DESCRIPTION APPARATUS AND METHOD FOR MANUFACTURING
MAGNETIC RECORDING MEDIUM TECHNICAL FIELD [0001] The
present invention relates to an apparatus and method for manufacturing a
magnetic recording medium used in a hard disk device or the like, and
more specifically, relates to a transponing device for a carrier, which holds
a substrate, of an in-line type magnetic recording medium manufacturing
apparatus. Priority is claimg E se Patent Application No.
2008-046459 filed February 27, 2008 and Japanese Patent Application
No 2008-047283 filed February 28, 2008, the contents of which are
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magnetic recordlng medla used i isk device or the like, and in
particular, recording density is re tinuing to grow at a
phenomenal rate, approximately 100 times in ten years.

TECHNICAL FIELD
[0001]

The present invention relates to an apparatus and method for manufacturing a
magnetic recording medium used in a hard disk device or the like, and more specifically,
relates to a transporting device for a carrier, which holds a substrate, of an in-line type
magnetic recording medium manufacturing apparatus.

Priority is claimed on Japanese Patent Application No. 2008-046459 filed
February 27, 2008 and Japanese Patent Application No. 2008-047283 filed February 28,

2008, the contents of which are incorporated herein by reference.

BACKGROUND ART
[0002]

In recent years, recording density has significantly improved in the area of
magnetic recording media used in a hard disk device or the like, and in particular,
recording density is recently continuing to grow at a phenomenal rate, approximately 100
times in ten years.

[0003]

As illustrated in FIG. 1, a magnetic recording medium used in a hard disk device

or the like includes a non-magnetic substrate 80, and a seed layer 81, an undercoat film 82,

a magnetic recording film 83, a protective film 84, and a lubricant layer 85 laminated




[0003] As illustrated in FIG. 1, a magnetic recording medium used in

a hard disk device or the like includes a non-magnetic substrate 80, and a

seed layer 81, an undercoat film 82, a magnetic recording film 83, a

protective film 84, and a lubricant layer 85 laminated sequentially on both

surfaces or one surface of the non-nagnetic substrate 80. A magnetic

recording medium having this type o figuration i tpke .
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recording medium uring apparatus, FIG. 3 Is a schematic
mdrawing.sho 'ngtﬁg%tgggégafilm formation chambers and carriers of the

magnetic recording medium manufacturing apparatus, and FIG. 4 is a side
[OU@(" showing the carrier provided in the magnetic recording medium

manufacturing apparatus of the present invention. In FIG. 3, the carrier

indicajed by the gRlidlinesdliks %@%ﬁ%@%ﬁ%@&%ﬁ%@%é gk

a first film formation position, whereas the carrier indicated by the dashed
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formation position. In other words, in the sputtering film formation
spahannbersltustiated fasttisrexammpleidwertargsissace Pretienedapasing
the substrate within the chamber, and therefore film formation is first
m&QTeuetad apharthes subshmieon thedelt sidsholiihe tarceriviidhiel aptiidte
stopped at the first film formation position, the carrier is subsequently
mépeved:tedhkngasiivmindieatecinynthepgdashedblinesprgehtiinyefofonatlaFis. 3,
then conducted onto the substrate on the right side of the carrier with the
theasrigsrstaiped a the secbhdfilinforratcmrposittanhértihosd casgsed at a first
where four targets are positioned opposing the substrates within the film
fillarfoahigivs pasiber, thistgpeotanduembnited thetbaddehdid ommepresents the
unnecessary, and film formation onto the substrates supported on the left
stanavhighthsidesiofittropaedet gaccbelddndivctedisinpolttiveo ds|gthig005]s, in the
As shown in FIG. 2, the in-line type magnetic recording medium
sputgeminia Sturifigregpar ahambers ifbhsex@ahiethas subatpéaetwadsesets are positioned
transferring robot base 1, a substrate cassette transferring robot 3, a
orpisktecte supdtyin g idbotheraibesr2and shiystraceibudiolhag vo bolsa cepducted
substrate installation chamber 52, corner chambers 4, 7, 14, and 17 for
onstame BBt s, lsButda iig R rRE g RibrTerRamsise siopRediphe et film
heating film formation chambers 5, 6, 8 to 13, 15, and 16, protective film
foRRANAAI B aPn Bisr S8R0 DBIAeGU BRRATAONSh S HICPRaHBR A Caged by the
substrate removal robot chamber 22, a substrate removal robot 49, a |
dashpddingsnng Bhadoperton is fora sntaRFIITahe sl Ghikhtight side of

plurality of film formation substrates (non-magnetic substrates) 23 %nd 24
ths garigi Willythe carrier stopped at the second film formation position. In those cases

where four targets are positioned opposing the substrates within the film formation
chamber, this type of movement of the carrier becomes unnecessary, and film formation
onto the substrates supported on the left and right sides of the carrier can be conducted
simultaneously.
[0005]

As shown in FIG. 2, the in-line type magnetic recording medium manufacturing

apparatus has, for example, a substrate cassette transferring robot base 1, a substrate




[0006] A vacuum pump is connected to each of these chambers 2,
52,4 to 20, 54, and 3A, and each of the carriers 25 is transported
sequentially into each of the chambers, the insides of which are
maintained in a reduced pressure state by operation of the vacuum
pumps. By forming thin films (such as3the seed layer 81, the undercoat

layer 82, the magnetic recording film 83, and the protective film 84) on _
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periphery ormation subs 24, wit urality o

BRI TRMbErS 30 praiectioa fam e periphery, ot frpugh hole 29

4 towards the interior of the through hole 29. The film formation substrates
[086‘6 nd 24 are fitted inside the through holes 29 of the substrate mounts
27,"and the edges of the substrates engage with the support members 30,

thereby SHRRATHG AN BRINGREAIR JPBalion SYPSIRASS £8,30044nd 34,

These substrate mounts 27 are provided in alignment on the upper

andWdaceQhite SRRt PRsaRa R §g§smﬁmﬁlmosw£%@%fcmw& the insides

mounted film formation substrates 23 and 24 are not only substantially

ofQithowenahielativedts, e drpepstiiace atdhe supRash DAge 8a i Bigps. By

also positioned within substantially the same plane. In the following

foelasGr intiamite iwe filnfossatiarsgbstratas 23 anthed S0 UM ashentthe

substrate mounts 27 are referred to as the first film formation substrate 23
reéfiditesecenddihéofroatianestibstale2doaspeatvell tH0Q9% er-mounted film
formation substrates 23 and 24 inside each of the film formation chambers, a magnetic
recording medium that represents one example of a thin film laminate can be obtained.
[0007]

As illustrated in FIG. 4, the carrier 25 has 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.

[0008]

Each of the substrate mounts 27 is composed of a plate body 28 of substantially
the same thickness as the substrates for film formation (the non-magnetic substrates) 23
and 24, in which there 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 projecting from the periphery of the through hole 29




The substrate cassette transferring robot 3 supplies the film formation
substrates 23 and 24 from a cassette, in which the substrates are housed,
to the substrate installation chamber 2, and also extracts magnetic disks
(namely, the film formation substrates 23 and 24 with each of the films 81
to 84 formed thereon) that have been4removed in the substrate removal
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the support base 26, but are also positioned within substantially the same plane. In the
following description, the two film formation substrates 23 and 24 mounted on the
substrate mounts 27 are referred to as the first film formation substrate 23 and the second
film formation substrate 24 respectively.

[0009]

The substrate cassette transferring robot 3 supplies the film formation substrates
23 and 24 from a cassette, in which the substrates are housed, to the substrate installation
chamber 2, and also extracts magnetic disks (namely, the film formation substrates 23 and
24 with each of the films 81 to 84 formed thereon) that have been removed in the substrate
removal chamber 22. These substrate installation and removal chambers 2 and 22 each
have an external opening on one side of the chamber, and doors 51 and 55 that open and
close the opening.

[0010]

Further, neighboring walls between each of the chambers 2, 52, 4 to 20, 54, and
3A 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.

[0011]




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 top
layer formed on the first film formation substrate 23 and the second film
formation substrate 24. A reactive gas supply tube and a vacuum pump,
which are not illustrated in the drawing, are connected to each of the
protective film formation chambers. 5013] The reactive}%?s supply

tube ig PrSOBSHRAREEN G, et BDEARG SHIPEISIRS LI WATEHIRE the tavel
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ho %nirng and closing of this valve and the pump gate valve, the supply of
Sffom the sputtering gas supply tube, the pressure inside the protective
ilm,formation chamber, and gas evacuation of the interior of the chamber
rod? nterior ot
can] be controlled. [0014] In the substrate removal film foilllation chamber
o4, ther@é%‘%&&%’érﬁ%n“% ubstrate Z8.andethe,3econgd fim fokmation. .. »
substrate 24 mounted on the carrier 25 are removed using the robot 49.
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Sa met transporting a carrier in suc ne type
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Patent Document 1 for example, there has been proposed a method that

géé%%ﬁﬁﬂ%ﬁﬁ@gﬂﬁg%éé{ﬁﬂﬁ%@ reief SMRALRELRHAVIORANB &LaickANd a

magnet provided within a film formation apparatus. That is to say, as

coHHRWBAIR, Felieh BN &kt vErim G8RHEE dDBhisRld by @ guide roller so as

to move in a lateral direction parallel with the page surface, a magnet 300
[0s1afranged in the lower section of the carrier 100 so that the N poles and
S poles thereof are alternately positioned, a cylinder-shaped carrier

drivingriiagret209sisupmictudt polesvand SiRolesm ke b apgaddaal brlicad of

form, is provided thereunder, the magnet 300 of the lower section of the
whasiigr canddhel caries grdling Fhiagnenddohavem image afisaihs hedndoieavalve for

non-contact manner, and the carrier driving magnet 200 is rotated about
thiheacylindeireenter @ssintoaibcaiinmeielid tarsiardlRA by theolatetakvice not

direction parallel with the page surface.
shown in the drawing, is provided between the vacuum pump and the protective film
formation chamber. By controlling the opening and closing of this valve and the pump
gate valve, the supply of gas from the sputtering gas supply tube, the pressure inside the
protective film formation chamber, and gas evacuation of the interior of the chamber can
be controlled.
[0014]

In the substrate removal film formation chamber 54, the first film formation

substrate 23 and the second film formation substrate 24 mounted on the carrier 25 are
removed using the robot 49, Then, the carrier 25 is transported into the carrier ashing

chamber 3A.

[0015]




Patent Document 2 discloses use of a linear motor for improving the ability
of a system to transport disk substrates. Patent Document 1:

Japanese Unexamined Patent Application, First Publication No.
2002-288888 Patent Document 2: Japanese Unexamined Patent
Application, First Publication No. H08335620 DISCLOSURE OF
INVENTION Problems to be Solved by the Invention [0016] Inthe
carrieP 4iBpOAHY HBVRROHRE U TH P AvshtD deliniciPe Mag el Fesording
driving ma%net for transporting a carrier is provided in the lower section of

mpdBIEERHBM RS & ARRHB I GV dm b st P pavsrriD det sremple ithere
technically possible that a 7 magnet be provided on _the side section of, . .
haheempreRo et ametnanivg BradPRPBEBIS ARG AL o tigh e ERigyided in
thereto, the carrier dri\_/irellgl magnet and the magnet provided on the side
& EBAbT O AMEEEAER HEThRPHEE NG U CRAERAE B diligy- 85 shovn
. net be ratated, to thereby transpart the carrier, However, in those
in LS AR [ CarAGP AT e A BB AT AR B dR GLgerfee
.with respect o tﬂf arrier Sﬁ{g.ce, the carrier is lifted in.the upward . ,
BB S AT BHRE St Ahoh TR sl Be BEAR oF he I agriseson of
thgr(]:grrier 100 so that the N poles and S poles thereof are alternately positioned, a
cylinder-shaped carrier driving magnet 200, in which N poles and S poles are arranged in a
helical form, is provided thereunder, the magnet 300 of the lower section of the carrier and
the carrier driving magnet 200 are magnetically bound in a non-contact manner, and the
carrier driving magnet 200 is rotated about the cylinder center axis, to thereby move the
carrier 100 in the lateral direction parallel with the page surface.
Patent Document 2 discloses use of a linear motor for improving the ability of a
system to transport disk substrates.
Patent Document 1: Japanese Unexamined Patent Application, First Publication
No. 2002-288888

Patent Document 2: Japanese Unexamined Patent Application, First Publication

No. H08-335620

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention
[0016]
In the carrier transporting device disclosed in Patent Document 1, the carrier
driving magnet for transporting a carrier is provided in the lower section of the carrier. In

the transporting device disclosed in Patent Document 1, it is technically possible that a




consequently the carrier vibrates substantially. Moreover, in those cases

where the carrier driving magnet is rotated in a downward direction with

respect to the carrier surface, the carrier is pushed against the bearing

that supports the carrier and consequently the operation of the carrier is

degraded. [0017] In order to solve such problems, there may be

considered a method in which the carrier is guided using. bearings or the
mpgacE BRI e T iR PRSLRTVENS BRESHRAAH G EENGIS A Ee provided

number of bearings for the downward direction is increased. Howevgr if

ingh S4NHAB PR BRAHITERAERE SABPEA TN B APASHThed SR BgTsh Ry ded on the
.movement of the carrier will be raded, and also degassing from the
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decrease. Moreover, it.is preferable that a vacuum pump, which js a
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. chamrger. However, if a carrier, drivin trtne%gnet and a ecl'jtﬁnism.for. lifted i
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chamber,.then these components may caver the evacuation tube, an
S R B R e L e s and
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nd 1or InCreasing the spee carrier transﬁortatlon In order to
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manura

cturing apparatus. However, in the mechanism disclosed in Patent

cPQEUNENL 4 DEERISiR URIANON. 0N M6 FOtRIQR.-SReqH QbHRE RIS he

driving magnetand there is also a limitation on the speed of carrief
oISRORBHAR MErEqVaE.iahis mechanism, it is necessary to support the

carrier with bearings against falling under its own weight. However, use of
[6® liguid lubricating agent for bearings to be used in a vacuum condition is

difficult. Therefore, in those cases where a significant load is applied to

the begfipgs, thasalation shasrsterisic.ohibabestingsds HpaiRstesh Akl the

is consequently difficult to move the carrier at high speed. Furthermore,

cdhe-carieridavingomagnalanditheikolatinn meshanrismthereaba@ e the upward
preferably provided outside the film formation chamber in order to ensure

daddighhlevaltbé vasiberpmsigenthedimdaonatiandahasher iHaweised, tHewever,
structure inside the film formation chamber will become complex if such

i fonsfiguratiost isteihe kalegdoantkitisdtlffiaultdcegnieela highetese «fthe
vacuum within the film formation chamber due to leakage from these

cineehailirad anaithe sealingdegeticng flenabé (O818]s will Theqileskent! of
invention takes into consideration the above problems, with an object of

vpeowiding iz filag fetictecatdimpenediecasan Mactoviergiajppacéed htitis:
capable of transporting carriers at high speed, has a high level of capacity

vefwewaguatngitiehintereraf ebfin, forpraticled by envg 48 waplatbeidhn
easily realizing a high level of vacuum in a short period of time, in an -line

faypetinaghetibare ddedinvemiBdigarierdiif g b ppammeshanigm for rotating
magnetic recording medium manufacturing method that uses this

thip mg@a@m@@ig&quQﬁéqoﬁ@m@fﬁ}{@ﬁh;g]formation chamber, then these

components may cover the evacuation tube, and consequently gas evacuation of the
interior of the film formation chamber performed by the vacuum pump will be obstructed.
In addition, there is a demand for increasing the speed of carrier transportation in order to
increase the manufacturing capacity of the magnetic recording medium manufacturing

apparatus. However, in the mechanism disclosed in Patent Document 1, there is a




Having earnestly conducted investigations in order to solve the above

problems. the present inventors discovered that the above problems can

be solved by using a linear motor for transporting carriers used in an

in-line type magnetic cording medium 9 manufacturing apparatus, and

providing at least one member in the gnanufacturing apparatus that

orts the carrier agalnst falling under its own weight, and the inventors

e ieB ARt HRRH i RAeFTBAT bR PRBIISIh D fieiseito  limitation

invention relates to the aspects described below. [0020] (1) A magnetic
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connected film formation chamber arrier that holds a substrate, a
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section ormation ¢ham er Ssoast ose to the magneti

BRLeYRl Po‘%H&e &ﬁ)%%%@gh@ﬁﬂ{’ﬂ%rﬂi%ﬁ%ﬁ Bégl%‘}éé?%sensure a

accordin o elthe one o and (2) above, wherein the linear motor has
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and a guide that supports the carrier against falling under its own weight is
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medium manufacturing apparatus according to any one of (1) to (

ishavsnvbersindhagHide ivded.in %%M%&%ﬂﬁ@%ﬁmg%t%@fdue to
supports the carrier against falling under its own weight is a plurality of

1ARALNESM these mechanisms and the sealing portions thereof.

[0018]

The present invention takes into consideration the above problems, with an object
of providing a magnetic recording medium manufacturing apparatus that is capable of
transporting carriers at high speed, has a high level of capacity of evacuating the interior of
a film formation chamber, and is capabb of easily realizing a high level of vacuum in a
short period of time, in an in-line type magnetic recording medium manufacturing
apparatus, and a magnetic recording medium manufacturing method that uses this
apparatus.

Means for Solving the Problem
[0019]
Having earnestly conducted investigations in order to solve the above problems,

the present inventors discovered that the above problems can be solved by using a linear

motor for transporting carriers used in an in-line type magnetic recording medium




(5) A magnetic recording medium manufacturing apparatus according to
any one of (1) to (4) above, wherein a force applied to each of the
bearings is 0 or 9.8 N or less. 10 (6) A magnetic recording medium
manufacturing apparatus according to any one of (1) to (5) above, wherein
the magnetic material provided on the side section of the carrier is a
permanent magnet. (7) A magnetic recording medium manufacturing
MR RIReACRSTiY 2BERH) GRESR( 156 Q85 BSBRST WrBfenapfacturing
electromagnet of the linear motor is provided on an atmosphere sjde of
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manufacturing method characterized in forming a least magnetic film on
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manufactuyri pparatus according to any one of (1) to (7) above. Effect
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[0020]

(1) A magnetic recording medium manufacturing apparatus having a plurality of
connected film formation chambers, a carrier that holds a substrate, a mechanism for
mounting a pre-film-formation substrate on the carrier, a mechanism for sequentially
transporting the carrier into the plurality of connected film formation chambers, and a
mechanism for removing a post-film-formation substrate from the carrier, characterized in
that the mechanism for transporting the carrier is a linear motor.

(2) A magnetic recording medium manufacturing apparatus according to (1) above,
wherein a magnetic material is provided on a side section of the carrier, and the carrier is
transported by a linear motor that is provided on a wall section of the film formation
chamber so as to oppose to the magnetic material.

(3) A magnetic recording medium manufacturing apparatus according to either one of (1)
and (2) above, wherein the linear motor has a function of supporting the carrier against
falling under its own weight, and a guide that supports the carrier against falling under its
own weight is provided inside the film formation chamber.

(4) A magnetic recording medium manufacturing apparatus according to any one of (1) to
(3) above, wherein the guide provided in the film formation chamber that supports the
carrier against falling under its own weight is a plurality of bearings.

(5) A magnetic recording medium manufacturing apparatus according to any one of (1) to

(4) above, wherein a force applied to each of the bearings is 0 or 9.8 N or less.




[0021] According to the present invention, in the magnetic recording

medium manufacturing apparatus, the speed of carrier transportation can

be increased to a high speed, and therefore the capacity of manufacturing
magnetic recording media can be increased. Moreover, since the capacity
of evacuating the interior of the film fdrmation chamber can be increased,

it is possible, at a high speed; to perform introduction and evacuation of
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formation process of a magnetic recording medium can be smqothly | |
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recording media Furthermore, since a high level of vacuum in the film
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to the method of the present invention. FIG: 3 is a schematic diagram

milSYAUAGSHIERRO-Aln-frmation chapiersAnd gayviers provided in the
magnetic recording medium manufacturing apparatus of the conventional
method or to the method of the present invention. FIG. 4 is a side
view illustrating a carrier provided in the magnetic recording medium

EfRansfasiurhg.agpparatus according to the conventional example or to the
present invention.

[0021]

According to the present invention, in the magnetic recording medium
manufacturing apparatus, the speed of carrier transportation can be increased to a high
speed, and therefore the capacity of manufacturing magnetic recording media can be
increased. Moreover, since the capacity of evacuating the interior of the film formation
chamber can be incréased, it is possible, at a high speed, to perform introduction and
evacuation of processing gas into and from the film formation chamber, and the film
formation process of a magnetic recording medium can be smoothly performed, thereby
increasing the capacity of manufacturing magnetic recording media. Furthermore, since a
high level of vacuum in the film formation chamber can be easily ensured, it is possible to
provide a method of manufacturing a high quality magnetic recording medium, and it is
also possible to handle even higher level film formation techniques such as reactive

sputtering.




FIG. 5A is a schematic diagram illustrating a conventional carrier and the
driving system thereof FIG. 5B is a cross-sectional view illustrating
the conventional carrier shown in FIG. 5A and the driving system thereof.
FIG. 6 is a perspective view illustrating an example of a carrier of the
present invention and the driving system thereof. FIG.7isa

o6, IO BERERBA G LGS TR @oving Syetem of

0 Q% present invention in FIG. 7 in a state where a cover of the
tromagnet is removed. 12 FIG. 9A is a front view illustrating the
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invention.

FIG. 2 is a schematic diagram illustrating an exterior view of the magnetic
recording medium manufacturing apparatus of a conventional method or to the method of
the present invention.

FIG. 3 is a schematic diagram illustrating sputtering film formation chambers and
carriers provided in the magnetic recording medium manufacturing apparatus of the
conventional method or to the method of the present invention.

FIG. 4 is a side view illustrating a carrier provided in the magnetic recording
medium manufacturing apparatus according to the conventional example or to the present
invention.

FIG. 5A is a schematic diagram illustrating a conventional carrier and the driving
system thereof.

FIG. 5B is a cross-sectional view illustrating the conventional carrier shown in
FIG. 5A and the driving system thereof.

FIG. 6 is a perspective view illustrating an example of a carrier of the present
invention and the driving system thereof.

FIG. 7 is a perspective view illustrating the driving system of the present
invention in FIG. 6.

FIG. 8 is a perspective view illustrating the driving system of the present

invention in FIG. 7 in a state where a cover of the electromagnet is removed.




FIG. 10B is a cross-sectional view (that corresponds to the portion
illustrated with the dashed line A in FIG. 9A) regarding FIG. 10A. FIG.
11Ais an enlarged view illustrating the peripheral portion of the carrier
and a guide that supports the carrier, as another embodiment of the
present invention. FIG. 11B is a t?oss-sectional view (that
corresponds, to the portion illustrated with the dashed line A in FIG. 9A§
regaragﬁ@%%ﬁ%&%ﬂ RR T (v BT
cassette transferring robot base 2: Substrate supplying robot chamber 3:
drévdﬁ%ﬁ%ﬁté%;}%%rgﬁ transferring robot 3A: Carrier ashing chamber 4, 7, 14,

i COPL‘?Er ﬁ??sn;bc%sfsq%%%}{a W OF the portion illustrated with the dashed line A

in FIG. 9A.

FIG. 10A is an enlarged view illustrating a peripheral portion of a carrier and a
guide that supports the carrier, as one embodiment of the present invention,

FIG. 10B is a cross-sectional view (that corresponds to the portion illustrated with
the dashed line A in FIG. 9A) regarding FIG. 10A.

FIG. 11A is an enlarged view illustrating the peripheral portion of the carrier and
a guide that supports the carrier, as another embodiment of the present invention.

FIG. 11B is a cross-sectional view (that corresponds to the portion illustrated with

the dashed line A in FIG. 9A) regarding FIG. 11A.

Description of Reference Symbols

[0023]

1: Substrate cassette transferring robot base

2: Substrate supplying robot chamber

3: Substrate cassette transferring robot

3A: Carrier ashing chamber

4,7, 14, 17: Corner chamber for rotating carrier
5,6, 8to 13, 15, 16: Sputtering film formation chamber and substrate heating film
formation chamber

18 to 20: Protective film formation chamber
22: Substrate removal robot chamber

23, 24: Film formation substrate (non-magnetic substrate)




5, 6, 8to 13, 15, 16: Sputtering film formation chamber and substrate
heating film formation chamber 18 to 20: Protective film formation
chamber 22: Substrate removal robot chamber 23, 24: Film formation
substrate (non-magnetic substrate) 13 25: Carrier 26: Support base 27:
Substrate mourn 28: Plate body 13

25: Carrier

26: Support base

27: Substrate mount

28: Plate body

29: Circular through-hole

30: Supporting member

34: Substrate supplying robot

49: Substrate removal robot

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

81: Seed layer

82: Undercoat film

83: Magnetic recording film

84: Protective film

85: Lubricant layer

100: Carrier

200: Carrier driving magnet

300: Magnet

601: Carrier

602: Linear motor driving system
603: Side wall section of film formation chamber
604: Linear motor driving magnetic material
605: Transportation bearing

606: Bearing (guide)




29: Circular through-hole 30: Supporting member 34: Substrate supplying
robot 49: Substrate removal robot 52: Substrate installation chamber 54:
Substrate removal chamber 80: Non-magnetic substrate 81: Seed layer
82: Undercoat film 83: Magnetic recording film 84: Protective film 85:
Lubricant layer 14

701: Electromagnet cover
801: Linear motor driving electromagnet
901: Carrier lower section

903: Location where carrier and transportation bearing come in contact

BEST MODE FOR CARRYING OUT THE INVENTION
[0024]

A manufacturing apparatus of the magnetic recording medium of the present
invention is characterized in that there is provided at least one member that supports a
carrier against falling under its own weight. Here a linear motor serving as the driving
system of the carrier, may be the member that supports the carrier against falling under its
own weight, or instead of the linear motor, another member may serve as a member that
supports the carrier against falling under its own weight. Hereunder, specific
embodiments of the present invention are described, with reference to the drawings.
[0025]

FIG. 6 is a perspective view schematically illustrating the carrier of the present
invention and the driving system thereof. Moreover, FIG. 7 is a diagram in which the
carrier is removed from the perspective view of FIG. 6. Furthermore, FIG. 8 is a diagram
in which a vacuum cover is removed in FIG. 7, and a plurality of electromagnets serving as
the driving system of the linear motor can be seen. FIG. 9A is a front view of the carrier
illustrated in FIG. 6 and the driving system thereof. FIG. 9B is a cross-sectional view of
the line A-A in FIG. 9A.

[0026]
As illustrated in FIG. 6 and FIG. 7 and in FIG. 9A and FIG. 9B, a magnetic

recording medium manufacturing apparatus of the present invention includes a carrier 601




100: Carrier 200: Carrier driving magnet 300: Magnet 601: Carr e 602:
Linear motor driving system 603: Side wall section of film formation
chamber 604: Linear motor driving magnetic material 605: Transportation
bearing 606: Bearing (guide)

15

that transports a substrate, and a linear motor driving system 602 that transports the carrier.
Moreover, as a preferred embodiment of the present invention, in the magnetic recording
medium manufacturing apparatus illustrated in each diagram, there are included a guide
606 that is provided in a film formation chamber. The linear motor driving system 602 of
the present invention is provided on a side wall section 603 of the film formation chamber
so as to transport a carrier in a lateral direction. Inside the linear motor driving system 602
there are provided a plurality of linear motor driving electromagnets 801, and in a position
on the carrier 601 that opposes the linear motor driving system 602, there is provided a
linear motor driving magnetic material 604.

[0027]

In the manufacturing apparatus of the present invention, it is preferable that the
magnetic material provided on the side surface or the like of the carrier 601 be attracted by
the linear motor driving electromagnet 801 provided inside the linear motor driving system
602 so as to support the carrier against falling under its own weight. In this case, the linear
motor functions as a member of the present invention that supports the carrier against
falling under its own weight.

[0028]

As illustrated in FIG. 6, in the present invention, for example, the carrier 601 is
transported using the magnetic attraction force and/or magnetic repulsion force between
the linear motor driving electromagnet 801 (refer to FIG. 8), which is divided into several
pieces, and the linear motor driving magnetic material 604. However, there may be
provided transporting bearings 605 so that the carrier 601 and the linear motor driving
system 602 do not come in contact with each other. These transporting bearings 605

prevent the carrier 601 and the linear motor from coming into contact with each other, and




14 701: Electromagnet cover 801: Linear motor driving electromagnet
901: Carrier lower section 903: Location where carrier and transportation
bearing come in contact BEST MODE FOR CARRYING OUT THE
INVENTION [0024] A manufacturing apparatus of the magnetic
recording medium of the present invéfition is characterized in that there is

provided at least one member, that supports a carrier against falling under.
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[0030]

In the present invention, as illustrated in FIG. 6, a plurality of bearings 606 are
preferably used as a guide that supports the carrier provided in the film formation chamber,
in terms of the sliding characteristic thereof. The term "bearing" here generally refers to a
bearing that reduces friction in mechanical components, ensuring smooth mechanical
rotational movement. However, in the present invention, it refers to a rolling bearing.
[0031]

In the present invention, as illustrated in FIG. 6, the force to be applied to each of
the bearings provided as the guide 606 that supports the carrier provided in the film
formation chamber is preferably 0 or 9.8 N or less. In the transporting mechanism of the
present invention, the carrier may not need to be supported by the guide and may be
supported only by the linear motor. That is to say, in such a case, in a state where the
carrier is not in contact with the guide 606, the force applied to the guide 606 is of course 0.
However, if such a structure is employed, the carrier may vibrate in some cases while
transporting the carrier. That is to say, the carrier 601 is supported only by the magnetic

attraction force of the linear motor driving system 602 and the frictional force between the

transporting bearings 605 and the carrier 601. However, in this type of situation, the




As illustrated in FIG. 6 and FIG. 7 and in FIG. 9A and FIG. 9B, a magnetic
15 that transports a substrate, and a linear motor driving system 602 that
transports the carrier. Moreover, as a preferred embodiment of the
present invention, in the magnetic recording medium manufacturing
apparatus illustrated in each diagrani,ihere are included a guide 606 that
is.proyvided in a film formation chamber. The linear motor driving system
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present invention against falling under its own weight.
[0033]

Specifically, in those cases where the force to be steadily applied to the guide 606
when the carrier is being transported or being on stand-by is 0, the "guide that supports the
carrier" of the present invention has a function of preventing vibrations of the carrier, and
serves to prevent the carrier falling off the substrate or prevent an adverse effect such as
instability in plasma in the film formation process. On the other hand, in those cases where
the force to be steadily applied to the guide 606 when the carrier is being transported or
being on stand-by is not 0 (that is to say, if a predetermined force is steadily applied), the
guide has not only the function of preventing vibrations of the carrier but also the function
of steadily supporting the carrier against falling under its own weight while transporting
the carrier, and the guide serves as a member that supports the carrier against falling under
its own weight.

[0034]




moreover, the carrier can be moved in the lateral direction at a high speed
by driving the linear motor. [0029] In the present invention, by
employing such a mechanism, it is possible to reduce the load on the
guide (the plurality of provided bearings 606 in FIG. 6 correspond to the
guide of the present invention) that sifpport the carrier to the greatest
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force to hold the carrier from falling under its own weight.

Hereunder, the relationship between the carrier and the guide that supports the
carrier is described in detail.
[0035]

In the embodiment illustrated in FIG. 10A and FIG. 10B, the linear motor (the
linear motor driving system 602, the linear motor driving magnetic material 604, and so
forth) that drives the carrier 601 is given a function of completely supporting the carrier
601 against falling under its own weight. That is to say, in the present embodiment, only
the linear motor constitutes the member that supports the carrier against falling under its
own weight. A carrier lower section 901 and the bearings 606 provided thereunder are

steadily not in contact with each other, and a constant clearance is provided between the

carrier 601 and the bearings (guide) 606. In such a case, the bearings 606 are not for




Therefore the "guide that supports the carrier” of the present invention

refers to a member that that has at least one of either a function of

steadily supporting the carrier against falling under its own weight while

the carrier is being transported, and a function of preventing such

vibrations occurring to the carrier. InitHiose cases where the guide

supporting the carrier has the function of steadily supporting the carrier .
exaﬁ%étefﬁﬁﬁamém@wﬁm%ﬂ%th?ecwﬁégawéﬁ TR AR ieht,

that supports the carrier of the present invention against falling under it
PUbGRTEINE (6331 heY SEEATiE MG RPN TALELN SRS the Bt io%e

steadily .applied to.}té]e. uid% 06 when, the carrier is l%ein transported or .
PP ELA by R T B A S PO THE AP Sr e B LS SR e
[O'{%\{ﬁntion has a function of preventing vibrations of the carrier, and serves

revent the carrier falling off the substrate or prevent an adverse effect

such as instability jn plasma in.the film farmation.pro . On the othe

Pand o S B SngrasTs DR Eieerts the Bter e
606 when the carrier is heing transported or heing on.stand-by is 0 .
PR e P e ETRRARE SRR IR RelAPhS conier
sIAGRYANE I elion 8L Bisye g Bralons.of 15 GAHEH0U, 88 s e

unction of steadily supporting thearrier against talling under its own

caW%ilggB Mﬂ%&éé&%ﬁ%ﬁﬁ%&@ el\ﬁ@féﬁer?ﬁdat%e%ij% IRYERAR BriREHE _?ﬁéthe

that supports the carrier against falling under its own [0034] 18

carl 60O RESIERGHY, ARPlRChI e, AideHaRsRos fRieH & mﬁ%élcarrier

force that is applied when the carrier vibrates and the carrier comes into

6AoRBet Wi therguide: AL iefersda alferas thakihaien i&esﬁ%dﬁ@iﬁ%g fremuthe

carrier in a situation where the "force to be steadily applied to the guide” is

wihhe gHite sHRReNG heitasiarpoesMatRavetbe fYRREGRQE motor has

substantially supporting the carrier against falling under its own weight,
beRddéttheiguigendas dhe duactiomohsuhataatiallycsHpRArinG SAatER Heformed
against falling under its own weight, such function is exerted; when taking
bynke Gessiderationdvasibe ek Riirtie gutiatpravidecsvith dhesdenetiomof
substantially supporting the carrier against falling under its own weight.
cdni¢rexampiey dibiosecasasmwhiersrihe inearerodibe thatdhives theaasrteses.
is given a similar function of substantially supporting the carrier against
Htalkngr Lihd e iisnpwa0ieightand flhectarrief js seitisignitiabyrsepfromeshieying a
the guide that supports the carrier and the magnetic attraction force of the
stlireaianotarithe Yobeceksteadily applied to the guide" means a value in
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(guide) 606. In such a case, the bearings 606 are no{ for o
For example, in those cases where a carrier with approximately 40 cm width is used, the

clearance between the carrier and the bearings (guide) 606 may be adjusted within a range

of approximately 3 mm to 3 cm.




19 exerting the function of steadily supporting the carrier against falling
under its own weight, but as described above, they serve as a member
that primarily exerts the function of preventing incidental vibrations of the
carrier that may OCCIIl when transporting the carrier. [0036]

Moreover, in the present embodimerit)these bearings 606 serve as a
member that prevents the carrier 601 from falling incidentally, and that, in
[0 ition, prevents the carrier 601 from departing from the braking range in
the linear motor. driving system when the_carrier 601 vibrates significantly.
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bearings 606 are provided as a member that exerts the function of

agrievéning seidaniaihdbrationsotshekaaletitomwriehdigniieabMopporting
(the linear motor driving system 602, the linear motor driving magnetic

thnedatial Hahsafdl s {ordh) havaerwsghasthepetfviag Systemsafdhadcasfier
completely performs the function of supporting the carrier against falling
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carrier, that bearings or the like that exert the function of preventing incidental vibrations

of the carrier be provided.

[0039]

Next, the embodiment illustrated in FIG. 11A and FIG. 11B describes a case
where the linear motor (the linear motor driving system 602, the linear motor driving
magnetic material 604, and so forth) that serves as the driving system of the carrier 601,
does not substantially support the carrier 601 against falling under its own weight, or
serves part of the function of supporting the carrier 601 against falling under its own

weight. That is to say, in the embodiment of FIG. 11A and FIG. 11B, the bearings (guide)

606 are provided so as to be in contact with the carrier 601, and the bearings (guide) 606




weight. Therefore, in such a case, it is possible, without providing the

bearings 606 that exert the function of preventing incidental vibrations of

the carrier, to demonstrate the effects of the present invention such as;

the speed of carrier transportation, the capacity of manufacturing

magnetic recording media, and the capacity of evacuating the interior of

the film formation chamber. However, in a general magnetic recording
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1.5 N. [0041]
in the present embodiment, for example, 5 to 99% of the weight of the carrier may be
supported by the magnetic attraction force of the linear motor that is provided on the side
surface, and the remaining weight may be supported on the bearings (guide) 606. In terms
of enabling carrier transportation at an even faster speed, the embodiment illustrated in
FIG. 10A and FIG. 10B, in which 100% of the weight of the carrier is supported by the
magnetic attraction force of the linear motor, is theoretically preferable. However, in view
of a practical application, in those cases where it is difficult to employ a structure in which

all of the weight of the carrier is to be supported by the magnetic attraction force of the

linear motor, it is, for example, preferable that 70 to 98% of the weight of the carrier be




Moreover, in terms of the magnetic attraction force with respect to the

carrier 601, in the present embodiment, for example, 5 to 99% of the

weight of the carrier may be supported by the magnetic attraction force of

the linear motor that is provided on the side surface, and the remaining

weight may be supported on the beakihgs (guide) 606. In terms of

enabling carrier transportation at an even faster speed, the embodiment .
SRR IREPTEEEOR SHEF RIS Tors o MR FI06% SRthEWETMPEhde 3070

carrier.is supported by the magnetic attraction foyce of the linear motor, is, .
Oft?%o‘?/&é'ﬁmf ?@fﬁsﬁé?e%w&%ﬁ M vieR Ot S prads &Bﬁﬁcef% ejfpore, 1tis
those cases where it is_difficult to employ a structure in which all of the .
e Lo OB Lo BB by R e TR R P rRaspr e
the linear motor, it.is, for exam referable that7Q to 98% of weight
G CARRP DL 05 4B arod B (e AN QA e TG P prored
o B, me!9s and the, remaining 240,309 0t the weiglt of ihe 684186 R84 G,

sup&or ed on the guide such as bearlngs.olgu%?wermore, It'IS more
ef le that 80 t % of th ight of the carri rte
R T e Y
ca?rfiég?s%%%%ﬁﬁo%ﬁ%gf{ﬁéjr%g}l%‘acg&k‘i‘(%tﬁf?%%eeBf?ﬁe‘iﬁ{%ﬁ%%&f] #Qtﬁ?aﬁly
embodiment ilfustrated in FIG” 10A and FIG. 10B, in those cases 0

hELPIAYING A, cRRlghRYaR iR MAIEh 100VR ol the welght of the cRrier al%x‘ﬁfclle for

be supported by the magnetic attraction force of the linear motor, naturally

sulf}RG {RReS AR NO MEGELeR e CORTICIEA. JARYENRNHL 8 £66 Af (more

considering a guide for supporting the carrier of the present invention, it is
prRfSiEsADES a0 Y8 A0-96: dmereny eferabbe 88Hin A 09R9HRE EH@F)%%!Q hRktion

the carrier be supported by the magnetic attraction force of the linear
foraeter tHOd4l: motoMoreover, the magnetic attraction force required for the

linear motor (the magnetic attraction force of the linear motor magnets) is
[ombE determined upon consideration of the specific configuration of the

apparatus including; whether the linear motor is to function as a member

that suyipestsdh eneandenagainsidaingrdadeuiis o sn helghbrhiavwonueh

the carrier weighs in this case, and further, what proportion of the weight
megihacarrelis foite sfppdites: byothetingatsnptar baddtirisinat upon

particularly limited. [0043] Here, in the present embodiment, in a
caasiemtiensfhbecpridids dsrdizspattecoivite aplsngeiaimouniingf, iwhetizeithg linear

applied to the guide such as bearings, the speed of carrier transportation
misttrighty dependentomrethieothdbabpbasdotarstiesaghsiiditagingddtation ol

the bearings. As mentioned above, use of a liquid lubricating agent or the
whikghfohimcreasdine tbrersticiregebl andbie dstic anvdfvoiationleharaptetistiofshe

not preferable for bearings to be used in an apparatus such as the
wngljridtiberegoidiisgnhe dipprrirdniuf el Reteppatatiisivt patichlarhidimited.

level of vacuum is required, and furthermore, there are restrictions on a
[Q¥bticating agent that may be used therefor. Accordingly, in those cases

where the carrier is transported while the majority of the carrier weight is

to be SUpiSoHelON R LERPRED S R fiRESCHIBISTS b BeEaeFitsy transported with a

transportation tends to become difficult. Specifically, according to an
lazgraiamBoNtdaieir By e lind i Rcigvistitorsh RHRes heen theVRaREP A e

transporting time of approximately 0.5 seconds or less can be realized |
THRTBATIE iR PRPRE SHERG AR SBVBFATI SRS Ralsho bl nethriation of
e e e (rce fo 6o appled o A oLirS: s e

increasing the sliding characteristic and rotation characteristic is not preferable for

bearings to be used in an apparatus such as the magnetic recording medium manufacturing




[0044] In the manufacturing apparatus of the present embodiment,
the majority of the weight of the carrier 601 is supported by the magnetic
attraction force of the linear motor used on the side surface thereof
Therefore the resistance of the guide when transporting the carrier is
eliminated and it is possible to move2the carrier at high speed. [0045]

The "guide that su rts. the carrier.against falling.under its own weight" of
R O b R P S oS e s et

arrier agai tbfalli unde{{sown ei hg her;;tra&s orting.the carrier
TESiric IOYI}_'S .2 ubrical lg agen at. ma 81%% thereipr. COTAL l}fﬁbn QFF]C?SES
and when it is'in a stand-py state inside the film formation ¢ er. Tha

ISt ided this.i .the like.havi h a funct
SRR B3 RelIa g I G AT AR hstan g
onRoHIElHdeS, eaf{%g,%%ﬁ‘sﬁé%‘ﬁ’%ﬁﬂy PH&P%&%%M&@W@E%%@%%‘Q@

rail i provided on thé side section of the Carrier. Bearings having this type

spREH qf&equiﬁgdtgfgggﬁ%m‘s%!ﬁ\e@a %%Hggrgiémﬁaeq{s&,%&m&pe

provided on the s lon or upper section of the carrier in some cases.

retAABInath tran.g%(ﬁﬁg 114 8rd FiGihdRrt08 Rlusahbopidlearings896 ed when

provided in the lower section of the carriér 601 correspond to the "guide

a A SWARGI (RdNE CRveH GRS BNNG AAdRES @B NebrRl thRately 1.5 m,

present invention. Moreover, as described above, when the "guide that
if PR ENR GaplieY smaniianeddaiha ﬂ{ﬁ%@dﬁ Svertian: i mavnauds (1

both the plurality of bearings 606 in the embodiment illustrated in FIG. 10A
koangk . 10B and the plurality of bearings 606 in the embodiment

illustrated in FIG. 11A and FIG. 11B. [0047] Moreover, the
[oemabodiment illustrated in FIG. 10A and FIG. 10B and the embodiment

illustrated in FIG. 11A and FIG. 11B have been described separately in

order ta facilitateramnadenstansinguebintdyrston-aftibegeidelb atagoip it she

the carrier of the present invention. However, the present invention is not
wiiiglited theanraipp afatisstipabredlizet o nlygeithie nonetofitiie@mbddithenatanotor

In the present invention, specifically, it is possible to construct an
usapparditisida suhiate ictteo thbceeiivedmestsiaan betbpprojsriabelytransporting

selected, by providing a mechanism for controlling the magnetic attraction
thforeeief thdilineatedwidivithossdpett tootetivacrieisaaidiglcepied

mechanism capable of adjusting the relative positional relationship
[0bébleen the carrier and the guide that supports the carrier according to

the magnetic attraction force of the linear motor. [0048]
The "guide that supports the carrier against falling under its own weight" of the

present invention means a guide such as the bearings that support the carrier against falling
under its own weight when transporting the carrier and when it is in a stand-by state inside
the film formation chamber. That is to say, provided this is a bearing or the like having
such a function, then in addition to the bearings provided in the lower section of the carrier,
this also includes bearings that upwardly support a guide rail where the guide rail is
provided on the side section of the carrier. Bearings having this type of function may be
provided in the lower section of the carrier, and may be provided on the side section or

upper section of the carrier in some cases.

[0046]




The linear motor driving system in the magnetic recording medium
manufacturing apparatus of the present invention, for example, has the
linear motor driving electromagnets 801, which are divided into several
pieces, as illustrated in FIG. 8. However, it is preferable that these linear
motor driving electromagnets 801 b&4overed by an electromagnet cover

tmosBHaTe Sk B LA SHEAON B A ROmHAOR o over
_ i i . |
SR GBS P SIGERERT /B8 Wi B SPREGR AR B g

ﬁ&?fﬁb?vg%v et rgs%%??ﬂvté}%&‘?‘%’&g%é%881%35‘%\%5%83'&"’}vag,'R% e the
not the type oFmembers to Use Ina’'vacuum condition." Moreover tiie
|Q%Lé|§{té?gu§§g}tlsn of the electrical wires L{ﬁes aresin or ﬁhe Ill%e and

i
gm carrtlelg is mentioned In the present mnven 101% 1 rﬁag 1ncI[?.1de both
any cas should not be used in a vacuum condition. In the m gnhetc

recordin ium . uri . ipventiap, if |
o PR L SIS AL NI 1
. . : _ . I ncidot
o B e e E
[d(lgyg]]electromagnet cover 701 be made thin in order to minimize the
distance between the linear motor driving electromagnets 801 and the

linear motasArvina-MadnelaMARHALSAF MOIBAVEL 1 35d0n Hiempsrial

thereof, use of a non-magnetic material, through which a magnetic field

eiBBIaasHY RasRda B elerredAl00PRIG. 11 MRIeoves hedim shamhaiiSforder
vacuum container, and therefore this type of vacuum container receives a

1oCRBites ahhe Righiiayelfahe xigensh Rass wi AR QIRI-Rr GRSLHRIVILT the
respect to the atmospheric pressure) applied thereto. Therefore, in those
pleasaswhaienthBdinedd: el levingveligiciomagnetsdOb arepravaedhen
the atmosphere side of the film formation chamber, it is preferable that
rdaBbaeaitheinagiReiiaivatesialiofthe qantienandthevnerRnMmeterHuNG: is
electromagnets, the member that separates the vacuum side and the
pasitds pheresside deappapasadvifiehremhmign eticboibiediat taletanipieropriately
external pressure. As an example of this type of non-magnetic material, a
sdlene) &g mpetid ditainl esssteshplate ovitto Bimnhdhicigness atayctienfsedt. of the
[0051] In the present invention, a permanent magnet is preferably
linsedrastheifinesparictothd deingrmadnetomobtecdlatth Timbilsedadotong the
driving magnetic material 604
relative positional relationship between the carrier and the guide that supports the carrier

"

according to the magnetic attraction force of the linear motor.
[0048]

The linear motor driving system in the magnetic recording medium
manufacturing apparatus of the present invention, for example, has the linear motor
driving electromagnets 801, which are divided into several pieces, as illustrated in FIG. 8.
However, it is preferable that these linear motor driving electromagnets 801 be covered by
an electromagnet cover 701 as illustrated in FIG. 7, and the electromagnets be provided on
the atmosphere side of the side wall section 603 of the film formation chamber.

[0049]




26 responds to the S pole, N pole, and high-speed changes in
demagnetization of the linear motor driving electromagnets 801 so as to
stop (support) the carrier and move it to the right and left. As the linear
motor driving magnetic material, magnetic materials such as iron and
cobalt, which are attracted to electrathagnets, may be used. However, use
of permanent magnets having an attraction force and repulsive force with
respe bt e RGeS PRERIIS R 7 AU 5 BNGTFS VBTG

.?é)eed response of the linear mot?r drivir:gg?lectroma nets. As Hl%rmanent
W1
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held on a position on the carrier with screws or the like. Therefore it is

lewiEieiabithatihe SEracedRareehRELvs e Wit RORHRREMEiTso, it is

material such as stainless plate and be of a structure in which the

prfagnRE A B embedded inside dhet At Bk nihen nRRr AR HIRE distance
magnetic material of the present invention, use of a SmCo based or

belVeiea Bhbaisest shateres Magaetimprafereshinderms phihenstrackipmiorce
and repulsive force thereof [0052] In the magnetic recording medium
méBARREEAIRG ARP VRIS @ [he frase MdiyRNtienedtisprefarakiaithatdhe
carrier 601 be manufactured with use of an aluminum alloy. An aluminum
makeylistighbweigbh antkhenteriakingesiyhasasilyrgerfetmed with a
linear motor, and also it is a non-magnetic material. Therefore, it is
[oosO)venient to attach 27 the linear motor driving magnetic material thereto
to thereby perform braking. In addition, an aluminum alloy has a low level
of degslssingdn tracimrhamdadt is thexefarecoomimnient fieratirt dimnga of
high vacuum inside the film formation chamber. However, abrasion
va@sistansaisctowcaivakmtionsidatibly. bk tefel ofirsdenfia priegaiyaigidierential
stainless material or the like having a smooth surface is preferable in the
priseationi §08peF G. tho BiopRiGTit DB whkstepinb ccifriast6 0 Thanefehe in those
transporting bearings 605 come in contact with each other, [0053] In
cative wiegn dticierso riviey siédingrs lnvaoutaguariny hpisaraxidest andhgrasanphere
invention, as described above, the driving mechanism section of the
sidnpishafinbmainichoniere sidersésnble St misrichnareRisanibaial of
and consequently the carrier driving mechanism, which was present in the
thpygeriesesibioiager MeLes A e PR ERPREGaH ISRt dhet seReiey the
increasing the evacuating capacity of the vacuum pump provided in the
vager Sidetir BrrEnrRRSFRAERT erERSer aht 8T EsARInEasEap erant to
evacuation of the film formation chamber. Moreover, a rotating .
eXHTERHARRSor Mg RRTWAIRh WAL Re QRN AR VeITHIGNA Rafetenetic
driving mechanism, is no longer required. Furthermore, these
StaRIERTIRS R0 WOk AdR 16! BYOUIERRASHR e the film formation
m@%ﬁjﬂber, and degassing or Leakage from these mechanisms are
iminated. Therefore, it becomes possible to lower the base pressure in

the filr?f rmationtchamber. Thus cgar&iclterirse 'gr%thl% ég%g?%iﬁnear
recordifg ThBGtm }H}ﬁﬁﬁ%’tﬁ ﬁgnaaf)lﬁréra Ue B thie preseﬁt mvention is

milat iLis particuiarly superiet ff‘i‘E@}E‘ s, n?(?'r%?\;u%gf Mol AmagnetiGoq
recoralng %1e m erl%ﬁ use o1 a reactive spucf ering te hni ue.(Wbr Ing

Examples




[0054] Hereunder, the magnetic recording medium manufacturing
apparatus and the 28 using working examples. However, the present
invention is not limited solely to these examples. [0055] (Example 1)
(Sputtering film formation manufacturing apparatus) As a magnetic
recording medium manufacturing app@ratus, there was provided a

structure of film formation chambers and so forth ijlustrated in FIG, 2, ..
repours L thecregificspatedi E@t%ﬁé@%@& %@@%ﬁ%&%ﬁé&l&%&f

a cayrier and a carrier tr s[portin% mec Sr%%i%réﬁ%nd between the carrier

S SR BB, TheTd e AR OSIRARY & g ek
| illustrated in .FIG. 10A and FIG. 10B. Th ier .
s St e AS5S SUTH RBR Aoy AP S TS Clermgh o fron

m@%zmsn%tima netwas embedded on the Sif'epsurfacge f the carrier-and

é'surface %Hereo Was covered witkra pSI’aIFe 5 %Efg 0 Wi%h 6’%‘ mm

petr%&%gé‘&sgla%%?ﬁawm formation chamber ?%%m'é %%é@%&drégggat%he
surrface yU. mm, ere was pI‘OVI edaa | gnet

near motor electrom

elgﬁqyo%rl% nvcvtiy}s?pgquﬁ%?ef i§ g}?@lot% %‘é}éﬁié Q{J%{e Eg%}ln%;g §edT1}%§‘PBH§é5‘5%tﬂﬁear

electromagnet was provided outs ont here side of) the

mEERGIANChamBsH 454Re NOSaLmeler SIRCHRMACREL ﬁ@%@%&%@%@%ﬁ%@&m

SGT. series electromagnet with a magnetic attraction force of 2,000

ArDAYIRCIEGI DY Y AP UKW A ELECHHIR GRIRORUOPre ferab R PGSR magnets,

apparatus, five bearings were provided as a guide in the lower section of

rayg%ﬁ%%ﬁdé%yv@rvt% R& dessrRethaROKSriR HRBHRRCAMASRERYISRdessed and
between these members, and therefore the force to be applied to each of

hdheEaRings WaslodRal sl maniihe Riesenharnmiatus eRpiRyedifbe easily
structure in which the magnetic attraction force of the linear motor

hdMQyidashindhe side shfaceidiretion ftteaikarmidb compleiede suppagsets
the carrier against falling under its own weight. Therefore, the bearings

capFRYBesalliNe dowesdsactian ahikle. CHEaiweRerlotdnerbesithalosspert

the carrier against falling under
repulsive force thereof with respect to electromagnets is high, and therefore, they are
capable of moving the carrier at an even higher speed when driving with a linear motor.
Rare earth magnets cannot be easily held on a position on the carrier with screws or the like.
Therefore it is preferable that the surface thereof be covered with a non-magnetic material
such as stainless plate and be of a structure in which the magnets are embedded inside the
carrier. As the linear motor driving magnetic material of the present invention, use of a
SmCo based or NdFeB based sintered magnet is preferred in terms of the attraction force
and repulsive force thereof.
[0052]

In the magnetic recording medium manufacturing apparatus of the present

invention, it is preferable that the carrier 601 be manufactured with use of an aluminum

alloy. An aluminum alloy is light weight and hence braking can be easily performed with

a linear motor, and also it is a non-magnetic material. Therefore, it is convenient to attach




29 its own weight, and were to function as members for preventing
incidental vibrations of the carrier. [0056] In the magnetic recording
medium manufacturing apparatus of this structure, the speed of moving
the carrier between the film formation chambers at approximately 1.5 m
intervals, reached 0.3 seconds or les¥, including the time for accelerating

and decelerating the carrier. [0057 Manufa turi recordin
1hmg@ﬁ¥,ﬂlﬂgﬁﬁglwé%&m?§%ﬁmfaﬁﬁaﬁ cIe §§ﬁ8€§9f3&%&4§ naddition,

composed of a NiP-plated um suhstrat to.the film .
S EYRATON EHS BB APY GBI oAt Oh b Arid G gcomvenien

substrate. tran rt device, a.rgli g;eﬂ Si eof the flhm fgerm ion chan%l%as on
fé

fop ma'hain A ARt HCTHE Ak Bie LAl OWRHIRY on'

essurew ilm orma jon t?iam er

reached 1 x 10-8Pa.in a s ort pﬁ{lo of time.fH%w <P ? QI
resistance 1s 10w ir a u%l I’tl I’)t‘l cre OI('? use ora I‘1§ Stainiess materlal or
evacuation, the 'substrate W S mounted on a carfi vacuum

theﬁ‘magﬁgg of thefilm a%'ic"gsaﬁr%%&% here Ysing d&bso%g%f 6 NSROE 118

evice contigura IOﬂ () ms tO e forme on the su strate was

r%qt égl&%b‘é%@rtﬂgg%%%%%%%a?& A angﬁ{gqnl%xg{ac%%tﬁl gh@k%[her

0-20 m Ru a 30 nm film of
b ﬁo -20Fe-5Ta-5Zr were formed as backing layers. Next, a 5 nm film of
90Ni-10\1)1 was formed as an orientation control film, and a 15 inn Ru film

was fq&mﬁgﬁggﬁ&u@g@am@g filox When-cendusting SRUtEringnan Aegas

was used the gas pressure for the backing layer and 90Ni-10W was

inQeB o, 9@@%@%@%@5@@%&% thHRARrcoalday ey s 8 8l ¥58]
A 12 nm film of 92(66Co-16Cr-18P0-8(Si02) was formed as a

piRSIRaNGiculas lagnedic d?ﬁﬁrﬂlﬁgﬂﬁﬁ%@)( PAeRRS0fHe sy sutierBGarrier
The target composition was

driving mechanism, which was present in the lower section of the film formation chamber,
can be eliminated, thereby increasing the evacuating capacity of the vacuum pump
provided in the lower section of the film formation chamber and also enabling speedy
evacuation of the film formation chamber. Moreover, a rotating mechanism for magnets,
which was needed in the conventional carrier driving mechanism, is no longer required.
Furthermore, these mechanisms do not need to be provided inside the film formation
chamber, and degassing or leakage from these mechanisms are eliminated. Therefore, it
becomes possible to lower the base pressure in the film formation chamber.

Thus a characteristic of the magnetic recording medium manufacturing apparatus
of the present invention is that it is particularly superior for forming the magnetic film of a
magnetic recording medium with use of a reactive sputtering technique.
Working Examples
[0054]

Hereunder, the magnetic recording medium manufacturing apparatus and the

magnetic recording medium manufacturing method of the present invention are described,




30 92(66C0-16Cr-18P0-8(Si02), and a mixed gas, in which raw material
Rases argon and oxygen were mixed at respective flow rates 200 seem
and 50 seem, was released from a ring-shaped gas release tube provided
around the target having 20 of 1 mm fine holes provided at equal intervals
in the inward direction. The pressure2fiside the container when conducting
the reactive sputtering was 1 x |0-'Pa. Two turbo molecular pumps were

U ViGENS P YRE RIShet SSETER AicPBRETtIFBETYIEE ik ISP WSy 1O these

rovided on the lower section of this reactive sputtering apparatus, and
e’%ﬂ@ﬁ%onducting the film formation, the reactive gas was evacuated in the
f0§$ er section and lower section respectively at 600 1/see and 350 1/see
tal effective evacuation speed. [0059] Next the substrate was
( )Egnsfler{zd to a CVD film formation apparatus, and a 4nm carbon
prg’%gc?tiv film was formed by means of a CVD method, to thereby

ufac ref% magnetic regordin medium. [0060] (Example 2)
m

m
(Sgélpﬁ Pé%inlg i npoarrﬁ%ﬁ%%mrlngﬁﬂ a Sﬁgagmgﬁs aratus) As a magnetic

recording medur manuREInGAAA R INSHAIRA D I A ARRL o

FIG. 11B. a sputtering filmTormation manufactu apparatus was
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structure in w e lower section of the carrier and five bearings

illFﬂE,‘Pr\éiﬁ%’&Q"naiﬁ{@7 guisieresa steagty I aRiRGkuth sach-Rthel [A06H,

transporting mechanism, and between the carrier lower section and bearings, there was
provided an approximately 5 mm clearance as illustrated in FIG. 10A and FIG. 10B. The
carrier was fabricated with an A5052 aluminum alloy, an NdFeB based sintered permanent
magnet was embedded on the side surface of the carrier, and the surface thereof was
covered with a plate of SUS304 with 0.5 mm thickness. On the film formation chamber
side wall distanced from the surface by 0.5 mm, there was provided a linear motor
electromagnet covered with a cover of SUS304 with 1 mm thickness. The linear motor
electromagnet was provided outside (on the atmosphere side of) the reaction chamber. As
the linear motor electromagnet, there was used an SGL series electromagnet with a
magnetic attraction force of 2,000 N manufactured by Yasukawa Electric Corporation.

In the present apparatus, five bearings were provided as a guide in the lower
section of the carrier. However, as described above, a clearance was provided between
these members, and therefore the force to be applied to each of the bearings was 0. That is
to say, the present apparatus employed a structure in which the magnetic attraction force of
the linear motor provided in the side surface direction of the carrier completely supports
the carrier against falling under its own weight. Therefore, the bearings provided in the

lower section of the carrier were not members that support the carrier against falling under




In this apparatus, five bearings were provided in the lower section of the

carrier as a guide, and the forced applied to each of the bearings was

approximately 100 gf (980 mN) with respect to the weight of the carrier 8

Ice. As a result, in this apparatus, approximately 31 95% of the carrier

weight was supported by the magnet¥o attraction force of the linear motor
_from the side surface thereof, and the remaining 5% of the weight was
SPPP SRR b AN Y B RS LTS SRS fAERIFTR Ssiagietial s trtipng of the

medium using reactive sputtering) A magnetic recording medium was
“hdhufactured as with Example 1, using this manufacturing apparatus.
Ol[{%O 3] A lubricating agent was coated on each of the 100 magnetic
BB rding media obtained in Examples 1 and 2, and then the

T S s 5 e e
manufactured by Guzik Co., USA. As recording/reproduction .
Y e i T A SRR R et 4

S, Sign noise W e?e value-a
. line recordi sity of 576 KFC1. and N is.an %%o t-mean-sguare) .
o AINE FoLaTeE Ay B AR e AWV S rating

thlree‘prrcl)‘{:lll,,u.ction output ratio (attenuation rate) of signals of 576 kFCI before
and after the signal at a line recording density of 77 kFCI was overwritten,

[(%fggihaving recorded a signal at a line recording density of 576 kFCI)
were evaluated. As a result, it was discovered that in either case of using

ot RRAYAGING AR FXaple ot EXATIG. 2. Aypagneti

recording medium can be obtained with stable characteristicS in which

Variati%ﬂBn%ﬂ%&ﬁ@s%@Q&‘é%ﬁﬁﬁ%giBga”&@ﬁiw&e‘éyﬁé&?n%%ﬂﬁme%as
an

range of 5% variation in OW values was within a range of 3%.

SJM%B%QEI%%H% lidnXber of a sputtering film formation apparatus using a

substrate transport device, and the inside of the film formation chamber was then
evacuated. The base pressure within the film formation chamber reached 1 x 10®Pa in a
short period of time. Having completed evacuation, the substrate was mounted on a carrier
in a vacuum environment of the film formation chamber, using the substrate transport
device. The configuration of the films to be formed on the substrate was such that a 10 nm
Cr film was formed as an adhesive layer, and a 30 nm film of 70Co-20Fe-5Ta-5Zr, a 0.8
nm Ru film, and a 30 nm film of 70Co-20Fe-5Ta-5Zr were formed as backing layers. Next,
a 5 nm film of 90Ni-10W was formed as an orientation control film, and a 15 nm Ru film
was formed as an undercoat film. When conducting sputtering, an Ar gas was used, and
the gas pressure for the backing layer and 90Ni-10W was 0.8 Pa, and the gas pressure for
the Ru undercoat layer was § Pa.
[0058]

A 12 nm film of 92(66Co-16Cr-18Pt)-8(Si0,) was formed as a perpendicular

magnetic recording layer by means of reactive sputtering. The target composition was




32 The magnetic recording medium manufacturing apparatus and
magnetic recording medium manufacturing method of the present
invention have a high level of industrial applicability in fields such as
information processing technology. S L. 1) 33 CLAIMS 1. A magnetic
recording medium manufacturing apparatus comprising: a plurality of

connected film formation chambers, a carrier that holds a substrate, a
92688615 1R D-8(S102), and a mixed gas, in which raw material gases argon and

oxygen were mixed at respective flow rates 200 sccm and 50 scem, was released from a
ring-shaped gas release tube provided around the target having 20 of 1 mm fine holes
provided at equal intervals in the inward direction. The pressure inside the container when
conducting the reactive sputtering was 1 x 10" Pa. Two turbo molecular pumps were
provided on the upper section and one turbo molecular pump was provided on the lower
section of this reactive sputtering apparatus, and when conducting the film formation, the
reactive gas was evacuated in the upper section and lower section respectively at 600 1/sec
and 350 I/sec of total effective evacuation speed.

[0059]

Next, the substrate was transferred to a CVD film formation apparatus, and a 4nm
carbon protective film was formed by means of a CVD method, to thereby manufacture a
magnetic recording medium.

[0060]
(Example 2)
(Sputtering film formation manufacturing apparatus)

As a magnetic recording medium manufacturing apparatus, as illustrated in FIG.
11A and FIG. 11B, a sputtering film formation manufacturing apparatus was constructed
as with the case of Example 1, except that it employed a structure in which the lower
section of the carrier and five bearings provided as a guide were steadily in contact with
each other.

[0061]

In this apparatus, five bearings were provided in the lower section of the carrier as

a guide, and the forced applied to each of the bearings was approximately 100 gf (980 mN)

with respect to the weight of the carrier 8 kg. As a result, in this apparatus, approximately




5mounting a pre-film-formation substrate on the carrier, a mechanism for
sequentially transporting the carrier into the plurality of connected film
formation chambers, and a mechanism for removing a post-film-formation
substrate from the carrier, wherein said mechanism for transporting the
carrier is a linear motor, wherein theXarrier is manufactured with use of an
aluminum alloy. 10 2. The magnetic recording medium manufacturin
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on a side section of the carrier, and the carrier js transported by a linear
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as to ,opgose to the magnetic material. 3. The magnetic recording

thﬁ%&fﬂ?ﬁ manufacturing apparatus according to claim 1, wherein said
[Oﬁgséar motor has a function of supporting the carrier against falling under
wn weight, and a guide that supports the carrier against falling under

its own weight isgxovided igside the film formation char;[nber 4. The
cturin netic recor fie crin
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the carrier against ta m&un er its own weight Is a plurality of bearings.

75%&Tpe. a ngt'g recording medium manufacturing apparatus according
T acir%mé{{éﬁqﬁ%rre%rl]lsa force applied to each of said bearings is 9.8 N or
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A lubricating agent was coated on each of the 100 magnetic recording media
obtained in Examples 1 and 2, and then the recording/reproduction characteristics of these
media were evaluated using a read/write analyzer 1632 and a spin-stand S1701MP,
manufactured by Guzik Co., USA. As recording/reproduction characteristics,
signal-to-noise ratios (SNR where S is an output value at a line recording density of 576
KFCI, and N is an rms (root-mean-square) value at a line recording density of 576 kFCI)
and OW values (a reproduction output ratio (attenuation rate) of signals of 576 kFCI
before and after the signal at a line recording density of 77 kFCI was overwritten, after
having recorded a signal at a line recording density of 576 kFCI) were evaluated. Asa
result, it was discovered that in either case of using the manufacturing apparatus of
Example 1 or Example 2, a magnetic recording medium can be obtained with stable
characteristics in which variation in SNR on a magnetic recording medium surface was

within a range of 5% and variation in OW values was within a range of 3%.

INDUSTRIAL APPLICABILITY
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34 6. The magnetic recording medium manufacturing apparatus
according to claim 2, wherein the magnetic material provided on the side
section of said carrier is a permanent magnet. 7. The magnetic recording
medium manufacturing apparatus according to claim 1, wherein an
electromagnet of the linear motor is gvided on an atmosphere side of
the film formation chamber. 8. A magnetic recording medium
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surface of a substrate by using the ma%netic recording
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industrial applicability in fields such as information processing technology.
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CLAIMS

1. A magnetic recording medium manufacturing apparatus comprising: a plurality
of connected film formation chambers, a carrier that holds a substrate, a mechanism for
mounting a pre-film-formation substrate on the carrier, a mechanism for sequentially
transporting the carrier into the plurality of connected film formation chambers, and a
mechanism for removing a post-film-formation substrate from the carrier, wherein said
mechanism for transporting the carrier is a linear motor,

wherein the carrier is manufactured with use of an aluminum alloy.

2. The magnetic recording medium manufacturing apparatus according to
claim 1, wherein a magnetic material is provided on a side section of the carrier, and the
carrier is transported by a linear motor that is provided on a wall section of the film

formation chamber so as to oppose to the magnetic material.

3. The magnetic recording medium manufacturing apparatus according to claim 1,
wherein said linear motor has a function of supporting the carrier against falling under
its own weight, and a guide that supports the carrier against falling under its own weight

is provided inside the film formation chamber.

4. The magnetic recording medium manufacturing apparatus according to claim 3,
wherein the guide provided in said film formation chamber that supports the carrier

against falling under its own weight is a plurality of bearings.

S. The magnetic recording medium manufacturing apparatus according to claim 4,

wherein a force applied to each of said bearings is 9.8 N or less.
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6. The magnetic recording medium manufacturing apparatus according to claim 2,
wherein the magnetic material provided on the side section of said carrier is a permanent

magnet.

7. The magnetic recording medium manufacturing apparatus according to claim 1,
wherein an electromagnet of the linear motor is provided on an atmosphere side of the film

formation chamber.

8. A magnetic recording medium manufacturing method, wherein at least a
magnetic film is formed on the surface of a substrate by using the magnetic recording

medium manufacturing apparatus according to claim 1.




