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present invention relates to g substrate transfer

device for a thin-filmdeposition apparatus in which

thin filnms of for exanple silicon are uniformy

deposited on substrates through plasnma CvVD. Background

Art A photovol tani c mduhgskRIdErgiet i Ng attention and

prospective as a cl ean energy source; but, cost

reduction is indispensable for pronoted di ssem nation

thereof. Thus, a thin-film deposition apparatus has

e opal i red ich _can deposit silicon filns
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singl e operation, thereby attaining high nass
ABRMOAEYEVity. For deposition of thin filmof for

exanple silicon, a parallel plate (capacitively

coupl ed) plasma CVD apparatus has been practically

used. The apparatus has a problemin its | ow
Teolmtesalngiea@dacity since it can usually treat with

only a single substrate; to concurrently treat with a
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in extrene

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 1s 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
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increase in size of the apparatus. Moreover, increase

in size of the substrate would bring about extrene
nonuni formty in thickness of ,thin film deposited,
failing to obtain a photovol ttanic nodul e with desired
characteristics. In order to deposit thin filmwth
high uniformty in thickness, plasma wth uniform
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plate electrodes, it is required with respect to a
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with their distance being accurately maintained; this
charagbverdsty.cend becones further difficult when a

substrate is |arge-sized. Mreover, in the paralle
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hi gh-frequency applied el ectrode on one hand and an
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a dep03|t|on chanber on the other hand w
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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 thelr distance being accurately maintained; this is
not easy and becomes further difficult when a substrate is
large-sized. Moreover, 1n 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



3 thereof, resulting in distribution of plasm caused.
Then, a plasma CVD nethod, using inductive coupling
type el ectrodes, has been progosed which has a plasma
mai ntai ni ng mechanismentirely different fromthat of
paral l el plate electrode system which is free from
specific problenms of the above-nentioned parallel plate
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0s§ Li.Q0. we above- nent i d..i nductive
o%p?#%sgquge'éos 'e?%%%r%ggg %rﬂ]?c}so? e%ﬁ'ﬁpe?’z?ﬁ fifetasma
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ma L RADLpg MeAhatil Spiiredy JATEREPRG flh that of
unexpected | ocations when they are large-sized in
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st 19. pTobdenig dfistheenbdivief-nrntionedoparnsdllel aplate

| ar ge- si zed substrate, using any conventional el ectrode
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deposition apparatus which can effectively and
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t hi ckness on a plurality o
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
partlially 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




| ar ge-si zed substrates w thout enlargenment of the

appar atus, thereby enhanci ng productivity. This
thin-film4 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)

d 6§fgfgnw%¥@d}d%ﬂéshg§9fakh%h&wwofhtFgﬁgqhqﬂﬁﬁpl2, a
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connected to a feed inner conductor of a feed-side
depsmbtion &hamitgrih.turn is arranged in the wall 2 on
a top of the deposition chanber 1, the feed inner
con®mdtlor obeithg eduetrtedeso3achnpriseeqgieady anee dtigund
core body of a coaxial cable 7 connected to a high
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coaxi al cable 7,. whereby the outer_conductor is
electroée array dependng 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 bheing connected to a high-
frequency feeding core body of a coaxial cable 7 connected
to a high frequency power source 6. Fach of the
electrodes 3 has the ground part 3b with its end grounded
to the wall 2 by a ground conductoer 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 ccaxial cable 7, whereby the outer conductor 1is
grounded to effect emission shield for the high-frequency

power. In order to supply high frequency power of



grounded to effect em ssion shield for the

hi gh-frequency power. In order to supply high
frequency power of k i alternately reversed phases to
the feed parts 3 of the adjacent electrodes 3, a phase
shifter (not shown) may be arranged between the
feed-si de connector 5 and the high frequency power
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connected to the high frequency power source 6 so as
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power out putt rom f he power source
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accordance with the wwdth of the substrate 4, are
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required spacing wth each other as shown in Fig. 2,
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each of the electrodes 3; this structure nmakes it
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nunber of (six in Fig. 2) substrates 4, thereby
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wall In Fig. 1) of the deposition chanber | is
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openlng the front wall™ 2a, the substrate 4 nay
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acccoé‘x[‘ Sh&Y 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.



to the vacuum punpi ng device 10 so as to be internally
evacuated: to this end, the deposition chanber | is
constructed airtight. k The g%ound-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

par tehgbgeanntd-dilde/ ecOhnBERBT @& ﬂ&%fk&fh&@i@s conidctea
the thin-filmdeposition apparatus shown in Figs. 1

t&‘@% Pﬁg?ﬂgz £Ee413r § rarnsagl[gg gedomi&%s'éo%hfégeaas 12

of t arrange i arrays,

i nterio f th d pesition.cha beln t. a
sl ok T SR SRS a8, ekl Y e tovs
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hi gh-frequency power is fed by the high frequency
elnmkrodedrde 6 to the electrodes 3 to generate plasma
around the feed and ground parts 3a and 3b, thereby
depdsi tthhg thim-ffiilmw dépssiitdon appdratusosimown in Figs.
t hi ckness on the substrates 4. The above-nenti oned
1 tdnid-2| | gheepatdt0at 8PPAr alres drranyédl oncdppsite sides
exanple in JP 2002-69653 A. In the thin-filmdeposition
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shown in Figs. | operation of deposi ting

1&%‘@:{5}”81}' %ﬁ‘;&r e Oé@&%h!gﬁt %ta‘iﬁoe“;]-:i ig _S’bQ!LBB' %ge 19 PE

aut onat ed. as shown
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 1l1l. In this state, high-frequency 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
1s 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,



3, a conventional proposal is, for exanple, to arrange
a substrate | oaded part 13, a heat part 15 with
substrate heaters 14, a loadj ock chanber 18 w th heat
equal i zers 16, t vacuum punpi ng device 17 and an
openabl e air intake 18a, deposition chanber 1 wth

i nductive coupling type electrodes 3, a vacuum punpi ng

a dexycGemlPump IG5 GePPEY 1F0WHE dil GPEnavli¥MEIAt Vhfake 18a,
controller 19, an unload | ock chanber 21 with a vacuum
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substrate di scharge part 2; a trans
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| oad | ock chanber 18 into the de 0 ion_ chanber 1,
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i ntake 22 and returned to the substrate | oaded part
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apparatus. In Fig. 3, reference nunerals 24a and 24e
algesighake @diee arxl vassabe tinatter chig¢hargeopagitt s22le &or

| oadi ng and unl oadi ng, respectively. In Fig. 3,
traisfencearnimyal 33 24hichdcand ity dehet eubdirates 4 is

val ves for nutual interception between the heat part
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and the unload | ock chanber 21. Wen thin filns are to
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strates 4 are carrie carri age 2
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substrate intake 22 and returned to the substrate loaded
part 13, thereby providing the thin-film deposition
apparatus., In 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 244 denotes gate valves for mutual
interception between the heat part 15, the load lock
chamber 18, the deposition chamber 1 and the unlcocad 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 1s closed and the



The substrates 4 carried on the carriage 23 are
transferred to the heat part 15 with the gate val ve 24a
bei ng opened. Then, the gate %alve 24a is closed and
the 8 substrates are unifornly heated by the substrate
heaters 14 to a predeterm ned tenperature. The
substrates 4 heated in the heat part 15 are
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val ve 24b bei ng opened. "Then, the gate valve
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closed, silicon filnms are deposited on the substrates
valysy 2pbr heilmy tdpreredct r'Boien, 3thi¢i Igatdevalve 24b is
predeterm ned pressure is maintained by the vacuum
clomed ngndddhiec d dd)d ahdckhehamireae Ihisid?evaciunatedi bpnehe
is fed by the gas supply source 11. After the film

valapaRi puAp1ay tder Sewsinawdlle ithe Codperaduridiegathe
val ve 24d is opened and the substrates 4 are
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Ime, the pressure of the inferior unl oa
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Then, the gate valve 24c 1s 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 1s fed by
the gas supply source 1ll.

After the film deposition on the substrates 4 is
completed, the gate valve 244 is opened and the substrates
4 are transferred to the unlocad 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 punpi ng device 20; when the substrates 4
are transferred out to the u%Ioad | ock chamber 21, the
gate valve 24d is closed. 9°Then, the air intake 2la
is opened to rise the pressure in the unload | ock
chanber 21 to the atnospheric pressure, and the gate
val venghe kheORANCntAxbhg 18t ?ﬁ'opéﬁgﬁs'ﬂgsgi@eestﬁeon
out". en, the

the carriage 23 are transferre
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chanber 18 which has been reduced in pressure, the air
the,rapesigaties dhetrdtheocpiirda@gae? prassuteasisferredagut .
| ock chanmber 18 to the atnospheric pressure, and then
There, ghhe carvEiaged 23 ispmooed Tiwe ther snhstZhtsedliasharge
substrate transfer device for the thin-filmdeposition
paapipaZz2t andsthen substgatdsi 4 widtilvethie ofdlling deposited
constructed such that, as shown in Figs. 4 and 5,
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in a direction of travel of the carriage are arranged
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rail's 25; claw nenmbers 29 for retalining engagenen
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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
retai ned and extend between the posts 28, whereby
surfaces of the substrates 4 6ace the electrodes 3. In
t he exanple shown in Fig. 4, a plurality of (three in
t he exanple shown in Fig. 4) arrays of electrodes 3 are
10 arranged in the deposition chanber 1 with required
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to t direction of travel carriage 23, so that
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. body 27 of the carriage 23 has a rack 30 which
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and which extends in the direction of travel of the
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of which is rotatively driven via a rotary shaft 32 by
carmiage 23 suchmake theosarfawks\hofhtheesabstngetesndaface

course of travel of the carriage 23 at a pitch
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27. Thus, the drives 31 are sequentially driven for
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reference nunera 34 denot es gui de rol ers arrange
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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
carrilage 23 so as to clamp opposite surface of the rack 30,
whereby the carriage 23 can he 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 axls of any one of optical sensors (not shown)

arranged at predetermined positions through the carriage
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carriage 23 so as to clanp opposite surface of the rack
30, whereby the carriage 23 can be stably travel ed
whi | e guided by the guide rol{gers 34. Any stop position
of the carriage 23 is detected for exanple by counting
revol utionary nunbers of the drive 31 or by screening
light axis of any one of optical sensors (not shown)

23 réngeHeabaviased £r thaederedtid®NBe sl eVIh-dthtions of the
carriage 11 23; on the basis of the detected result,
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carriage 23 at a edeterm position
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rans hsfer the substrates 4 to the

depqsi tiop. ch 1 to deposit thin filns_of faor
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squar e- frane shaped nmask panels 35 have to be arranged
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substrates 4 for prevention of the plasma from com ng

ta e r daposdtfizgeschhambele 1sdivstdepesit. thine films of for
specifically, when the substrates 4 are to be
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deposition chanber 1, the mask panels 35 are w thdrawn
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el ectrodes 3 so as to prevent |ts interference with
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eposite
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 Filg. 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




substrates 4, the mask panels 35 have to be noved in
positions shown in Fig. 4 for masking of outer

peri pheral edges on the substsates 4 with them

t hereby 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
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into the rear surfaces of ates 4 e hmas
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is, however, difficult to arrange such
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diffteult Sockrnrandpasurh Iengg maskcpapelshadke imi bhe
films of for exanple silicon attached thereto which
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the substrates 4. Therefore, an operation of renoving

ldd®ingi bof intresdé athedoka .t he mask panels 35 nust be
carried out regularly. However, because of extrenely
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3, the renoval = operation cannot be efficiently
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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.



In view of the above, the present invention has its
object to provide a substrate transfer device for a
thin- filmdeposition apparatys which can ensure
prevention of the plasma generated by the el ectrodes
fromcomng into the rear surfaces of substrates

W t hout arrangi ng | arge- sized mask panel s enough for

SutmekiPJo8f The mheégtooher peripheral edges of the
substrates in the deposition chanber, thereby

at t apy "gregehd il OToANY eI G B Bl Sfiratd

Summary of The Invention The present I nvention
d r at r gy fer deV| for
t’id#&ef%f A abss 900 b usmv%%? %ﬁaesﬁpaqaegasﬁs
tra fer carrigge are transfer |nt a deposition
PRl et BRRnaAar | ATELRGED Sey ir s ferTed
to nake surfaces of the substrates face the el ectrodes
intn AcfeRPrsiddad empmber| wdtdh edrctrogdesr arganged in
characterized in that partition panels each with an
sigphe nplanegeo tamnt ¢ hwakebsarfisacemdof atheg sibestrates face

el ectrode are arranged on the transfer carriage, a
the cdleetipdes flokedepbsitdon ld deiimi Fhlmde cribshiéat e

fitted therein being arranged on a side of each of the
subdtraten, panels away fromthe el ectrode such that the

substrate is positioned substantially at a center of

the opgp E’érw%d H"i‘{ HWHA O RARE L 137] gl 18Ne 88k With an
peri pheral edge on

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 1s 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-nentioned neans, the foll ow ng
operation will be attained. Wjh the substrate being

fitted into the picture- frame-like substrate hol der

and said substrate holder with the substrate fitted

thereto being arranged on a side of the partition

pe¥iighe 801t RAJd RS  Ehe CalLbIsIGR AYo W 'b'éfin% ‘masked with
el ectrode, the substrate is positioned substantially at

cigcoseelgact i SPoIhngueh YIndEL | LhboRaIanel e

out'er 14 periphera ge o berl ng

iLt.h . t.he ti.tion nel; J4nh such state, the

t]%:%?ér(fgﬁge?s i%t{ban@?%rgéaolsr# c’[%ec%%lﬂgglrt B8 A ahppakg the

as_to make the surfaces of the substrates face the
SWHERPPBIOE, YhensTHPS EERRS Sgditien e by LeREradas « cobasma

for deposition of thin films on the surfaces of the
besingt genesateghdhethecnlerd radns rker daposddsiomtef thin

hol der and between the substrate holder and partition
figame| onayhee sunfalkkey efipphessatbstoratasnum so that

the plasnma is positively prevented fromconing into

the Gaps betivees dfhe tdhabstbatealandysivet subet Rider and

hol der and partition panel; there is no need to

beiwéRetReBUb PRt e | BETALNHHE dOFt1 088K DAl tH8y be

whol e outer peripheral edge of the substrate and there
4S8y SRR BRI O acEORE) DhE 1s
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
films of for exanple silicon nmay be attached to the
surfaces of the substrate hol gers and partition panels,
and dropping of such thin filns therefrommay bl ock
deposition of uniformthin filnms on the substrates. As
a result, there is a need to regularly carry out an

depesatioh Shanfd@y| NBhanypletidt foh NS ai:bﬁ_@;'%&(hg{ Cah{€thin
substrate holders and partition panels. Since the

£SURSthrtaMUANS ARE BaklFalded FAngha ?ﬁ% od?q%gfders

the transfer carriage and can be transterre

it] a r,. .t eration of renoyin
addpdpriRiBH WAL FOCRE' ps' SRAREIALEY SaniiRd ' 8
substrate holders apd, partitiqn panels can be
ofsideonfl fhendsredohi BB, chanb ek . | FRSUERFSATALNing good
chanber, thereby attaining good nmaintenance. In the
magipEenpaneetransfer device for the thin-film deposition
apparatus, the plural arrays of electrodes may be
ar r akmgetheénsubes tagtos | trans feanidervims | Zont &hley thitr-£11m
required spacing with each other in a direction
dgmopbttionuappdra tie, dthecpilarall drpagk of dlectrodes may
carriage and the plural partition panels may be

belldPhgRfedn inhech&adépage tIvn dHidibéRehsHaSomi£r1¥ageth
opposite surfaces of the respective el ectrodes, I ch

o EUATL RN 6 OBEUN Bk (008, B T
pé%ﬁé%ﬁiéﬁi%%‘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




In the substrate transfer device for the thin-film
deposition apparatus, each of the partition panels may
be nrmounted on the carriage spgas to extend between
support posts arranged to be spaced apart with
required spacing fromeach other in the direction of
travel of the carriage, and projections fromthe

asthnataba bE ddie "d¥pbeiendRIHhoNbss . mati ng menbers
projecting fromthe support posts, which nakes it easy

to Mpwngnangd i e tPEaflRRY Ql%eﬁrié’é’l £6¢ Whleh tln-£11m

substrate fitted thereto to and fromthe carriage
0 t here facilitatin 6 tomagi
ad Uggh Bl LBy V56Dl L SAEPA1S HUSTRE Bl rea
device far .the thin-film _depositjon_apparatus, an
SYTERTS 0F) She AoRAbEabE PRddak, LS CGoPHEE St retention
substrate holder is fornmed with a retention groove

IneRve whptr ¥hish &anperftpgrep@riRhpral edges@fsithee is
fitted; a holding tool may be nounted to press and

suhppoatet s duttdteperapheddingigoewt may beamouwntédcto
of the substrate fitted into the retention groove. As

pres=®sahil, shppatpstiiat eutar pemiplepati bdgel Wi i the€drear
to the substrate holder. In the substrate transfer

sUIeFAE€ ber thiee Sl tata rdeRed tipFo aPRAr *etent{®n groove.
el ectrode may be an inductive coupling type el ectrode

AV CRe bl ¢ential !é’uﬂgkgﬁ‘é?t %3@13\6% b £82B6 53 Vi Fheitted
has at 1ts opposite ends teed and ground™ parts.
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 1s 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;



Brief Description of Drawings Fig. 1 is a side

el evation in section of a conventional thin-film

deposi tion apparatus; Fig. 2 !ﬁ a front elevation in
[

section of the conventi onal in-filmdeposition
apparatus and corresponds to a view |looking in arrows
Il in Fig. 1, Fig. 3 is a plan view show ng an over al

schempgica oW afrdie €08vARNIMNAN tHeBthibhMof a
deposi ti on apparatus proposed for automated thin-film

c&?@@ﬁtlb%lo%u%@éi-é%e%ra%f%xg aévid affrronl:th? thin-£ilm

el evation 1 n section of conventi onal substr

d%éﬁ@f{ Ondgﬁpar{ﬁ” t he th|n film deposition

par at us 127 a side elevation in section of the
conventi opal substr e transfer device for the
t hi rﬁ?ﬁ’r P &ép@sﬁjr%h %i)ﬁgFﬁtiﬁél driy %%?Fégﬁoﬁ‘és the a
view looking in arrows Vin Fig. 4, Fig. 6 is a front

c‘é}‘é"dﬁﬁ-eﬁalln ssthg teatof taansEafodliewheeatosr dibg thinhEilm
invention; Fig. 7 is a side elevation in section of the

dqmm@utﬁentamnﬂraﬁu@ &ndt kerirespunds todacordresspbodking in

toa viewlooking in arrows VII in Fig. 6; Fig. 8 is a
arssows ovialinviFdw t aken along lines VIII- VIII in Fig. 7,

Fig. 9 is a plan view of a holding tool for a

fﬁgsﬁi@t 6l Bsa oS g At €180h¥eon N d Nee B BN taPf
embodiment according to the invention:

Fig. 7 1is 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
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I nvention which corresponds to part I Xin Fig. 8, Fig.
10 is a front elevation in section show ng nounting
and demounting of the substrajg holders by robot arms
in the enbodi nent of the invention; and Fig. 11 is a
per spective view showi ng nounti ng and denounting of
the substrate holders by robot arns in the enbodi nent

of tAw bmpealimdnt BesttBAenken 133 W81 Odle td&cribe:d in
I nventi on 18 An enbodi nent of the invention w

&%&ﬁﬁbbggﬂ r%ﬂgcékggfﬁég1the dr awi ngs. Flgs 6 11

ow t he enbo Iment of the rrnvention in which parts

sim t hgse |n : r ep te b
saneg'fé?ergnlé‘g it #ﬁe ?ﬁ‘8°gﬁﬂbe 1?113?1? FE 'qr'ﬁ I]?'r"n in
sic_structure to the conventional one_shown in Fig
%haﬂﬁ F§(§iﬂ¥&ﬂ5rF?eHgPﬁﬁlﬁﬁ %&Sshawﬁ|Q¥QHiﬁPresented
6-11, partition panels 37 are arranged on a transfer
b k¢ agame3 refaxenee BUMEIEdS . t The mmerdingnitng mrsimilar
opening 36 larger than a substrate 4 and facing an
in resicvetcantiurg tgptheekconvesdel @nataoheofshdwn in Figs.
partition panels 37 having on its side away fromthe

3-8 eandodle dharmictertzédagn- Ithat, sa®séhatd NGl de1gss 6-11,
with the substrate 4 fitted thereto such that the

paxtbstishephnel $ifpahed %¥¥Hﬁﬁﬁdabhyaﬁ%f%n&?@iebdyiiage 23,
the opening 36 and an outer peripheral edge of

%ﬁﬁﬁﬁ#nent, §%§%§§h¥$;ﬁobﬁﬁfﬁﬁ§§%&§ ﬁhnob@%ing 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




exanple of Fig. 6) arrays of electrodes 3 are arranged
in the deposition chanber 1 to be horizontally spaced
apart fromeach other with reguired spacing in a

direction perpendicular to a direction of travel of the
carriage 23, whereby the plural (six in the exanple of
Fig. 6) panels 37 are arranged on the carriage 23 such

23 hed eReenBdtwéen 4ubpertoROStse28i 4BIH fdCturns are
el ectrodes 3. The partition panels 37 are nounted on

ati¥nGah’ bR nk’ cdriPagl! 930 AANCPOGIYPRY s fiotRg2Fn the
which in turns are arfanged on the Carriage 23 Mﬁ?h
' j ' e ir ' f travel, of the
afFOUtLEH SRR L SETendl R o PREC AL 4 <
hol der , 38 bej ng engaged ith their_mating. nenbers 39
piT IS EEiPRg Ergih «Tie ppupsEsatadiataes 80 bein shoaged
Fig. 9, an inner peripheral edge of the rear surface of
with theds meding fftb?'ﬁgﬂrﬁi 88 Proieehingnfgosb\ihegipost 28.
into which the outer peripheral edge of the substrate
4 | Marxeeovdr.aasolshownt ol F43.bd.nan nbunerd periigpheral
presses and supports the outer peripheral edge of the
edgmrofuthacoedr tdhersabset n&t ahe fiéld@ert 38t & formed with a
retention groove 41. The hol ding tool 42 conprises a

rel ePi GRG0 AZD PUSDRHoaGRIIRH (e SUter PRATIPIEAAL edge

edge of the rear surface of the substrate 4 by spring

of ¥KE Lhbsrad wlfgafﬁ%dholaﬂi a9f St%%lb?nge ng

arranged on plural positions on the inher periphera

m&ﬂkﬁ%&fwhggﬂwﬁyesﬁﬁgfQﬁﬁ ghﬂﬂ&%fﬁ“@%éaaﬁt@¥(ggr§§heral

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 lifts the pin 40 as the
projection of the holder 38 on and from the mating part 39

of the post 28.




In the deposition chanber 1, as shown in Fig. 6, a
mask panels 35 with which only an upper edge of the
partition panel 37 is nasked gge arranged to be noved
toward and away fromthe partition panel 37. In Figs.
10 and 11, reference nuneral 43 denotes robot arns
each of which loads and lifts the pin 40 as the

Pr oj &kt Qnmeidel e hobdles + 38noR ANt r @BbBE e‘ifﬂ:tddlﬂn@ﬁ‘ft will
39 of the post 28. 20 Next, node of operation of the

bé&ﬁggcgggg@ ment will be described. Wth the substrate
belng fitted into the picture- frame-like substrate

hol 8 stha r the

subs tg ,?@e% %gret OB§ %g%girff%%‘geyn% ﬁ" i%ljecs’flre'

t he itio a 37 the carriage,623 away

R sabTTte Galderas #1484, samarrats holder

substantlally at the center of the opening 36 of the
3GH¥ithi Shepshstratend Sitdedhdthoretal bedgg FArrapged on a

substrate hol der 38 being masked with the partition
sifigmetf Bhe paxtucticenapsnpetthéTanitlye 23rrdage 23 away

transferred into the deposition chanber 1 so as to
frakethbeedecftarade 0f, t bhe sultsittrdts 4 fiscpdditioned

el ectrodes 3, plasma being generated by the el ectrodes

subd ©4n RN i) et BeAtkl! BF Ghd NependBY 17 &5f 4the
Gaps between the substrate 4 and the substrate hol der

p%gtngfﬁoﬁeb%m 3£, Sthet bate " Y prEra1dRYd ¢ Ofhe
substrate holder 38 being masked with the partition panel
37. In such state, the carriage 23 i1s 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




37 may be readily suppressed to m ninum the plasm
being positively prevented fromcomng into the rear
surface of the substrate 4 by;the substrate holder 38
and partition panel 37 so thal, as shown in Fig. 6, it
suffices in the deposition chanber 1 to provide only a
mask panel 35 with which only an upper edge of the

peiphéiran @ﬂ%? of the BBPAFatdef€ahd RBIREY 4 Ono need to
provide a mask panel 35 (see Fig. 4) large enough fo

ar B Egsgﬁﬂrlcﬁﬁﬁlﬁagﬂtﬁ%ﬂ%& PHeEﬁE grggamber

SUbS rate ere no nee arrang SUC

S ot A R VR e e

reduct i Thin filnms of for exanple silicon may be
c%ﬂ?aﬁﬁga ctdofye surfaces of the substrate hol ders 38

and partition panels 37, and dropping of such thin

fil iheféiﬁl@m%;ﬁom%ﬂmaésoﬁitlmpr@fmam ber mtttached to

films on the substrates 4. As a result, there is a
tmmemurﬁacegmqﬁIgh@asuysmwatnwhaiﬂnnsiaB ahd qawthgion

any thin filnms attached on the substrate hol ders 38

pansl 9aByi,t avd phreppitd. obi BURH hthisubslimat & et $€fomSmay
and the partition panel 37 are nounted on the transfer

bIGEK | d8Podd tAKh CeP HAilFoINEI@i{fdr99nsOfon HRe substrates 4.
deposition chanber 1, the operation of renDV|ng any

A ALY AR ot oo SSsalatls BB gy an
oé%%é%ggnog% %ﬁﬁ%&%ﬁ&faﬁgetﬁﬁpm¥fi£@ gg%aéﬁeé‘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



attai ni ng good mai ntenance. In the present enbodi nent,
the plural arrays of electrodes 3 are arranged in the
deposition chamber | to be hgjizontally spaced apart
fromeach other with required spacing in the direction
perpendi cular to the direction of travel of the
carriage 23, and the plural partition panels 37 are
ebsctngadson t MhLehrisgadvdndidedhst ihheondiistént &g 4
face opposite surfaces of the respective 22 el ectrodes

debo¥li Ry TraAdy o PAEOHA it&ecwafnahsgt%% tingng

in filnms on the plural substrates 4 an I Nprovi ng

ir'{e‘glg%p%ﬁguwevL#a%/??‘ﬁ?{%x%ﬁ@ in the present embodiment,

t he on panels 37 is nounted on the
carrjage 23_so .as to extend between the, support SIS
26 ATERGERTL o e IR RACSEPL ERAGLRERty r BR ALt rihe
in the direction of travel of _the carriage, the pins

PaptLEipPopades § rdfn 1Remeupdadiien Haedearsdaas ng3 so as to

engaged with mating nenbers 39 projecting fromthe
ex rbepween Ade /guppesiulposttshel §udsreaged (o deesspaced
38 with the substrates 4 fitted therein can be readily
apmuinteilthnad edpniored esipaciagd ifr athé hdiractiage B3, trasel of
shown in Figs. 10 and 11, by the robot arns 43, thereby

tHecdatrtdhigeg alHenpihon4of afsh?.ﬂfjwtéi fRoR AIRSSsubstrate
Mor eover, in the present enbodi nent, as shown in Fig.

AgibeabToston e, 468 Sy SakuBl P floldtuing
ffgm 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 cuter peripheral edge of




into which the outer peripheral edge of the substrate 4
is fitted, the holding tool 42 being nounted to press
and support the outer periphggal edge on the rear
surface of the substrate 4 fitted into the retention
groove 41; as a result, the substrate 4 can be nore
positively fitted to the substrate hol der 38. Thus,
thé t Sobk tipadd di non t BRemMashoRANCioBSchander anoysihaéna
maski ng of the whol e outer peripheral edge of 23 the

gendsataleny ithd Ne186eediakis0ns ibeE DosAtASfBLy prevented

generated by the el ectrodes 3 can be positively
v fyr, L ng Lot ar-syrfa 0
e (E0hTHg VR AL Beal BurthI e *thalaitrinfes ¢
I nprovenent i mai nt enance. It is t e _under st ood
eReEE By BE e ¢ ARt r BRdupaian 38f pROYemanE Lo
deposi ti on apparatus according to the invention is not
maint@RANES -t he above enbodi nent and that various
changes and nodi ficati ons may be nmade w t hout
depakt i h§ teobet hndsenptood that m/ subshrateddstansfer
Applicability As is clear fromthe above, a substrate
devibosffor devildm{ibilm Gbposfitioneppparatnsaparatding to
according to the invention is suitable for deposition

tHd divéatTonhils rdet NBiffted toXatié cabbieC@mbyiiment and
| ar ge- si zed substrates in a single operation and for

e & RE D8 uel hAHYOYohhanhoa 1YY €1 8hEhmdsSiHedhade without

characteristics.
departing from the scope of the invention.

Industrial Applicability

As 1is 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.




24 CLAIMS 1. A substrate transfer device for a
thin-filmdeposition apparatus wherein substrates on a
transfer carriage are transfgfred into a deposition
chanber with el ectrodes arranged in single plane so as
to make surfaces of the substrate face the el ectrodes
for deposition of thin filnms on the surfaces of the
substrates, characterized igLAbt@g partition panels each
with an opening |arger than the substrate and facing
the electrode are arranged on the transfer carriage, a

picture-frame- |ike substrate hoIder with the substrate
figt r f_th
-paét.gﬁt%ﬁ%?%tsrbﬂ?@eﬁfrom vE St §?P?ﬁ§ti°“
substrate is 0si tion ubstantlall center

at a

aRRRroEaR Mhene iRt RaEEpt e %r@tﬁ%asmt Sarchade are

peri pheral edge of the substrate holder is nasked with
transpRFred éﬂ‘ el deposiid oy whamhert vAlds erlertiredes

for the thin-film deposition apparatus according to
aptanged, inhsdgigler ppeoeabiot psoftarmake stirdlasmas oofsthe

are arranged horizontally with required spacing from
sulsstratbefaice aheli e bettondesr Foxlidepasitdon G eehiAnfilms

of travel of the <carriage in the deposition chanber, a

ol th@l sty falcePajt | thenspa_erated Ng arranged on the

carriage so that 25 surfaces of the substrates face

OPPQHd Las¥ElaGed Ofn 168at 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 1is
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




respective electrodes. 3. The substrate transfer device
for the thin-film deposition apparatus according to
claim2, wherein support poshs 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 nounted to extend

sW¥EAcEBe oFURNMY LsWBSE Pat el TS | OPFobied -S4t 8EC the
hol der being engaged with nmating nmenbers projecting
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device for the t Il m deposi tion apparatus
according to cIa|n13 wherein an inner peripheral edge
on a rear surface of the substrate holder is forned
h a r ntion groove into which_an  outer periphera
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nnunted to press and support the outer peripheral edge
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retention groove. 5. The substrate transfer device for
pPasies t ara- Armangedosnt the ppasfies aarvidigey to ke aspaced
1, wherein each of the electrodes is an inductive
aparipl fngmt waerel eddiepdeithenieiiyed okpading Havethe
substantially U shape and having 26 feed and ground
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device for the thin-film dep03|t|on appar at us
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I'S an I nductive coup I ng type
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



centrally fol ded to have substantially U shape and
having feed and ground parts at its opposite ends. 7.
The substrate transfer devicepfor the thin-film

deposi tion apparatus according to claim3, wherein each
of the electrodes is an inductive coupling type

el ectrode centrally folded to have substantially

fdbghapa andunyipartbead and Wppwhsivar bhaal, its
opposite ends. 8. The substrate transfer device for the
thin-film deposition apparatus according to claimd4,
wherein each of the electrodes is an inductive

C i € C Ye £ Ql to hav
6 Suble L REpEHA Gy HEARNE "R e 108, U8R, Yhdfi e b
dégoéigiggp%%£§}§¥gg'according to claim 2, 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.

7. The substrate transfer device for the thin-film
deposition apparatus according to claim 3, wherein each of
the electrodes 1s 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 1s an inductive coupling type electrode
centrally folded to have substantially U-shape and having

feed and ground parts at its opposite ends.
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