METHOD AND APPARATUS OF MANUFACTURING MAGNETIC
RECORDING MEDIUM BACKGROUND OF THE INVENTION 1. Field of
the Invention The present invention relates to a method and apparatus of
manufacturing a magnetic recording medium. In particular, the invention
relates to a shift technique of an insulating substrate in a deposition
process of a disk-like magnetic recording medium. 2. Description of the
Related Art As an external recording device of a computer, a device using
METHAQNat®disk BBRAEES rding MiedinthAEsRISEn MastiE Uséd RAGTaRdENG
magnetic disk has an outer diameter of 2.5 to 3.5 inches. A deposition
process on a standard insulating*8ubsttdte 2.5 to 3.5 in. in diameter for a
magnetic disk is typically performed by one-substrate-processing. As a
method of applying a bias voltage on the insulating substrate during
deposition, for example, the following two methods are given. One is a
method that a con@ﬁ*&ww&&galwg b%lg}éEmeQLNis deposited on the
insulating substrate while sug orting a certain position in the insulating

L. dhRbiby Bppor €3 ten a portion for supporting the insulating

substrate is

The present invention relates to a method and apparatus
of manufacturing a magnetic recording medium. In particular,
the invention relates to a shift technique of an insulating
substrate in a deposition process of a disk-like magnetic

recording medium.
2. Description of the Related Art

As an external recording device of a computer, a device
using a magnetic disk as a recording medium has been mostly
used. A standard magnetic disk has an outer diameter of 2.5

to 3.5 inches.

A deposition process on a standard insulating substrate
2.5 to 3.5 in. in diameter for a magnetic disk is typically
performed by one-substrate-processing. As a method of
applying a bias voltage on the insulating substrate during
deposition, for example, the following two methods are given.

One is a method that a conductive film (typically, a base film)



shifted to a position being different from the supporting position in

depositing the conductive film, thereby the bias voltage is applied on the

insulating substrate via the support tool and the conductive film while

supporting a portion on which the conductive film was deposited, by the

supporting tool. The other is a method that a bias terminal is contacted to

an end face of the insulating substrate after depositing the conductive

film, thereby the bias voltage is directly applied on the insulating substrate.
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has gradually increased in recent years, and the magnetic disk is also
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apparatus as in the standard magnetic disk. However, while deposition
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perform deposition on a small-diameter insulating substrate, using ,
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roductivity. When multiple-substrate-processing (for ex le, .
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e Insulating substrates a%e smultaneous% processed, a
toﬂeé%%dtq{é@gm%ive filmwhile supporting a portion on which

the conductive film was deposited, by the supporting tool. The
other is a method that a bias terminal is contacted to an end
face o0f the insulating substrate after depositing the
conductive film, thereby the bias voltage is directly applied

on the insulating substrate.

A demand for a magnetic disk having a small diameter of
1.25 in. or less has gradually increased in recent years, and
the magnetic disk is also manufactured using the same
manufacturing method and manufacturing apparatus as in the
standard magnetic disk. However, while deposition apparatus
for the standard substrate 3.5 in. in diameter can be used to
perform deposition on a small-diameter insulating substrate,
using efficiency of a target to a product is bad, resulting

in reduction in productivity.

When multiple-substrate-processing (for example,

four-substrate-processing) of small-diameter substrates is



insulating substrate proposed in JP-A-2001-216689 (U.S. counterpart
Patent USP 6660089) or the like can not be carried out. Thus, in the case
of multiple-substrate-processing, a manufacturing method that deposition
is performed on an insulating substrate without applying the bias voltage
on the substrate, or a manufacturing method that a base layer is
deposited, then a product is removed from vacuum apparatus to shift and
support the insulating substrate, and then deposition is performed again
thwdthphe btessesitage being appheddn tdeicfacudmyappatatos canibe used. an
SUMMARY OF THE INVENTION However, the former method without
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property as a major property of a product is reduced. On the other hand,
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from the vacuum apparatus and shifted to a different position, then the
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if the' multiple-substrate-processing is performed for

manufacturing method that deposition is performed on an
insulating substrate without applying the bias voltage on the
substrate, or a manufacturing method that a base layer 1is
deposited, then a product is removed from vacuum apparatus to
shift and support the insulating substrate, and then deposition

is performed again with the bias voltage being applied in the

vacuum apparatus can be used.
SUMMARY OF THE INVENTION

However, the former method without application of the
bias voltage is used, an electromagnetic conversion property
as amajor property of a product is reduced. On the other hand,
the latter method, in which the insulating substrate is
temporarily removed from the vacuum apparatus and shifted to
a different position, then thebias voltage is applied, quality
of the product may be deteriorated by particles induced when
the substrate is taken in/taken out into/from the wvacuum

apparatus.



improving productivity, the reduction in property or the deterioration in
quality may not be induced. A mode of apparatus of an embodiment of the
invention includes, in deposition apparatus for stacking a plurality of
layers including a magnetic layer on the plurality of insulating substrates, a
carrier of holding a plurality of insulating substrates, the carrier having a
plurality of support members for supporting respective predetermined
positions on the plurality of insulating substrates, and a shift mechanism of
colledtiesy chandifgdsasitionalon five pplaralifcorinsalding sibduii@sratus
supported by the plurality of support members to different positions b¥1
of Beatikd M Pidrakty ofASIISHE sHISEREES REIFIR theearrér Bydch even
. _predetermined rotation angle, wherein the plurality of support members

1 ard BRectriBRiy SHdtctvE “aid SRchiafy Tohhdctet o albids (hitRy for

. applying a bias voltage on the plurality of insulating, substrates. In another
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aei1aing substralesave.a dlisiclie shane.and genterholes respectively,
the plurality 4 of support members have deformation portions to be
elastically deformed and contact portions being set at one ends of the

deformation portions for contacting to end faces of the
A mode of apparatus of an embodiment of the invention

includes, in deposition apparatus for stacking a plurality of
layers including a magnetic layer on the plurality of
insulating substrates, a carrier of holding a plurality of
insulating substrates, the carrier having a plurality of
support members for supporting respective predetermined
positions on the plurality of insulating substrates, and a
shift mechanism of collectively changing positicons on the
plurality of insulating substrates supported by the plurality
of support members to different positions by rotating the
plurality of insulating substrates held by the carrier by a
predetermined rotation angle, wherein the plurality of support
members are electrically conductive, and electrically
connected to a bias unit for applying a bias voltage on the

plurality of insulating substrates.

In another mode of the apparatus of the embodiment of
the invention, the plurality of insulating substrates have a

disk-1like shape and center holes respectively, the plurality



insulating substrates; the shift mechanism has a plurality of first members
of performing closing operation for holding the substrates from a side of
the center holes of the plurality of insulating substrates, opening operation
for releasing the insulating substrates, and rotation operation in a direction
parallel to surfaces of the substrates, and a plurality of second members
of performing supporting operation of supporting the insulating substrates
by contacting the contacting portions to the end faces to transmit elastic
of fore® Bt daterkatioh poyroAs frtedidunating stbstiatds &l Blaskingally
operation of blocking elastic force of the deformation portions to the
deﬁﬁ§&i§ﬂ1ga§9os?r%%?w$é?§d%ﬂﬁg‘ﬁ1eb€o¥ﬁ&tSﬁ&rtié s fibf tRB@hdoL the

faces, the first and second members bein%1 provided correspondingly to
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conflgure to a OVthﬁe c?osmg gperatlon, the %?OC Ing operation, the d
sudQtafiop operation by the, predetermingd fotatiop angle, apdithe syppeting. .,
operation to be performed successively in accordance with rotation of the
of 2888flating substrates, opening operation for releasing the
insulating substrates, and rotation operation in a direction
parallel to surfaces of the substrates, and a plurality of
second members of performing supporting operation of
supporting the 1insulating substrates by contacting the
contacting portions to the end faces to transmit elastic force
of deformation portions to the insulating substrates, and
blocking operation of blocking elastic force of the deformation
portions to the insulating substrates by separating the contact
portions from the end faces, the first and second members being
provided correspondingly to the plurality of 1insulating
substrates, and has a plurality of cams provided on one
rotational shaft, and a transmission mechanism of transmitting
rotation of the cams to the plurality of first members and the
plurality of second members; the cams and the transmission
mechanism are configured to allow the closing operation, the
blocking operation, the rotation operation by the

predetermined rotation angle, and the supporting operation to

be performed successively in accordance with rotation of the



A still another mode of the apparatus of an embodiment of the invention is
configured such that each of the plurality of first members has a first
swinging member swinging with a predetermined swinging center as a
center while being reciprocally biased at one end by the transmission
mechanism, and a second swinging member of which one end is disposed
facing a middle portion between the other end of the first swinging
member and the swinging center, and the other end is disposed facing the
shadilier end of the first swinging member; the one end of the second
member is connected to the middle portion by a tension spring, and both
the other ends are inserted into the center hole; the second swinging
member swings via the tension spring in accordance with swingin%of the

first Swihging maRer S thaiRB§ thed delEriBE® BT the Sthe? RrglPodiment

approach each other to perform the opening operation, and the described,
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operation. A still another mode of the apparatus of an embodiment of the
redRygNiioRINC/Udes adneshapism of atiaching-of remawing <8 te akietni sm,

which attaches or removes a different carrier for
and a second swinging member of which one end is disposed facing
a middle portion between the other end of the first swinging
member and the swinging center, and the other end is disposed
facing the other end of the first swinging member; the one end
of the second member is connected to the middle portion by a
tension spring, and both the other ends are inserted into the
center hole; the second swinging member swings via the tension
spring in accordance with swinging of the first swinging member,
thereby the described, both the other ends approach each other
to perform the opening operation, and the described, both the
other ends are separated from each other to perform the closing
operation, and as an interval between the described, both the
other ends is changed, a middle position of the interval is

offset, thereby the insulating substrates are displaced to be

separated from the carrier in the closing operation.

A still another mode of the apparatus of an embodiment

of the invention includes a mechanism of attaching or removing



holding a different insulating substrate being large compared with the
plurality of insulating substrates. A mode of a method of an embodiment of
the invention includes a first step of supporting respective predetermined
positions of the plurality of insulating substrates by a plurality of
conductive support members to hold the substrates; a second step of
depositing conductive layers on the held, plurality of insulating substrates
respectively; a third step of rotating the plurality of insulating substrates,
theheralyi ©bHectivel chbhgigaReopositiBny 68 thedplbiztisesrt insuatimy for
substrates supported by the plurality of support members from the

ho IsaBetérinEd HBRRBNSS HiffdréR PoshRInG it SvRIBR Be tdREGcfvarared
layers were deposited; and . a fourth step of stacking a plurality of layers

Wit h8mgR Wragnetié 17er dhthe EohBctRiFI8 & 0t ach of the plurality

of insulating substrates while a bias voltage is applied on the plurality of
insulating substrates through the plurality of support members and the

CONCHMEYETS. BRIBE I8P SR FHONBE I HE RRAWINGS Fidvent son
shows a cross section view of a magnetic record?ng medaium
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recording medium of an embodiment of the invention; Fig. 2 shows a view
po ShowiRg;a gendition thatfoun giess or insulating substrates by a

plurality of conductive support members to hold the substrates;
a second step of depositing conductive layers on the held,
plurality of insulating substrates respectively; a third step
of rotating the plurality of insulating substrates, thereby
collectively changing the positions on the plurality of
insulating substrates supported by the plurality of support
members from the predetermined positions to different
positions at which the conductive layers were deposited; and
a fourth step of stacking a plurality of layers including a
magnetic layer on the conductive layer on each of the plurality
of insulating substrates while a bias voltage is applied on
the plurality of insulating substrates through the plurality

of support members and the conductive layers.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section view of a magnetic recording

medium manufactured by apparatus and a method of manufacturing



substrates are mounted on one small-diameter sputter carrier for special
size of 3.5 inches; Fig. 3 shows a view showing a condi3tion that 3.5 in.
sputter holder is mounted on the small-diameter sputter carrier for special
size of 3.5 inches; Fig. 4 shows a side view of a small-diameter substrate
shift mechanism of the embodiment of the -Invention; Fig. 5 shows a cross
section view taken along V-V line of the small-diameter substrate shift
mechanism of the embodiment of the invention; Fig. 6 shows a cross
a meedtivh MieneaRepigiongadaine gitrdmgi-drntete stbstraterstiftion;
rmechanism of the embodiment of the invention; Fig. 7 shows a cross
sectii Yiew taRETSIohg VRN IBiPEIgidhe stRAIfdiakfeterdibstiateshitlass
mechanism of the embodiment of the invention; Fig. 8 shows a cam chart
SURK DTG SuBtFatB Mt THeratiGh By the Shih-dame et stBstrae iR rrier

. mechanjsm of the em o:gli ent of the invention; and Fig. 9 shows an
O X p¥PiioH Statt diSgfam in'the SUbRfrSte shift operation by the

ir:r?'%gﬂ&‘fne}ers%’c%tsra%e Shift meehanisy of the.embdimentotipe 4 1 5
sputter holder ismounted on the small-diameter sputter carrier
for special size of 3.5 inches;

Fig. 4 shows a side view of a small-diiameter substrate
shift mechanism of the embodiment of the Zinvention;

Fig. 5 shows a cross section view taken along V-V line
of the small-diameter substrate shift mechanism of the
embodiment of the invention;

Fig. 6 shows a cross section view takem along VI—VI line -~
of the small-diameter substrate shift mechanism of the
embodiment of the invention;

Fig. 7 shows a cross section view taken along VIT-VIT
line of the small-diameter substrate shift mechanism of the
embodiment of the invention;

Fig. 8 shows a cam chart showing substrate shift
operation by the small-diameter substrate shift mechanism of
the embodiment of the invention; and

Fig. 9 shows an operation state diagram in the substrate
shift operation by the small-diameter substrate shift

mechanism of the embodiment of the inventiion.



DESCRIPTION OF THE PREFERRED EMBODIMENT Fig. 1 shows a
cross section view of a magnetic recording medium manufactured by
apparatus and a method of manufacturing a magnetic recording medium,
according to an embodiment of the invention. A nonmagnetic insulating
substrate 1, for which tempered glass, glass ceramics, or Si is used, is in
a disk-like shape having a hole in the center. A seed layer (base layer) 2,
nonmagnetic orientation control layer 3, nonmagnetic base layer 4,
nonmagnetietvefmédiate Ryed §EmBERétcIayer 6Mpasshyaioh film 7,
and liquid lubricant layer 8 are stacked on the nonmagnetic insulating
substrate 1. A conductive material is used for the seed layer 2. The
nonmagnetic grientation control layer 3, nonmagnetic base Iagr%r 4, or

nonmaghetic fteMiedistEi8yers (& s6Mefihtds ChahgetPe tatigosidhtmd

number of | %er for origntation cor]ctrol of tlae ma%neti layer. For .
medIum anu%| CEJIJred nY a}:%%iara, us arb a.me h&ﬁg ot}émanuﬁac{tuang
example, a thin film mainly aining carbon Is used for the passivation

o oflT B0 ARG, A PRAMCLAROEINGE SerlEs {UURARL AR URRISE che
th iquid lubricant layer 8. In the embodiment,

1 nyYltinlg;substrate-processing (for example, 4-substrate-processing) of
small-diameter substrate 9 is performed to deposit the respective layers 2

to 8 on tops

A nonmagnetic insulating substrate 1, for which tempered
glass, glass ceramics, or Si is used, is in a disk-like shape
having a hole in the center. A seed layer (base layer) 2,
nonmagnetic orientation control layer 3, nonmagnetic base
layer 4, nonmagnetic intermediate layer 5, magnetic layer 6,
passivation film 7, and liquid lubricant layer 8 are stacked
on the nonmagnetic insulating substrate 1. A conductive
material is used for the seed layer 2. The nonmagnetic
orientation control layer 3, nonmagnetic base layer 4, or
nonmagnetic intermediate layer 5 1is sometimes changed in
composition or number of layers for orientation control of the
magnetic layer. For example, a thin film mainly containing
carbon is used for the passivation film 7. For example, a
perfluorcpolyether series lubricant can be used for the liquid

lubricant layer 8.

In the embodiment, multiple-substrate-processing (for

example, 4-substrate-processing) of small-diameter substrate



of substrates. This is performed by depositing the seed layer (base layer)
2 on each nonmagnetic insulating substrate 1 in vacuum apparatus, then
the substrate is shifted using a substrate shift device specific to the
embodiment of the invention, and then depositing the respective layers 2
to 8 with a bias voltage being applied without taking in or taking out the
substrate. The substrate shift device shifts the substrate to allow a holding
position on the top of the substrate to be changed after depositing the

is geedilayere dherebyerhslting remissgactshowvd)distdsaddposfiedn tops
conductive portion on the top of the substrate, consequently the bias

of FalRRye @RI appiePiroRERiAS BireditiHot SREWA)- 16 thé BeeBiqgyer aver
and the nonmagnetic insulating substrate 1 via the halding member.
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A small-diameter chemjcal-tempered glass substrate having a smooth.
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subangrtg%% waghed. Aéf?@?‘évé‘ '”sg 8. i%i"!:aspgd' fpur small-diameter ¢ 4o
chemical-tempered glass substrates 9 are mounted on one small-diameter

imi%dgg&%"’}r”%dloénoeﬁ’réQﬁS@i%@%é’f§h5ei”£Q§fs-em%§f'Qaﬂ'9§Pé?%teé to 8
with a bias voltage being applied without taking in or taking
out the substrate. The substrate shift device shifts the
substrate to allow a holding position on the top of the
substrate to be changed after depositing the seed layer,
thereby a holding member (not shown) holds a deposited
conductive portion on the top of the substrate, consequently
the bias voltage can be applied from a bias circuit (not shown)

to the seed layer 2 and the nonmagnetic insulating substrate

1 via the holding member.

Example
An example of four-substrate-processing is described in

detail.

A small-diameter chemical-tempered glass substrate
having a smooth surface is used as a nonmagnetic substrate,
and subjected to texturing and then washed. As shown in Fig.
2, washed, four small-diameter chemical-tempered glass

substrates 9 are mounted on one small-diameter sputter carrier

10



carrier 10 for special size of 3.5 inches. has four holes each having one
movable claw 11 for holding a small-diameter sputter carrier substrate and
two stationary claws 12 for holding the small-diameter sputter carrier
substrate. The movable claw 11 for holding the small-diameter sputter
carrier substrate has a contact portion in an arch shape at a tip portion of
a spring member being bent in an L-shape. The arch is perpendicular to a
longitudinal direction of the spring member, and perpendicular to an edge

10 sPthespaal-diamers ehemital-temsered JasssubsiratigEdechofthet ter
stationary claws 12 for holding the small-diameter sputter carrier

carggbsiratd nhsh EsmadegortibadrCdn arch SREPE at atPpbRich. MPHes each
contact portions of the stationary claws 12 for hoIdinﬁéthe,small-diameter
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chemical-tempered glass substrate 9, and the contact portion of the |
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sses_an upper or% n of the small-diameter chemical)-tem ere(%) lass
Smaszu strétaenbe%f%lasﬁg %r%é of the ls%ﬁngsgunk])esrgﬁgrp gf'the@%gvaqgac agvf/a ﬁ,l av

11 tBgrehy the ;small-giamgter ehemically-reini %‘%C{_QL?Sééi’Pﬁf]é%tes%@strate
supported. While four-substrate-processing is carried out in the 11
has a contact portion in an arch shape at a tip portion of a
spring member being bent 1in an L-shape. The arch is
perpendicular to a longitudinal direction of the spring member,
and perpendicular to an edge of the small-diameter
chemical-tempered glass substrate 9. Each of the stationary
claws 12 for holding the small-diameter sputter carrier
substrate has a contact portion in an arch shape at a tip portion.
The contact portions of the stationary claws 12 for holding
the small-diameter sputter carrier substrate support a lower
portion of the small-diameter chemical-tempered glass
substrate 9, and the contact portion of the movable claw 11
for holding the small-diameter sputter carrier substrate
presses an upper portion of the small-diameter
chemical-tempered glass substrate 9 by elastic force of the
spring member of the movable <claw 11, thereby the

small-diameter chemically-reinforced glass substrate 9 is

supported.

While four-substrate-processing is carried out in the

11



example, an embodiment of the invention can cope with

multiple-substrate-processing of any number of substrates in an allowable

range of a sputter cathode. Next, the four small-diameter

chemical-tempered glass substrates 9 are put into sputter apparatus (not

shown) in a supported condition in Fig. 2 for simultaneous deposition of

the four substrates. In the sputter apparatus, as shown in Fig. 3, a 3.5 in.

sputter holder 13 is provided, and a 3.5 in. substrate holding claw 14 holds
ex W Sfall-dameralsstitiee nEarriet 10-fof spbiadsize Of 3.5#ithexope with

Accordingly, the small-diameter sputter carrier 10 for special size of 3.5 in.
mu h et RS eRTR et S EdRse qlerithy it BaABe Feplacet flitha s in

different carrier. In a condition that the 3.5 in. sputter holder 13 is attached

an Gt HAEEMA-didRterdp e PRAMIET L o BEEEial size of 3.5 inches, the

movable claws 11 for holding the small-diameter sputter carrier substrate
are electrically connected to a bias circuit 15. In the sputter apparatus, the

seedaye 2 isdeppsiied glAnaas pressure o miomto S0.mTen ey, o
simultanedus” shift of the four small-diameter &emlcal-temperggg%ssg

susdPslaies Sisparformed by g shift mechanisg, as described: latgn, A8 a1 4
result, the movable claw 11 for holding the small-diameter sputter carrier
supHbstrale, whichi hasheldanil? > for simultaneous deposition of
the four substrates. In the sputter apparatus, as shown in
Fig. 3, a 3.5 in. sputter holder 13 is provided, and a 3.5 in.
substrate holding claw 14 holds the small-diameter sputter
carrier 10 for special size of 3.5 inches. Accordingly, the
small-diameter sputter carrier 10 for special size of 3.5 in.
can be mounted and removed, consequently it can be replaced
with a different carrier. In a condition that the 3.5 in.
sputter holder 13 is attached with the small-diameter sputter
carrier 10 for special size of 3.5 inches, the movable claws

11 for holding the small-diameter sputter carrier substrate

are electrically connected to a bias circuit 15.

In the sputter apparatus, the seed layer 2 is deposited
at Ar gas pressure of 5 mTorr to 30 mTorr, then simultaneous
shift of the four small-diameter chemical-tempered glass
substrates 9 is performed by a shift mechanism as described
later. As a result, the movable claw 11 for holding the

small-diameter sputter carrier substrate, which has held an

12



insulating portion being not subjected to deposition, holds the seed layer 2
as a deposited conductive layer. Accordingly, in subsequent steps, a bias
voltage can be applied from the bias circuit 15 to the seed layer 2 and
nonmagnetic insulating substrate 1 via the movable claw 11 for holding
the small-diameter sputter carrier substrate, which enables bias sputter.
Here, a configuration of a small-diameter substrate shift mechanism used
for the shift is described with reference to Figs. 4 to 7. Fig. 4 shows a side
insjeli bl the SMal-dRinéed sgbstrdte sshift ardctAnism RGOS shows a holds
cross section view taken along V-V line of a head portion in Fig. 4, Fig. 6
theyfGesid énRE defioh VBN FaKePCafRAVICY LR b ifRFhead PORIGHIAI LY/
. Fig. 4, and Fig. 7 shows a craoss section view taken along VII-VII line of
in FeRREE polttortihgRg. 4. An'Fig %, WhiAeral 98 uetotéPR thse shaf®ighe

b motor. Ca,msfél, 22 ggd 23 ar i[;ﬁr?ovide in the headé)ortion, 20 while ,
1953ifg FikBd to the drive Shart 16. MERY 5. & PISFET RBISvidEd iR 9oREF "9

sibgIlon, of & car fgllower.51,and 4 soring 53 piovided in apupper 13
0o a

portion thereof. The spring 53'biages the cam follawer ower side

sm§1YEBW¥M8t¥MP%HﬁPEéé¥“géﬂ?ﬁﬁﬂs9885@%&%@9”which enables bias

Sputter.

Here, a configuration of a small-diameter substrate
shift mechanism used for the shift is described with reference

to Figs. 4 to 7.

Fig. 4 shows a side view of the small-diameter substrate
shift mechanism, Fig. 5 shows a cross section view taken along
V-V line of a head portion in Fig. 4, Fig. 6 shows a cross section
view taken along VI-VI line of the head portion in Fig. 4, and
Fig. 7 shows a cross section view taken along VII-VII line of

the head portion in Fig. 4.

In Fig. 4, a numeral 16 denotes a drive shaft of a motor.
Cams 21, 22 and 23 are provided in the head portion 20 while

being fixed to the drive shaft 16.

In Fig. 5, a roller 52 is provided in a lower portion

of a cam follower 51, and a spring 53 is provided in an upper

13



clockwise, vertical reciprocating operation of the cam follower 51 is
performed one time. The cam follower 51 has four lift members 24. The lift
members 24 are set to be situated below the movable claw 11 for holding
the small-diameter sputter carrier substrate with the small-diameter
substrate shift mechanism being opposed to the 3.5 in. sputter holder 13.
Therefore, the lift members 24 vertically move the movable claw 11 for
holding the small-diameter sputter carrier substrate in accordance with

PO e YevoititiohiUf the Cah 207 i Eig? 6, adfi& 62 iepfeidPm & bwerr 1 tO

ortion .of a cam,.follower 61, and.a spring 63 is provided in an upper .
2 B L R T o TSk P s on

c141s e, A disk 685 ponpegied g e gam ollower 81 yia a ghalt o4 .,

Four cylindrical portions 66 are engage periphery of the

£ o PYGRAIS 1 PRI pEsWinging members gs desgtibed laterare provided ; 5

within each of the cylindrical portions 66. When the cam 22 makes one

fouevolution slgskwisesthe qara follpwer b performs.opetation ope timeythee ¢
operation being operation that a roller attachment portion is reciprocated

be lefy anchHght de sotate thesshaft 64 seuntgecleckvdserandl them ratatgiibmeter
clockwise. Therefore, the disk 65 rotates the four cylindrical portions 14
spuabtaleckwise bym praseteratired: anglet therstexyetselyittaiesr substrate
shift mechanism being opposed to the 3.5 in. sputter holder
13. Therefore, the lift members 24 vertically move the movable

claw 11 for holding the small-diameter sputter carrier

substrate in accordance with one revolution of the cam 21.

In Fig. 6, a roller 62 is provided in a lower portion
of a cam follower 61, and a spring 63 is provided in an upper
portion thereof. The spring 63 is operated to bias the roller
62 to the left in the figure. A disk 65 is connected to the
cam follower 61 via a shaft 64. Four cylindrical portions 66
are engaged with the periphery of the disk 65 by gears. A pair
of swinging members as described later are provided within each
of the cylindrical portions 66. When the cam 22 makes one
revolution clockwise, the cam follower 61 performs operaticon
one time, the operation being operation that a roller
attachment portion is reciprocated left and right to rotate
the shaft 64 counterclockwise and then rotate it clockwise.

Therefore, the disk 65 rotates the four cylindrical portions
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them, and then returns to an original position. In Fig. 7, a roller 72 is
provided in a lower portion of a cam follower 71, and a spring 73 is
provided in an upper portion thereof. The spring 73 biases the cam
follower 71 to a lower side in the figure. When the cam 23 makes one
revolution clockwise, vertical reciprocating operation of the cam follower
71 is performed one time. The cam follower 71 has convex portions 74 at
four 4 places correspondingly to the substrates. A right end of a swingin

06 GSHI e it atet® B Bnippr Yatt 6 actt BFther EiR/eR potidns 745

The swinging member 76 is_pivoted by .a shaft 78, and biased to a lower
theBe ST i 78 o 2o n A A SACaG mERGer 37 fvoted by a

shaft 79 is provided facing the swinging member 76 in a middle portion
between a left end of the swinging member 76 and the shaft 78. A right

end ef the;yvingingmempeg £74$ CPE”%%’Q'JB&@‘? middle potion by 8. 5 o,

tension spring (not shown) . Therefore, the convex portions 74 swing the

of SWIGING Jnempers 76 with vericabmpngment of the camdfoliowsr 4. apde r
the swinging members 77 swing by being driven by this. Swinging

po rdifestions Of #er members ¢ and 773aei opRasitente each ethelower 71 to
Accordingly, two left ends of the swinging members 76 and 77, which are

a lopposetde eachrathe! gapproachileash atheraand 3ib=separate: fram eaah i on

other with rotation of the cam 23. At that
clockwise, vertical reciprocating operation of the cam
follower 71 1is performed one time. The cam follower 71 has
convex portions 74 at four 4 places correspondingly to the
substrates. A right end of a swinging member 76 is situated
on an upper part of each of the convex portions 74. The swinging
member 76 is pivoted by a shaft 78, and biased to a lower side
by a spring 75 at a right end. A swinging member 77 pivoted
by a shaft 79 is provided facing the swinging member 76 in a
middle portion between a left end of the swinging member 76

and the shaft 78. A right end of the swinging member 77 is

connected to themiddle portion by a tension spring (not shown).

Therefore, the convex portions 74 swing the swinging
members 76 with vertical movement of the cam follower 71, and
the swinging members 77 swing by beingdriven by this. Swinging
directions of the members 76 and 77 are opposite to each other.
Accordingly, two left ends of the swinging members 76 and 77,

which are opposed to each other, approach each other and
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time, central positions of the left ends of them are vertically moved, and
the central positions are offset much to an upper side in the case that the
swinging members 76 and 77 separate from each other compared with the
case that the swinging members 76 and 77 approach each other. The
swinging members 76 and 77 are disposed such that the left ends of them
are inserted into central holes of the substrates, and grooves 80 support

internal es of the substrates. Furthermaore, the swinging members 76 .
SRR T7 At R0 Thelrily FOTae G IRE Zyfinarilchat

t1R0rIo0% 66,0 gecordance ity fqtation of the eam 22, Nexd, substgate shify
oderationrby the small-diameter substrate shitt mechanisni ﬁaving the Y

moARPVESRNTIgLAQN, IS [dgseribed with, teferencedp a.cam, ehark of Big- B

and an operation state diagram of Fig. 9. Positions of the cams as shown

sidB Rigschio show pasitions al@irolation pRass-Hs42dndiig 87 separate
Hereinafter, "chuck" means an opening/closing holding mechanism of a

fr cswbstraieingkiding e pai afiswingirge Membess: Wher heneaM 2 hiakesr s
one revolution in Fig. 8, the spring 16 member of each of the movable
76 claws 11 faphaldingtihe asmalbh-tissteter Bpattewcartensubsttates is mevechd

up and
77 are disposed such that the left ends of them are inserted

into central holes of the substrates, and grooves 80 support

internal edges of the substrates.

Furthermore, the swinging members 76 and 77 are
configured to integrally rotate with rotation of the
cylindrical portions 66 in accordance with rotation of the cam

22,

Next, substrate shift operation by the small-diameter
substrate shift mechanism having the above configuration is
described with reference to a cam chart of Fig. 8 and an
operation state diagram of Fig. 9. Positions of the cams as
shown in Figs. 5 to 7 show positions at a rotation phase of
45° in Fig. 8. Hereinafter, “chuck” means an opening/closing
helding mechanism of a substrate including the pair of swinging

members.

When the cam 21 takes one revolution in Fig. 8, the spring
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opened from a position of supporting an upper end of the small-diameter
chemical-tempered glass substrate 9 in a closed condition by
displacement of the cam in the phase 4. Therefore, pressing force to the
small-diameter chemical-tempered glass substrate 9 by elastic force of the
spring member is blocked. Displacement of the cam in the phase 8 is in an
opposite direction to that in the phase 4, by which the spring member is

moved down, and returned to the ition of suppayting the r.end of
ne ]H%rsm% -di%?nce[%er% enn"cl?lcgl-tén%\ﬁ%?);de glai:slsa‘gu stfr%teéof]rforﬁq té?]%dplons%ioﬁ‘ ne

smacflb—'(&“i‘ﬂﬂ%@‘&pr%ﬁﬂggéofcecatgM%%T"@Uﬂ?&%%‘éhel@cﬁlé%geig@ and

glass substrate 9 In an opened condition. When the cam 23 takes on

opdg¥alutign,eagh ghyick: inclpding the swinging members, (8 And A4 1S, ¢ +he

opened from a condition of releasing the small-diameter

smachenicakhiemperedglass substraie&Hom a cenjaphele side dnia closed se g
condition by displacement of the cam in the phase 2, so that the

corsimali-diametar shamicahtemperediglasssubstraie Shs hield. Displagement,
of the cam in the phase 10 is in an opposite direction to that in the phase

prei dynwhiththe chuicklie closed] sa thatdhe smalktdiametertempered glass
chemical-tempered glass substrate 9 is released again. 17 When the cam

sukZX takbes chérevolationi @ rotation pdsitiba spring member is blocked.

Displacement of the cam in the phase 8 is in an opposite
direction to that in the phase 4, by which the spring member
is moved down, and returned to the position of supporting the
upper end of the small-diameter chemical-tempered glass
substrate 9 from the position of blocking the pressing force
to the small-diameter chemical-tempered glass substrate 9 in

an opened condition.

When +the cam 23 takes one revolution, each chuck
including the swinging members 76 and 77 is opened from a
condition of releasing the small-diameter chemical-tempered
glass substrate 9 from a center hole side in a closed condition
by displacement of the cam 1in the phase 2, so that the
small-diameter chemical-tempered glass substrate 9 is held.
Displacement of the cam in the phase 10 is in an opposite
direction to that in the phase 2, by which the chuck is closed
so that the small-diameter chemical-tempered glass substrate

9 is released again.
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of each cylindrical portion 66 in the phase 6 is displaced to a position
rotated by a predetermined angle from an initial position. The chuck is also
rotated by a predetermined angle in accordance with this. Displacement of
the cam in the phase 12 is in an opposite direction to that in the phase 6,
by which the cylindrical portion 66 is returned to the initial position, and
the chuck is also returned to an original rotation position. Operation

condjions efthe spriag member, chuck, and cylndrical pprtions 6 dueto
the onéerevolution of thethree” cams are as showrt in 1g. 9. AS a result,

of L3, SIal '?P‘E‘@élc?%?itc%é.erﬁ%eﬁ%j glass subsiate gswtli]ic.'\};]%ifaced to

supported at the upper end and released at a center hole side inthe Initial

a gsition, s st ixedsatthe centerale side, thenfreply released atihg «5 o)

upper end, and then rotated at the predetermined angle, and then

posSUppgried atBedppek end, andsheprgleased yahtha-eeptechaleside angie
Since the chuck is offset to the upper side when the small-diameter

in ehersicaktereparedglass ssubsiiaie Dds dixed atdife westerholersideethtiase
substrate is raised such that the lower end of the small-diameter

12 chemicaldterppered ass sulastrate Xis separaied fiom phe sstkaignaky which
claws 12 for holding the small-diameter sputter carrier substrate. Thus,

theeash smat-dianhaterr chemiéél-tempeted glas s subbieaten 9 g shifierband.on,
supported 18

and the chuck is also returned to anoriginal rotation position.

Operation conditions of the spring member, chuck, and
cylindrical portions 66 due to the one revolution of the three
cams are as shown in Fig. 9. As a result, each small-diameter
chemical-tempered glass substrate 9, which is supported at the
upper end and released at a center hole side in the initial
position, is first fixed at the center hole side, then freely
released at the upper end, and then rotated at the predetermined
angle, and then supported at the upper end, and then released
at the center hole side. Since the chuck is offset to the upper
side when the small-diameter chemical-tempered glass
substrate 9 is fixed at the center hole side, the substrate
is raised such that the lower end of the small-diameter
chemical-tempered glass substrate 9 is separated from the
stationary claws 12 for holding the small-diameter sputter
carrier substrate. Thus, each small-diameter

chemical-tempered glass substrate 9 is shifted and supported
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such that the movable claw 11 for holding the small-diameter sputter
carrier substrate, which has held the insulating portion being not subjected
to deposition, holds the seed layer 2 being the deposited conductive layer.
Then, the rotation position of the chuck (cylindrical portion 66) is returned
to the initial position. Once the small-diameter chemical-tempered glass
substrate 9 is shifted to achieve electrical conduction after depositing the

eed layer sdescrit%d abqve, the nonmagnetic orientation c% trol layer
I S R e e i e e

layer 6, passivation film 7, and liquid, lubricant layer 8 are, successively , .
spu Y&L,0 B rrlﬁ? SRS fg%ﬁf'&%l%ﬁb ﬁ$t§g%%%ug§gbpé%ﬁg§%&gng

eposited with the bias voltage being app

po M%’H Q%qrr?g %Qrgmgjtg @@ewgl'm P{: m?n ,in}{%rltéloél e @g ed layer

multiple-substrate-processing is performed for improving productivity,

2 pINGRURRERS lavels withsespectyto-thereeddayer canre depesited With + 5 o,
the bias voltage being applied, a magnetic recording medium without

podRAUGHRg creduelioprn Propeiy ohdetedaratiann quRlitsean Here turned to

manufactured, consequently improvement in productivity can be realized
thavhileihigh guplityis kept. Moreover, since the small-diameter sputter

carrier can be easily replaced with a 19

Once  the small-diameter chemical-tempered glass

substrate 9 is shifted to achieve electrical conduction after
depositing the seed layer as described above, the nonmagnetic
orientation control layer 3, nonmagnetic base layer 4,
nonmagnetic intermediate layer 5, magnetic layer 6,
passivation film 7, and liquid lubricant layer 8 are

successively deposited with the bias voltage being applied in

the sputter apparatus.

As hereinbefore, according to an embodiment of the
invention, even if multiple-substrate-processing is performed
for improving productivity, since upper layers with respect
to the seed layer can be deposited with the bias voltage being
applied, a magnetic recording medium without inducing
reduction 1n property or deterioration in quality can be
manufactured, consequently improvement in productivity can be
realized while high quality is kept. Moreover, since the

small-diameter sputter carrier can be easily replaced with a

19



usual one, a usual substrate and a small-diameter substrate can be
successively subjected to deposition. 20 What is claimed is: 1.
Manufacturing apparatus of a magnetic recording medium, comprising: in
deposition apparatus for stacking a plurality of layers including a magnetic
layer on each of the plurality of insulating substrates, a carrier of holding a
plurality of insulating substrates, the carrier having a plurality of support
members for supporting respective predetermined pgsitions on the
3y o Mo ANAg STHEUES ocPE St MRS S eoteRp ot e
carCIERINGROsitions. o, the Aty of insulaling subsirates supported by

the plurality ofssuppo¥t members 1o different positions By rotating the
plurality of insulating substrates held by the carrier by a predetermined
rotation angle, wherein the plurality of support members are electrically
conductive, and electrically connected to a bias unit for applying a bias
voltage on the plurality of insulating substrates. 2. The manufacturing
apparatus according to claim 1: wherein the plurality of insulating
substrates have a
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disk-like shape and center holes respectively, the plurality of support
members have deformation portions to be elastically deformed and
contact portions being set at one ends of the deformation portions for
contacting to 21 end faces of the insulating substrates, the shift
mechanism has, a plurality of first members of performing closing
operation for holding the substrates from a side of the center holes of the
Wha|1;)Clur.lality qfairﬂ%ulgtinl s:ubstrate§, op_ening_ op_eration for releasing the
Substrafes’ afid Totation operation in a direction parallel to surfaces of the

substrates, an lurality of second_ members of performing.supparting , .
poots fan o i anilab b g v byt B AR U SR
me Qciqﬂ{;gct@(gnﬂpﬂ%%@:the end faces to transmit elastic force of

deformation portions to the insulating substrates, and blocking operation

of blaeking-glastic force of the-defgumation pQEtéQf!@itlQéh%inélﬂé‘%}%Qity of
substrates by separating the contact portions from the end faces, the

1a&8eONdh Aembiers heing previded cagespendinghntathe-plargliteblity of
insulating substrates, the first and second members being provided
insioreespogdiaglysdothe phirality of insulating substrates, and a plurality of
cams provided on one rotational shatft,
acarrier of holding apluralityof insulating substrates,
the carrier having a plurality of support members for
supporting respective predetermined positions on the
plurality of insulating substrates, and
a shift mechanism of collectively changing positions on
the plurality of insulating substrates supported by the
plurality of support members to different positions by rotating
the plurality of insulating substrates held by the carrier by
a predetermined rotation angle,
wherein the plurality of support members are
electrically conductive, and electrically connected to a bias
unit for applying a bias voltage on the plurality of insulating
substrates.
2. The manufacturing apparatus according to claim 1:
wherein the plurality of insulating substrates have a
disk-1like shape and center holes respectively,
the plurality of support members have deformation

portions to be elastically deformed and contact portions being

set at one ends of the deformation portions for contacting to
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and a transmission mechanism of transmitting rotation of the cams to the
plurality of first members and the plurality of second members, and the
cams and the transmission mechanism are configured to allow the closing
operation, the blocking operation, the rotation operation by the
predetermined rotation angle, and 22 the supporting operation to be
performed successively in accordance with rotation of the shaft. 3. The

ufacturing aratus according to claim 2: wherein the apparatus is

ené;:)%%gcﬁr%dos%cﬁﬁgatlenasclﬁ o(;C %gplﬁl%kﬁ y orfafzicrsetsrﬁembers has a first
swin%ilqg r%%m?%r Iﬁ\év(i:r}ggr%q_ Withhaa%redetermined swinging center as a
center while being remproca?llf/] biased at one end by the transmission

mechanism, ang;a secopd gwinging memberof which.ane.end is, disposed,

facing a middle portion between the other end of the" first swinging

opdnembshand theswingingeantsand,the other spdiis;digrosedifaeingthee -
other end of the first swinging member, the one end of the second

ho reember iscernngated 40 the, middle partivg thyrtensivnspangsanddithing
the other ends are inserted into the center hole, and the second swinging
op anerobensiings ylssthe ftansiarespting tip Aceerdamee nitheswiaging efthei on
first swinging member, thereby the described, both the other ends

in appidachedaichotherallel to surfaces of the substrates, and

a plurality of second members of performing supporting
operation of supporting the insulating substrates by
contacting the contacting portions to the end faces to transmit
elastic force of deformation portions to the insulating
substrates, and blocking operation of blocking elastic force
of the deformation portions to the insulating substrates by
separating the contact portions from the end faces, the second
members being provided correspondingly to the plurality of
insulating substrates, the first and second members being
provided correspondingly to the plurality of insulating
substrates, and

a plurality of cams provided on one rotational shaft,
and a transmission mechanism of transmitting rotation of the
cams to the plurality of first members and the plurality of
second members, and

the cams and the transmission mechanism are configured

to allow the closing operation, the blocking operation, the

rotation operation by the predetermined rotation angle, and
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to perform the opening operation, and the described, both the other ends
are separated from each other to perform the closing operation, and as an
interval between the described, both the other ends is changed, a middle
position of the interval is offset, thereby the insulating substrates are
displaced to be separated from the carrier in the closing operation. 4. The
manufacturing apparatus according to claims 1 to 3, further comprising: 23
end Sehaniem of allaching o femoving Ine earfier, which. ataches.or 1, .,
FemMoves a different carrier fof ho é)mg § diftefent “insu ating Substrate bé/lng
acdesompareithihensylalio spbsltgles, 5. A method of

manufacturing a magnetic recording medium, comprising: a first step of

supperting respectivepredetermingd, begifigas gtthe Rlurality.of insulatng .

substrates by a plurality of conductive support members to hold the

subsfrates. arsecpad ofdepositing-condustive layes-en thekeldach of

plurality of insulating substrates respectively, a third step of rotating the
thelwality=af insulatingr substratesbereby ollectivelyscthaggingdhgy member

positions on the plurality of insulating substrates supported by the plurality

swicigupportmierahers fonxtheipredetermined posdionsta s a center while
being reciprocally biased at one end by the transmission
mechanism, and a second swinging member of which one end is
disposed facing a middle portion between the other end of the
first swinging member and the swinging center, and the other
end 1s disposed facing the other end of the first swinging
member, the one end of the second member is connected to the
middle portion by a tension spring, and both the other ends
are inserted into the center hole, and

the second swinging member swings via the tension spring
in accordance with swinging of the first swinging member,
thereby the described, both the other ends approach each other
to perform the opening operation, and the described, both the
other ends are separated from each other to perform the closing
operation, and as an interval between the described, both the
other ends is changed, a middle position of the interval is
offset, thereby the insulating substrates are displaced to be
separated from the carrier in the closing operation.

4, The manufacturing apparatus according to claims 1 to

3, further comprising:
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different positions at which the conductive layers were deposited, and a
fourth step of stacking a plurality of layers including a magnetic layer on
the conductive layer on each of the plurality of insulating substrates while
a bias voltage is applied on the plurality of insulating substrates through
the plurality of support members and the conductive layers. 24

a mechanism of attaching or removing the carrier, which
attaches or removes a different carrier for holding a different
insulating substrate being large compared with the insulating
substrates.

5. Amethod of manufacturing amagnetic recording medium,
comprising:

a first step of supporting respective predetermined
positions of the plurality of insulating substrates by a
plurality of conductive support members to hold the substrates,

a second step of depositing conductive layers on the held,
plurality of insulating substrates respectively,

a third step of rotating the plurality of insulating
substrates, thereby collectively changing the positions on the
plurality of insulating substrates supported by the plurality
of support members from the predetermined positions to
different positions at which the conductive layers were
deposited, and

a fourth step of stacking a plurality of layers including
a magnetic layer on the conductive layer on each of the
plurality of insulating substrates while a bias voltage is
applied on the plurality of insulating substrates through the

plurality of support members and the conductive layers.
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