DESCRI PTI ON SUBSTRATE TRANSFER DEVI CE FOR THI N- FI LM DEPCSI TI ON  APPARATUS
Technical Field The present invention relates to a substrate transfer
device for a thin-filmdeposition apparatus in which thin filnms of for
exanpl e silicon are uniforny deposited'on substrates through plasma CVD.
Background Art A photovoltanic nodule is attracting attention and
prospective as a clean energy source; but, cost reduction is indispensable
for pronoted di ssem nation thereof E hin-fil mdeposition apparatus
has been strongly desired which cgﬁ gﬁ;ﬁﬁfb ilicon films with uniform

t hi ckness on | arge-sized substrates in a single operation, thereby

attai ning high mass productivity. For deposition of thin filmof for
exanple silicon, a parallel plate (capacitively coupled) plasm CVD

appar at usSHESTBAdE TRANITER| PEVAEE] FOMTRPNaFALYs DIFROSIPEONI emin its | ow
processing capacity since it can usually treat with only a single

substrat eAPPARABUSUrrently treat with a plurality of substrates by the
apparatus would result in extreme 2 increase in size of the apparatus.

Mor eover, increase in size of the substrate would bring about extrene

Technical Field
The present invention relates to a substrate transfer
device for a thin-film deposition apparatus in which thin
! films of for example silicon are uniformly deposited on

substrates through plasma CVD.

Background Art

A photovoltanic module is attracting attention and
prospective as a clean energy source; but, cost reduction
is indispensable for promoted dissemination thereof. Thus,
a thin-film deposition apparatus has been strongly desired
which can deposit silicon films with uniform thickness on
large-sized substrates in a single operation, thereby
attaining high mass productivity. For deposition of thin
film of for example silicon, a parallel plate
(capacitively coupled) plasma CVD apparatus has been
practically used. The apparatus has a problem in its low
processing capacity since it can usually treat with only a
single substrate; to concurrently treat with a plurality

of substrates by the apparatus would result in extreme



nonuni formty in thickness of thin filmdeposited, failing to obtain a

phot ovol tanic nodule with desired characteristics. In order to deposit thin
filmwi th high uniformty in thickness, plasnma with uniformdensity nust be
formed over the substrate; to this end,2various researches and

I nvestigati ons have been made. However, it is not easy for parallel plate
el ectrodes to formplasma with uniform density when a substrate is of

| arge-si zed. More specjficall in order.to formplasma wth_uniform
densi ty ~TBFEAS (] BHAeeO8l S0 RRATATUPs (HAGFPYS b (11T BEBEE: 1o a
substrate as a whole to arrange the two electrodes wth their distance
bei ng accBiafelf fdthtphehrags ¥awld Rprindsgbevd EbReEef urt her difficul t
when a substrate is |arge-sized. Mdrreover, in the parallel plate el ectrode
system ehepunid odisictiarge bbtiwkeress Mfhthinqfddey deppsisgds! darirlbbrgon
one hand and an opposite electrode wth ground potential and a wall of a
deposi ti onhocbanlaeam omphdtovbleanmiandnodiil edwdatly Adssipeeds| y cause t he

el ectrodes to have self-hbias potential, resulting in distribution caused in
pl asma degehiuchera. st Pesexanple, US Patent 5,437,895). Moreover

| ar ge- si zed el ectrodes nmay cause standing waves to be generated on surfaces

3 thereof, resyl Lirabd e i gbpblYY ¥hi PlARRi¢AUESLh uniformity in
thickness, plasma with uniform density must be formed over
the substrate; to this end, various researches and
investigations have been made. However, it is not easy
for parallel plate electrodes to form plasma with uniform
density when a substrate is of large-sized. More
specifically, in order to form plasma with uniform density
for parallel plate electrodes, it is required with respect
to a substrate as a whole to arrange the two electrodes
with their distance being accurately maintained; this is
not easy and becomes further difficult when a substrate is
large-sized. Moreover, in the parallel plate electrode
system, electric discharge between a high-frequency
applied electrode on one hand and an opposite electrode
with ground potential and a wall of a deposition chamber
on the other hand will disadvantageously cause the
electrodes to have self-bias potential, resulting in
distribution caused in plasma density (see, for example,
US Patent 5,437,895). Moreover, large-sized electrodes

may cause standing waves to be generated on surfaces



Then, a plasma CVD net hod, using inductive coupling type electrodes, has
been proposed which has a plasma naintai ning nechanismentirely different
fromthat of parallel plate electrode system which is free from specific
probl ens of the above-nentioned paralleld plate electrode system such as
required accuracy in distance between electrodes and self-bias of the

el ectrodes and which can generate higher plasma density, using high
frequency, of VHE band vant ageous for, hi gh-speed_.deposition. However, the
above- nent FEREG S ndRIY VR RBupP T APy +88tP%d@9 n% F8PS&&npl e a

| adder shape or_ zigzag folded shape tend to have nonuniform current path
and have partTBPRy & dHAs$mewaVls meithathxpetird AHERGohEe wREHPLH&S are

| arge-si zed in accordance with a | arge-sized substrate, which nmakes it

di ffi cul ttyper edleicterades pl hasa bsietrh Rreposaddwhdialy hahus, pillasmas been
difficult to cope with a large-sized substrate, using any conventi onal

el ect rodemashtadnimg mdwisant ber entaisrdbendtiéferemdd frdhi hhaitl mfdeposi ti on
apparatus which can effectively and concurrently deposit silicon filns with

uni form thagkneey Lzl e1abitvdd sy &R; SkEeehsuhsts 9ées Fiviohout

enl argenment of the apparatus, thereby enhancing productivity. This

thin-filmfecific problems of the above-mentioned parallel plate
electrode system such as required accuracy in distance
between electrodes and self-bias of the electrodes and

) which can generate higher plasma density, using high

frequency of VHF band advantageous for high-speed
deposition.

However, the above-mentioned inductive coupling type
electrodes with for example a ladder shape or zigzag
folded shape tend to have nonuniform current path and have
partially standing waves at unexpected locations when they
are large-sized in accordance with a large-sized substrate,
which makes it difficult to realize the plasma with
uniform density. Thus, it has been difficult to cope with
a large-sized substrate, using any conventional electrode
structure.

Thus, there has been developed a thin-film deposition
apparatus which can effectively and concurrently deposit
silicon films with uniform thickness on a plurality of

large-sized substrates without enlargement of the

apparatus, thereby enhancing productivity. This thin-film



deposition apparatus has, as shown in Figs. 1 and 2, a plurality of (three
in the exanple of Fig. 2) arrays 3A of inductive coupling type el ectrodes
(each array conprising six electrodes in Fig. 1) arranged within walls 2 of
the deposition chanber 1. Each of the ¢l ectrodes 3 conprises feed and
ground parts 3a and 3b and is of substantially U shaped, the U shaped

el ectrodes being arranged in single plane with required spacing to each

other to éhereb .provi de an, el ectrode aréaé de%gQgiqg ugon'g th of the
subst r at e29PORALA O ARRALABYFaNGSH 13° LERAYPedPefdd@ T 0dts@B%h&s @ he feed
part 3a with its end connected to a feed inner conductor of a feed-side

connect orPLURALARY (% ut Bhree dny dfeexampPhe R4l IFi9on2h aspagts tHe of
deposition chanber 1, the feed inner conductor being connected to a high-
f requencyifnduditiyecaraupbilpgotypec cabeatredpbe (Pasdnrmacred coopx itdighg
frequency power source 6. Each of the electrodes 3 has the ground part 3b
wth its ebd gledtdediesd oihh®iwal 11 )2 dwyrangedumd tininduca bl sol @ fyrithend- si de
connector 8 in the wall 2. An outer conductor of the feed-side connector 5
i's groundgdpbeitth@®n'adhamMbapdii s connected to an outer conductor covering
the core body of the coaxial cable 7, whereby the outer conductor is

?gogﬂggfytﬁiSLEgggqgﬁaééh%gazghg#%dég 3 NGofth 805 HURIEYanROYHunld! O der
parts 3a and 3b and is of substantially U-shaped, the U-
shaped electrodes being arranged in single plane with

} required spacing to each other to thereby provide an
electrode array depending upon width of the substrate 4.

Each of the substantially U-shaped electrodes 3 has

the feed part 3a with its end connected to a feed inner
conductor of a feed-side connector 5 which in turn is
arranged in the wall 2 on a top of the deposition chamber
1, the feed inner conductor being connected to a high-
frequency feeding core body of a coaxial cable 7 connected
to a high frequency power source 6. Each of the
electrodes 3 has the ground part 3b with its end grounded
to the wall 2 by a ground conductor of a ground-side
connector 8 in the wall 2. An outer conductor of the
feed-side connector 5 is grounded to the wall 2 and is
connected to an outer conductor covering the core body of
the coaxial cable 7, whereby the outer conductor is

grounded to effect emission shield for the high-frequency

power. In order to supply high frequency power of



5 alternately reversed phases to the feed parts 3 of the adjacent

el ectrodes 3, a phase shifter (not shown) may be arranged between the

f eed-si de connector 5 and the high frequency power source 6. A function
generator (not shown) is connected to the high frequency power source 6 soO
as to apply desired AM nodul ation to the high-frequency power outputted
fromthe power source 6. Such thin-filmdeposition apparatus has, as shown
in Fig. 1, . the electrodes 3 (electrode arrays _3A). arrapged i ccordance
Wi th the ALEBADAESIG SRYSTFatic PRASES L BRGed S5t BADFar 4l Oft itk in Fi g.
2) arrays with required spacing wth each other as shown in Fig. 2, the

subst r at e8ddagenty e kaG BRgeasod ofpdiate sFRES tOT Rt oFhPWE oMtk rRRles 3
this structure nmakes it possible to concurrently deposit thin films on a
nunber ofafrarged BHagtweénsuhet fatess- stide t bensegtiamprovang pheddcidlvity. A
front wall 2a (left- side wall in Fig. 1) of the deposition chanber 1 is

construct ftetjacheysg®@fér vebyurepeed andui®seenh Beneaetvng(hbe front wall
2a, the substrate 4 nay be transported onto and di scharged fromthe

substrat esAYRRAY  tis TodWebPEAT iter tHe tHEgHEPRE UL FNFGREE LousOngect ed
to the vacuum punpi ng device 10 so as to be internally evacuated; to this

end, the 98p8§iEH”£§H@9b8éslr%% AM modulation to the high-frequency

power outputted from the power source 6.

Such thin-film deposition apparatus has, as shown in
Fig. 1, the electrodes 3 (electrode arrays 3A) arranged in
accordance with the width of the substrate 4, are arranged
in a plural (three in Fig. 2) arrays with required spacing
with each other as shown in Fig. 2, the substrates 4 being
arranged on opposite sides of each of the electrodes 3;
this structure makes it possible to concurrently deposit
thin films on a number of (six in Fig. 2) substrates 4,
thereby improving productivity. A front wall 2a (left-
side wall in Fig. 1) of the deposition chamber 1 is
constructed to be selectively opened and closed; by
opening the front wall 2a, the substrate 4 may be
transported onto and discharged from the substrate support
9.

An interior of the deposition chamber 1 is connected
to the vacuum pumping device 10 so as to be internally
evacuated; to this end, the deposition chamber 1 is

constructed airtight.



constructed airtight. 6 The ground-side connector 8 is externally connected
-to a gas supply source 11 so as to feed the source gas 12 such as silane
for deposition of filns through interiors of the ground parts 3b
constitutive of pipes of the electrodes 8. In the thin-filmdeposition
apparatus shown in Figs. 1 and 2, the substrates 4 are arranged on opposite
sides of the electrodes 3 arranged in plural arrays, the interior of the
deposition chapber 1 being kept at a wvacuum by the vacuum punpi ng device 10
and the sour ceTBgs SEPIRAICHIGE SOPRRE TR F1 i GESGENT bhY bEPRGSEEFY 1 om t he
gas supply source 11. In this state, high-frequency power is fed by the

hi gh frqu@néy%&ﬁmﬁuEB%YCEOHﬂﬁ9t#kaS%I%ﬁt?@d@§ tthgefebace® Fasnk2 ar ound
the feed and ground parts 3a and 3b, thereby depositing thin filns of
silicon sith as faorlhandi Ekmedepmsithiconubt fatlles 4hadeghbdnd-emwimisned
thin-filmdeposition apparatus is disclosed for exanple in JP 2002-69653 A
I n the thos- thlengdennsdtpaptappa alosswittitibe iy pedepdsitieon chanber 1
as shown in Figs. 1 and 2, the operation of depositing the thin filnms on
the substgabesrédads §lifficult to be automated. Therefore, as shown in Fig.
3, a conventional proposal is, for exanple, to arrange a

In the thin-film deposition apparatus shown in Figs.
1l and 2, the substrates 4 are arranged on opposite sides
of the electrodes 3 arranged in plural arrays, the

) interior of the deposition chamber 1 being kept at a
vacuum by the vacuum pumping device 10 and the source gas
12 such as silane for film deposition being fed from the
gas supply source 11. In this state, high-frequenc& power
is fed by the high frequency power source 6 to the
electrodes 3 to generate plasma around the feed and ground
parts 3a and 3b, thereby depositing thin films of silicon
with uniform thickness on the substrates 4.

The above-mentioned thin-film deposition apparatus is
disclosed for example in JP 2002-69653 A.

In the thin-film deposition apparatus with the single
deposition chamber 1 as shown in Figs. 1 and 2, the
operation of depositing the thin films on the substrates 4
is difficult to be automated. Therefore, as shown in Fig.
3, a conventional proposal is, for example, to arrange a
substrate loaded part 13, a heat part 15 with substrate

heaters 14, a load lock chamber 18 with heat equalizers 16,



substrate | oaded part 13, a heat part 15 with substrate heaters 14, a | oad
| ock chanber 18 with heat equalizers 16, 7 a vacuum punpi ng device 17 and
an openable air intake 18a, a deposition chanber 1 with inductive coupling
type electrodes 3, a vacuum punping deVice 10, a gas supply source 11 and
a tenperature controller 19, an unload |lock chanber 21 with a vacuum
punpi ng device 20 and an openable air intake 2la and a substrate di scharge
part 22; a transfer carriage 23 i.ch can carry t substrates.4 is

P Bhspor (@’ UPNE G FEVEERIAd Fhd A5 OPREAES &by EhEakEndite | oad
| ock chanber 18 into the deposition chanber 1, noved via the unload |ock
chanber 22 4eprepgrétiomihameerndand tiy Mduetivenc@umlime §¥PStrate | oaded
part 13, thereby providing the thin-filmdeposition apparatus. In Fig. 3,

r ef er enceeheiobrade s24h andvadgumdpsimpiaie gaviéceallVes & ogasnsepedpti on from
outside for |oading and unloading, respectively. In Fig. 3, reference
nuner al s 2dbrcédt lamh 4l tenpeeatyaie sahveslier me uadn unileadedai

bet ween the heat part 15, the load | ock chanber 18, the deposition chanber

1 and thecyghead backyi @haabescatm Wisdpidg nabi-hiee e dwabgndepesidik on

the substrates 4, first of all, thé substrates 4 are carried on the

carriage g?riEnEgﬁéﬂgfﬁréﬁg 50§9%%ﬂ¥ﬁﬁe1§ischarge part 22; a

transfer carriage 23 which can carry the substrates 4 is
transported via the substrate loaded part 13, the heat
j part 15 and the load lock chamber 18 into the deposition

chamber 1, moved via the unload lock chamber 21 to the
substrate intake 22 and returned to the substrate loaded
part 13, thereby providing the thin-film deposition
apparatus. 1In Fig. 3, reference numerals 24a and 24e
designate gate valves for interception from outside for
loading and unloading, respectively. In Fig. 3, reference
numerals 24b, 24c and 24d denotes gate valves for mutual
interception between the heat part 15, the load lock
chamber 18, the deposition chamber 1 and the unload lock
chamber 21.

When thin films are to be deposited on the substrates
4, first of all, the substrates 4 are carried on the
carriage 23 in the substrate loaded part 13.

The substrates 4 carried on the carriage 23 are
transferred to the heat part 15 with the gate valve 24a

being opened. Then, the gate valve 24a is closed and the



The substrates 4 carried on the carriage 23 are transferred to the heat
part 15 with the gate valve 24a being opened. Then, the gate valve 24a is
closed and the 8 substrates are uniformly heated by the substrate heaters
14 to a predeterm ned tenperature. The fubstrates 4 heated in the heat part
15 are transferred to the load |ock chanber 18 wth the gate valve 24b
bei ng opened. Then, the gate valve 24b is <closed and the | oad | ock chanber

18 is evacuated by the vacuuym i.ng deyice whi |.e the tenperature of
Lhe subotVBF 6EaRess ARE AL RBATHY IR T Pig EOG AT DBt 5858 PR A LT
predeterm ned tenperature. Then, the gate valve 24c is opened and the
subst rat ek4 Boape Phednterprépeto HEAP &IepbaF i on chanber 1. After the gate
valve 24c is closed, silicon filns are deposited on the substrates 4 by
oper ati ng t he BhecsubgdsrBtewi #ehendedrictetkenhred Pagskul® asemi nt ai ned
by the vacuum punping device 10 and the source gas 12 such as silane is fed

by the gesaagfiphytesbureetid. 18hiderlddle ¢hambdepds twibth ohhthgatiebstrates 4
is conpleted, the gate valve 24d is opened and the substrates 4 are

transferregdiye bhe Wi Odd &?ehe@harrwenal-twé §hte vl 348 pEessure of

the interior of the unload Tock chanber 21 has been previously reduced to

negative closed and the load lock chamber 18 is evacuated by the
vacuum pumping device 17 while the temperature of the
substrates 4 is maintained by the heating equalizers 16 to

) the predetermined temperature.
Then, the gate valve 24c is opened and the substrates
4 are transferred to the deposition chamber 1. After the
gate valve 24c is closed, silicon films are deposited on
the substrates 4 by operating the electrodes 3 while the
predetermined pressure is maintained by the vacuum pumping
device 10 and the source gas 12 such as silane is fed by
the gas supply source 11.
After the film deposition on the substrates 4 is

completed, the gate valve 244 is opened and the substrates
4 are transferred to the unload lock chamber 21. At this
time, the pressure of the interior of the unload lock
chamber 21 has been previously reduced to negative
pressure same as that of the deposition chamber 1 by the
vacuum pumping device 20; when the substrates 4 are

transferred out to the unload lock chamber 21, the gate

valve 244 is closed.



pressure sane as that of the deposition chanber 1 by the vacuum punping
device 20; when the substrates 4 are transferred out to the unload | ock
chanber 21, the gate valve 24d is closed. 9 Then, the air intake 2la is
opened to rise the pressure in the unl odd | ock chamber 21 to the atnospheric
pressure, and the gate valve 24e is opened. In the state, the substrates 4
on the carriage 23 are transferred out. Then, the carriage 23 is noved to

t he substrate dj scharge art 2 nd the substrates 4 with the filns

deposi ted thePBOR-ald& At BOEARA AHA Hof RCD Aol hedSSubBEr ates 4 are
to be transferred to the | oad | ock chanber 18 which has been reduced in
pressur e, PFRESHTE iRt ke 18R1Padodasdd chambarsé it He® prkesatmosPhai oad

| ock chanmber 18 to the atnobspheric pressure, and then the gate valve 24b is
opened. Thbreganrieag@RB thedgateswissivert24er aasogprendali celif othet Bgattig.n-fi Il m
deposition apparatus shown in Fig. 3 is conventionally constructed such
that, as shewsubsthigdses 44 andthe VHHOTdgP028S aZz@ Wirdn § £qitiriedd apaci ng
fromeach other in a direction of travel of the carriage are arranged on a

carri age gy , 2 fnD\H¥ £i ¥§8 ¥heelsS iy & tgULHR IsRidst PateClaWIHIEgE S 29
for retaining engagenent W th the substrates 4 are nounted on surfaces of

the pOStSpart 22 and the substrates 4 with the films deposited

thereon are taken out and withdrawn. When next substrates
4 are to be transferred to the load lock chamber 18 which

) has been reduced in pressure, the air intake 18a is opened
to raise the pressure of the load lock chamber 18 to the
atmospheric pressure, and then the gate valve 24b is
opened.

The carriage 23 used as substrate transfer device for
the thin-film deposition apparatus shown in Fig. 3 is
conventionally constructed such that, as shown in Figs. 4
and 5, support posts 28 with required spacing from each
other in a direction of travel of the carriage are
arranged on a carriage body 27 movable via wheels 26 on
guide rails 25; claw members 29 for retaining engagement
with the substrates 4 are mounted on surfaces of the posts
28 facing the electrodes 3 so that the substrates 4 are
retained and extend between the posts 28, whereby surfaces
of the substrates 4 face the electrodes 3.

In the example shown in Fig. 4, a plurality of (three

in the example shown in Fig. 4) arrays of electrodes 3 are



28.facing the electrodes 3 so that the substrates 4 are retained and extend
- between the posts 28, whereby surfaces of the substrates 4 face the

el ectrodes 3. In the exanple shown in Fi&. 4, a plurality of (three in the
exanpl e shown in Fig. 4) arrays of electPodes 3 are 10 arranged in the
deposition chanber 1 with required nutual spacing in a horizontal direction
perpendi cular to the direction of travel of the carriage 23, so that plural
pairs (six pairs._.in the ex | e .shown in Fig. 4) qf . support posts 28 are
arr anged %ﬁg?ﬂgegodW:ﬁi%fggﬁ8513éqqeﬁﬂ?@%gfoim¥&§qrﬁé@ﬁ?Fﬁgegé%u%im
substrates 4 face the opposite surfaces of the arrayed el ectrodes 3. The
body 27 ofPaf&ngadm a#ychoBipgstalr shirespt ipncRerPengdignlay toentthd Iy on a

| ower surface of the body and which extends in the direction of travel of
the carridiyeectIoa retktBaved edgdded erxrhipgei @3s 3B cblzAtopblwiach is
rotatively driven via a rotary shaft 32 by a drive 31 such as a notor and
whi ch arepaitrangedx mpa@irsulae thfe texeamplef sholka dar rEbge 23 af a pitch
slightly shorter than the I|ength of the carriage body 27. Thus, the drives

31 are sg@ppBtitalgastd i Yenatar ad8ldnfsy &h thavelodf Jheogathieage 23. In
Fig. 4, reference nuneral 34 denotes guide rollers arranged internediately

of the coutaeghel 16l o GhakB® tned'ddABEc23 B2 Thd &b EPaRBRAOY tFacyr face

of the rac

the opposite surfaces of the arrayed electrodes 3.
The body 27 of the carriage 23 has a rack 30 which is
) arranged centrally on a lower surface of the body and
which extends in the direction of travel of the carriage.
The rack 30 is engaged with pinions 33 each of which is
rotatively driven via a rotary shaft 32 by a drive 31 such
as a motor and which are arranged in a course of travel of
the carriage 23 at a pitch slightly shorter than the
length of the carriage body 27. Thus, the drives 31 are
sequentially driven for delivery or travel of the carriage
23. In Fig. 4, reference numeral 34 denotes guide rollers
arranged intermediately of the course of travel of the
carriage 23 so as to clamp opposite surface of the rack 30,
whereby the carriage 23 can be stably traveled while
guided by the guide rollers 34. Any stop position of the
carriage 23 is detected for example by counting
revolutionary numbers of the drive 31 or by screening
light axis of any one of optical sensors (not shown)

arranged at predetermined positions through the carriage



whereby the carriage 23 can be stably travel ed while guided by the guide
rollers 34. Any stop position of the carriage 23 is detected for exanple by
counting revolutionary nunbers of the drive 31 or by screening |light axis
of any one of optical sensors (not showd} arranged at predeternined
positions through the carriage 11 23; on the basis of the detected result,
rotations of the drives 31 are stopped to stop the carriage 23 at a

pr edet er i.tiaqn. Wen _t t hus, co ructed carri .23 is to be used
P eubet r 406 PRl bamtr Bt (he HRFEFEERe Tomt s a ke LATIE0S it dEBBs ¢ on
chanmber 1 to deposit thin filns of for exanple silicon_on the substrates 4,

squar e- f r dFeVEFapdd aFRsREPRREIG 5 $QR tBehCahitidRd28nathé chanber 1

novably toward and away fromthe substrates 4 for prevention of the plasm
from coni hgedetenmsiareduppadddosf. the substrates 4. More specifically, when
the substrates 4 are to be transferred by the carriage 23 into and out of
the depositiowhehardias tihusheomsdrysinsd sc@braagenm2hdisawno beomdd@®
positions shown in Fig. 4 toward the electrodes 3 so as to prevent its

i nterferepges\Wnst Mass PPafk flehie aspbsér 8bet ransdan thenshiblstrafesto be
deposited on the substrates 4, the nmask panels 35 have to be noved in

to the deposition chamber 1 to deposit thin films of for
example silicon on the substrates 4, square-frame-shaped
mask panels 35 have to be arranged in the chamber 1

} movably toward and away from the substrates 4 for
prevention of the plasma from coming into rear surfaces of
the substrates 4.

More specifically, when the substrates 4 are to be
transferred by the carriage 23 into and out of the
deposition chamber 1, the mask panels 35 are withdrawn
from the positions shown in Fig. 4 toward the electrodes 3
so as to prevent its interference with passing of the
substrates 4; when thin films are to be deposited on the
substrates 4, the mask panels 35 have to be moved in
positions shown in Fig. 4 for masking of outer peripheral
edges on the substrates 4 with them, thereby preventing
the plasma generated by the electrodes 3 from coming into
the rear surfaces of the substrates 4.

As mentioned above, in order to prevent the plasma
generated by the electrodes 3 from coming into the rear

surfaces of the substrates 4, the mask panels 35 are



positions shown in Fig. 4 for masking of outer peripheral edges on the
substrates 4 with them thereby preventing the plasna generated by the

el ectrodes 3 fromcomng into the rear surfaces of the substrates 4. As
nmentioned above, in order to prevent thd2plasma generated by the el ectrodes
3 fromcomng into the rear surfaces of the substrates 4, the nmask panels
35 are 12 indispensable which are | arge enough for masking of the whole
outer peripheral edges on the substrates 4 wt t he L eoqver ap

et weeh- ( HaahageTsHEhe AL Ehe SE8y Jhds cenohib: foF RpPRLESeq s dhE n mum
It is, however, difficult to arrange such |arge mask panels 35 in the

deposi t i ofiPehgnB&ter \ReRiRhgRadC ,ORi Shey gvlsfdorte§ 4 ¥ddithg to

i ncrease in cost. Such mask panels 35 may, noreover, have thin filns of for
exanpl e sthewonmetneew. t Aegepo batiwgemayher vg sto paneatieandnithe m
deposition of thin filnms on the substrates 4. Therefore, an operation of
renovi ng shbstlhriantef 14 nBusat bachatbpoesbedmask nimeham35 Mistide haweived ,out
regul arly. However, because of extrenely short gap between the mask panel

35 and thgjekeeunada s afhengeMavaih 1Pe§Et hABKC {1be3sf fincirard | y
effected, leading to deteriorated maintenance. In view of the above, the

present iagﬁagﬁ%&Jﬁﬁ%ﬂéﬁber 1 with high accuracy, disadvantageously

leading to increase in cost.

Such mask panels 35 may, moreover, have thin films of

——

for example silicon attached thereto which may drop to
hinder uniform deposition of thin films on the substrates
4. Therefore, an operation of removing the thin films
attached to the mask panels 35 must be carried out
regularly. However, because of extremely short gap
between the mask panel 35 and the electrode 3, the removal
operation cannot be efficiently effected, leading to
deteriorated maintenance. .

In view of the above, the present invention has its
object to provide a substrate transfer device for a thin-
film deposition apparatus which can ensure prevention of
the plasma generated by the electrodes from coming into
the rear surfaces of substrates without arranging large-
sized mask panels enough for masking of the whole outer
peripheral edges of the substrates in the deposition
chamber, thereby attaining cost reduction and enhancing

maintenance.



object to provide a substrate transfer device for a thin- filmdeposition
~apparatus which can ensure prevention of the plasna generated by the

el ectrodes fromconmng into the rear surfaces of substrates wthout
arrangi ng | arge- sized nask panels enoud® for masking of the whol e outer
peri pheral edges of the substrates in the deposition chanber, thereby
attaining cost reduction and enhancing naintenance. 13 Summary of The

| nvention,The present_.invention.i s directed to a substrate transfer device
for a thinePpp dé5£§$970ﬁn38859é?hs wherein substrates on a transfer
carriage are transferred into a deposition chanber with el ectrodes arranged
in single pl ahBes@resant nhREeBArAcdss dirpetedbdr & esubstEatene

el ectrodes for deposition of thin films on the substrates, characterized in
t hat parttransfganalevieehfairt B &hiopehlmgdeacgdt idmnapharsdhss rat e and
facing the electrode are arranged on the transfer carriage, a

pi ctur e- fwherein lsmissibsatakeonoladerramsfherheasulisigataréi tirad stfiearmee d
bei ng arranged on a side of each of the partition panels away fromthe

el ectrodej gdeh at ldipdd1et sURSEhaldds wesi tilekedcddistanthagey atn a center
of the opening of the partition panel and that an outer peripheral edge on

the single plane so as to make surfaces of the substrates face

the electrodes for deposition of thin films on the
substrates,

) characterized in that partition panels each with an
opening larger than the substrate and facing the electrode
are arranged on the transfer carriage, a picture-frame-
like substrate holder with the substrate fitted therein
being arranged on a side of each of the partition panels
away from the electrode such that the substrate is
positioned substantially at a center of the opening of the
partition panel and that an outer peripheral edge on the
substrate holder is masked with the partition panel.

According to the above-mentioned means, the following
operation will be attained.

With the substrate being fitted into the picture-
frame-like substrate holder and said substrate holder with
the substrate fitted thereto being arranged on a side of
the partition panel on the transfer carriage away from the
electrode, the substrate is positioned substantially at

the center of the opening of the partition panel, an outer



substrate holder is masked with the partition panel. According to the
above-nenti oned neans, the following operation wll be attained. Wth the
substrate being fitted into the picture- frame-like substrate hol der and
sai d substrate holder with the substrat# fitted thereto being arranged on a
side of the partition panel on the transfer carriage away fromthe

el ectrode, the substrate is positioned substantially at the center of the

opening of the partition papel, an quter 14 ri pheral edge of 1he

aUbst rat PH6TABP IR AFROREAThe, FUHE 357 « PRSI A28 Hashof JT4ER, the
carriage is transferred into the deposition chanpber so as to nmeke the
surfaces bRetRETSdIEIGmiR_ANELée IS UFRcEFREES, tHCAGRI THRERy iFener at ed by
the el ectrodes for deposition of thin films on the surfaces of the

subst r at ekracgferyedyciant  htheuldepagict bow shbabedt S hordetoafd@kepeiieen t he
substrate holder and partition panel may be readily suppressed to m ninmum
so that téerphaese ofs thp@sstubedng e viBadedtheomleant ngde at, o ptllasmaar
surface of the substrate by the substrate hol der and partition panel;

there i s peingeden@ i twa deyathRsle sheto s J€ 0N AEbd Dt iofBYE Nhid the
whol e outer peripheral edge of the substrate and there is no need to

ﬁ{gﬁnge SpEimbabge tHsksuPRlgks' B N depeBLtrat ehanber movably and with

Gaps between the substrate and substrate holder and

between the substrate holder and partition panel may be

) readily suppressed to minimum, so that the plasma is
positively prevented from coming into the rear surface of
the substrate by the substrate holder and partition panel;
there is no need to provide a mask panel large enough for
masking of the whole outer peripheral edge of the
substrate and there is no need to arrange such large mask
panel in the deposition chamber movably and with high
accuracy, which may contribute to cost reduction.

Thin films of for example silicon may be attached to
the surfaces of the substrate holders and partition panels,
and dropping of such thin films therefrom may block
deposition of uniform thin films on the substrates. As a
result, there is a need to regularly carry out an
operation of removing any thin films attached to the
substrate holders and partition panels. Since the

substrate holders and partition panels are mounted on the

transfer carriage and can be transferred out of the



accuracy, which may contribute to cost reduction. Thin filns of for exanple
.silicon my be attached to the surfaces of the substrate hol ders and
partition panels, and dropping of such thin filnms therefrom may bl ock
deposition of uniformthin filns on thelSubstrates. As a result, there is a
need to regularly carry out an operation of renoving any thin filns attached
to the substrate holders and partition panels. Since the substrate hol ders
and partition panels are nounted on the transfer carriage and can be

tr ansf er r 88P8§ tofon nehagbegan g i WETALIBBr Ot HPBPet B8 88 Yot hovi ng any
thin filnms attached to the surfaces of the substrate holders and partition
panel s cafiiB@sefaxttaehedyteatheedwifaceat ofddhsr sHes BERSS tiviehanber

t hereby attaining good maintenance. In the substrate transfer device for

t he thi n- ankdmpaddpiosi ¢n opaappar atars, be hef plicd®n tary ayarofied ecttr odes nmay be
arranged in the deposition chanber horizontally with required spacing with
each ot hepultk i@edig®ecthe@ndepoisiaiichc bRambert haHirewyi antafinimyejodd t he
carriage and the plural partition panels may be arranged on the carriage
such thatmgggfgﬁgﬁé@@es face opposite surfaces of the respective

el ectrodes, which Is advantageous in concurrently depositing thin filnms on

the plural In the substrate transfer device for the thin-film

deposition apparatus, the plural arrays of electrodes may
be arranged in the deposition chamber horizontally with

) required spacing with each other in a direction
perpendicular to the direction of travel of the carriage
and the plural partition panels may be arranged on the
carriage such that the substrates face opposite surfaces
of the respective electrodes, which is advantageous in
concurrently depositing thin films on the plural
substrates and improving the productivity.

In the substrate transfer device for the thin-film
deposition apparatus, each of the partition panels may be
mounted on the carriage so as to extend between support
posts arranged to be spaced apart with required spacing
from each other in the direction of travel of the carriage,
and projections from the substrate holder may be engaged
with mating members projecting from the support posts,
which makes it easy to mount and demount the substrate
holder with the substrate fitted thereto to and from the

carriage through robot arms, thereby facilitating



substrates and inproving the productivity. In the substrate transfer device
for the thin-film deposition apparatus, each of the partition panels may be
nounted on the carriage so as to extend between support posts arranged to
be spaced apart with required spacing flfomeach other in the direction of
travel of the carriage, and projections fromthe substrate hol der nay be
engaged wth mating nenbers projecting fromthe support posts, which nmakes
it easy to pount and denmpunt .the substrate holder with the substrate fitted
thereto t3UEABAEAGR tHe ther APRGE LHHBUPTPGBBE -arns, thereby facilitating
16 automation of the deposition process. In the substrate transfer device
for the thin-fIinmthgesasivatappzpasier fevhaer fpar ierbhiadgdd 1 the
rear surface of the substrate holder is forned with a retention groove

i nt o whi chepnsadtion pypahetak ,edge igfnéhepeulbpheatad isdfet béd;the hodarng
tool may be nounted to press and support the outer peripheral edge of the

rear surgag€aek e tbssubkerhitld arbidép ibefoeiyd iwDtRr aoOreterSicn
result, the substrate can be nore positively fitted to the substrate

hol der. 1grbBgeSURSd ahiei&hanaf %ht@r"ij;ﬁ@riﬁﬁekﬁ@. tehides fo£ mendeposi ti on

apparatus, the electrode may be an inductive coupling type electrode which
'S Centraéhgslggygjfé)f@yged; a holding tool may be mounted to

press and support the outer peripheral edge of the rear
surface of the substrate fitted into the retention groove.

) As a result, the substrate can be more positively fitted
to the substrate holder.

In the substrate transfer device for the thin-film
deposition apparatus, the electrode may be an inductive
coupling type electrode which is centrally folded to have
U-shape and which has at its opposite ends feed and ground

parts.

Brief Description of Drawings

Fig. 1 is a side elevation in section of a
conventional thin-film deposition apparatus;

Fig. 2 is a front elevation in section of the
conventional thin-film deposition apparatus and
corresponds to a view looking in arrows II in Fig. 1;

Fig. 3 is a plan view showing an overall schematic
flow of the conventional thin-film deposition apparatus

proposed for automated thin-film deposition on substrates:



U-shape and which has at its opposite ends feed and ground parts. Brief

- Description of Drawings Fig. 1 is a side elevation in section of a
conventional thin-film deposition apparagus; Fig. 2 is a front elevation in
section of the conventional thin-filmd posi ti on apparatus and corresponds
to a view looking in arrows Il in Fig. 1; Fig. 3 is a plan view show ng an
overall schematic flow of the conventional thin-film deposition apparatus
proposed for tona%gd thin-fil%1dﬁgpsitjon on sub%trateS' 17 Fig. 4is a
front elevatiohifn dect oh HF°8tc AT TRUBSE A (F 8t er device for
the thin-film depositionnggaratus; i 5.s .a side elevatiqgn in section

Fi g. . )
of the CcBARERALHPDALLPY éqﬁwﬁﬁﬁ%ﬁgﬂﬁvFEXHQ% e PRENIPIPHRE HHPBosition

apparatus and corresponds to a view |looking in arrows Vin Fig. 4, Fig. 6
is a frondeppeditiosh appasatiuén of an enbodi nent according to the
invention; Fig. 7 is a side elevation in section of the enbodi nent
according to tHRA&gi.n\berits om sndeceleyspuigs 10 aectiiom labkthg in arrows Vi
in Fig. 6; Fig. 8 is a sectional view taken along lines VIII-
conventional substrate transfer device for the thin-film
deposition apparatus and corresponds to a view looking in
arrows V in Fig. 4;
Fig. 6 is a front elevation in section of an
) embodiment according to the invention;

Fig. 7 is a side elevation in section of the
embodiment according to the invention and corresponds to a
view looking in arrows VII in Fig. 6;

Fig. 8 is a sectional view taken along lines VIII-
VIII in Fig. 7;

Fig. 9 is a plan view of a holding tool for a
substrate in a substrate holder in the embodiment of the
invention which corresponds to part IX in Fig. 8;

Fig. 10 is a front elevation in section showing
mounting and demounting of the substrate holders by robot
arms in the embodiment of the invention; and

Fig. 11 is a perspective view showing mounting and

demounting of the substrate holders by robot arms in the

embodiment of the invention.

-Best Mode for Carrying Out the Invention



VIII in Fig. 7; Fig. 9 is a plan view of a holding tool for a substrate in
~a substrate holder in the enbodi nent of the 1invention which corresponds to
part IXin Fig. 8, Fig. 10 is a front elevation in section showi ng nounting
and dermounting of the substrate holderslgy robot arns in the enbodi nent of
the invention; and Fig. 11 is a perspective view show ng nounting and
denounting of the substrate hol ders by robot arnms in the enbodi nent of the

vention. BeshoMidd AlnGREr Hendu ity the LINRNLIGY . doceubadin of the

i nvention wl | SCTT i AT CONj unctTon Wt W Ngs: 6-11
show t he eandlnent of tg veEB;on in  which parts S|n1lar to those in
Figs. 3-5C8Pd UGy 59 M 9P ef erence nuneral s. The enbodi ment is
simlar in bas[c structure to the conventional one shown in Figs. 3-5 and
i s characterizBd9iSn thaktl sRowhéhe iephgdimeptief the t3RveRtaaRe i 37 are
arranged on a transfer carriage 23, each of said partition panels having an
openi ng 38hlighg@arthapimidabstioattthdseaninf #digsg air 5 nduet repreRgnted type
el ectrode 3, each of the partition panels 37 having on its side away from
the el ect bgdehd st vefetead® IndersLbst rahe babddimdntM ib thiiddstrate

4 fitted thereto

in basic structure to the conventional one shown in Figs.
3-5 and is characterized in that, as shown in Figs. 6-11,
partition panels 37 are arranged on a transfer carriage 23,

) each of said partition panels having an opening 36 larger
than a substrate 4 and facing an inductive coupling type
electrode 3, each of the partition panels 37 having on its
side away from the electrode 3 a picture-frame-like
substrate holder 38 with the substrate 4 fitted thereto
such that the substrate 4 is situated substantially at a
center of the opening 36 and an outer peripheral edge of
the holder 38 is masked with the panel 37.

In the embodiment, a plurality of (three in the
example of Fig. 6) arrays of electrodes 3 are arranged in
the deposition chamber 1 to be horizontally spaced apart
from each other with required spacing in a direction
perpendicular to a direction of travel of the carriage 23,
whereby the plural (six in the example of Fig. 6) panels
37 are arranged on the carriage 23 such that the

substrates 4 face opposite sides of the electrodes 3.

The partition panels 37 are mounted on the carriage



such that the substrate 4 is situated substantially at a center of the
openi ng 36 and an outer peripheral edge of the holder 38 is nasked with the
panel 37. In the enbodinent, a pIuraIitX of (three in the exanple of Fig.

6) arrays of electrodes 3 are arranged il the deposition chanber 1 to be
hori zontal |l y spaced apart fromeach other with required spacing in a
direction perpendicular to a direction of travel of the carriage 23,

the carri Age05s ahard rat Erkah SRS okl 2 RS ans bl MEFE

el ectrodes 3. The partition panels 37 are unted on_the carriage 19 23 to
oxt ond boRFEERISGh tIRBSFRTIA AR 47 | FLtlr AT T C % PRAGIA% LN HhGar 1 age

23 with required spacing in the direction of travel of the carriage, pins
40 as pr@}@@@ﬁ%ﬁﬁfQ%n¥¥ﬂ§e§u&ﬁnﬁhQa?@FH@?QQS ek Thyy éﬂgé@ed with their
mati ng nenbers 39 projecting fromthe post 28. Mreover, as showmn in Fig. 9,
an i nner pepijeldriains efigemothehsutsstratef hod defr t3® helidgr e3&dged or ned
with a retention groove 41 into which the outer peripheral edge of the
substr at ew4 ths thidirednatihgl teibea0! 3942pbotjeg t iy nt eémwWitheh gyesses. and
supports the outer peripheral edge of the rear surface of the substrate 4
fitted to the mpelRRIdON 8508KBwAL inMei§O! §i Ndnt ARInde SEPFRPHEER IR
edge of the rear surface of the holder 38 is formed with a
retention groove 41 into which the outer peripheral edge
) of the substrate 4 is fitted, a holding tool 42 being
mounted which presses and supports the outer peripheral
edge of the rear surface of the substrate 4 fitted to the
retention groove 41. The holding tool 42 comprises a
clamp member 42b pushed against the outer peripheral edge
of the rear surface of the substrate 4 by spring force of
a spring 42a, the holding tools 42 being arranged on
plural positions on the inner peripheral edge of the rear
surface of the substrate holder 38.
In the deposition chamber 1, as shown in Fig. 6, a
mask panels 35’ with which only an upper edge of the
partition panel 37 is masked are arranged to be moved
toward and away from the partition panel 37.
In Figs. 10 and 11, reference numeral 43 denotes
‘robot arms each of which loads and l1lifts the pin 40 as the

projection of the holder 38 on and from the mating part 39

of the post 28.



cl anp nmenber 42b pushed agai nst the outer peripheral edge of the rear
surface of the substrate 4 by spring force of a spring 42a, the hol ding
tools 42 being arranged on plural positions on the inner peripheral edge of
the rear surface of the substrate hol déP 38. In the deposition chamber 1,
as shown in Fig. 6, a mask panels 35 wth which only an upper edge of the
partition panel 37 is nasked are arranged to be noved toward and away from

the partition panel 37._1In Figs. 10 .and 11, refegence n ne&gl 43 denat es
robot arns eachesft -wHIAdf | 9hdSPERA YL L hELpi APRY A LRI BRB e of
the holder 38 on and fromthe mating part 39 of the post 28. 20 Next, node
of oper atP8ndgscgHdedbove enmbodi ment will be described. Wth the substrate
4 being fitted into the picture- frame-like substrate holder 38 and said
substrate hol déith3&he tsubseratbstdr Heeinig ffiteddt Hevtet otlbei pgcdurenged on a
side of the partition panel 37 on the carriage 23 away fromthe el ectrode

3, the subshmataikd SswstthteetholdByst 3@t 4alll ¥adld tdebsephee @folder openi ng
36 of the partition panel 37, the outer peripheral edge of the substrate

hol der 383hejagnmaHedybsBrhte RArdi {108 PARSto3 beidgSHER st E od NE

carriage 23 is transferred into
side of the partition panel 37 on the carriage 23 away
from the electrode 3, the substrate 4 is positioned
substantially at the center of the opening 36 of the

) partition panel 37, the outer peripheral edge of the
substrate holder 38 being masked with the partition panel
37. In such state, the carriage 23 is transferred into
the deposition chamber 1 so as to make the surfaces of the
substrates 4 face the electrodes 3, plasma being generated
by the electrodes 3 for deposition of thin films on the
substrates 4.

Gaps between the substrate 4 and the substrate holder

38 and between the substrate holder 38 and partition panel
37 may be readily suppressed to minimum, the plasma being
positively prevented from coming into the rear surface of
the substrate 4 by the substrate holder 38 and partition
panel 37 so that, as shown in Fig. 6, it suffices in the
deposition chamber 1 to provide only a mask panel 35' with
which only an upper edge of the partition panel 37 is

masked; there is no need to provide a mask panel 35 (see

Fig. 4) large enough for masking of the whole outer



t he deposition chanber 1 so as to nake the surfaces of the substrates 4
face the electrodes 3, plasm being generated by the electrodes 3 for
deposition of thin filnms on the substrates 4. Gaps between the substrate 4
and the substrate holder 38 and betweeR!the substrate hol der 38 and
partition panel 37 may be readily suppressed to m ninum the plasnma being
positively prevented fromcomng into the rear surface of the substrate 4

by the substrate_hqlder 38 and. partition anel 37 .so that, as sho in Fig.
0 11 surPeELBhER S0 a9RBE] EPBn SRS tE R0 B itRE oty Borieehatll 20
with which only an upper edge of the partition panel 37 is. masked; there

i s no necREEBNPROFUSR Ll ¥BSR Pafd PERgkeddS Ehgthe depeeibisayiPiakbedski ng
of the whole outer 21 peripheral edge of the substrate 4 and there is no
need to Aarmangblyucind avyehnhdlghp@andurdcyn whdaepuray t tonteidbvies ta
novably and with high accuracy, which may contribute to cost reduction.

Thin fil neost teduetaigre silicon nmay be attached to the surfaces of the
substrate hol ders 38 and partition panels 37, and dropping of such thin

films therefrofmigy £illfcko flepesi bixampie Usi 1 9EBN! Riay fid NBteACHRA to
substrates 4. As a result, there is a need to regularly carry out an

operationcQf LEXPUJUL a8 AL shidB-£Ld 2658He?? ¥ and partition

panels 37, and dropping of such thin films therefrom may
block deposition of uniform thin films on the substrates 4.

) As a result, there is a need to regularly carry out an
operation of removing any thin films attached on the
substrate holders 38 and partition panels 37. Since the
substrate holder 38 and the partition panel 37 are mounted
on the transfer carriage 23 and can be transferred out of
the deposition chamber 1, the operation of removing any
thin films attached to the surfaces of the substrate
holders 38 and partition panels 37 can be efficiently
carried out outside of the deposition chamber 1, thereby
attaining good maintenance.

In the present embodiment, the plural arrays of
electrodes 3 are arranged in the deposition chamber 1 to
be horizontally spaced apart from each other with required
spacing in the direction perpendicular to the direction of
travel of the carriage 23, and the plural partition panels
37 are arranged on the carriage 23 such that the

substrates 4 face opposite surfaces of the respective



substrate hol ders 38 and partition panels 37. Since the substrate hol der 38
and the partition panel 37 are nounted on the transfer carriage 23 and can
be transferred out of the deposition cg%nber 1, the operation of renoving
any thin filns attached to the surfaces‘f the substrate holders 38 and
partition panels 37 can be efficiently carried out outside of the
deposition chanber 1, thereby attaining good naintenance. In the present

enbodi men t he ural, a f e 3 are i he
deposi ti o%lgﬁrél'r%ogdre %0 c"g@éﬁo%‘lSzoanck‘gﬁ‘St'/gg%g’élesdaiarba%ﬁ%g%%%@ac other with
required sgchng_in the direction per engicular to the direction of travel

of the calfPFd BN ahR1PKE IgMF A0 pthei PlyradarrtiRsStE2tESe 430 ged on the

carriage 23 such that the substrates 4 face opposite surfaces of the
respecti vémprowingt tbgeprodugtilshity. advant ageous in concurrently
depositing thin filnms on the plural substrates 4 and inproving the
productivity. Morsorer, i hnt theppassssegn enbonbdoddmenteachach olife thmartiti on
panels 37 is mounted on the carriage 23 so as to extend between the support
posts 28 paraiigeibr ophfedpaced ifippdtinbeldhohedilig eclagpaaigeg 231 sdeadi tection
of travel of the carriage, the pins 40 as projects fromthe substrate

hol der 38 chaidi AWWagednithle RIS Fephens 3% RIPHEEEEATto be spaced

apart with required spacing in the direction of travel of
the carriage, the pins 40 as projects from the substrate
) holder 38 being engaged with mating members 39 projecting

from the support posts 28. As a result, the substrate
holders 38 with the substrates 4 fitted therein can be
readily mounted and demounted on and from the carriage 23,
as shown in Figs. 10 and 11, by the robot arms 43, thereby
facilitating automation of the deposition process.

Moreover, in the present embodiment, as shown in Fig.
9, the inner peripheral edge on the rear surface of the
substrate holder 38 is formed with the retention groove 41
into which the outer peripheral edge of the substrate 4 is
fitted, the holding tool 42 being mounted to press and
support the outer peripheral edge on the rear surface of
the substrate 4 fitted into the retention groove 41; as a
result, the substrate 4 can be more positively fitted to
the substrate holder 38.

Thus, without providing the mask panel 35 large

enough for masking of the whole outer peripheral edge of



fromthe support posts 28. As a result, the substrate holders 38 with the
substrates 4 fitted therein can be readily nounted and denmounted on and
fromthe carriage 23, as shown in Figs. 10 and 11, by the robot arns 43,
thereby facilitating automation of thezéeposition process. Moreover, in the
present enbodi nent, as shown in Fig. 9, the inner peripheral edge on the
rear surface of the substrate holder 38 is fornmed with the retention groove
41 into ich &%ﬁiouéer periQ?Frgi nge of the substrate is_fitted, the
hol di ng t 58F FXPESHR Folint8d 1 SRS ERECOs IB581H® L he oBLEF™Ser i pher al
edge on the rear surface of _the substrate 4 fitted into the retention

groove 419e88rated Ry thengledfdiqdh 3 €aR BE RAT phYLLyvARPYIRTRY to

t he substrate hol der 38. Thus, w thout providing the mask panel 35 | arge
enough fofra@skionyng imbowitbee raakrsyefapgheprdl tduyeswbspyatiefe substrate 4
in the deposition chanber 1, plasma generated by the el ectrodes 3 can be
posi ti vel yhprebgnteedt afimnbnygcewisity rediwct henr ead simproeeménthansubstrates 4,
t hereby attaining cost reduction and inprovenent in nmaintenance. It is to
be under shaedtieh@dinge substrate transfer device for a thin-filmdeposition
apparatus according to the inventionis not limted to the above enbodi nent

and It is to be understood that a substrate transfer

device for a thin-film deposition apparatus according to
the invention is not limited to the above embodiment and
) that various changes and modifications may be made without

departing from the scope of the invention.

Industrial Applicability

As is clear from the above, a substrate transfer
device for a thin-film deposition apparatus according to
the invention is suitable for deposition of uniform thin
films of for example silicon on large-sized substrates in
a single operation and for obtaining of a phtovoltanic

module with desired characteristics.



t hat various changes and nodifications may be nmade w thout departing from
the scope of the invention. Industrial Applicability As is clear fromthe
above, a substrate transfer device for thin-filmdeposition apparatus
according to the invention is suitablezﬁor deposition of uniformthin
films of for exanple silicon on | arge-sized substrates in a single
operation and for obtaining of a phtovoltanic nodule with desired
characteristics. 24 CLAIMS 1. A subs?ig&ﬁ transfer device for a thin-film

i : S .
deposition apparatus wherein substrates™on a transfer carriage are

transferred into a deposition chanber with el ectrodes arranged in single
pl ane so as to nmake surfaces of the substrate face the electrodes for
deposition of thin films on the surfaces of the substrates, characterized

in that phrtAtSeRsiarte ERERsKeTh d8ViepehiPigd diydt-fhaR AgPofiist?Bite and
facing the electrode are arranged on the transfer carriage, a

pi ct ur e- f apperaltivdee vvhibse int subsltdmates t dnt Be tasifet ecarriede arei n

bei ng arranged on a side of each of the partition panels away fromthe

el ectrodetsual flidiated hen Bobat Bipd d St iPRSchambed subsh asl ealtinodds a center

of the opening of the partition panel and that an outer peripheral edge of
the arranged in single plane so as to make surfaces of the
substrate face the electrodes for deposition of thin films
on the surfaces of the substrates,

) characterized in that partition panels each with an
opening larger than the substrate and facing the electrode
are arranged on the transfer carriage, a picture-frame-
like substrate holder with the substrate fitted therein
being arranged on a side of each of the partition panels
away from the electrode such that the substrate is
positioned substantially at a center of the opening of the

partition panel and that an outer peripheral edge of the

substrate holder is masked with the partition panel.

2. The substrate transfer device for the thin-film
deposition apparatus according to claim 1, wherein a
plurality of arrays of electrodes are arranged
horizontally with required spacing from each other in a
direction perpendicular to a direction of travel of the
carriage in the deposition chamber, a plurality of

partition panels being arranged on the carriage so that



substrate holder is masked with the partition panel. 2. The substrate
transfer device for the thin-film deposition apparatus according to claim
1, wherein a plurality of arrays of elzctrodes are arranged horizontally
with required spacing fromeach other i Ya direction perpendicular to a
direction of travel of the carriage in the deposition chanber, a plurality
of partition panels being arranged on the carriage so that 25 surfaces of

t he substrat face osite surfaces he r ect] tr . 3. The
substrates?¥g%§Fgr° eﬁﬁEi ?%Psgkg%ﬁ%ré)? n?paggégﬁj%ﬁ?%%%ggafﬁgqég%ording
to claim?2, wherein support osts are arranged on the transfer carriage to
be spacedt®©EBSFtiVeo R ?ﬁFB?Eér with required spacing in the direction of
travel of the carriage, partition panels being nounted to extend over the
support posts, projections fromthe substrate hol der being engaged with
mati ng nenbers projecting fromthe support posts. 4. The substrate transfer
devi ce fo3.tHbet subdstitate depasisifieon dgpbcat fisradher dimgnt 6idmai m 3, wherein
an inner peripheral edge on a rear surface of the substrate holder is

formed W d8pashietion idgpgracue aolconding 88 coadtiar Pervpseecan edgpoftthe
substrate is fitted, a holding tool being nounted to press and support the
outer posts are arranged on the transfer carriage to be spaced
apart from each other with required spacing in the
direction of travel of the carriage, partition panels
) being mounted to extend over the support posts,

projections from the substrate holder being engaged with

mating members projecting from the support posts.

4. The substrate transfer device for the thin-film
deposition apparatus according to claim 3, wherein an
inner peripheral edge on a rear surface of the substrate
holder is formed with a retention groove into which an
outer peripheral edge of the substrate is fitted, a
holding tool being mounted to press and support the outer
peripheral edge on the rear surface of the substrate

fitted into the retention groove.

5. The substrate transfer device for the thin-film
deposition apparatus according to claim 1, wherein each of
the electrodes is an inductive coupling type electrode

centrally folded to have substantially U-shape and having



peri pheral edge on the rear surface of the substrate fitted into the
-retention groove. 5. The substrate transfer device for the thin-film
deposition apparatus according to claim1l, wherein each of the el ectrodes
is an inductive coupling type electrodezscentrally fol ded to have
substantially U shape and having 26 feed and ground parts at its opposite
ends. 6. The substrate transfer device for the thin-film deposition

n eac t he.electrodes is an

t di 1
e Vo Bgal ad Yt Qufiar ol HE LD, EBB0sA e, diag: pove oubst antial | y

U- shape and haV|ng feed and ground parts at its opposite ends. 7. The
substrate transfer device for the thin-film deposition apparatus according
to claim3, wherein each of the electrodes is an inductive coupling type
el ect r ode6 .c&er Hustpatied tranafiar sdeviant fen ythe shhpe-Fddmaving feed
and ground parts at its opposite ends. 8. The substrate transfer device for
t he t hi n- Gepws ideipasi apparapps atcarsoadtngditng dlaioh a2 m whewednei eaelachfof
the el ectrodes is an inductive coupling type electrode centrally folded to
ha\ée substaet iedlddt tb883Pe saRth hvdw@tiveeedoapd iHPupgppakliedirédé opposite
ends

centrally folded to have substantially U-shape and having

feed and ground parts at its opposite ends.

) 7. The substrate transfer device for the thin-film
deposition apparatus according to claim 3, wherein each of
the electrodes is an inductive coupling type electrode
centrally folded to have substantially U-shape and having

feed and ground parts at its opposite ends.

8. The substrate transfer device for the thin-film
deposition apparatus according to claim 4, wherein each of
the electrodes is an inductive coupling type electrode
centrally folded to have substantially U-shape and having

feed and ground parts at its opposite ends.





