1 INLINE FI LM FORM NG APPARATUS AND MANUFACTURI NG METHOD OF MAGNETI C
RECORDI NG MEDI UM 5 BACKGROUND OF THE I NVENTION Field of the Invention 10
The present invention relates to an in-line filmform ng apparatus which
performfilmform ng processing while a substrate serving as an object to be
filmfornmed is sequentially conveyed between a plurality of filmformng
chanbers and a manufacturing nethod of, a magnetic recordi ng nmedi um usi ng
the in-line filmform ng apparatus. 51 Description of Related Art In recent
years, in the field of magnetic recording nedia used for hard disk devices
or the like, the inprovenent in recording density is remarkable.
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BACKGROUND O THE INVENTION

Field of the Invention

10 The present invention relates to an in-line film forming apparatus which
perform film forming processing while a substrate serving as an object to be film-formed
is sequentially conveyed between a plurality of film forming chambers and a
manufacturing method of a magnetic recording medium using the in-line film forming
apparatus.

15
Description of Related Art

In recent years, in the field of magnetic recording media used for hard disk
devices or the like, the improvement in recording density 1s remarkable. Particularly,
these days, recording density continues to increase at an amazing speed of about 100

20  times every ten years.

Such a magnetic recording medium has, for example, a structure on which a
seed film, a underlayer film, a magnetic recording film, a protective film, and a lubricant
film are sequentially laminated on both surfaces or one surface of a nonmagnetic
substrate, and is generally manufactured using an in-line film forming apparatus which

25  performs film forming processing while a substrate serving as an object to be



mechani sm whi ch conveys a carrier by magnetic attraction with magnets
provided on the side of a carrier and magnets provided on the side of a
filmform ng chanmber is suggested 5 as a nethod of conveying the carrier
hol di ng a substrate (see Patent Docunent 1). Specifically, a conveyor
mechani sm whi ch conveys the carrier by arranging a plurality of nmagnets so
that an N pole and an S pole are alterqﬁtely aligned at a |ower part of the
carrier, arranging along a conveying path a rotary magnet in which an N pol e
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in non-contact are combined magnetically is described in Patent Document 1.

However, in the conveyor mechanism described in Patent Document 1, when the
rotary magnet is rotated upward with respect to the lower surface of the carrier, the
carrier may be lifted upward by the attractive force between both magnets and the carrier

15  may vibrate greatly. On the other hand, when the rotary magnet is rotated downward
with respect to the lower surface of the carrier, the carrier may be pushed against
bearings holding the carrier, and movement of the carrier may worsen.

In order to solve such a problem, a method of guiding the carrier by bearings or
the like so that the carrier does not move upward, or increasing number of downward

20  bearings can be considered. However, when the number of bearings holding the carrier
increases, there is a possibility that movement of the carrier may worsen or the degree of
vacuum of a film forming chamber may deteriorate due to degassing from the bearings.

Additionally, it is desirable that a vacuum pump acting as a heavy load is

arranged in the lower portion of a film forming chamber. However, when the rotary

25  magnet and a drive mechanism which rotate the rotary magnet are set in the lower



vacuum punp, and exhaust by the vacuum punp within the filmform ng chanber
may be obstructed. Additionally, in manufacturing a magnetic recording
mediumusing the in-line 5 filmform ng apparatus, increasing the
conveyance speed of the carrier is required in order to enhance production
capacity. However, since the conveyor nechanism described in the above
Patent Docunent 1 has a |limt on increaging the rotating speed of the
rotary magnet, it is difficult to increase the conveyance speed of the
carrier. A%iﬂdn%ﬂf@ﬁd fiim fofninB @hA4AtEY AN mABSIVaNinSIxh &8s pipk bethettdd toree above
Pat ent 10 cunent 1, it is necessary to prevent the carrier fromfalling
under its QuB.Wehghl, and BXRUS Ly REvAaEn %ﬁmg REthRERE FNE ForntiV @M Biber ANCE 1t i'S
difficult to use fluid lubricant on the bearings to be used in a vacuum
t he rotatiqgcﬁgﬁk@%teristic of the bearings worsens when a large load is
applied to the bearings. Accordingly, in this case, it is difficult to nove
the carrier at a,hi,gh eed. 15 Additionall in order to.lnerease the
degree of vacuu n{\%d?]ﬁ}]%ﬂ’t e E gr?inﬁa&ne%%s%glp g rr}&? TIEURR egst?’F abl'® to
arrange the,rotary nmagnet and its _drive nechani,smoutside the filmformng
chanber 3 i RV HRYe FICEHDE {16/ CRIVRYRHE APSEIRY P PBISKITEABHAR at us
becones conplicated, and_ it becones difficult to secure a high degree of
vacuum i n ta5eer tg enhansediradusor pRRABSr  Hloweyd, sipesibgronyexseRaRBt hani sm and
its sealing parts. 20 In addition, as a nethod of conveying the carrier,
usi ng a | i rdssaribadingthe pkovg|Patsnt Bogyanest bhasiarlingit gie increasingrtheaotatimgspeed@labi | i ty
of a conveyance system of a disc substrate (see Patent Docunent 2). Patent
Docunent 1:thelayxapemend®at srdifficnlecantmasd tiubhveyabdespeddmf tIiROQRi€288888.  Pat ent
Docunment 2: Japanese Patent Unexam ned Publication No. Hei 8-335620. 25 4
Additionally, in the conveyor mechanism described in the above Patent

10  Document 1, it is necessary to prevent the carrier from falling under its own weight
through the use of the bearings. However, since it is difficult to use fluid lubricant on
the bearings to be used in a vacuum, the rotation characteristic of the bearings worsens
when a large load is applied to the bearings. Accordingly, in this case, it is difficult to
move the carrier at a high speed.

15 Additionally, in order to increase the degree of vacuum within the film forming
chamber, it is desirable to arrange the rotary magnet and its drive mechanism outside the
film forming chamber. However, the inner structure within a film forming apparatus
becomes complicated, and it becomes difficult to secure a high degree of vacuum in the
film forming chamber due to leakage from the mechanism and its sealing parts.

20 In addition, as a method of conveying the carrier, using a linear motor is also
suggested in order to improve the capability of a conveyance system of a disc substrate
(see Patent Document 2).

Patent Document 1: Japanese Patent Unexamined Publication No. 2002-288888.
Patent Document 2: Japanese Patent Unexamined Publication No. Hei 8-335620.
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SUMVARY OF THE | NVENTI ON The present invention is suggested in view of the
conventional situation above, and ains at providing an in-line filmformng
apparatus capabl e of conveying a carrier at a high speed, increasing the
exhaust capability within a filmform ng chanber, enabling 5 the easy
realization of a high vacuum degree in a short tine, and providing a

manuf acturing nmethod of a magnetic recoydi ng nedi um usi ng such an in-line
film form ng apparatus. The present invention provides the follow ng. (1)

An in-line filmform ng appag@isARYGRTHPINTENTIORI ity of filmformng 10
chanbers which performfilmform ng processing; a carrier which holds a

substrate  servi AGe 3@ iRlkhitis bhobfed invitv OF HB Cortichindl SR dbbdd,i ty Of

filmform ng chanbers 1n a vertical arrangenent; and a conveyor nechani sm

whi ch_sequepiiyghl % LORYEY S biYreIRh foRfing bUPHAablSe B ALy Bl

form ng chanbers. e conveyor mechanis as a near ~not'or” dr1ve nmechani sm

whi ch drives, .the carrier.in,a noncontact state,..a hor.izontal quide 15
nmechani sm v%?lglﬁsqegiﬁ?%fﬂsa‘g h%%id’agsgf’%?aﬁ@fya%}t@n?@%ﬂ?&8¥ %@eagn?)bglr“gi on of
the carrjier, and ui des the carrier driven by the |inear. notor drive
mechani S | He 8K SraZRIARA o BahSEe IS dogres i aahort e cane p@?ﬁl%‘ag Aechani sm whi ch
is provided so as to be able to contact a | ower end of the carrier, and
gui des t he mafacaringmesagd of\r magaetiq geeidingwmedrunyysingsugh e ihiirefilm t he
vertical direction. The horizontal guide nechanismor the vertical guide
mechani sm hiasni2@ appandtus.al ity of bearings rotatably attached to a plurality
of shafts arranged in a conveying direction of the carrier via a danping
menber, and the Mhopmsémdiveatial wondésthefollotving. shafts and the bearings is
mai nt ai ned via the danping nenber. (2) The in-line filmform ng apparatus

accordi ng to the(py esReH-Ngk filneforhiky abparatiblineRidinB @ plaaRy B9 ik fdiling S an 0
ring. 25 (3) The in-line filmformng apparatus according to the preceding
i tem (19 Ofchambers which perform film forming processing; a carrier which holds a substrate
serving as an object to be film-formed within the plurality of film forming chambers in a
vertical arrangement; and a conveyor mechanism which sequentially conveys the carrier
through the plurality of film forming chambers. The conveyor mechanism has a linear
motor drive mechanism which drives the carrier in a noncontact state, a horizontal guide
15 mechanism which is provided so as to be able to contact a side portion of the carrier, and
guides the carrier driven by the linear motor drive mechanism in a horizontal direction,
and a vertical guide mechanism which is provided so as to be able to contact a lower end
of the carrier, and guides the carrier driven by the linear motor drive mechanism in the
vertical direction. The horizontal guide mechanism or the vertical guide mechanism has
20  aplurality of bearings rotatably attached to a plurality of shafts arranged in a conveying
direction of the carrier via a damping member, and the noncontact state between the
shafts and the bearings is maintained via the damping member.
(2) The in-line film forming apparatus according to the preceding item (1) in

which the damping member is an O ring.

25 (3) The in-line film forming apparatus according to the preceding item (1) or



5 (2), further includes a sensor which detects contact with the shafts and
the bearings. (4) The in-line filmform ng apparatus according to any one of
the preceding itenms (1) to (3) in which the | oad applied per bearing
constituting the vertical guide nmechanismis O N, or the | oad applied per
bearing that the carrier has contact with is less 5 than or equal to 9.8 N
(5 The in-line filmform ng apparatus gccording to any one of the preceding
itenms (1) to (4) in which the |oad applied per one of the bearings that the

carrier hagy) ﬁﬁ%ﬁﬁ%m&éé&keﬁﬁ%i&hﬂlteeis%ﬁthéttwith%e 0RA% hidhe bRirfgs constitut e

Ed . .

t he horizontal guide nechanismis less than or equal to 98 N. 10 (6) The

n-tine fi1m for )norRRRRAE IR SARGE Al S:MineBn0 bnd BEDRREEHNO | t e

(1) to (5) in whi I near rrve me has a nagnetit body

provi ded a}_a, si.de.\porti of the her . an I | | L.y ,Of .

bl ot r omagner® QP THRHHR b fload BRUEFPREERE Sntla bE el Bbide, o0 &
position which faces. the netic. body. (7). The in-line filmformng

Dopar at us SRCOHiTRG 08 THB® Hroeief e teating g inceies tippeted Mmoo body
is a permanent magnet, (8) The in-line filmform ng apparatus according to
the precedithi are@al t6y-80F" (7) in which the el ectromagnets are provided
outside the filmformng chanbers. (9) A manufacturing nmethod of a nmagnetic
recordi ng medi und$ncihgdnhige flm faspinappprraiuspergrding logay engokibig Reesdng ayer on
the surface of the substrate by using the in-line 20 filmform ng apparatus
accor di ng tigmail) tofd iofvhidhehgload aptilied pértamref the pearmgg 8at thacewiedhasg t o t he
present invention, the carrier can be conveyed at a high speed, the exhaust
capabi | i ty cohdabtiwith digorfgi theplutalicy sfheadiraRhdich coadtitire theotieassduidand a hi gh
vacuum degree can be easily realized in a short tine. Therefore, it can

enhance t hanechBsth aC0k4srthMbredpats dyNof magnetic recording nedia, and it can
manuf act ur e

10 {6) The in-line film forming apparatus according to any one of the preceding

items (1) to (5) in which the linear motor drive mechanism has a magnetic body provided
at a side portion of the carrier, and a plurality of electromagnets arranged in the
conveying direction of the carrier at a position which faces the magnetic body.
(7) The in-line film forming apparatus according to the preceding item (6) in
15  which the magnetic body is a permanent magnet.
(8) The in-line film forming apparatus according to the preceding item (6) or
(7) in which the electromagnets are provided outside the film forming chambers.
(9) A manufacturing method of a magnetic recording medium including a step
of forming at least a magnetic layer on the surface of the substrate by using the in-line
20  film forming apparatus according to any one of the preceding items (1) to (8).
According to the present invention, the carrier can be conveyed at a high speed,
the exhaust capability within the film forming chambers can be increased, and a high
vacuum degree can be easily realized in a short time. Therefore, it can enhance the
manufacturing capacity of magnetic recording media, and it can manufacture

25  high-quality magnetic recording media.



25 high-quality magnetic recording nedia. 6 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG I is a sectional view show ng an exanple of a magnetic

recordi ng medi um manufactured by applying the present invention. 5 FIG2 is
a sectional view show ng another exanple of a nmagnetic recording nedium
manuf actured by applying the present invention. FIG 3 is a perspective view
showi ng an exanple of a magnetic recordé ng and reproducing apparatus. FIG 4
is aplan viewillustrating the configuration of an in-line filmformng 10
apparatus to which the present invention is applied. FIG5 is a side view
illustrating a carrier of the in-line filmformng apparatus to which the

present invention is appb@gﬁg@@ﬁﬁ)l\a@quﬁﬂﬁW view illustrating
. I'S

the carrier shown in FIG a perspective viewillustrating a

conveyor nechani f. the.injline, 15 film F N of 1. pr esent
Cvent o Fra BG &b BErbBLUERGeoyRanhieRindt PL{ PagRERL AL el P T
carrier of the_, conveyor, nechani sm sho in FIG 7 is renoved. FIG 9 is a
per spect i véRapt 4‘111 APl “Bfeé?‘éf“éfem“vmi ch an el ectromagnet cover of
t he conveyor nmechanismshown in FIG 8 is detached. 20 FIG 10A is a front
vi ew of the convElfsR hssstnal yew shpyingjanether example of A magpeticpeardipg ew, FI G
IOC is a sectional view of another exanple of the conveyor nechanism FIG
11 is an expidotethanefaetisAdy applzingithd pieteninyepgonn att achnent state of a shaft
and a bearing of the horizontal guide nmechani sm

FIG. 3 is a perspective view showing an example of a magnetic recording and

reproducing apparatus.
FIG. 4 is a plan view illustrating the configuration of an in-line film forming
10  apparatus to which the present invention is applied.
FIG. 5 is a side view illustrating a carrier of the in-line film forming apparatus to
which the present invention is applied.
FIG. 6 is an exploded side view illustrating the carrter shown in FIG. 5.
FIG. 7 is a perspective view illustrating a conveyor mechanism of the in-line
15 film forming apparatus of the present invention.
FIG. 8 is a perspective view illustrating a state in which the carrier of the
conveyor mechanism shown in FIG. 7 is removed.
FIG. 9 is a perspective view illustrating a state in which an electromagnet cover
of the conveyor mechanism shown in FIG 8 is detached.
20 FIG. 10A is a front view of the conveyor mechanism.
FIG. 10B is an A-A sectional view.
FIG. 10C is a sectional view of another example of the conveyor mechanism.
FIG 11 is an exploded sectional view illustrating an attachment state of a shaft
and a bearing of the horizontal guide mechanism.

25 FIG. 12A is a plan view of the horizontal guide mechanism.



25 FIG 12A is a plan view of the horizontal guide nmechanism 7 FIG 12B is
a side view of the horizontal guide nmechanism FIG 13 is an expl oded
sectional view showi ng an attachnent state of a shaft and a bearing of
anot her horizontal guide nechanism FIG 14A is a plan view of the other
hori zontal guide mechanism 5 FIG 14B is a side view of the other

hori zontal gui de nmechanism  DETAI LED Dl,:_SCRI PTI ON OF THE | NVENTI ON

Herei nafter, an enbodi nent of the present invention will be described in

detail with refef@nos if 2silbeied A Metdsizontdl gulllelnMcBaggROdi MENt, a case will
be described as an exanpl e where a magnetic recording nmedium nounted on a

hard di sk devi cep'f@m 1?25?%{%gidd@&’gecﬁﬂa'l]gie\;@mrklh{axgingiag?tgﬁéhhﬁht eRE BT DehaBRRAT AT US

whi ch perforns fi processi ng ubstrate serving as an

object to be fi.lmfor i 20t . conveyed between a plurality of
filmform g el iyt FE B BFHERE s

anp as illustrated in FIG 1, a magnetic

recordi ng mediu .actured b ihng th resent i.nvention has a
structurg vvherengiérggg'?’rﬁﬁﬁgtv}eg(}lfltg‘g‘gtlnéé’fﬁz%ﬁigﬁ]tdémeﬁ 82 a recording

magnetic | ayer 83, and .a protective |layer 84 are kB sequentially |am nated on
both sur¥aces of FIGAdRingde viewfieqthgr bogepntal guide mechadisthas a | ubri cating
film85 forned on the outernost surface thereof. Additionally, a nagnetic 20
| ayer 810 is constituted by the soft magnetic |ayer 81, the interlayer 82,
and the recording magnetic layer 83. Arbitrary nonmagnetic substrates can
be used as the nonmagn@ETAISEDSDESCRIPADON GUTHEANVENTIONoy substrat es nmade
of Al-My alloy or the Iike, which are conposed mainly of Al, or substrates
made of normal séReigiRE an embodimensiflitheméntiasatioghilsbe destiisddah detaibd
with reference to the drawings.
10 In this embodiment, & case will be described as an example where a magnetic
recording medium mounted on a hard disk device is manufactured using an in-line film
forming apparatus which performs film forming processing while a substrate serving as
an object to be film-formed is sequentially conveyed between a plurality of film forming
chambers.
15 For example, as illustrated in FIG 1, a magnetic recording medium
manufactured by applying the present invention has a structure where a soft magnetic
layer 81, an interlayer 82, a recording magnetic layer 83, and a protective layer 84 are
sequentially laminated on both surfaces of a nonmagnetic substrate 80, and further has a
lubricating film 85 formed on the outermost surface thereof. Additionally, a magnetic
20 layer 810 is constituted by the soft magnetic layer 81, the interlayer 82, and the recording
magnetic layer 83.
Arbitrary nonmagnetic substrates can be used as the nonmagnetic substrate 80,
such as Al alloy substrates made of Al-Mg alloy or the like, which are composed mainly

of Al, or substrates made of normal soda glass, aluminosilicate-based glass, crystallized

25  glass, silicone, titanium, ceramics, or various resins,



25 gl ass, silicone, titanium ceramcs, or various resins. 8 Among them it
is preferable to use Al alloy substrates, glass substrates, such as
crystallized glass, and silicon substrates. Additionally, the average
surface roughness (Ra) of these substrates is preferably |ess than or equal
tol nm and nore preferably less than or equal to 0.5 nm Anong these, it
is particularly preferable that the average 5 surface roughness be | ess than
or equal to 0.1 nm Although the nagnetﬁc | ayer 810 can be an in-plane

magnetic 1 aver ! ok . PlAREABRNELLCAIMEPL Ak ar@, ARRRENGI oul ar

magnetic | ayer for a~ perpendi magneti1 c” recor rum 't

per pendi cul ar netic | ay i r | i i gher
recordi ng dcerﬁsstf‘rﬁﬁg?deaﬁai éfnlﬁ()sﬁgjf)’ll ?/ub%fr?tg?es qﬁgdrdgt*og%lg‘bﬁ%q‘[%hrgég%‘{@%%t?%%%ﬁ%ti c layer
810 be for fromal]oys co S mai nl y of .. For exanple . a netic

| ayer in wh Ofﬁgsessb‘ e %g‘glpe ﬁ?ya§§r£§{or E‘ag?%* "gloﬁd(lﬁﬁn%ﬁé%fﬁéblﬁfg%g al | oys
(FeCoB, FeCqSi B, FeCoZr, FeCoZrB, FeCoZrBCuy, .etc.) Ta al | oys (FeTaN,
FeTaC, et cbpn oxgaual i QAnm cofkmepg thepszyingpareygar fyé{r?:f.eﬁa,gﬁdﬁat Fi%Re: the
interlayer 82 nmade of Ru or the like; and the recording magnetic | ayer 83
nmade of & 68Tfica BEshness by lesq thyyoregua ta8.100Co- 5Cr - | 5Pt-10Si 2 al l oy are

| am nated, can be utilized as the magnetic |ayer 810 for a perpendicular
magneti ¢ recor di njthoagh the megdetid layeal8ll§ canche aalin-glame magooictlayek fdriahm  made of
Pt, Pd, NCr, NiFeCr, or the Iike may be | am nated between the soft nagnetic
| ayer 81 anth-jllg: magnetid sy endingZnediiin bhep@pdidicukhandgnaici@mgnédiriac | ayer in which
a nonmagnetic CrM foundation |ayer and a ferromagnetic CoCrPt Ta magnetic

| ayer are 2ferpaiididi ethgn@ttiteddRding hetlinnd tRpefpoRdifBaRidneti¢ Ry&Tis Srbferdbld an
i n-pl ane magnetic recording nedium The thickness of the whol e nmagnetic

llayer 810 mRyoli& 18 Rlalita ML 6@ Rhg 441R%y. OTAddRRMANy, Qs ﬁre[‘e?ﬁlﬂe”ﬂaﬂ #es than or
equal to 20 nm nore preferably, greater than or "equal to 5
10  magnetic layer 810 be formed from alloys composed mainly of Co. For example, a
magnetic layer in which the soft magnetic layer 81 made of soft magnetic FeCo alloys
(FeCoB, FeCoSiB, FeCoZr, FeCoZrB, FeCoZrBCu, etc.), FeTa alloys (FeTaN, FeTaC,
etc.), Co alloys (CoTaZr, CoZrNB, CoB, etc.), or the like; the interlayer 82 made of Ru
or the like; and the recording magnetic layer 83 made of a 60Co-15Cr-15 Pt alloy ora
15 70Co-5Cr-15Pt-10810; alloy are laminated, can be utilized as the magnetic layer 810 for
a perpendicular magnetic recording media. Additionally, an alignment control film
made of Pt, Pd, NiCr, NiFeCr, or the like may be laminated between the soft magnetic
layer 81 and the interlayer 82. On the other hand, a magnetic layer in which a
nonmagnetic CrMo foundation layer and a ferromagnetic CoCrPtTa magnetic layer are
20  laminated, can be utilized as the magnetic layer 810 for an in-plane magnetic recording
medium,
The thickness of the whole magnetic layer 810 may be set to be greater than or
equal to 3 nm and less than or equal to 20 nm, more preferably, greater than or equal to 5
nm and less than or equal to 15 nm, and as long as the magnetic layer 810 may be formed

25  so that a sufficient head input or output is acquired in accordance with the kind of, and



nm and | ess than or equal to 15 nm and as |long as the nmagnetic |ayer 810
may be formed 25 so that a sufficient head input or output is acquired in
accordance with the kind of, and 9 |am nated structure of, a nmagnetic all oy
to be used. The filmof the nagnetic |ayer 810 needs the filmthickness of
a certain value or nore to obtain the output of a fixed value or nore
during reproduction. On the other hand, ,since all paraneters which show
recording/reproduci ng characteristics usually deteriorate with a rise in

output, it jafimiddRERSRA of, éﬁaagﬁhch B VSed | TRE Filth 6kike 9% gﬁ&l@lﬁ‘ye‘?@lm mal film
t hi ckness. As the protective normal protective | m materials such

as car bonag&ﬁyﬁlelfﬁﬁ’x‘ﬁé %egé:&f*ﬁddeﬂ n%fuggpglgg)to oBbﬁﬂﬂPl C(r)}ﬁﬁcarabl 399?%§5§<C) L nd

ni trogenate carb ous car

Si 2, Zr203 Ore ciru'nN l ?Juctloncarbl}not%e fihanﬁ‘ds% I_Fﬁg) ter% ﬂﬁlc pgpctive |ayer

84 may be co osed WO Or nore ayers ness of the
protective |la i S because, when the

d
Cl o t i ckn&gé‘awﬁ ERTRIYY f@*@fwsstrcay@fa gﬁﬂs&z%@a@wlw SPRES BiSt ance

bet ween a head and the recorg magneti c | ayer, 83 becones | arge, and

suf fici eht DNYORFHAEY/ESeythe aboveflip ?h“éﬁé?ﬁ?oﬁ’@nﬂé‘tlmélﬂﬁlﬁieﬁ%d As |ubricant used
for the lubricating filma85, fluorine-based |ubricant, 15 hydrocarbon-based
| ubricant, and miAgthe protectize lyer &anommal protectivsridln maiewals sushiasibr i cating film
85 is usually formed with a thickness of 1 to 4 nm Additionally, for

exanpl e, ascdrbénastousiayersiimchidifg cazhont(Rg hydopgetated casboo (Hi @) nitrogeatet
manuf act ured by applying the present invention may be a so-called discrete
magnet i ¢ r ecabeh (ON)@aorphositatbloh it sicomepisite (SiCRand 8i00) Zpak beTiN Bga . f or ned
in the 20 above recording magnetic | ayer 83 is separated by a nonmagnetic

rﬁgg: 821 82 g; ge:inﬁigiééd. 0 U%&ﬁonalé‘jz e c}ir@@@th@ liyRr BN afl b 66BpRedBURNRLdréndr@&cor di ng
patterne ia in which the nmagnetic recording pattern
83a is gfrapged Wridifd M&Eness of the protective layer 84 needs to be less than 10 nm. This
is because, when the film thickness of the protective layer 84 exceeds 10 nm, the distance
between a head and the recording magnetic layer 83 becomes large, and sufficient
input/output signal intensity is not obtained.
As lubricant used for the lubricating film 85, fluorine-based lubricant,
15  hydrocarbon-based lubricant, and mixtures thereof can be mentioned, and the lubricating
film 85 is usually formed with a thickness of 1 to 4 nm.
Additionally, for example, as illustrated in FIG. 2, the magnetic recording
medium manufactured by applying the present invention may be a so-called discrete
magnetic recording medium in which a magnetic recording pattern 83a formed in the
20  above recording magnetic layer 83 is separated by a nonmagnetic region 83b.
Additionally, with regard to the discrete magnetic recording medium, so-called
patterned media in which the magnetic recording pattern 83a is arranged with fixed
regularity per one bit, or media in which the magnetic recording pattern 83a is arranged

in the shape of a track, and other magnetic recording patterns 83a may include a servo

25  signal pattern, for example.



regularity per one bit, or nedia in which the magnetic recording pattern 83a
is arranged in the shape of a track, and other magnetic recordi ng patterns
83a may include a servo 25 signal pattern, for exanple. 10 Such a discrete
magneti c recording mediumis obtained by providing a nask | ayer on the
surface of the recording magnetic | ayer 83, exposing a part which is not
covered with the mask |ayer to reactiveool asma treatnent, ion irradiation
treatnment, or the |ike, thereby rmdify* ng a portion of the recording

magnetic | ayer 8 {gqg%g ; ; MR b d form ng
t he nonmagnetic ?’ggliiggisgrgb. dtélt:ictcriegorfgll9 )y{“ as astiargr%g%g??%}cﬁgggéri%imﬁ%pand

duci ) 7 ¢ \ ) ; ;
exnpl 6. b pRRRAIR R M f06RE Be AT B bR EpRO R, [0
hard di sk devi I d ti i sk whi ch .1 s,.th b ti
ocor di ng rspaR A TERR R RORRLYS ofiPd alhl PR R FORS e Magner i o
10 di sk 963 .a eti (éjfg.ead 98. whi a{é recoards/re rﬁ)duc§:§ i nfornmati.on on/from
t he magnet i k& g?’%gy%’ Ing a partiop,of; he Speogding magnetic (ayehHfraRy 2MEFUOr oduci ng

signal system 100. The nmagnetic reproducing signal system 100 processes
i nput da%/ a Rodydenaonmagpets badyqand;fgmune the gopmeenghigiegton®3head 98, and
processes a reproduced signal fromthe magnetic head 98 to output data. 15
Wien the above ndyldgionglly, ecomdinetic necdiding dnd repradiicing appardtus ioing theahpiee, as
illustrated in FIG 4, a high-quality nagnetic recording medi umcan stably
be obt ai nedmbgnetipesseiding mhédigugir ¢xampis, e pardaliskslege ad illastrayed iaFlG St dang at

| east the soft nagnetic |ayer 81, the interlayer 82, and the recording
magneti c | ayaherftidnah itk hasidifiedeie ddchideea faprstig dékio6 veidlsis tiatabo®D servi ng
as an object to be filmforned by using the in-line film 20 formng

appar at us (RgHefi@fdcbrididpOmaRal Ahbdu@idriged FOAGEN fotdiREANAREs RGhghdtid 0 Whi ch
the present invention is applied, and form ng the nagnetic |ayer 810.

10 disk 96, a magnetic head 98 which records/reproduces information on/from the magnetic

disk 96, a head actuator 99, and a recording and reproducing signal system 100. The
magnetic reproducing signal system 100 processes input data to send a recording signal
to the magnetic head 98, and processes a reproduced signal from the magnetic head 98 to
output data.

15 When the above magnetic recording medium is manufactured, for example, as
illustrated in FIG. 4, a high-quality magnetic recording medium can stably be obtained by
passing through the steps of sequentially laminating at least the soft magnetic layer 81,
the interlayer 82, and the recording magnetic layer 83 on both surfaces of the
nonmagnetic substrate 80 serving as an object to be film-formed by using the in-line film

20 forming apparatus (manufacturing apparatus of a magnetic recording medium) to which
the present invention is applied, and forming the magnetic layer 810.

Specifically, the in-line film forming apparatus to which the present invention is
applied roughly has a substrate cassette transfer robotic armic arm base 1, a substrate
cassette transfer robotic arm 3 placed on the robotic arm base 1, a substrate supply

25  robotic arm chamber 2 adjacent to the robotic arm base 1, a substrate supply robotic arm



Specifically, the in-line filmform ng apparatus to which the present
invention is applied roughly has a substrate cassette transfer robotic
armc armbase 1, a substrate cassette transfer robotic arm 3 placed on the
robotic armbase |, a substrate supply 25 robotic arm chanber 2 adjacent to
the robotic armbase 1, a substrate supply robotic arm 11 34 arranged
within the substrate supply robotic arm,chanber 2, a substrate attachnent
chanber 52 adjacent to the substrate supply robotic arm chanber 2, coner

chanbers 4, 347arran%éd withfl thle subagd Ssup Al RB06E 3frh iRlnthel B, 5 ubGBkIBALLABRANDEr S 5,
6, 8 to 13, 15, 16, and 18 to 20 arranged between the corner chanbers 4, 7,

14, and 17, t , . 4 e I t he
treatment  oHERbd G G YRSIRR e SBRTRGHpid o ALIRP e B B L2 et o
attachnent a 2, and the suhstrate . detach t,ch r, 54 bstrate
et achent FoRt | Lo BEhRaHER . Ly SRR ang 1 B dhe Stk act

det achnent chanber 54, substrat e det achnent robgtic rm49 set within the
substrate YEPY ‘Fenrtg‘b?ﬁq“?f Cé‘i“ﬂli"'éﬁ%tr?bé?’ a9 17,4 bsiraty MWV Cg‘f‘mgn%{rri ers 25
conveyed between the 10 chanmbers. Additionally, two adjacent chanbers of
chamber s5 2, S4mmanged asljgeent tg the tgpaemennchamber 2, an aghingrhembethamanged by two

adj acent wall portions, and connecting portions between chanbers 2, 52, 4
to 20, 54, bkatdeedshasubstpatostiathuentichimbpatse andithe egbsEstetdotagimenfithamtien 84, agat e
valves 55 to 71 are in a closed state, the interior of each chanber becones
an 15 i ndepsmbstein deavhinesedbajzans. chidber2C anahgded adjpceny tnthpswipsatenot shown) are
connected to the chanbers 2, 52, 4 to 20, 54, and 3A. A magnetic recording
medi um i | | uSddchinest dhBmbrS4aD Qubstrate BéthARdt robbie akmi 4 i Whinhohbataned by
sequentially filmform ng the above-described soft nagnetic |ayer 81,
interlayer &2 hiEaIbBhtRGrNRAAR:22! NG IRty BPEarRERLS Chi§ed B¥GEenSHle ON DOt h

20 surfaces of the nonnagnetic substrate 80 nounted to each carrier 25

w thin gach,ghagher

Additionally, two adjacent chambers of chambers 2, 52, 4 to 20, 54, and 3A are

connected to each other by two adjacent wall portions, and connecting portions between
chambers 2, 52, 4 to 20, 54, and 3A are provided with gate valves 55 to 71. When the
gate valves 55 to 71 are in a closed state, the interior of each chamber becomes an

15  independent enclosed space.

Additionally, vacuum pumps (not shown) are connected to the chambers 2, 52, 4

t0 20, 54, and 3A. A magnetic recording medium illustrated in the above-mentioned
FIG. 1 is finally obtained by sequentially film-forming the above-described soft magnetic
layer 81, interlayer 82, recording magnetic layer 83, and protective layer 84 on both

20  surfaces of the nonmagnetic substrate 80 mounted to each carrier 25 within each chamber
while the carriers 25 are sequentially conveyed to the interiors of the each of
above-mentioned chambers which are brought into a pressure-reduced state by operation
of these vacuum pumps, by a conveyor mechanism which will be described later.
Additionally, each of the corner chambers 4, 7, 14, and 17 is a chamber where the

25  movement direction of each carrier 25 is changed, and the inside of the chamber is



while the carriers 25 are sequentially conveyed to the interiors of the each
of above-nentioned chanbers which are brought into a pressure-reduced state
by operation of these vacuum punps, by a conveyor nechanismwhich will be
described later. Additionally, each of the comer chanbers 4, 7, 14, and 17
is a chanber where the 25 novenent direction of each carrier 25 is changed,
and the inside of the chanber is 12 prpvided with a nechani sm which rotates
the carrier 25 to nove to the next filmTormng chanber. The substrate
cassette trapsted with R edecRankinvBich vhthres @8 chiier TR MRERES tHe nektElid RhBing80 to

t he substrate attachnment chanber 2 froma cassette in which the nonnagnetlc
5 substrategfpbefore filmformation is received, and renoves the
nonmagneti ¢ substrate 80 (magnetic recording nedlun) detached in the

o the out i do and 614 ?Siﬁ%%@%@%@ﬁwﬁ”%ﬁﬁ e openee

provi ded at ne Si subst e attach / et achnent chanbers 2
and 22, 10 § ught@t%emg Binegts Farihel 2o g R iR Ty S R B s g ot ©
substrate 80 before fil fOFﬂBIIOﬂ is nounted on the carrier 25 by the

substrat® sUgprae biprediimtprmation ¢sfecaiyrd, yrdemores e nanRERRRICSH t@fft%’t rate
det achnent chanber 54, the nonmagnetic substrate 80 (magnetic recording
medi un) af t @kagpefts reeqrding edum) atagkadnin the substatedermghmen rchzﬂabqr§2 afiertthe hed
using the substrate detachment robotic arm 49. The ashi ng chanmber 3A 15
conveys t hefilsmforiation25 Anppehiog spdrsd tathe outside eihhandcawmivel ofRs ad er ashi ng
of the carrier 25 conveyed fromthe substrate detachnent chanber 54 is
per f or ned. dogek drisbpeningate frovided atronk sige odal obthe Subwhrereattfic hnmenf/ detashagnt
processing is performed are constituted by the treatnent chanbers 5, 6, 8
to 13, 15, gachbdl 2amang. the treatnent chanbers 5, 6, 8 to 13, 15, 16, and
18 to 20. These filmform ng chanbers

10 Inside the substrate attachment chamber 52, the nonmagnetic substrate 80 before
film formation is mounted on the carrier 25 by the substrate supply robotic arm 34, On
the other hand, inside the substrate detachment chamber 54, the nonmagnetic substrate 80
(magnetic recording medium) after the film formation mounted on the carrier 25 is
detached using the substrate detachment robotic arm 49. The ashing chamber 3A

15 conveys the carrier 25 to the substrate attachment chamber 52 after ashing of the carrier
25 conveyed from the substrate detachment chamber 54 is performed.

A plurality of film forming chambers where film forming processing is
performed are constituted by the treatment chambers S, 6, 8 to 13, 15, and 16 among the
treatment chambers 5, 6, 8 to 13, 15, 16, and 18 to 20. These film forming chambers

20  include a mechanism which forms the above-described soft magnetic layer 81, interlayer
82, and recording magnetic layer 83 on both surfaces of the nonmagnetic substrate 80.
Additionally, protective film forming chambers are constituted by the treatment chambers
19 and 20. These protective film forming chambers include a mechanism which forms
the protective layer 84 on the recording magnetic layer 83.

25 In addition, when the magnetic recording medium illustrated in the above FIG. 2



20 include a mechani smwhich fornms the above-descri bed soft nagnetic | ayer
81, interlayer 82, and recording nagnetic |ayer 83 on both surfaces of the
nonmagneti c substrate 80. Additionally, protective filmform ng chanbers
are constituted by the treatnment chanbers 19 and 20. These protective film
form ng chanbers include a mechani smwhich forns the protective |ayer 84 on
the recordi ng nagnetic |ayer 83. 25 In %pdition, when t he nmagnetic recording
mediumillustrated in the above FIG 2 I3 is manufactured in the treatnment

chambers, ajspaihtiREfidddn ehRardehentBiRhtben, MPaterdiny anibsr whdk b §adR thyerds nodi f i ed
chanber where reactive plasnma treatnent or ionirradiation treatnent is

modi 11 ed_ oMddafmeBOf hb@Re@Ehablbr HRGETALAG IR dnPYon HadiiofN 15 MOt

covered with the mask |ayer after patterning, and a portion of the recording

magnetic 5 {ayal t%ssmb(ﬁﬁg&)grk {e $8rtioh 37 SRS fnﬁgx%§9¥a EPssaw{%ﬂgﬁE%?e“ ¢ body,
The magnet 1 Cc g pattern83a gépara €

t hereby formng recordin T by t he
nonmagneti c_regqi,on b d a ¢l earance hanber re the mask |layer is
Femoved may b5 Haedne mad ya afe i ERTE. et R FoernBediaiens T, 13

15, 16, and 18 taq 20 ar rovided wih processin s suppl i pes, and the
suppl y pelé‘y%frgé ‘?JWB@‘?‘G&B‘O qlﬁagpgmg@y tig “RHB%%IGB%QQ Ynijers gf‘%%”g‘ﬁptﬁ"g are

controlled by a control nmechani smwhich is not shown., B)é operating these

val ves and ¥hAghefjafesosdingnattemsida sengased hyrfbe sonppagpetisiregian 33h.9nd & lsarapgeocessi ng
gas supply pipes, the pressure within the chanbers, and the di scharge of gas
are cont r ol thathberTihere themask 12387 isaeméved omaybataddedi n FIGS. 5 and 6, has a
supporting base 26, and a 15 plurality of substrate nounting portions 27
provi ded on the upjigtionally, tieaeeaohent bieambers ) 61 8 tond, b 46, afd. 18ta 26dki ti on, since
this enbodi ment has a configuration in which two substrate nounting

portions 27pavidedWith pRidessindGal fds| EndSbdSippBiases AR frovied witkvaly&d on the
substrate nounting portions 27 shall be treated as a first filmformng

10  whose opening and closing are controlled by a control mechanism which is not shown.

By operating these valves and the gate valves for pumps, the supply of gas from the
processing gas supply pipes, the pressure within the chambers, and the discharge of gas
are controlled.
The carrier 25, as illustrated in FIGS. 5 and 6, has a supporting base 26, and a

15  plurality of substrate mounting portions 27 provided on the upper surface of the
supporting base 26. In addition, since this embodiment has a configuration in which
two substrate mounting portions 27 are mounted, two nonmagnetic substrates 80 to be
mounted on the substrate mounting portions 27 shall be treated as a first film forming
substrate 23 and a second film forming substrate 24.

20 The substrate mounting portion 27 1s configured such that circular through holes
29 with a slightly larger diameter than the outer peripheries of the film forming substrates
23 and 24 are formed in plate bodies 28 having a thickness of about one or several times
the thickness of the first and second film forming substrates 23 and 24, and a plurality of
supporting members 30 which protrude toward the inside of the through holes 29 are

25  provided around the through holes 29.  In the substrate mounting portion 27, the first



substrate 23 and a second filmform ng substrate 24. 20 The substrate
nmounting portion 27 is configured such that circular through holes 29 with
a slightly larger dianeter than the outer peripheries of the filmformng
substrates 23 and 24 are fornmed in plate bodies 28 having a thickness of
about one or several times the thickness of the first and second film
formng substrates 23 and 24, and a plgaality of supporting nenbers 30

whi ch protrude toward the inside of the™through holes 29 are 25 provided
around the I - j ' Tandt Ne first
14 and s ecatcl)lgli 39%6?? r%nﬁ Ig?%lﬁggsug %thhsu%s:%t%g 93 %feg[rﬁrtgﬁ“@r gl@ ?ﬁrglgérh{ Heogé]rii Z%f %ndt he

t hrough hol gs . rti e of each

t hr ough ho|t§‘? S“ﬁ%‘r“gg%‘epﬁggfﬂéﬁgggrey#%&ﬁggg%gé?Fg‘?%‘g{bgg‘g‘ﬁ%?gﬁﬂ‘%g?‘g’ held in a
vertical argangenent (a,state where.the .principal planes of the substrates
55 and- 24" HORORESTR e 706 n A in Ser B edmelRenle SFE et s 7% b
substrate nounti portion 27 is_provided parallel to the upper surface of
t he supporﬁrmﬁ@aﬁgg@s Qét@ae*ﬁtrﬁwaﬁ WW%@FS@@@IH torthe diggetion of gravigy. and
second filmformng substrates 23 and 24 nounted on the carrier 25 are
subst ant3 al That isy thp s¢hstate mayntipgparpere?’ is piavided Parstlelth hesmppiontfperpiibese 26,
and are substantially in the sane plane. Additionally, two treatnent devices
are on bot rsuppatting brse 26 suchahatither priz®ipakpladee of the fixyand sheend filbetbrmmgat ment
chanmbers 5, 6, 8 to 13, 15, 16, and 18 to 20. In this case, for exanple,
filmform ngbfiratsasdand g4 aouhted oh theeafrer PRtk cubvehtslly dddegbedl to the upperfi | m
formng substrate 23 of the carrier 25 in a state where the carrier 25 has

stopped at grfhée ¢Tlthe JupSAHAE Bise RO Sdndia kubAWAIIP Yn the S&hé flahd. Ne in FIG 5.
Thereafter, filmformng processing or the |like can be performed on the

right second fil MyRIALING i Bl YeRfestle S0 RHE Blthdurdd 25T feSt at @ where

the carrier 25 has noved to a second treatnent position shown by a broken

the c: | . |
positi o R irehon lante 08, SLORP LIS bR TR RARERRIBE, o0 ana

second fil rTr.?:xarnple, film forming processing or the like is performed on the left first film forming

substrate 23 of the carrier 25 in a state where the carrter 25 has stopped at a first
treatment position shown by a solid line in FIG. 5. Thereafter, film forming processing or
the like can be performed on the nght second film forming substrate 24 of the carrier 25
15  in a state where the carrier 25 has moved to a second treatment position shown by a
broken line in FIG. 5, and the carrier 25 has stopped at the second treatment position.
In addition, when four treatment devices which face the first and second film
forming substrates 23 and 24 are on both sides of the carrier 25, movement of the carrier
25 becomes unnecessary, and film forming processing or the like can be simultaneously
20  performed on the first and second film forming substrates 23 and 24 held by the carrier
25.
The in-line film forming apparatus to which the present invention is applied
includes a conveyor mechanism 200 which conveys such a carrier 25. The conveyor
mechanism 200 can be, for example, a linear motor drive mechanism 201 which drives

25  the carrier 25 as illustrated in FIGS. 6, 7, and 8 in a noncontact state.



form ng substrates 23 and 24 are on both sides of the carrier 25, novenent
of the carrier 25 becones unnecessary, and filmform ng processing or the
| i ke can be sinmultaneously 20 perforned on the first and second film
form ng substrates 23 and 24 held by the carrier 25. The in-line film
form ng apparatus to which the present invention is applied includes a
conveyor nechani sm 200 whi ch conveys sygh a carrier 25. The conveyor
mechani sm 200 can be, for exanple, a lihear notor drive mechani sm 201 which

drives 25 the CpeifRllytheAmeh! hotdF &reafiechinifth 61 hék.a Hagrafelbyi 1022

noncont act state. 15 pecifically, the linear notor drive nechani sm 201 has

a magnetic g?&vﬂ?éd%@g sié PYHOROF Ak cAriet 25 altPd ﬁlhfb'ﬁﬁpéf dlddfom@sdeks50325, and a
e e

plurality ectronmagnets 203 arranged int conveyl ng direction of the

ragnet | ¢l eigBe i MY e e PHIRR A e 1 ot P

el ectromagnet s 2Q3, be used for the nmagnetic body 202, it is preferable
to use pe%ﬁ‘gﬁt%oﬁﬁgﬁgts having an attractive or repulsive force to the

el ectronagnets 2 in order to secure a.high-speed yesponse by the

el ect r oragnet s Zgﬁhoqﬁbd?‘igflﬁW?tﬁf“ﬁ?’tsu‘i I@ng“éf"gﬁﬁew{“ﬁﬁﬁ@émf"é?erdit? g‘emagnet s,
rare earth magnets, or the |ike. as the permanent 10 magnets. Anong these,
si nce the fFlcTomeEnggAdscan he asedfaythe magpeiiibady 207 itHanieleratlg gise degr ee of

t oughness, the magnets have an advantage in that they can be easily held in
a porti on pefmankes neagnets bavigg amittrhctiye oerepulsive fiotee toi theclegtnimiaghesnad3 i, si nce
the rare earth magnets are difficult to nachine and are brittle, but their

attracti ve ofder ceseoure adjigh-sesdkresponsciey the elelteoredpaets 203raghddisoraly ifis st rong,
the carrier 25 can be noved at a higher speed 15 when such magnets are used

for the |i paderabeidtsederrivema@etionirsdirthdagndts) oad@ilille Od% the pdrivafent he rare earth
magnets are difficult to fix in place on the carrier 25 by screws or the
10 magnets. Among these, since the ferrite magnets are easy to machine and have a high
degree of toughness, the magnets have an advantage in that they can be easily held in a
portion of the carrier 25 with screws or the like. Additionally, since the rare earth
magnets are difficult to machine and are brittle, but their attractive force or repulsive
force to the electromagnets 203 is strong, the carrier 25 can be moved at a higher speed
15 when such magnets are used for the linear motor drive mechanism 201. In addition,
since the rare earth magnets are difficult to fix in place on the carrier 25 by screws or the
like, it is preferable to cover the surfaces of the magnets with nonmagnetic materials,
such as a stainless plate, and to employ a structure in which the magnetic body 202 is
buried in the carrier 25. Additionally, it is preferable from the viewpoint of the strength
20  of an attractive force or repulsive force that SmCo-based and NdFeB-based sintered
magnets be used as the permanent magnets.
On the other hand, it is preferable to use an aluminum alloy for the carrier 25.
Since the aluminum alloy is light, braking by the linear motor drive mechanism 201 is

easy, and since the aluminum alloy is a nonmagnetic material, it is advantageous in

25  attaching the magnetic body 202 thereto and putting on the brake. In addition, the



like, it is preferable to cover the surfaces of the magnets w th nonnmagnetic
materials, such as a stainless plate, and to enploy a structure in which
the magnetic body 202 is buried in the carrier 25. Additionally, it is
preferable fromthe viewpoint of the strength 20 of an attractive force or
repul sive force that SnCo-based and NdFeB-based sintered nmagnets be used as
t he permanent nagnets. On the other hangg it is preferable to use an

alum numalloy for the carrier 25. Since the alum numalloy is |ight,

braki ng by Lii&idubRYy HIPLRE dogds¥ife HEERAM MY 20bn{shien® fhmaiARRing HIge t he

al um num al l oy i s a nonmagnetic material, 1t is advantageous in attaching

the mgnet | g, a,@%{léspeg@acszammmgmnmvg ksl DoAsitigy. the 16

al um num al e degassing i vacuum an
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described later. Although the electromagnets 203 are obtained by w nding an
el ect ri c5 wi pedeseribed lgtefi | ed shape around a core, neither the core nor the
electric wire is a suitable nenber wused in vacuum and it is not preferable
that insul ating cWttouglythefelechiomednetst203 areibtazncddyyending amelectiawmebesause t hat
resin or the like is used for the coating. Thus, the present 10 invention
has adopt edcaled shape tirouad b vorehnaithecthpbare abi thyele:ﬁtrie viretis osmghletnsen@B ar e

pl aced in the conveying direction of the carrier 25 on a frane 204 provided

at a side wadell iP@dchin@Nanddf is@ec ]Bieﬁfabtd'tﬁatﬁmmﬁﬁ% Soafing 9Pthe 4lekRic3re iDdsedand 3A,
and the el ectromagnets are covered wth an el ectromagnet cover 205.

Ther eby, thg \ab&fk B&E@&Qﬁétsres%%’k tﬁ@ﬂké)n‘é‘ u?erdrf@ﬂﬂggoatiﬁgt STHlFs fht 'Bﬁ‘es@&trms phere)
each of the chanbers 2, 52, to 20, 54, and 3A. Therefore,

possi bl gyt 0m‘$€rﬁloh¥1a§"£&o§{e'a aastrt]&t% iSRS PHiralfd O BT A dnFAER 268 M‘Fafced i?is an

exanpl e sh
the conveying direction of the carrier 25 on a frame 204 provided at a side wall portion

of each of the chambers 2, 52, 4 to 20, 54, and 3A, and the electromagnets are covered
with an electromagnet cover 205. Thereby, the electromagnets 203 can be arranged
outside (the atmosphere) each of the chambers 2, 52, 4 to 20, 54, and 3A. Therefore, it is
15 possible to easily attain a high degree of vacuum in each chamber. As an example shown
in FIG. 10B, the electromagnets 203 can be arranged in a closed space. As another
example shown in FIG 10C, the electromagnets 203 can be arranged so as to be
connected with outside of a chamber. In addition, in order to make the distance between
the electromagnets 203 and the magnetic body 202 as small as possible, it is preferable
20  that the electromagnet cover 205 be made thin. As the material of the electromagnet
cover 205, it is preferable to use a nonmagnetic material through which a magnetic field
passes easily.
In such a linear motor drive mechanism 201, magnetic attraction or repulsion
between the magnetic body 202 and the electromagnets 203 can be used to drive or stop

25  (hold) the carrier 25 in a noncontact state.  Additionally, in the linear motor drive



in FIG | OB, the electromagnets 203 can be arranged in a cl osed space. As
anot her exanple shown in FIG| OC the el ectromagnets 203 can be arranged
so as to be connected with outside of a chanber. In addition, in order to
make t he distance between the electromagnets 203 and the magnetic body 202
as small as possible, it is preferable 20 that the el ectronagnet cover 205
be made thin. As the material of the elgctromagnet cover 205, it is
preferable to use a nonmagnetic material through which a magnetic field

passes eas'rhé’chaﬁ&n%?hn@st bf A8 361£-WRIRT ofdhd MEridFeshadip g&‘te’fpcﬂy a MRGHARE | C
attraction or repulsion between the magnetic body 202 and the

el ectromag o rier 25 in
a noncont ac %Ctnagﬁ)r&a‘g(gggl ona tﬂe%bﬁi ﬁhﬁieda%%nd%?e g‘Jrl vgﬁéﬁz&ﬁs\éoham sm
201, nost o e self e.carrier. 25 rted magneti c
2oL, mst_oft e aeliz ol flalTn et f&&f*@%ﬁ%ﬁﬂ&ﬁfﬁﬁé ndh

el ectromagnets 203 so that,the carrier .25 do not f due to its, own

wet gt - ThOBS RIS 2 REoMaRs s AT iAo Pafoveds @ ey uhithe
elimnated, and it is _possible to nove the carrier 25 to which 5 the

magneti & baly “@@F“F?OQX £ matacked gt ahighspepbivdespanseds B&ﬂhssée?dcfhﬁil@wf Speed
change of S poles, N poles, and degaussing of the el ectromagnets 203. In
addi tion, apclésolgiolesirad daganssing pfithe elestromaghets BR3. c dn pddrorBlthyghdwsed by the
| i near notor drive mechani sm 201 depends on the weight of the carrier 25,
about 30 kgittricaive fitrc2&héDariiar 25gapstiessed by thetlinear matsedrofe drbarwam 20kr 25 havi ng
a wei ght of about several kilogranms. 10 Additionally, the conveyor nechanism

200, as il |depbidatoadhd weihtGf i cafries 28, abb@r304@N {abbutp9u o i9RGRigdd iahe206 Whi ch
is provided so as to be able to contact the side portion of the carrier 25,

and hori zondaad bih@etrH&S2 stHAOIn ‘F%rvl?é@ft ofaboflf {ev6ral Bloptdn®. | i near motor drive
mechani sm 201, and a vertical guide nechani sm 207 which is provided so as to

be abl @yto cont ot nhiRVe BRYSE mbfnSAZ0bSs ifRraRB%h B 9SRshhe carrier 25

driven the |inear

honzontal guide mechanism 206 which is provided so as to be able to contact the side

portion of the carrier 25, and horizontally guides the carrier 25 driven by the linear motor

drive mechanism 201, and a vertical guide mechanism 207 which is provided so as to be

able to contact a lower end of the carrier 25, and guides the carrier 25 driven by the linear
15 motor drive mechanism 201 1n a vertical direction.

The horizontal guide mechanism 206 is constituted by a pair of upper and lower
sub-frames 208a and 208b which is fixed to the frame 204 and arranged parallel to the
conveying direction of the carrier 25, a plurality of shafts 209 which are attached to
upper ends of the sub-frames, and arranged at equal intervals in the conveying direction

20  of the carrier 25, and a plurality of bearings 210 which are rotatably attached to the
plurality of shafts 209.

The vertical guide mechanism 207 is constituted by a lower sub-frame 208a, a
plurality of shafts 211 which is attached to a side portion of the sub-frame and arranged
at equal intervals in the conveying direction of the carrier 25, and a plurality of bearings

25 212 which is rotatably attached to the plurality of shafts 211.



15 notor drive nmechanism 201 in a vertical direction. The horizontal guide
mechani sm 206 is constituted by a pair of upper and |l ower sub-franes 208a
and 208b which is fixed to the frane 204 and arranged parallel to the
conveying direction of the carrier 25, a plurality of shafts 209 which are
attached to wupper ends of the sub-franmes, and arranged at equal intervals
in the conveying direction 20 of the caf, ier 25, and a plurality of bearings
210 which are rotatably attached to the' plurality of shafts 209. The

vertical guide mMciaingiy AR hehdnds206 bhd 28HIBY cohstititbhe RdHohhAERIL08a, a
plurality of shafts 211 which is attached to a side portion of the sub-frane

and arrange : l,o\o b k - ] J i : arrier
25, and app csrapisfieBang M RENEARAR epfefRR G Bk bl BA bRt e
plurality of,shafts 211, Addi tt onal | the hearings 210 and,.212.which
Bonst 1 £ ut o VHER Rsbe Bifon SurdimisiARre ostts B el rbrd Rytt i

mechani sm 207 ar.e, for exanple, rolling bearings which reduce friction

bet ween machi"A&arts and secure the snooth rotational notion of a nachine.
5 In the conveyor nmechanism 200, as illustrated in FIGs. 1OA and 1 OB, the
beari ngs® 210 of HRehespayeyPr mpchgpismAP; asghusiratgd andlGe1 WAME R 8i6st i tut e t he
hori zontal guide nmechani sm 206 contact the side portion of the carrier 25
( suppor t i ngbaaaiags 216)of therpilwrality of bearinpp 2P dpd 2 Aevhichreenstitute therhodedntad nechani sm
201, thereby regulating novenent in a direction in which the carrier 25
approaches glide abchatism2@§nettac oheeside@biionld tiendridn s lfeppomgs bae26Whi ch
constitute the vertical guide nmechanism 207 guide the carrier 25

(suppor ti ngdias @r &bppedibly\thdlitar Bibp A&k Mychhhiem|20naBsrepicgiilatiig ve nechani sm

201 from below, thereby regulating novement in the direction in which the
carrier 25 fngldnSentlinta difectibd & wHibh 8 c&HIEr 25 approaches the electromagnet cover 205,
10 and the bearings 212 which constitute the vertical guide mechanism 207 guide the carrier
25 (supporting base 26) driven or stopped by the linear motor drive mechanism 201 from
below, thereby regulating movement in the direction in which the carrier 25 falls due to
its own weight.
Thereby, in the conveyor mechanism 200, the load applied to the bearings 212
15 by contact with the carrier 25 can be reduced to a limit of zero, and the frictional force
that the carrier 25 receives from the bearings 212 can be reduced to a limit of zero. Asa
result, it is possible to drive the carrier 25 by the linear motor drive mechanism 201 at a
high speed.
In a conventional conveyor mechanism, the carrier 25 can be drniven or stopped
20  (held) in a noncontact state by a linear motor drive mechanism. However, when such a
linear motor drive mechanism is adopted, the carrier 25 may vibrate during conveyance
of the carrier 25.
This vibration occurs at a relatively low frequency. Due to this vibration,

adverse effects such as the first and second film forming substrates 23 and 24 slipping

25  out of the carrier 25 or plasma or the like becoming unstable during film formation may



Thereby, in the conveyor mechani sm 200, the |oad applied to the bearings 212
15 by contact with the carrier 25 can be reduced to a limt of zero, and the
frictional force that the carrier 25 receives fromthe bearings 212 can be
reduced to a limt of zero. As a result, it is possible to drive the
carrier 25 by the linear notor drive nmechanism 201 at a high speed. In a
conventional conveyor nechanism the cayyier 25 can be driven or stopped 20
(held) in a noncontact state by a linear notor drive nechanism However

when such agechd Nnear notor drive nechanismis adopted, the carrier 25 may

vi brate during conveyance of the carrier 25. This vibration occurs at a

relatively | ow f egueREly, ifME bbRinkdb f0 4N 8biQNn thedf)ink %fin §drhfisg S_such as
the first and second fil'mformng substrates 23 and 24 slipping 25 out of

the carrier 25 0k Jl : Wzﬁ ' p g S y! filmformation
may 19 océﬁ%.agﬁgﬁ%?bn ? [ ‘#ﬁ%gﬁeﬁgﬁﬁgg f%% gﬂ%mgfg%ﬁgé inthe in-line
filmformn a rat us ich requires .a hi degree qf vacuu in order to
enhance. o | ergRnaira ki Sragaiies R oeRER LS ol RN ol G
preferable to use liquid lubricant. or the 5 like, apd there is also a limt
o the. I ubr kel e dtpleoshnBis of dedubrisgpt W@F‘gcqnﬁﬁéla?@ iFr Hhis 2R3 onal
conveyer nechanism when the carrier 25 is conveyed while a | ot of the
wei ght of tepavemsiopglspnyeyey mechapipsy vhen thy casderrdSrigeonyeyadehileiadet ofdbveyance of
the carrier 25 at a high speed becones difficult. However, in the present
i nvent i on, weightieddre carier 23 @ suppored Dy bhdroigs ooths dike, wpaveyhece of thervarriez 3t al
gui de nmechani sm 206 and the vertical guide nechani sm 207 prevent the
carrier 25 dtmdughspbediscomgesidifficnl. conveyance. Additionally, by setting the
| oad applied per bearing 212 which constitutes the vertical guide nechanism
207 to 0 N or setddweger l#ethe present invention, the bearings 210 and 212 which constitute the
10 horizontal guide mechanism 206 and the vertical guide mechanism 207 prevent the
carrier 25 from vibrating during conveyance. Additionally, by setting the load applied
per bearing 212 which constitutes the vertical gutde mechanism 207 to 0 N or setting the
load applied per bearing 212 that the carrier 25 has contacted to 9.8 N or less, it is
possible to drive the carrier 25 at a high speed by the linear motor drive mechanism 201.
15 In addition, according to the present inventor's analysis, it became clear that,
when the carrier 25 having a weight of about several kilograms is conveyed a distance of
about 1.5 m, about 0.5 second or less can be realized as the carrying time by setting the
force applied per one of the bearings 212 which supports the carrier 25 to be less than or
equal to 9.8 N (1 kgf). Additionally, as for the bearings 210 which support the carrier
20 25 from the side, 1t became clear that the same carrying time can be realized by setting
the force applied per bearing to be less than or equal to 98 N (10 kgf).
In the conveyor mechanism 200 of the present invention, as illustrated in FIG 11
in an enlarged manner, each bearing 210 is rotatably attached to the shaft 209 viaa

damping member 213, and the noncontact state between the shaft 209 and the bearing

25 210 is maintained via the damping member 213.



| oad applied per bearing 212 that the carrier 25 has contacted to 9.8 N or
less, it is possible to drive the carrier 25 at a high speed by the |inear
not or drive nmechanism201. 15 In addition, according to the present
inventor's analysis, it becanme clear that, when the carrier 25 having a

wei ght of about several kilograns is conveyed a distance of about 1.5 m
about 0.5 second or |ess can be realizg@ as the carrying tinme by setting the
force applied per one of the bearings 2 which supports the carrier 25 to

be | ess than or sﬁ&&lﬁéa119QhegslﬁﬁPioéisé$aéﬁed Q;'tén NAdidportich froviddd @ oRear i ngs

210 which support the carrier 20 25 fromthe 5| e, It becane clear that the

sane carryidy tﬁe&JB‘PtoCé‘B'ol léﬁrgagldéégtJﬁ%wgfrte&lﬂ'&@thetsﬁ!?ﬁfaﬁE%Saapﬁ*h'e%ga r bearing

to be |l ess t an or equa I'n the conveyor mechani sm 200 of

bear ng 21104 a?f@h%%'*%fl%ssh*f%%‘ﬂ&"’%ﬁgwhl”chsﬁa e PO e

213, and t nonco at e he ft 209 and the bearing 25 210
i s maintai t}eﬁe‘\}’?gaa Fﬂgf@éﬁﬁ“ﬁ@aﬁéﬁ%f’ 05&‘3 Sh"?{;ﬁ) @laﬁ”&‘:‘}ff Fipe theppdf Shatt 209 i s

attached by . fastenln a bolt portion provided at one end thereof to a bolt
hol e prdvi duerhgd b &Wagﬁfﬁe?r”é bt he sub-frame 208a. The bearing 210 is
attached to the shaft 209 in a state which an outer ring thereof is
rotatable by fadndhringorthsbke madsofirhbhenghcheasiblorortiiies opfadhef rssimkan 209
while an inner ring thereof is 5 pinched by washers 214a and 214b. An O ring
or the |ikedemaetefootherdaimpawy menhen2bs Thedamping ldeemben? | hadited find swcledcan be
used for the danping nenber 213. The danping nenber 213 is fitted and
attached tto apaipaf butef pepiphetil dissviepDEF providébivbsomrdrpepiplathldatiadervfiive out er
peri pheral surface of the shaft 209. 10 In the conveyor nechani sm 200, a

cl earance Gha@bombout 0.1 to 0.2 mmis provided between the outer

peri pheral surface of the shaft 209 and the inner ring of the

10 In the conveyor mechanism 200, a clearance C1 of about 0.1 to 0.2 mm is
provided between the outer peripheral surface of the shaft 209 and the inner ring of the
bearing 210 by interposing the damping member 213 between the shaft 209 and the
bearing 210. Additionally, a clearance C2 of about 0.1 to 0.2 mm 1s also provided
between the inner ring of the bearing 210, and the upper washer 214b.

15 Thereby, the bearing 210 becomes slightly movable with respect to the shaft 209.
As a result, the damping member 213 absorbs vibration which is transmitted to the
carrier 25 by contact with the bearing 210, and, in particular, absorbs the vibration in a
high frequency region which is easy to transmit by metal, so that such vibration can be
prevented from being transmitted to the carrier 25 during conveyance.

20 Additionally, as illustrated in FIGS. 12A and 12B, the conveyor mechanism 200
is provided with a sensor 217 which detects contact with the shaft 209 and the bearing
210. By attaching a monitor terminal 217a to the sub-frame 208a, the sensor 217
detects an electrical connection state when the shaft 209 and the bearing 210 have
contacted each other. Thereby, contact with the shaft 209 and the bearing 210 caused by

25  wear, deformation, or the like of the damping member 213 can be detected, and the



bearing 210 by interposing the danpi ng nenber 213 between the shaft 209 and
the bearing 210. Additionally, a clearance C2 of about 0.1 to 0.2 mMmis

al so provided between the inner ring of the bearing 210, and the upper
washer 214b. 15 Thereby, the bearing 210 becones slightly novable with
respect to the shaft 209. As a result, the danpi ng nenber 213 absorbs
vibration which is transmtted to the Eprrier 25 by contact with the
bearing 210, and, in particular, absorbs the vibration in a high frequency

regi on whi Cipgrsprilgsréplh@nichdfidifiglor e diBipRlg métfbel D8S canliehyragphd. ati on can be
prevented frombeing transmtted to the carrier 25 during conveyance. 20

Addi 1 onal |y, a1l 3 6l  EleGonseAhiMle 120 206NBRAMRNSY 2 ARGhANT S

200 is provided wth a sensor 217 ects contact wt haft 209

and the beapin .. B chi .tor 0] 2 to.1h ub-frane
208a, the s{g‘ﬁé orsoé%]?’ lté%?eg%:%sg}yg%ng@g{@{l{é%’?at%%lﬁ ﬁ%acf{]?d c? nané E%%g%%mts he shaft
209 and the_beari,ng, 210 _haye contacted each other. T by, ,caontact with
The ohaft  BOEh TG DES PRAeSD HelISOtgy b L A S TAGS B or 1 he

| i ke of the, danping nenber. 213 can be defected, .and the 21 appropriate

r epl acen®nt nsulatmggmeserial Desides e dampingpenber 243 aintgepogrdhesreen theshalidi tion, in
order to detect contact with the shaft 209 and the bearing 210 by the
sensor 217, 2§%andshabeaeing 31 apdtheiskaft 209sai|the heaging 2k0care plecteipalbtingmedand t he

bearing 210 fromeach other. For this reason, the insulating washers 214a
and 214b nuftemehctasthé. i nsul ati ng materi al besi des the danpi ng nenber 213 are
i nter posed between the shaft 209 and the bearing 210, and the shaft 209 and
t he bearing 210 dnaddities tifi theabhyeybnaedhahiedl 200 that@digiracibh&r whitlntheddi tion, in
t he conveyor nechani sm 200, the configuration in which the danping nenber

213 and t hedsRfaOmember ABANA HR\CARE 2 PNark Eﬁ‘)vﬁieﬂ 8n e sy iofRadal gutisl de 10
mechani sm 206 has been descri bed using the above FIGS. 1 | and 12g.u However ,
the 10 mechanism 206 has been described using the above FIGS. 11 and 12. However, the
conveyor mechanism similarly has the configuration in which the damping member 213
and the sensor 217 are provided on the side of the vertical guide mechanism 207.
That is, in the conveyor mechanism 200, the bearing 212 is rotatably attached to
the shaft 211 via the damping member 213, and the noncontact state between the shaft
15 211 and the bearing 212 is maintained via the damping member 213. Thereby, the
damping member 213 absorbs the vibration which is transmitted to the carrier 25 by
contact with the bearing 212, and, in particular, absorbs the vibration in a high frequency
region which is easy to transmit by metal, so that such vibration can be prevented from
being transmitted to the carrier 25 during conveyance.
20 Additionally, in the conveyor mechanism 200, the sensor 217 which detects
contact with the shaft 211 and the bearing 212 is provided. Thereby, contact with the
shaft 209 and the bearing 210 caused by wear, deformation, or the like of the damping
member 213 can be detected by the sensor 217, and the appropriate replacement timing

of the damping member 213 can be grasped.

25 As described above, since the conveyance speed of the carrier 25 can be



conveyor mechanismsimlarly has the configuration in which the danping
menber 213 and the sensor 217 are provided on the side of the vertical
gui de nmechani sm 207. That is, in the conveyor nmechani sm 200, the bearing 212
is rotatably attached to the shaft 211 via the danping nenber 213, and the
noncont act state between the shaft 15 211 and the bearing 212 is maintained
via the danpi ng nenber 213. Thereby, t danpi ng nenber 213 absorbs the
vibration which is transmtted to the cdrrier 25 by contact with the

bearing 212,cca8red if R 3h-iihé MR FormARSPH RS RewMicR iRtpr&Rnd iBvédiibh Gipprigguency
region which is easy to transmt by nmetal, so that 'such vibration can be

prevent od 1 ARosk Mk BASH1 i didd\pfi R0 bf ekl Mkl SN ey ance. 20

Addi ti onal | e conveyor e~ sensor I'ch detects
contact wt .ne shatt 211 and,the bearjng 212 is.provi.ded. Thereby, contact
wth the shadifeod Yica fif ofiihe B 3PS RG b SyBbd il MbE s on ot he
| i ke of the dagpping nber 213 can be detected by the sensor 217, and the
appropri at ech‘@ggra@éﬁﬁﬁl‘?mf‘?qﬂdlﬁﬁlonﬂ ei“ﬁé‘“d’iﬁfﬂcf‘ﬁé gﬁ%%‘%&‘”?i@ EHHHE grasped. 25
As descri bed above, since the conveyance speed of the carrier 25 can be 22
accel er at edchambenas ajhigh speed, prd Wﬂ?@ﬂ%iwr@ap arfmdernipg process of panagnedisent
invention is applied, it is possible to enhance the manufacturing capacity
of magnet i crecadiog diedynatls aonsequidily alempessiple tg erhapce the manpfactaribg e t o enhance
t he exhaust capability within a treatnent chanber, to performintroduction
or exhaust abaqityafamgngrgedandiog fredim t Additivmdlyemte athighhdegeerof abicuamifgh speed,
and to snoothly performa filmformng process of a magnetic recording

nedi um it the reRmeRUABNbercad bs BasilP Seudembufasiira 0E RighQaligiakagicur i ng
capacity of magnetic recording nmedia. Additionally, since a high degree of

vacuum of  fohe b GRlINERh bs RAATREY, afPR isABoGREBY (cGEL:ETily IRRHEBChHYEe Of

hi gh-qual ity magnetic recording nedia can be attained,  and it is also

possi bl g t 0, RURKEE Fith Yrmind RORE{iRK SuliPisTeactive sputtering.

In addition, the present invention 1s not necessarily limited to the above
embodiment, and various modifications can be made without departing from the spirit
and scope of the present invention. Additionally, in the following description,
description of parts equivalent to those above are omitted, and the same reference

15 numerals shall be given to the parts in the drawings.

Specifically, in the above conveyor mechanism 200, for example, a
configuration as illustrated in FIG. 13 can be adopted. That is, in a horizontal guide
mechanism 206 illustrated in FIG. 13, the shaft 209 and the bearing 210 as well as the
damping member 213 are electrically insulated via an insulating boss 218 or an

20  insulating washer 219. Moreover, a bolt 222 which passes through the shaft 209 via a
washer 220 or a delivery plate 221 made of stainless steel or the like is fastened to a bolt
hole provided at an upper end of the sub-frame 208a.

Even in this case, the bearing 210 is rotatably attached to the shaft 209 via the
damping member 213, and the noncontact state between the shaft 209 and the bearing

25 210 1is maintamed via the damping member 213. Thereby, the damping member 213



10 advanced filmform ng techni ques, such as reactive sputtering. In
addition, the present invention is not necessarily limted to the above
enbodi ment, and various nodifications can be nade wi thout departing fromthe
spirit and scope of the present invention. Additionally, in the follow ng
description, description of parts equivalent to those above are omtted,
and the sane reference 15 nuneral s shalh be given to the parts in the

drawi ngs. Specifically, in the above c& veyor nechani sm 200, for exanple, a

confi gurat 'aggbrgﬁhb Libistioh tech ik ﬂ‘allfsln’rﬂté@to G abfer29 ‘B%E&Qactmﬁitthé Searih

a
hori zontal gui mechani sm 206 il lustrated in Fl t he shaft 509 and the
bearing 21 S I (;l&nm r ul at ed
via an insu lgt“i“\ﬁg‘l“ g@@ufﬂ‘%bso é Hﬂf lfuﬁ&ﬁe eﬁﬁﬂegg)il i P é%g\yg(? a bolt
222 whi ch passes,thr f he h t 209 vLa 2 or .a dellvery pl ate
221 mde o ALVRI Ry dleth 9p st Sucp \Phraed ogn b B et E RO e el B oo LY 0¥ e
at an upper,_end of the sub-frane 208a. Even in this case, the bearing 210 is
rotatably #tWERRECTYEYANE shaft 209 via the danping menber 213, and the
noncontact state between the shaft 209 and the bearing 25 210 is maintained
via the 3danpi ng Adfiepally; i thephave sonvey praneshipmizm 40 %éﬁﬁ@#mPESaZS absorbs the
vibration which is transmtted to the carrier 25 by contact with the bearing
210, and, iconfiguraticnurharbe alopied.ns ilvstated by FIGSo A endal 4B, ghwhick qsenseyy r egi on
which is easy to transmt by netal, so that such vibration can be prevented
from t r ansri28twhih detectshenmetrwittethe SRRt 209rand thedemrirgyHifaeprosidadidi By onal |y, in
t he above conveyor nechani sm 200, for exanple, a configuration may be

adopt ed, asattatHingSinbaiteR derininald 33a addZo48n6 thb4Baft 200 addithdbarisgdsMkhe 223 Whi ch
detects contact with the shaft 209 and the bearing 210 is provided. By

gtl E) ac{nh 29 RNt 933 AR ladt Wil thedRsh Z0ARA YR BeBBnsMbiwIRIRAeRBihthe bearing

10 change in capacitance between the terminals 224a and 224b.  Thereby, wear or

deformation of the damping member 213 can be detected, and the appropriate
replacement timing of the damping member 213 can be known.

In addition, although description is omitted in the above conveyor mechanism
200, the vertical guide mechanism 207 similarly can also have a configuration in which

15  the damping member 213 illustrated in FIG 13 is provided, and a configuration in which
the sensor 224 illustrated m FIG 14 1s provided.

While preferred embodiments of the present invention have been described and
illustrated above, it should be understood that these are exemplary of the present
invention and are not to be considered as limiting. Additions, omissions, substitutions,

20  and other modifications can be made without departing from the spirit or scope of the

present invention.



sensor 223 detects contact with the shaft 209 and the bearings 210 while
detecting a 10 change in capacitance between the term nals 224a and 224b.
Ther eby, wear or deformation of the danping nmenber 213 can be detected, and
the appropriate replacenent timng of the danpi ng nmenber 213 can be known.
In addition, although descriptionis omtted in the above conveyor nmechani sm
200, the vertical guide nmechani sm 207 §hnilarly can al so have a
configuration in which 15 the danpi ng “menber 213 illustrated in FIG 13 is
provi ded, apghtds Q8Rkh@4ration in which the sensor 224 illustrated in FIG 14
is provided. While preferred enbodi nents of the present invention have been
described and illustrated above, it should be understood that these are
exenplary of the present invention and are not to be considered as

limting. Additi.on: 1SS St .ons, 20 and other nodifications
can be mdé'mﬁnﬁgﬂﬁle epgﬂl%gqpﬁlsc#ngtch@’g%b

Fit or scope of the present

invention. 24 hat | imed is: 1. Anin-lipe filmforni t
compri sing: a pl BPUFIEY LR RSB SRAPHGS B [rare P PRt or mi ng

processing is. 5 perforned; a carrier which holds a substrate serving as an
obj ect tSo HETPIMEh formed within the plurality of filmforming chanbers in a
vertical arrangement; and a conveyor nechani sm which sequentially conveys
the carrier throaghriehehichholdsp substraie serivingas et ehjery tebrafiipefosmed grithier ei n t he
conveyor mechani sm conprises a linear notor drive nmechani smwhich drives the
carrier in the plorabignifddt fetnang rhangbetsan iazerticall angogetentteohani sm which i s
provided so as to be able to contact a
a conveyor mechanism which sequentially conveys the carrier through the
plurality of film forming chambers,
10 wherein the conveyor mechanism comprises
a linear motor drive mechanism which drives the carrter in a noncontact state;
a horizontal guide mechanism which is provided so as to be able to contact a
side portion of the carrier, and guides the carrier driven by the linear motor drive
mechanism in a horizontal direction; and
15 a vertical guide mechanism which is provided so as to be able to contact a
lower end of the carrier, and guides the carrier driven by the linear motor drive
mechanism in the vertical direction,
wherein the horizontal guide mechanism or the vertical guide mechanism
comprises
20 a plurality of bearings,
a plurality of shafts, and
a damping member,
wherein the plurality of bearings 1s rotatably attached to the plurality of

shafts arranged in the conveying direction of the carrier via the damping

25 member, and the noncontact state between the shafts and the bearings s



side portion of the carrier, and guides the carrier driven by the |linear
notor drive nmechanismin a horizontal direction; and 15 a vertical guide
mechani smwhich is provided so as to be able to contact a |ower end of the
carrier, and guides the carrier driven by the linear notor drive nechanism
in the vertical direction, wherein the horizontal guide nmechanismor the
vertical guide nmechanism conprises 20 plurality of bearings, a plurality
of shafts, and a danpi ng nmenber, mher@?n the plurality of bearings is

rotatably attachegdsintapheli D6 tRé B4 rggd&é%eﬁger shafts arranged in the conveying
direction of the carrier via the danping 25 nenber, and the noncontact state

between the shafts and the bearings is 25 naintai ned via the danping
menber. 2. The in-line filmform ng apparatus according to Claim1, wherein

t he danpi ng l%r N Sﬁl*n ngﬁan m!lsms %w%rla%g gI[a%mei filmform ng apparatus

according to npri or’ which detects contact

bet ween the shaft and, t he bearin The in-line filmform ng apparatus
according to d al" rimtl_an) ‘F%Tnﬁmg?fés?lbgcfmﬁppl i ed each bearing constituting
the vertical guide nmechanism is O N, or the |oad applied each bearing that
the carfier has contact with, anong the plurality of bearings constituting

the vertical guide mechanism is |less than or equal to 9.8 N
3. The in-line film forming apparatus according to Claim 1, further comprising a sensor

which detects contact between the shafts and the bearings.

4. The in-line film forming apparatus according to Claim 1,

10 wherein the load applied each bearing constituting the vertical guide mechanism
is O N, or the load applied each bearing that the carrier has contact with, among the
plurality of bearings constituting the vertical guide mechanism, is less than or equai to

98 N.

15 5. The in-line film forming apparatus according to Claim I,
wherein the load applied each bearing that the carrier has contact with, among
the plurality of bearings which constitute the horizontal guide mechanism, is less than or

equal to 98 N.

20 6. The in-line film forming apparatus according to Claim I,
wherein the linear motor drive mechanism comprises
a magnetic body provided at a side portion of the carrier, and
a plurality of electromagnets arranged in the conveying direction of the carrier at
a position which faces the magnetic body.

25



15 5. The in-line filmform ng apparatus according to Claim1, wherein the

| oad applied each bearing that the carrier has contact with, anong the
plurality of bearings which constitute the horizontal guide nechanism is

| ess than or equal to 98 N. 20 6. The in-line filmform ng apparatus
according to Claiml, wherein the linear notor drive nechanismconprises a
magneti ¢ body provided at a side porti% of the carrier, and a plurality of
el ectromagnets arranged in the conveyi 8 direction of the carrier at a

position whi CRyf ackse & o%ﬂ@%bb%tﬁ?g&ord t6@lai6, The in-line filmformng

apparatus according to alm ereln the magnetic body is a pernmanent

magnet. 8. The [ p-lLi i f 1 r t}eg ccording to Caim6, 5
wherein the el ecWB‘Jﬁ%ﬁﬁ%E‘%&‘Eﬁ%%{ﬁ{%%’gﬁ’?@ﬁ Sl egtt' he film form ng chanbers.

9. A manufacturing nethod of a nagnetic recording nmedium conprising a step
of formng at |east a magnetic |ayer on the surface of the substrate by

using the in-lLine filmformng apparatus according to Claiml. 10 10. The
manuf act ur ifng Theithbiee %W%’%ﬁ@??ﬁm?%ﬁﬁﬁlgﬁ@ ®%m conprising a step of
formng at | east a magnetic |layer on the surface of the substrate by using
the in-15 ne fil mvheginthegleetpmacaets sreauedded avgsidesheilm farmingobambers. The
manuf acturing nmethod of a magnetic recordi ng nedium conprising a step of
formng at |least a nagnetic |ayer on the surface of the substrate by using
the in-line film form ng apparatus according to C aim 3.
9. A manufacturing method of a magnetic recording medium, comprising a step of
forming at least a magnetic layer on the surface of the substrate by using the in-line
film forming apparatus according to Claim 1.
10
10. The manufacturing method of a magnetic recording medium, comprising a step of

forming at least a magnetic layer on the surface of the substrate by using the in-line film

forming apparatus according to Claim 2.

15 11. The manufacturing method of a magnetic recording medium, comprising a step of
forming at least a magnetic layer on the surface of the substrate by using the in-line film

forming apparatus according to Claim 3.

12. The manufacturing method of a magnetic recording medium, comprising a step of
20  forming at least a magnetic layer on the surface of the substrate by using the in-line film

forming apparatus according to Claim 4.

13. The manufacturing method of a magnetic recording medium, comprising a step of
forming at least a magnetic layer on the surface of the substrate by using the in-line film

25  forming apparatus according to Claim 5.



12. The manufacturing nethod of a magnetic recording nedium conprising a
step of 20 formng at |east a nagnetic |ayer on the surface of the
substrate by using the in-line film form ng apparatus according to C aim 4.
13. The manufacturing nethod of a magnetic recording nedium conprising a
step of formng at | east a magnetic |layer on the surface of the substrate
by using the in-line film 25 form ng gﬁparatus according to Cdaimb5. 27

14. The manufacturing nethod of a magnétic recording nedium conprising a
step of formng at | east a magnetic |ayer on the surface of the substrate
by using the in-line film 5 form ng apparatus according to Claim®6. 15. The
manuf acturing nmethod of a magnetic recordi ng nedium conprising a step of
formng at |least a nagnetic |ayer on the surface of the substrate by using

the in-1i fi f i t di ng. t .aim7. .10 16, T
oty TR RO B BB D Do B A, o
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5 forming apparatus according to Claim 6.

15. The manufacturing method of a magnetic recording medium, comprising a step of
forming at least a magnetic layer on the surface of the substrate by using the in-line film
forming apparatus according to Claim 7.

10

16. The manufacturing method of a magnetic recording medium, comprising a step of
forming at least a magnetic layer on the surface of the substrate by using the in-line film
forming apparatus according to Claim 8.

15



