o claim

wherein ggldog}l%et&ﬁ E%H{B%E} matal filmn o5 $aid GAIehSHEFAER fhd a carbon
onducte y a magnetron discharge sputtering method that uses rotating

rpRenstic iokl aasisiasebstraté. fhhélmeathadfonmamifaeidritgraberagnbticin

recording medium according to claim 101, wherein said metal film formed

on saidseitnesthodfaomiseretitmadreonducivmg R daoEG aa AfGHy uIated

8. The method for. manyfacturing a magnetic recoyding medium. accordi
B B B ARl RS 10 i A im on

%%E%%a‘?&%ﬁa%'&%%ﬁa% eriseh i@ mtRe BroHRERTRINSVPA RMnAENetic

nd Pt. 9. An apparatus for manufacturing a magnetic recording
medidmghasing:a fpduialityl of et felitedchéinbévsnatidninbwhpcieato a step of

plurality of thin films are laminated on a substrate for film formation by

SBqURitz b RIS FIR G AP EORm (3485 5 said 20chambers 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,gdivpy ranmakaniai-fedawingHée fesnaivnnradde elasliels to claim
for mounting a substrate for film MCGLLP 43 formation on a carrier from

whishereinagitbtiepedardidgatiegishites boenviemnastatyedserbon protective
comprises, between said chambers, a chamber for conductj ashing.&o :
ﬁlﬁlgp said carrier

réivibdhared R AritiERS o EAREB AT SHECHYE AMAEHRT A6
SHITRSE ARA3ARLE:{RAQUHER BnliftRlfilm on said carrier surface.

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

carrier surface is conducted using a plasma comprising oxygen.

4. The method for manufacturing a magnetic recording medium according to claim
3, wherein an external magnetic field is applied to said plasma comprising oxygen,

thereby concentrating a plasma causing said ashing at a carrier surface.
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10.The apparatus for manufacturing a magnetic recording medium
according to claim 9, wherein said chamber for conducting ashing to

remove an accumulated carbon protective film adhered to a carrier MCSLLP
surface and said chamber for forming a metal film on said carrier surface

are a single chamber. 10 42

5. The method for manufacturing a magnetic recording medium according to claim

4, wherein said magnetic field applied to said plasma during said ashing step is a

rotating magnetic field that sweeps out a helical trajectory.

6. The method for manufacturing a magnetic recording medium according to claim
1, wherein said step of forming a metal film on said carrier surface is conducted by a

magnetron discharge sputtering method that uses rotating magnetic field assistance.

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

oxidative reactivity.

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

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

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

said apparatus comprises a chamber for removing a magnetic recording medium from a

carrier following film formation, and a chamber for mounting a substrate for film
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MCSLLP
43
formation on a carrier from which a magnetic recording medium has been removed, and
also comprises, between said chambers, a chamber for conducting ashing to remove an
accumulated carbon protective film adhered to a carrier surface and a chamber for

forming a metal film on said carrier surface.

10. The apparatus for manufacturing a magnetic recording medium according to
claim 9, wherein said chamber for conducting ashing to remove an accumulated carbon
protective film adhered to a carrier surface and said chamber for forming a metal film

on said carrier surface are a single chamber.



