1 Contindo®s Vacuum Processing Apparatus The present invention relates to a
conti nuous vacuum processi ng apparatus for forming |ayers on workpieces to
5 continuously produce conponents such as_ceram c oscillators. Conponents
such as-ceram c oscillators have been conﬁnnly produced by a batch-npde

el ectrode |ayer-form thod 10 which js |ow.in productivity and
unfavorabl e for nass-gg%ggé%%%ﬁ?8¥¥¥¥¥%#%%%%§¥¥#%%E%%?ﬁﬁﬁag%ing conti nuous
vacuum processi ng has higher productivity, and thus various 15 apparatuses
of such ki nd have been proposed. Anobng themis a nulti-stage differential

pressure app i | i nexag ent
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processing. One of conventional continuous Vacuum processing apparatuses
will be expl admed fRfyry frddudd Gokborhts such as ceramic

oscillators.

Components such as ceramic oscillators have been commonly
produced by a batch-mode electrode layer-forming method
10 which is low in productivity and unfavorable for

mass-production.

A film deposition method using continuous vacuum
processing has higher productivity, and thus various

15 apparatuses of such kind have been proposed. Among them
is a multi-stage differential pressure apparatus
disclosed in Japanese Published Unexamined Patent
Application 6-88235 (1994), in which a sheet of thin
steel is held and conveyed by a plurality of seal rollers

20 for the continuocus vacuum processing.

One of conventional continuous vacuum processing
apparatuses will be explained referring to Fig.1ll. As
shown, there are provided a running film 71, a supply

25 reel 72, a take-up reel 73, and guide rolls 74. A vacuum
sealing assembly denoted as 75 comprises a casing 76, a
seal roll 77, and seal bars 78 to 83. A group of

pressure reducing compartments 84 to 88 from the first to



shown, there are provided a running film71, a supply 25 reel 72, a take-up
reel 73, and guide rolls 74. A vacuum sealing assenbly denoted as 75
conprises a casing 76, a seal roll 77, and seal bars 78 to 83. A group of
pressure reduci ng conpartnents 84 to 88 ffromthe first to 2 fifth stages

are formed be%iﬁ‘%g s‘ééé’aegéafs:aaldrer Bd el ac%dcv}é%% $57 %sarls 1t @ﬁ%rthQ%e

conpartnents econpressed I n stages a vacuum exhausti ng

uni t 90 connegdad ey efd by e vacHimcasltidndifts Al Pryidled 5 are an

evapor ation chanber 91, a coo!fng roll 92, and an evaporation device 93.
The action ofgddnhavesdast rd ekt £ Py entiLAaIn CIHIUMAYSy (BHEUYUMEr ocessi ng

apparatus w Il now be expl ai ned.” When 10 the running film71 is unrolled

fromthe supplohdfled ZhdhetAISLes WHQUGD ddiRigUW & .r old1 sed gl iideey vacuum
sealing assenbly 75 and is guided into the evaporation

5 are an evaporation chamber 91, a cooling roll 92, and an

evaporation device 93.

The action of the above-described conventional continuous
vacuum processing apparatus will now be explained. When

10 the running film 71 is unrolled from the supply reel 72,
it passes through the guide roll 74 and the vacuum
sealing assembly 75 and is guided into the evaporation
chamber 91 for vacuum processing. As the film 71 is
wound and runs on the cooling roll 92, it is subjected to

15 evaporation process in the evaporation device 93 before
reeled out into the atmosphere. The running film 71 is
then guided by the guide roll 74 and taken up by the

take-up reel 73.

20 The above-described conventional apparatus allows the
running film to be conveyed at high speed hence
contributing to the improvement of the productivity, but
creates the following disadvantages when the running film
carries a multiplicity of workpieces taped down thereto

25 to be processed.

(1) The thickness of the running film varies depending on
either the presence or absence and the size of workpieces

on the running film. This increases the gap for sealing



chanber 91 for vacuum processing. As the film 71 is wound and runs on the
cooling roll 92, it is subjected to 15 evaporation process in the
evaporation device 93 before reel ed out igto t he at nosphere. The running
film71 is then guided by the guide roll 74 and taken up by the take-up

reel 73. 20 T, e-descrj onvent i onal at_u | ] ows the running

filmto be cgnr}l\?de?rga Eh dcﬁqleghfelsqu%et er?(r}ta pco?ﬁsrulahgegfyl’onga tsvc?actdnugn | mprovenent of

t he producti\gfﬁ@ﬁéﬁﬂﬁ creates the foll owi ng di sadvant ages when the running
tip

filmcarries a nu icity of workpieces taped down thereto 25 to be

processed. (l)Thed higddiess: Ofcdri Wi NGndiid i reardes-Aarandi ng @m£i t her
the presence or absence and the size of workpieCes on the running film

Thi's increasend s dari staddmflex, 2Pt inAkes e Hee dechiqny ¢fadyr essure
to a vacuum
5 (3)Hence, the whole apparatus and its vacuum exhaust

units will hardly be minimized in the dimensions.

In view of the foregoing, it is an object of the present
invention to provide a compact and simply constructed

10 continuous vacuum processing apparatus capable of
successfully performing vacuum process even when the
workpieces to be processed are taped down on a running

film.

15 To accomplish the said object, a continuous vacuum
processing apparatus for continuously vacuum processing
a row of workpieces taped down on a running film,
according to the present invention, comprises more than
two pressure reducing chambers located in series on both

20 the upstream and the downstream of a vacuum processing
unit respectively. Each of the pressure reducing chamber
includes a film conveying means, a vacuum exhausting
means, and a gate valve provided with a resilient member
for closely holding down the running film to seal off a

25 vacuum state of a belt-like passage of the gate valve.
Accordingly, the vacuum state in the continuous vacuum
processing apparatus will be maintained to a desired

level. While the running film is being conveyed by the



difficult. (2) The apparatus conprises a nultiple of rollers, making the
construction conplex, especially in the sealing part. 5 (3)Hence, the whole
apparatus and its vacuum exhaust units mﬁ%l hardly be mnimzed in the

di nrensions. In view of the foregoing, it Ts an object of the present

nvent on t0 NGV AATPARL AN SR Y AQULLUCLER QL L IS vacuum

processi ng apparatus ¢ SUCCES orm-ng vacuum process even

when the wor miee§%§rt Qe Y %%%%3%1%%% 2P¢6 094N QN 8 4 wapg film 15 To

acconplish the s obj ect, continuous vacuum processi ng apparatus for

conti nuousl y MAGEIMANOGRSUANB R dNPW B2 ANKRHILC @D ARG sfRv 193 1@ g Unni ng
film according to the present invention, conprises nore than two pressure

reduci ng chayeey WGRH dva SR, 0hdiRlh 23 e qURS trigdmiand 1t ke
downstream of a vacuum processing unit respectively. Each of the pressure
reduci ng chambkeruunm@tudes a fil m conveyi ng neans, a vacuum exhausti ng
nmeans, and a gate valve provided with a resilient nenber

The resilient member in the gate valve for sealing may

have a pressurizing space provided in the interior

thereof for introducing a pressurized fluid and is

10 arranged to face the passage of the running film. The

passage will easily be closed and opened by introducing

and discharging the pressurized fluid.

The gate valve may comprise a lower valve member composed
15 of two regions, one located at an entrance side through
which the passage for the running film passes and the
other located at the opposite side on which the passage
extends, and provided with a projection formed between
the two regions, an upper valve member arranged movable
20 vertically with respect to the lower valve member so that
its lower side opposes to the other region of the lower
valve member and an upper side of the projection, and the
resilient member mounted toc a lower side of the upper
valve member. This allows the passage to be closed and
25 opened by the vertical movement of the upper valve
member. Also, when the one region of the lower valve
member 1s sealed, the sealing between the upper and lower

valve members will be maintained.



for closely holding down the running filmto seal off a 25 vacuum state of
a belt-like passage of the gate valve. Accordingly, the vacuumstate in the
cont i nuous vacuum processi ng apparatus will be nmaintained to a desired

| evel . VWhile the running filmis being conveyed by the 4 filmconveying
means of the pressure reducing chanbers, one pair of the gate valves at the
first and second stages are actuated alternately for opening and cl osing

af ter vacuumq%\éa%%tiilg%nth%%e%n%v 732 i ghy evel sef grwil&é@ shake. The

resilient menber in the gate valve for sealing may have pressuri zi ng

space provi dadue? 1eid MR tHEIOT of Qi aigfeRlUe Fa R Q%%S?érsisé%@,” uid
and is 10 arranged to face the passage of the running film The passage

will easily Bedclogedsand<enared d1y thd At Gialg ban & hdipsehan@ilng 1t ktian
pressurized fl uid.

5 an interval of any two adjacent workpieces taped down on
the running film. When the rib portion of the resilient
member is lowered to between the two adjacent workpieces
on the running film, the workpieces will be protected
from any stress during the sealing action.

10
By providing two or more vacuum processing units in a
row, it becomes possible to vacuum process both sides of
the workpieces on the running film in sequence. The
vacuum processing unit may contain a plurality of

15 sputtering devices so that multiple layers can be

developed at one time.

Fig.l is a longitudinal sectional view of the entire
arrangement of a continuous vacuum processing apparatus
20 showing one embodiment of the present invention;
Fig.2 is a plan view showing a base material of a running
film in the embodiment;
Fig.3 is a plan view of the running film in the
embodiment;
25 Fig.4 is an enlarged longitudinal side elevation view of

the running film in the embodiment;



The gate valve may conprise a | ower val ve nenber conposed 15 of two

regi ons, one located at an entrance side through which the passage for the
running filmpasses and the other |ocated.at the opposite side on which the
passage extends, and provided with a prOJ%ctlon formed between the two

regions, an ‘éﬁg;%r ALY e \réb TYTEL ar rll%?l%q(%dm\fl%lil %1%1% Lella¢alhy Mk an%S pect

to the Iomer I've ne so that | ower e opposes to the other

region of theg h@%@iﬁﬁﬁiﬁ%l”QGQ%& %&%wa%fugp%%t%'@%l%% tihe tpleoj ection, and
the resilient nmenber nounted to a | ower side of the upper val ve nenber.

This all ows th®okaseade to be closed and 25 opened by the vertical novenent
of the upper valve nenber. Al so, when the one region of the | ower valve

menber is sedligs,. dahenseds rRE et weer itheliwppers ialkd clewar ival e eherher s
wi |l be maintained. 5 The resilient nenber nmay have a rib portion
provided o8 @ longitudinal front view of the gate valve in action;
Fig.7 1s a schematic diagram of a pneumatic exhausting
circuit in the embodiment;
Fig.8 is a longitudinal front view of a gate valve in a
continuous vacuum processing apparatus showing another
10 embodiment of the present invention;
Fig.9 is a cross sectional view taken along the line A-A
of Fig.8;
Figs.10A and 10B are longitudinal front views of the gate
valve of the another embodiment, each showing a closed
15 state and an opened state; and

Fig.1l1l is a schematic view of the entire arrangement of a

conventional continuous vacuum processing apparatus.

One embodiment of a continuous vacuum processing
20 apparatus according to the present invention will be

described referring to Figs.l to 7.

A running film denoted as 1 is shown in Fig.l and its
details are explained in Figs.2 to 4. The running film 1

25 has two rows of perforations la provided at equal
intervals of a pitch P in both sides thereof, and a row
of apertures 1lb provided in the center thereof for

holding workpieces 2 to be processed. The workpieces 2



| ower side thereof which is arranged to face the passage, and a cross
section of the rib nmay be shaped snmaller than 5 an interval of any two

adj acent wor kpi eces taped down on the runﬂi ng film Wen the rib portion of
the resilient menber is lowered to betweeh the two adjacent workpi eces on

Lhe Tunning LldMndioe Ol SCemMld 06 BT GPELAHITLOMARE of 1ass durl ng

t he sealing action. 10 By providing two or ré vacuum processing units in
arow it begg ResSHYL § Qacuum process both sides of the workpieces
on the running filmin sequence. The vacuum processing unit nmay contain a
plurality of 15 sputtering devices so that multiple |layers can be devel oped
at one tine. Fig.1 is a longitudinal sectional view of the entire

arrangement ®fe f&rGAMg RUOUS ¢.aCUWRPMIERSTIT iappar atsugud@esh®yi 3g one
enbodi ment of the present invention; Fig.2 is a plan view showi ng a base

mat eri al ofs guideninag if id Mrdch thewpiedirent ; (nfdtg.shdwh )a ipltan thieew of the
running filmin the

continuous vacuum processing apparatus 5. The continuous

vacuum processing apparatus 5 comprises a first and a

second entrance-side pressure reducing chambers 6, 7, a

first and a second exit-side pressure reducing chambers

10 8, 9, and a first and a second vacuum processing housings
11, 12. The running film 1 reeled out from the
continuous vacuum processing apparatus 5 is rewound by a

reel-out roll 10 on to a take-up reel (not shown) which

is then transferred to the further steps of process.

The pressure reducing chambers 6 to 9 are substantially
identical in construction having gate valves 20 and film
conveying means 30, and joined to vacuum exhaust units
which will be explained later. The gate valve 20
20 comprises a valve chamber 22 of a top-opened rectangular
shape provided in a valve case 21 and airtightly closed
at the top with a cover 23, as shown in Figs.5 and 6.
The valve chamber 22 includes a running passage 24 in the
bottom which extends across the valve case 21 for passing
25 the running film 1. A resilient sealer 25 made of soft
rubber having a pressurizing space 26 in the center is
disposed in the valve chamber 22. By feeding compressed

air into the pressurizing space 26, the valve chamber 22



enbodi ment; 25 Fig.4 is an enlarged | ongitudinal side elevation view of the
running filmin the enbodi nent; 6 Figs.5A and 5B are a | ongitudinal side
el evation view and a | ongitudinal front view of a gate valve in the

enbodi ment; Figs.6A and 6B are a | ongitudinal side elevation view and 5 a

| ongi tudi nal jfd Qla LW 0 the Gals 1Malnte dda 186t i0NwHih@ THeS Ringhgmatic
di agram of a pneumatic exhausting circuit in the enbodinent; Fig.8 i's a

I 'ongi tudi nal gfinant; Wi afh @i e nalnginih@ eQtlbgduous VageHs pirecessi ng
appar atus show ng anot her 10 enbodi nent of the present invention; Fig.9 is

a cross secti;qQral pHamdeaken Ampiedhal ldine idhciingipd & 2Fi, 0% 4 kand 10B
are longitudinal front views of the gate
plate 28 mounted opposite to the running passage 24 on
5 the side of the pressurizing space 26, and a holding

member 29 securing the upper end of the resilient sealer

25 to the cover 23.

Back to Fig. 1, the film conveying means 30 comprises a
10 film forwarding roll 31, a film guide roll 32, and a
forwarding control space 33 for forwarding the film 1
intermittently. The film forwarding roll 31 has a group
of pins (not shown) for engaging with the perforations la
of the running film 1 and is linked to a drive mechanism

15 (not shown).

The first and second vacuum processing housings 11, 12
are identical in construction and mounted on a module
base 40. Also shown are casings 41, cooling rolls 42,

20 and sputtering chambers 43. The sputtering chamber 43 is
fixedly mounted to the casing 41 and sealed with an
O-ring(s) (not shown). A pair of sputtering devices 44
and 45 are installed in the sputtering chamber 43 for
sputtering two different materials over the front or back

25 surface of the running film 1 in two layers. The casings
41 are provided at both the entrance and exit sides with

a couple of guide rolls 46 which guide the running film 1



val ve of the another enbodi nent, each showing a closed 15 state and an
opened state; and Fig.1l1l is a schematic view of the entire arrangenent of a
conventional continuous vacuum processi ng. apparatus. One enbodi ment of a
conti nuous vacuum processi ng 20 apparatusgaccording to the present

i nvention wilJ bﬂg}]egﬁ‘fqoc"[llﬁi gr,ro flzér']gzliéﬂgantop HIS i 10 ek —sri%nipr}%%dgrrsg 2 to

denoted as 1 1s S details are explained - I'n

4. The running{id; tgvo rows of perforations la provided at equal
intervals of a 61fgﬁ}§§?% oth 'sides thereof, and a row of apertures Ib

provided in the center thereof for hol ding workpieces 2 to be processed.
The wor kpi eces 2 are held to the running film21 by nmasking tapes 3 as

shown in Fi gsnd abidndRef@rrd e tahdhithedl . £itihe famniddd 1¥81h i3 gy ded by
a 5 guide roll 4 froma supply reel (not shown) into the

5 the first exit-side pressure reducing chamber 8 are
linked to a drive mechanism (not shown) for rotating in
synchronism to produce a constant circumferential speed
so that the running film 1 is continuously vacuum
processed in the two vacuum processing housings 11 and

10 12. The film forwarding rolls 31 provided at other
pressure reducing chambers 6, 7, and 9 and the reel-out
roll 10 at the exit of the pressure reducing chamber 9
are intermittently driven at higher speed than the film
forwarding roll 31 of the pressure reducing chamber 8.

15
Fig.7 illustrates a pneumatic exhausting circuit which
incorporates a compressed air unit 51, vacuum exhaust
units 52 and 53, a sputtering gas cylinder 54, control
valves 55, and pipings 56 to 59. The vacuum exhaust

20 units 52, 53 are independently provided for producing a
higher degree of vacuum in the sputtering process. Each
of the gate valves 20 is connected to the compressed air
unit 51 and the vacuum exhaust unit 52 by their
respective control valves 55 for causing the resilient

25 sealer 25 to be properly inflated and deflated.

In the above-described structure, the running film 1 is

advanced a predetermined distance by the film forwarding



conti nuous vacuum processi ng apparatus 5. The continuous vacuum processi ng
apparatus 5 conprises a first and a second entrance-si de pressure reducing
chanbers 6, 7, a first and a second exit-sjde pressure reducing chanbers 10
8, 9, and a first and a second vacuun1pr3§éssing housi ngs 11, 12. The

s Tewound by A o S HBI A G TOTS Y aeug Fea naeHs o uh e 1S
then transferfigddn tge fpyd T}‘%ﬁrﬁrf‘go}aosfsa‘qeo%s%f 13T B §3SW e Jeeduci ng
antially i1dentica

chanbers 6 to 9 are subst in construction having gate

val ves 20 and f idya qaveming FRansi P criiMbd 0id1ed (2 qaguumighaust units
which will be explained |ater. The gate val ve 20 20 conpri ses a val ve

chanber 22 oforerdean- epenatbweclrantly &, shapsmuHiowd dathd o/ alaeLage 21
and airtightly closed at the top with a cover 23, as shown in Figs.5 and 6.

The val ve shaybahe?2Zddsdidas dmarddvl itk pRssie 24 ddudiir) tdnmawi ch
extends across the valve case 21 for passing 25 the running film1l. A
resilient sealldrowdb imader«filsigit sealer 25 to hold down the running
film 1 hence closing the running passage 24 as shown in
Fig.6. After the advancing of the running film 1 into
the first entrance-side pressure reducing chamber 6 is
10 completed, the resilient sealer 25 in the gate valve 20
of the pressure reducing chamber 6 presses down the
running film 1 and closes the running passage 24, forming
a vacuum in the first entrance-side pressure reducing
chamber 6.
15
This is followed by the step of opening the gate valve 20
of the second entrance-side pressure reducing chamber 7.
When the running film 1 has been advanced a predetermined
distance in the second chamber 7 by the action of the
20 film forwarding roll 31, the gate valve 20 is closed and
one cycle of the forwarding operation at the entrance
side is completed. 1In the succeeding cycle, the first
entrance-side pressure reducing chamber 6 is returned to
the atmospheric pressure by the action of a leak valve
25 (not shown) and its gate valve 20 is opened for allowing
the running film 1 to be advanced again by the

predetermined distance.



rubber having a pressurizing space 26 in the center is disposed in the

val ve chanber 22. By feeding conpressed air into the pressurizing space 26,
t he val ve chanber 22 8 is sealed with the resilient sealer 25 while the
running film21 runs through the running 6&53age 24. There are al so provided

a conpressed g{d d e éi’l%hﬂiﬂaete &ﬂﬁ%%d"s@@orﬁﬁ Mﬁ%%@%ﬁﬁfﬁato the

runni ng passage 2 e Si pressuri zi ng spac

hol di ng rrerrb%@&ryscwrli N9 Nes URRETe 6N Hed Nih 1G5 1dd HLs Sgaler 25 to the
cover 23. Back to Fig. 1, the filmconveying nmeans 30 conprises a 10 film

forwarding rofdedilg af idme quideidpl i 3.1 gl & Froravas gl Yy rolgspace 33
for forwarding the<¥|ln11 intermttently. The filmforwarding roll 31 has a

group of pinsoy e AN foff EWagiide Wwdi t4e. pexd anad i ang iy of1 txhe
running film21l and is linked to a drive nmechani sm
5 1 is running on the cooling roll 42 in the first vacuum
processing housing 11, its back surface is subjected to
the two-layer sputtering of two different materials by
their respective sputtering devices 44 and 45 in the
sputtering chamber 43. Equally, when the running film 1
10 runs on the cooling roll 42 in the second vacuum
processing housing 12, its front surface is subjected to
the two-layer sputtering of two materials before reeled
out at a constant speed via the guide roll 46 to the
first exit-side pressure reducing chamber 8 by the action
15 of the film forwarding roll 31. The first and second
vacuum processing housings 11, 12 are connected to the
vacuum exhaust unit 53 for producing a higher degree of
vacuum than the pressure reducing chambers 7 and 8 by
means of conductance effect, since the space between the
20 cooling roll 42 and the casing 41 is minimized to as a
small distance as permitting the passing of the running

film 1.

The running film 1 is then transferred a predetermined
25 distance into the first exit-side pressure reducing

chamber 8 and when its gate valve 20 is opened, fed to

the second exit-side pressure reducing chamber 9. After

the feeding is completed, the gate valve 20 of the first



15 (not shown). The first and second vacuum processi ng housings 11, 12 are
I dentical in construction and nounted on a nodul e base 40. Al so shown are

casings 41, cooling rolls 42, 20 and sputtering chanbers 43. The sputtering
chanber 43 is fixedly nmounted to the casiﬁb 41 and sealed with an O ring(s)

(not shown). A jpaigy of SAULEN NG evices. gy and 48 A8 Jasd alded dn the
e g S

sputtering charber or sputterin ITTerent materia over the front

or back 25 SRyt SPNG Al dNkd 1P ARt oMi% %aeg%{ﬁ}g%d‘ll ar e

provi ded at both t entrance exit si th a couple o rolls

46 whi ch gui 4¢ tthe rARRidphdildNphessudd.0 e £l ifdd RIS 42 tard the
first exit-side pressure reducing chanber 8. The cooling roll's 42 and the

g i ;nef orvar dighgg Jf opkrdihp te JdteStvaaXxid 20 ¢F RIRS SRR GIthg jeleanber
5 pressure reducing chamber 9 and further advancing the
running f£ilm 1 by the action of the reel-out roll 10 to
the next stage of process (not shown). After the length
of the running film 1 is reeled out, the gate valve 20 of

the second exit-~side pressure reducing chamber 9 is

10 closed to be evacuated and returned to its standby state.

The resilient sealers 25 in the gate valves 20 of the
empodiment are made of a belt-like shape of the soft
rubber thus providing a high sealing effect and allowing
15 the two pressure reducing chambers to seal off at either
side, entrance and exit, of the vacuum processing
housings 11 and 12. Accordingly, the apparatus will be
simplified in the construction and minimized in the
overall dimensions. Also, a simple construction of the
20 film conveying means 30 can be employed. The two vacuum
processing housings 11 and 12 are provided for processing
on both the front and back surfaces of the running film 1
respectively. This allows the workpieces 2 on the film 1
to be vacuum processed at both sides, making it possible
25 to form two electrodes on both sides of a ceramic
element. In addition, each of the vacuum processing
housings 11 and 12 can include two or more sputtering

devices 44 and 45 for producing multiple layers of



linked to a drive nechani sm (not shown) for rotating in synchronismto
produce a constant circunferential speed so that the running film1l is
conti nuously vacuum processed in the two vacuum processi ng housings 11 and
10 12. The filmforwardi ng roIIs 31 provided at other pressure reducing

hanmb 6, 7 f I
(r:egucﬂ]; char% ?ﬂgr are | nt er m t enr%}jle'd?l%/le%@tl?é%ég]ﬁoef)%sﬁeegdel{%gncpg ﬁzsglr Fm
forwarding raljemdd,Ofy éh%é’r@o%ﬁ*%see %’PCA %P&@bﬂb&ra% ':.L%HJ ridddisirates

a pneumatic exhausting ZiTeuit I'ncorporates a conpres air unit 51,

vacuum exhausd; Upl £ Ss o 2 r oS TE1d 0h 98y Otld NASa Sy SO

val ves 55, and pipings 56 to 59. The vacuum exhaust 20 unlts 52, 5 are

i ndependent | v priayd ded- 304 c RELMICH N0 e N ghigtnidegr ee of vacuumin the
sputtering process. Each of the gate valves 20 is connected to the

conpressed sair unit 51 and the vacuum exhaust unit 52 by their respective
control valves 55 for causing the resilient 25 sealer 25 to be properly
inflated and nlefdad ethlve 60 according to another embodiment of the
present invention will be described referring to Figs.8
to 10. The gate valve 60 comprises a top-opened valve
case 61 and a cover 62 closing the valve case 61
10 airtightly. Also, a lower valve member 63 having a
substantially L shape in cross section is disposed in the
valve case 61. One leg of the L-shaped valve member 63
is directly joined in seal relationship to the inner side
of one wall of the valve case 61 and has an inclined
15 projection 70 formed on the corner end thereof. An upper
valve member 64 is mounted above the lower valve member
63 so that it can move upward and downward along the leg
of the lower valve member 63. The lower side of the
upper valve member 64 is tailored to match the upper side
20 of another leg of the lower valve member 63 and the upper
side of the inclined projection 70. A resilient sealer
65 made of soft rubber is bonded to or formed integral
with the lower side of the upper valve member 64. The
upward and downward movement of the upper valve member 64
25 is performed by a shaft 66 which is fixedly joined at the
upper end to an air cylinder (not shown) and at the lower
end to the upper valve member 64. A spacer 67 is

provided between the lower valve member 63, the upper



In the above-described structure, the running film21 is advanced a
predeterm ned di stance by the filmforwarding 10 roll 31 of the first
entrance-si de pressure reduci ng chanber 6, The runni ng passage 24 of the
gate valve 20 in the pressure reducing ch% er 6 is at this tinme opened, as

Shown 11 P B AL ohlenBal ey huge 20, oLy nersesgny gL angg i

pressure r educi ng OWs | ent Ssealer own t he

running fil mélh_en@ﬁeckeﬁliéﬂg%t Pmuml@mgslp@ﬁ?@@ ggff;?§s§£'cg¥m6énwlﬂ&:16'

After the advancing of t nni ng I nto rst entrance-side

pressure redugkfgngbanbesmbrigndOcsomptet ed. pihegr esiibedtcgeabee goin the
gate valve 20 of the pressure reduci ng chanber 6 presses down the running

film1l and cl @seshé&hgalvenbage PESSaHE 2he {RQEDINEdAp¥ASHEFLOEN thE &ir st
entrance-si de pressure reduci ng chanber
5 the other leg of the lower valve member 63, and across
the spacer 67 and the opposite wall of the valve case 61.
The resilient sealer 65 has an annular rib 69 formed on
the lower side thereof as shown in Fig. 9 for creating a
closed space in parallel to and increasing the sealing
10 effect between the lower side of the upper valve member
64, the leg and the inclined projection 70 of the lower
valve member 63. The cross section of the annular rib 69
is smaller than the interval between any two adjacent
workpieces 2 taped down on the running film 1. Although
15 the annular rib 69 is formed in a circle in this

embodiment, it may be formed of two or more concentric

circles.

In this embodiment, the forwarding movement of the

20 running film 1 carried out in the same manner as of the
previous embodiment shown in Fig.l is so controlled that
the annular rib 69 of the resilient sealer 65 locates
between the two adjacent workpieces 2 to be processed.
More specifically, it is designed that the annular rib 69

25 holds down the running film 1 without touching the two
adjacent workpieces 2, as shown in Fig.l1l0A, hence
performing the same sealing action as of the gate valve

20 of Figs.5 and 6. The soft rubber used as the



15 This is followed by the step of opening the gate valve 20 of the second
entrance-si de pressure reducing chanber 7. Wien the running film 1l has been
advanced a predeterm ned di stance in the cond chanber 7 by the action of
the 20 filmforwarding roll 31, the gate | ve 20 is closed and one cycle

of the formr%%glj?%g{ ]?élé'ﬂbfj‘ts% e ST NG S GO SI&H ) 1, the

succeedi ng cy rst entrance-side pressure reducing chanber 6 is

returned to the, atimspherd s p %Wéae%y?é&ea%g\!m&%g&{%ﬁ 483k Mal ve 25 (not

shown) and its ‘gate valve 20 1Ts open or running filml to

be advanced agalim fwnhd hee Predeirap nat Pd@NGs embodiGdRendian f the
first and second vacuum processi ng housings 11, 12 is now expl ained which

starts with feedidy Ofrddrel ¥ usipitre fddnpdeied athe co@ iawrdrddgdddy the
action of the guide roll 46. As the running film
5 the second embodiment is that the resilient sealer 65
with the annular rib 69 is simpler in shape and
fabricated with much ease and can perform the sealing
action in no direct contact with the workpieces 2 to be
processed. It is also possible that the resilient sealer
10 25 of the previous embodiment is provided with a similar

projection for producing the same sealing effect without

touching the workpieces 2 taped on the running film 1.

It is understood that the present invention is not
15 limited to the prescribed embodiments and various changes
and modifications in shape, size, and location may be

made.

As set forth above, the continuous vacuum processing

20 apparatus of the present invention comprises more than
two pressure reducing chambers located in series on both
the upstream and the downstream of a vacuum processing
unit respectively. Each of the pressure reducing chamber
includes a film conveying means, a vacuum exhausting

25 means, and a gate valve provided with a resilient member
for closely holding down the running film to seal off the
vacuum state of a belt-like passage of the gate valve.

Accordingly, the vacuum state in the continuous wvacuum



51 is running on the cooling roll 42 in the first vacuum processing
housing 11, its back surface is subjected to the two-layer sputtering of
two different materials by their respective sputtering devices 44 and 45 in
the sputtering chanber 43. Equally, when %e runni ng film11 10 runs on the

|| 11 42 jn th d . ing housing 12, it t
surface i s sUBECTEd (b e U] dyer Spurter] 1 BT tub TS bef or e

reel ed out at onst.ant [.a. .t Ui de. . il st .exit-side
pressure r edulcelq’negl ‘cha elresgﬁfﬁ %‘L@%ﬁi%ﬁ“ﬁ?%%%ﬂn félq%%’t%ger%var%itnhgé(r ol |
31. The firstg, :§ﬁﬁ&9% GLEUm P ' %Qgﬁg - annected to
t he vacuun1exjg&gt uni t IAf'/f?for ﬁfo u??ﬁ%q%: g é?gggéﬁgé&%fﬁ%géuunfthan t he
pressure redugidgpLhandersd ad &dwdeans afe conductance&idget, since

the space between the 20 cooling roll 42 and the casing 41 is mnimzed to
as a smal |l distance A% pAFdiddddt iher-RassinEN d 25irrgj"rblrﬂg didgndy The
[

running film21 is then transferred a predeterm ne stance into the
first exit-sigiecdy essdingn re@ifidtfion, hence ensuring a high level of
the vacuum state. This allows a row of the workpieces
taped down on the running film to be processed
continuously. In addition, as the gate valve is simple
10 in construction, the number of the pressure reducing
chambers is reduced. Therefore, the overall arrangement
of the apparatus will be compact in size minimizing the
exhausting volume, the cost of production, and the space
of installation.
15
When the resilient member in the gate valve for sealing
has a pressurizing space provided in the interior thereof
for introducing a pressurized fluid and is arranged to
face the passage of the running film, the passage will

20 easily be closed and opened by introducing and

discharging the pressurized fluid.

The gate valve comprises a lower valve member composed of
two regiocns, one located at the entrance side through

25 which the passage for the running film extends and the
other located at the opposite side on which the passage
extends, and provided with a inclined projection formed

between the two regions, an upper valve member arranged



chanber 8 and when its gate valve 20 is opened, fed to the second exit-side
pressure reducing chanber 9. After the feeding is conpleted, the gate valve
20 of the first 12 exit-side pressure _reducing chanber 8 is closed and
the second exit-side pressure reducing cHdnber 9 is returned to the

at mospher i ¢ pressure., s 119 f ol ived by dhe. step. of, nening L he gate

me r
val ve 20 of the second “exi pressure reducing chanber an urt her

advanci ng thed YHNg dd Bk D% (e AL e d Nbd @ rehllrdflidn LE 1O T he

next stage of process (not shown). engt nning filml

is reeled outghd hg,gat & 3 e diie SRENDEX LR g RIRSSWA ireduci ng

chanber 9 is 10 closed to be evacuated and returned to its standby state.
The resilienty R8al1i%2S 4l tha a8 oAl Vel elodiie LrRpdinento@e mde

of a belt-like shape of the soft rubber thus providing a high sealing
effect andsaldid *F the upper valve member. This allows the passage
to be closed and opened by the vertical movement of the
upper valve member. Also, when the one region of the
lower valve member is sealed, the sealing between the
upper and lower valve members will be maintained.
10
Since the resilient member has a rib portion provided on
the lower side thereof which is arranged to face the
passage, and the cross section of the rib is shaped
smaller than the interval of any two adjacent workpieces
15 taped down on the running film, the rib portion of the
resilient member when lowered to between the two adjacent

workpieces on the running film allows the workpieces to

be protected from any stress during the sealing action.

20 As two or more vacuum processing units are provided in a
row, they can perform the vacuum process to both sides of
the workpieces on the running film in sequence. The
vacuum processing unit contains a plurality of sputtering
devices hence allowing multiple layers to be developed at

25 one time.



15 the two pressure reduci ng chanbers to seal off at either side, entrance
and exit, of the vacuum processing housings 11 and

apparatus will

means 30 can

be sinplified in the const ction an E‘"Iﬁmﬂmnuﬂmmuéhe

overall dinensions. Al so, a sinple constr ction of t

20 41 I"m éonveyi ng
| oyed. The two vacuum processing housings 11 and 12 are

provided for processing on both the front and back surfaces of the running

film1l respectively.cdii sn@hoWeaddifn WoF S b ddtad | {9 led,0 be

vacuum processed at both sides, naking it possible 25 to formtwo

el ectrodes onchiot tnshEesy o&acal&@(f%a@esaém@ra rd gedidigme@ach of the

vacuum processi ng housings 11 an

can include two or nore sputtering

devi ces 44 anghpgdd f@swpreduci ngnmind i ol Bn | ayer scifract idi fya@piof aliaon. For
exanpl e, electrodes of the ceram c el ement nay be conposed of a chrone

substrate |aymsranth#n two pressure reducing chambers (6,7,8,9) are

located in series on both the upstream and the downstream

of a vacuum processing unit (11, 12) respectively, each

pressure reducing chamber including a film conveying

means

10 (20)

(30), a vacuum exhausting means, and a gate valve

provided with a resilient member (25) for closely

holding down the running film (1) to seal off a vacuum

state of a belt-like passage (24) of the gate valve (20).

2.

A continuous vacuum processing apparatus (5)

according to claim 1, wherein the resilient member (25)

15 in the gate valve (20) for sealing has a pressurizing

space

(26) provided in the interior thereof for

introducing a pressurized fluid and is arranged to face

the passage (24) of the running film (1).

3.

A continuous vacuum processing apparatus (5)

20 according to claim 1, wherein the gate valve (60)

comprises a lower valve member (63) composed of two

regions, one located at an entrance side through which

the passage (68) for the running film (1) passes and the

other located at the opposite side on which the passage

25 (68)

extends, and provided with a projection (70) formed

between the two regions, an upper valve member (64)

arranged movable vertically with respect to the lower

valve member (63) so that its lower side opposes to the



silver second | ayer hence increasing the bonding ram c
base of the elenent. 5 A gate valve 60 according a&“ﬂﬂgnlmlmsumnmﬁent of
the present invention will be described referring to kigs.8%tos 100 The gate
val ve 60 conprises a top-opened val ve ca 61 and a cover 62 closing the

val ve case 61,40, Ai 1ol |Ye AS0o el Ayer,yalus JENber 6Rdai Ny

substantially shape” 1 n cross section 1S dispose e val ve

One | eg of trgei&ésg@paqevp?\}(y)eegﬁm@r(ﬁ%j sargt% rﬁ%'ﬁ’e'ﬂi% | el

rel ationship to the inner side of one wall val ve case 61 and has an

i nclined 15 Pl &% L Ghd @ 9 ’rf&@%v@é‘r@‘fd&%f‘%h@r@%ﬁ&er\%@fve Qﬁbrﬁ%&er val ve
menber 64 i s nounted above the | ower val ve nenber 63 so that it can nove

upward and dowewward along the leg of the | ower valve nmenber 63. The | ower
side of the upper valve nenber 64 is tailored to match the upper side 20 of
another leg of. t heal owerimadwve venner B ek ine apperatsigde®f the inclined

projection 70. A resilient sealer 65 nade of soft rubber is bonded to or
formed integratcording to claim 1, wherein the resilient member (25)
has a rib portion provided on a lower side thereof
arranged to face the passage (24), a cross section of the
rib shaped smaller than an interval of any two adjacent
10 workpieces (2) taped down on the running film (1).
5. A continuous vacuum processing apparatus (5)
according to claim 1, wherein two or more vacuum
processing units (11,12) are provided.
6. A continuous vacuum processing apparatus (5)
15 according to claim 1, wherein the vacuum processing unit
contains a plurality of sputtering devices (44,45).
7. A method of continuously vacuum processing a row of
workpieces (2) taped down on a running film (1), wherein
the running film (1) is passed through a plurality of
20 pressure reducing chambers (6, 7)arranged in series,
conveyed into a vacuum processing unit (11, 12) located
downstream of the pressure reducing chambers (6, 7), and
guided into a plurality of pressure reducing chambers (8,

9) arranged in series and located downstream of the

25 vacuum processing unit (11, 12), characterized by the

steps of: sealing off a vacuum state of a belt-like
passage (24) formed by a gate valve (20) provided with a

resilient member (25) and disposed at an entrance side



with the |l ower side of the upper valve nenber 64. ownwar d
novenent of the upper valve nenber 64 25 is perfc“ﬂﬁﬁllwmwugﬂlmrgG whi ch
is fixedly joined at the upper end to an g&r cylirndere (bOtw ShOWR) and at

the lower end to the upper valve nenber 647 A spacer 67 is provided between

the | ower Valgf?g§gge%o$§%néh&owggsﬁ%hru&éix l%f}ﬁ?ﬂ?ﬁri§€ro$ﬁge&h rom

opposite wall "0 a ase e runnrng runs rough-a

passage 68 wWif0 syl ende. ihr oLk GhLoLO:L eHLat i fh JcRanBEE 0P8, LHE ONE vl

of the val ve case e 1ncltned projection on r leg of

the | ower val Y@c%@@eﬁ%@?’re%QOﬁcfﬁéSvé@@uﬁ%@fﬁée@Qiﬁ&%ﬁb@ pPPOsi e, wal |

of the valve case 61. he reS|I|ent.sea!er as an annular rib 69 forneq
on the |over shdeihherrof rasnshewpiim FLO- sQcEBEsLv &Ry i P9rsu§h 056€h space in

parallel to and increasing the sealing 10 effect between the | ower side of
the upper vsl ¥gstEE8RIside pressure reducing chambers (6, 7),
introducing the running film (1) into the vacuum
processing unit (11, 12), and conveying the running film
(1) from the vacuum processing unit (11, 12) into the
pressure reducing chambers (8, 9) located downstream of
10 the vacuum processing unit (11, 12) after completing a
vacuum process of the workpieces (2); sealing off a
vacuum state of a belt-like passage (24) formed by a gate
valve (20) provided with a resilient member (25) and
disposed at an exit side closely holding down the running
15 film (1) in each pressure reducing chamber (8, 9) located
downstream of the vacuum processing unit (11, 12); and
passing the running film (1) successively through both
downstream side pressure reducing chambers (8, 9) and
guiding the running film (1) to the outside.

20

25



64, the leg and the inclined projection 70 of the |ower val ve nenber 63.
The cross section of the annular rib 69 is snmaller than the interval

bet ween any two adj acent workpi eces 2 taeﬁg down on the running film 1.

Al t hough 15 the annular rib 69 is formed“n a circle in this enbodi ment, it
may be fornmed of two or nore concentrigéﬁRrE?Tes. In this enbodi nent, the
forwardi ng novenent of the 20 running arried out in the sane manner

as of the previous enmbedimEnt, ShowWd dnfid-ohdss 158 GaRLLalled that the
annular rib 69 of the FEé#?fEHT—Sgg%ET“6§g+UUHTESE%E§§%Eﬂ—%%E two adj acent

wor kpi eces 2 to be processed. More specifically, it is designed that the
annular rib 69 25 holds down the running film1l w thout touching the two

adj acent wor kpjRCahah Ao Prawbdre FHdivkdhg hengeser fannitg dde sae
sealing action as of the gate valve 20 of Figs.5 and 6. The soft rubber
used as the located on both the upstream and the downstream of vacuum
processing housings (11) and (12). Each of the pressure
reducing chambers (6) to (9) includes a film conveying
means (30), a vacuum exhausting means, and a gate valve
(20) provided with a resilient member (25) for closely
10 holding down the running film (1) to seal off the vacuum
state of a belt-like passage (24) of the gate valve (20).
As the pressure reducing chambers (6) to (9) are
protected with their specific gate valve belt-like
passage arrangement from reduction of the vacuum state
15 and located respectively on the upstream and downstream
sides of the vacuum processing units (11) and (12), the
vacuum state in the continuous vacuum processing
apparatus (5) will be maintained to a desired level.
While the running film (1) is being conveyed, the gate
20 valves (20) at the first and second stages are actuated

alternately for opening and closing after vacuum

evacuation.

(Figure 1)

25



resilient sealer 65 of this enbodinent is driven by a separate pressing
drive force, as conpared with the resilient sealer 25 of the previous
enbodi ment which is driven directly by the conpressed air. The advant age of
5 the second enbodinent is that the resilient sealer 65 with the annul ar
rib 69 is sinpler in shape and fabricated with nuch ease and can perform
the sealing action in no direct contact wwth the workpieces 2 to be
processed. It is also possible that the resilient sealer 10 25 of the

previ ous enbodinment is provided with a simlar projection for producing the
same sealing effect w thout touching the ygy kpieces 2 taped on the running
filml. It is understood that the present inventionis not 15 |limted to
the prescribed enbodi nen and various changes and nodifications in shape,

size, and | ocation may Yade, As set forth above, the continuous yvacuum
processi ng 20 &pparatus; present invention conprises nore thin t wo
pressure reducfﬂg ch drs | ocatgd in series on both the upstream and the
downst ream of a vquu si ny
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unit respectively. Each of the pressure reducing chanber includes a film
conveyi ng neans, a vacuum exhausting 25 neans, and a gate val ve provi ded
with a resilient nenber for closely holding down the running filmto seal
of f the vacuum state of a belt-like passage of the gate valve. Accordingly,
t he vacuum state in the continuous vacuum 16 processing apparatus w ||
be maintained to a desired level. Wile the running filmis being conveyed
by the filmconveying neans of the pressure reduci ng chanbers, one pair of
the gate valves at the first and second2pgstages are actuated alternately
for opening and closing after vacuum evacuati on, hence ensuring a high

| evel of the vacuum state. This allows a row of the workpieces taped down
on the running ffTrytéytya Q?ocessed continuously. In addition, as the gate
valve is sinple 10 in construction, the nunber of the pressure reducing

la b 1
- : Ta
P (;[ - i @'—"

Fig. 4




chanbers is reduced. Therefore, the overall arrangenent of the apparatus
w |l be conpact in size mnimzing the exhausting volune, the cost of
production, and the space of installation. 15 Wien the resilient nmenber in
the gate valve for sealing has a pressurizing space provided in the
interior thereof for introducing a pressurized fluid and is arranged to
face the passage of the running film the passage will 20 easily be closed
and opened by introduci ng and di scharging the pressurized fluid. The gate
val ve conprises a | ower val ve nenber conposed of two regions, one |ocated
at the entrance side through 25 which th® passage for the running film
extends and the other |ocated at the opposite side on which the passage
extends, and provided with a inclined projection formed between the two

regi ons, an upper valve f&nber .arranged
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17 novabl e vertically with respect to the |ower valve nenber so that its

| ower side opposes to the other region of the |ower val ve nenber and the
upper side of the inclined projection, and a resilient nenber nounted to
the lower 5 side of the upper valve nmenber. This allows the passage to be
cl osed and opened by the vertical novenent of the upper valve nenber. Al so,
when the one region of the | ower valve nenber is sealed, the sealing

bet ween the upper and | ower valve nenbers will be maintained. 10 Since the
resilient nmenber has a rib portion provided on the | ower side thereof which
is arranged to face the passage, and th&/%ross section of the rib is shaped
smal l er than the interval of any two adjacent workpieces 15 taped down on
the running film the ribortion of the resilient menber when |owered to
bet ween the two adj acent Wer k@i eces on the running filmallows the

wor kpi eces to be protected frdm any stress during the sealing action. 20 As
two or nore vacuum pr i s are provided in a
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row, they can performthe vacuum process to both sides of the workpieces on
the running filmin sequence. The vacuum processing unit contains a
plurality of sputtering devices hence allowing nultiple layers to be

devel oped at 25 one tine. CLAI M5 1. A continuous vacuum processi ng
apparatus (5) for continuously vacuum processing a row of workpi eces (2)
taped down on a running film (1), characterized in that 5 nore than two
pressure reduci ng chanbers (6,7,8,9) are located in series on both the
upstream and the downstream of a vacuun?®f ocessing unit (11, 12)
respectively, each pressure reducing chanber including a filmconveying
nmeans (30), a vacuum exhausting neans, and a gate valve 10 (20) provided
with a resilient nenber (p5y—for—<tosetyhotdinmg—dowr—the—running film (1)

s

to seal off a vacuum st at p| pf—a—bett—ke—passage—{240of the phate val ve
(20). L
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2. A continuous vacuum processi ng apparatus (5) according to claim1,
wherein the resilient nmenber (25) 15 in the gate valve (20) for sealing has
a pressurizing space (26) provided in the interior thereof for introducing
a pressurized fluid and is arranged to face the passage (24) of the running
film(1l). 3. A continuous vacuum processi ng apparatus (5) 20 according to
claim1, wherein the gate valve (60) conprises a | ower val ve nenber (63)
conposed of two regions, one |ocated at an entrance side through which the
passage (68) for the running film (1) passes and the other | ocated at the
opposite side on which the passage 25 (68) extends, and provided with a
projection (70) formed between the two ©é¥i ons, an upper valve nenber (64)
arranged novabl e vertically with respect to the | ower valve nenber (63) so
that its |lower side opposes to the 19

Fig. &

61

68




ot her region of the |ower valve nenber (63) and an upper side of the
projection (70), and the resilient nenber (65) nmounted to a | ower side of

t he upper valve nmenber (64). 5 4. A conti nuous vacuum processi ng
apparatus (5) according to claim 1, wherein the resilient nenber (25) has a
rib portion provided on a | ower side thereof arranged to face the passage
(24), a cross section of the rib shaped smaller than an interval of any two
adj acent 10 workpi eces (2) taped down on the running film(1). 5. A
cont i nuous vacuum processi ng appar at us 4%? according to claim1l1, wherein
two or nore vacuum processing units (11/ 2) are provided. 6. A conti nuous
vacuum processi ng apparatus (5) 15 according to claim1l1l, wherein the vacuum
processing unit contains a plurality of sputtering devices (44,45). 7. A
met hod of continuously vacuum processin row of workpieces (2) taped down
on a running film (1), wherein the runnimtigg film (1) is passed through a
plurality of 20 pressure reducing chanbetr's (6, 7)arranged in series,
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conveyed into a vacuum processing unit (11, 12) |ocated downstream of the
pressure reducing chanbers (6, 7), and guided into a plurality of pressure
reduci ng chanbers (8, 9) arranged in series and | ocated downstream of the
25 vacuum processing unit (11, 12), characterized by the steps of: sealing
off a vacuum state of a belt-like passage (24) forned by a gate val ve (20)
provided with a resilient nenber (25) and di sposed at an entrance side

cl osely hol ding down the running film (1) introduced fromthe outside in
each pressure reducing chanber (6, 7) |ocated upstream of the vacuum
processing unit (11, 12); passing the gygning film (1) successively through
both 5 upstream side pressure reducing chanbers (6, 7), introducing the
running film (1) into the vacuum processing unit (11, 12), and conveyi ng
the running film (1) fromthe vacuum processing unit (11, 12) into the

pressure r%:i’uii ? cha7‘owsA(8, 9) | ocated downstream of




10 the vacuum processing unit (11, 12) after conpleting a vacuum process of
the workpieces (2); sealing off a vacuumstate of a belt-1like passage (24)
formed by a gate valve (20) provided with a resilient nenber (25) and
di sposed at an exit side closely holding down the running 15 film (1) in
each pressure reducing chanber (8, 9) |ocated downstream of the vacuum
processing unit (11, 12); and passing the running film (1) successively

t hrough bot h downstream si de pressure reduci ng chanbers (8, 9) and gui di ng
the running film (1) to the outside. 20 %59

Fig. 117
(Prior Art)
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