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a number of small pieces can be placed on either one of the pair of electrode plates.
This is due to different effect, the electrode plates comnected to the high-frequency
power source and the grounded one receive from plasma. Therefore, in order to form
thin film on a number of substrates simultaneously, the chamber of above-mentioned
plasma CVD apparatus must be provided with plural pairs of electrodes in advance.
Such a chamber needs a large internal space. Moreover, the maintenance becomes
difficult if three or more pairs of electrodes are to be provided. Therefore, in reality,
it is appropriate to use an apparatus having a chamber provided with up to two pairs of

electrodes, and to treat maximum of two substrates at a time.
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In the above thin film formation method, preferably the above substrates are

reciprocated in the direction parallel to the above array plane and perpendicular to the
above first and the second linear conductors.



reciprocated in the direction parallel to the above
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t he BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic front view of a thin film formation apparatus according to

an embodiment of the present invention.

Fig. 2 is a side view of the thin film formation apparatus according to the above
embodiment.

Fig. 3 is a cross sectional view of an antenna element according to the above
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The film-deposition chamber 10 is composed of the a spatial size, with
enough height and width to deposit on large substrates 40, for example more than 1m
square in size, and with enough depth to achieve simultaneous deposition on plural (six

substrates in the illustrated example) of such substrates.

Plural sets of array antennas 20 (three sets of array antennas, 20a, 20b and 20¢
in the illustrated example) are placed in the film-deposition chamber 10, and each array
antenna 20 consists of plural (six in the illustrated example) antenna elements 30.

As shown in Fig. 3, each antenna element 30 consists of two linear conductors,
the powered conductor 31 and the grounded conductor 35, placed parallel to each other
and electrically connected to adjacent ones at one end (for example at the bottom end)
with a conductor 38 to form a parallel line in back and forth in almost U-shape. The
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Fig. 2) to be comparable (specified later) to the distance P between the powered
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Therefore, it was confirmed that high quality microcrystalline film can be
formed with uniform thickness distribution without reciprocating the substrates 40
during deposition, if the antenna-substrate distance D is set to a value, within the
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307 @hbigrle oy it Fefihis i GRCn 1% Sy ol ey can

bEIISCIBmedItDGm.}’ nimebea i peinniplet i e they Himiitation o theedisnansiop of the

ﬁhgo gfﬁ cﬁﬁiﬁ&rwel\@en H?}forte Gherfe. 1§‘lng ep#g;bfﬁlé hﬁn?}ﬂ in size in the width

er e sams
dlré@imn mrmﬂ Inatordstdo gisressnthe size 0f§%ﬁpﬁ0téﬁ@r¥@b$wé?ﬁ@ was

foungnnne %ﬂ@é@@@ﬁd tthé‘ ®n@t6f the oWetdd d&dﬁ&gﬁm la'f.ﬁadath@l grounded
chjlcon gltrl mrmadhks i}arbon %p ‘KXE

coRdHe{ 48 35 BbTEPRF ARSENoTmERS A DA I bl pRas it Horeese
thd dige of respective substrates 40 in the height direction in Fig. 1.  The dielectric pipe
33 provided around the powered conductors 31 is effective to elongate the length of the
powered conductors 31 and the grounded conductors 35. In case there is no dielectric
pipe 33, as high-frequency power is supplied to the powered conductors 31 from the
upper end, plasma is only generated for a short distance form the upper part. By using
the dielectric pipe 33 when the linear conductors are elongated, the region plasma is



power ed conductors 31 and the grounded conductors 35
was about 35mm the optinum value for
antenna-substrate di stance Qywas about 35mm and the
perm ssi bl e range was between about 17mm and about
47mm however, if the distance P between the powered
conductors 31 and the grounded conductors 35 is other
than this value, as a matter of course, the optinmm

geﬂ@‘hﬂéﬁ Wil bbelahranawatd fer Bittondlipattadipending epeth@slength of the
e above value, and the perm ssible range becones

003 I350% of t he above antenna-substrate distance D.
As mBit ctcﬂhtreﬂmghh&' thickagssuefl the didhetridpipe 38 Isoitibdy depending on the

|
poe\)jar %%P]&sﬂg) ep% nnaposggi &{Hé’fﬁm %ﬁ/ Cﬁ}ﬂ%o@& QA @ﬁiﬁ%mg the
thidlemess ioff i deleafic tptipen 38 iik momparableetos thef ecmmbﬁn ithe antenna-substrate

dls? %t]ﬁ at%nﬁs m&Bol thn B8 séc??o Qbntf] RY c@ﬁnaﬂg% an%oclep%&?ion rate of

stra er one SI array ant can
ﬂuﬁeﬁdmﬂwb@io tamedhown in the figures, when the th| n

fi | me,ahemidrOne @&0@& H&e]cahﬁotpdi@fﬂa&ﬁgd Wié ko ﬂfér@ﬁtlﬁﬁtb‘étween

ik con i ahiPs pleiand o Bapof o ol AE BSset to make
thé dﬁp&da@te&nﬂehedeay,hfoarmmpwtmmnall&@ t}teoﬂmlecmfc sonstanft of the
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uwhmmdem&ﬂ toamier eentiheofnalpdyer powelz;dt eondacierse fgnerd 3gounded
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I ncreased to any nunpber I n_princi e up t

| i e meRtianed hevel the fin GHRGorHAED Ppnam-%b&é%ltbiedﬁlhzed as a
thi@lhﬁ‘l?ﬁ)%mlt}’aﬁon-ﬁlﬂﬁﬁxﬁﬁﬁrv@mcﬁ {"ﬂ:ﬁpab& fbodﬁfdiﬂ%gi qléAutyntatSﬂ thin film
n I recti o I N .oraer
wifh Sfifage (i, s E&JUP%%&’C 60 suhfiarsa: AOOE o8, e film is
suititie fc;]rhheﬂ dse ihfsefjah' eéll@“, khepéfotel) dlembo];ee ddn dibnduohaion dpparatus 1 is
t.he r n Tl n
sufic T RO HHEE e, SR SN hBatdlicY, apPARAC)  KForBE 188 nigher
copveesien zEiaéncy esp @ctqun@msthﬁ aseof amdem stiveture 5ajat cells where
a-§i §0‘Feﬁ'2¢eﬁris sckddon ﬂtc- %ﬁarddeﬂl ﬁfahrlh(baEH Qiea—S'i?’%sé?f EMi\ﬁil&i?blly, the

aroun ower ed” conduct or s Is.effectlv

abaye fajat Blne Hermating: Aprsratind Cﬁb\bsuﬂé%h?@én@u&%ﬁ%n Film, formation
app:!&etugmttﬁeiﬁﬁnﬁaaﬂ@ﬁaﬁﬂan%ﬁucm s@aﬁeemmre is no

uppitiEheTorEn ST GierBho Lol PETETa. RS (e B, of the

filmndbpopitias rchamberoh) yvag Eenpiaatedchnﬁaﬂlustraittb et belingtcmec bowever, the

u%agorép]i% ﬁ& el B3kl %§O%§hﬂ§1e e 6?1@%{ ﬁ&a!?éeeoﬁ rAnber of

condu
deppsiéom Ch@nhezs g@rn@rlmeedova’rtypebe tEP‘b ﬁg@tneiap@ élﬁawﬁftrﬁesepmtely,

repiat YL RAihg q'ﬁ@tﬁ@ G RDrARe SEB N BdrReP {ndt RBown to the respective

conduct or’s. controlling the_thickne dglz of }.
deppsifian ehambeps iﬁ% and tg&?lfrwlupmas K PEPQURtieTh L, Tor example, solar

cenpﬁir&heoab% in bh&o%mapo\dﬁrg%hému@@n be mai nt ai ned

uni f eover,. as .changin

di el 3&@9 (’\:/&bsl paveitiong h@Bn‘Eg?%gﬁleéc?%e h‘gl‘ﬁléomsf?rgpcq nto, Hpecific
entbotlEneas, Shissihvatiien idinot dindedOo theiabove embddicemthe Iuskwnld be
ap{be?reﬁtoﬁ'}a{ %Mepo%scﬁlxaﬁtﬁggtkdng' ol @zﬂga‘u%ﬁ? Qh deORhali@tferSh by those

skilled in the art without departing from the basic concept and scope of the invention.

INDUSTRIAL APPLICATION
According to the above invention, plural plasma sources can be arranged in a



thin films to be obtained. Furthernore, if the

i npedance cannot be matched due to the relation
between the dielectric consfzant of the plasma and the
shape of the antenna, it is possible to nmake the

i npedance matched by, for exanple, controlling the
dielectric constant of the feed-through by changi ng
the thickness of its dielectric, or by adding an

lindRAr Rkt abith shvEReRsTasing!6rmeh, kad Whfomntasefa adiove fgenerated

owered canductors 31 and .grounded, conductors 35 of.
beveepErRerEvS oS eeroiabg OB et SR IRORR, fgaition on a
nuier A eubittraesedithboriornt peopdries fahd mhicknesst distribution can be

aratus.l can.be utili.zed.as thin filmformtion
pefiBited, eeblingecirt pRodnetipt of finBima’ i gh qual i ty
a-Si thin film wth uniformthickness distribution on
| arge substrates. Above a-Si thin filmis suitable
for the use in solar cells, therefore, the above thin
filmformation apparatus 1 is suitable to be utilized
as solar cell production apparatus. Moreover, as
hi gher conversion efficiency can be obtained by the
use of tandem structure solar cells, where a-Si solar
cell is stacked on c-S solar cell, than in case of
a-Si used individually, the above thin filmformation
apparatus 1 can be utilized as the thin filmformation
apparatus for the formation of tandem structure sol ar
cells. Furthernore, in the enbodi mrent nenti oned above,
the nunber of the filmdeposition chanber 10 was
expl ai ned and illustrated as bei ng one, however, the
nunber is not limted to this. For exanple, it is
possi bl e to arrange a nunber of deposition chanbers
10 in line, for p-type, i-type and n-type depositions
separately, repeat the carrying in and out of the
substrate carrier (not shown) to the respective
deposition chanbers 10, and to carry out an efficient
production of, for exanple, solar cells for the use
i n photovoltaic power generation. Wiile this invention
has been described with reference to specific
enbodi nents, this invention is not limted to the
above enbodi nents. It should be apparent that
nunerous nodifications and variations can be made
thereto by those skilled in the art w thout departing
fromthe basic concept and scope of the invention.
| NDUSTRI AL APPLI CATI ON According to the above
i nvention, plural plasnma sources can be arranged in a
13 limted space with substrates facing to them and
uni form pl asma can be generated between respective
pl asma sources and the substrates, sinultaneous
deposition on a nunber of substrates with uniform
properties and thickness distribution can be
performed, enabling efficient production of thin
films.



14 CLAIM5 1. Athin filmformation nmethod conpri sing:
plural antenna elenents, the first end of the first

I i near conductor and the firgt end of the second

| i near conductor of each sai'd antenna el enments being
electrically connected to each other, arranging a
nunber of said antenna elenents in a chanber so that
the said first and the second |linear conductors are
placed alternately in plane gLaIMSUal intervals,

sk B 4SO OB R G RS o 118 | inear L
C ond upheslsantenna eldhiegls, theefirseanl/ofthewirst Sinearcenductor and the first
r din econ nd ' :
enf el S o SRR S Bron G aflha Bebfiry B Mectical
cobmdnedstbcbaei'nmﬂleand in parallel to respective said
arr a%@éiflg r:ﬁ%ﬁl%lﬁ Ebbd" aﬁt@ﬁﬁaeelgﬁgﬂ‘@ G al] Q&ﬁérrs%%’thatsth? (sjald first

ant enna strates npara e

e
aniifhe secabd lweneeniueives picplaredcaifaRately s Plenscwithicaual miprvals,
fohﬁmg%ﬁegfhﬁge Sbay Sde6lH Ve said substrates. 2. A th| n

Imformatio rrethdco I enna
eI emSARRECtNg dhg jspeon degnds it ¢ E o, fPEtsaﬁa ﬁ@é Inegn ERpdugtors to a
mgﬂ&eqﬁ@cﬁpbﬁr&rs@r& of the second |inear conductor of

each sali enna nts bej el ectrl aII
connderiiE RRAng eRETD! G S BY spugehddiBieat ronductgrs,
ant ennsalihg phuralssubstrates bartogr sisles phiand fih pa@HeldtOf fegpactive said

d c I, t QLS
oxly eSO ) 3 SONRYE F o h? BIFREC) and the subsiates
cogparabte terhesaid nﬁwalﬁtb@hmp dhe linegh penduriors: tawé second
ends 1R fBACE depositbE of ?ésgeéﬁve%hdl sub@gdtesconductors to a
hi gh-frequency power source, grounding the second ends
of each of the said second |inear conductors,

2. rra{tlmﬁhnrf@mdmnpmahauaﬁnpﬁsmg:e sai d chanber to be at

60Pa 9 t o
res peggur%le aniégmg gl%eg? % gl%e ils F}aﬁds ei.iﬂtﬁg ?%ét li%fqar d?)n]ductor ?nd the first
endetthibd sesorsklinéagraondugior bﬁlemh1$31d @ntenna cteoraits Seing: electncally

E_g téHt%se%Hl‘iSthEP t he said chanber maintained to be at
a or 1ess. 4. The thin filmformtion mathod as

f or t [RTiaRgIaE & TyEnber pbsaid apigprhelemeriipn pspagder sodhet the Said first

andURE se@indslimet BendREIrPRCHLESM Alferadiflydif&id @ith equal intervals,
arallel to the said aE ay plane and perpendicular to

fo ’é‘gQEPcﬂ’rmqr%?"@n@t?‘Wé econd |inear conductors. 15

connecting the second ends of each of the said first linear conductors to a

high-frequency power source,
grounding the second ends of each of the said second linear conductors,
maintaining the pressure in the said chamber to be at 60Pa or less; and
thin film is deposited on respective said substrates.

3. The thin film formation method as set forth in claim 1, further comprising:
the pressure in the said chamber maintained to be at 60Pa or less.

4, The thin film formation method as set forth in claims 1 to 3, further comprising:
said substrates being reciprocated in the direction parallel to the said array
plane and perpendicular to the said first and the second linear conductors.



5. Athin filmformati on apparatus conprising: a
chanber equipped with an inlet port to introduce
source gas and an exhaust grt for evacuation, one or
nore array antenna(s) placed in the said chanber, each
of the said array antenna(s) consists of plura
antenna el enents, each of the said antenna el enents
having a first and a second |inear conductors, the

5. ]1: |Aﬁ1ttin gnﬂa f@-']ina{tlbﬁ aﬁﬁm-gtug b@@préél{l@ear condgct ?r and t he
irst end,of the Ssaigd secand |inear conductor o
i oo PERR BRI b BB TG: PUF B HiogH U FB A E e Ghaus
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conductors laced alt t n q
ot e 08RG Forb PR BBt E HcE0 Yo L, RIANE, RaBfihe soid array
antenna(a) capsistiuaftpdurataierentebaments, zadti offth¢ said anicona gements having
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ear conductors el n<[:1 roun
the,dirstesnsl pf dhei srid sseonsk Iipear poadecton of & sag% 5atcapa elempats being

elé%ﬁid&ll | asected t@réscﬂ BtHear @k Isald ﬁﬁst raﬁﬁﬂﬁﬁtsb&!&ldsﬁihéér conductors
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plgeg éf}e%%%@ywa{i Sl s R e TeLALE B kP R i it
linefvecawductot Bbl@ie‘tﬁﬂdstotnﬁhigﬁf&l’elqutﬂfi@ ﬁ@t}& dourveaand tthe second ends of
onduct or,s t hi,n_ fil.m.formatian aratus as
caRHE S8 Sporhi R doBaefbrsy Pz TRl P 13 B0
bodi ghuralowbstraig hpliers propided iso @s saplicé phgal substesdes on both sides
of GRA9H PafiIR] tof esﬁbﬁiﬂrleasralcf%dve ng%&énﬁﬂ(hmﬁ’log space etween the

corrpr|3| ng. 55 ant enna Irst. en
saidhstap ansermia(shead the st cHbSraRg PoRTRarable £ theeaid Bferyale betwveen

thS @EONfkedr cBERIcigronduct or of each said antenna el enents
being electrically connected to each other, arranging

a nunber of said antenna elenents in a chanber so that
6. t IMthe shiindilin ﬂoﬁhancamj:pbjwls% Getnfdrthiim elaim Spfuthet amsprésing:

pl ac %geé&éﬁggg@gs el elile B 30 '&ék{@ﬁ&i 1ihdd ‘861¥a€'4ct°or§ he

formn enna connec
second ends of each of the sal d first |inear

7. CONGUIS! QNi$réducBon Megisd dpmiiRipy pover sour ce,
groun%f ng trﬁecsg%oﬁ%;b gh of the said secon

i neRhuralgmdenng @,l@nenm,ﬁlgq grs]t ,eﬁ of ther first Lipgss cpngdustor anad the first

en QfMthé i sd@sndofinddf Gohfudi@ 6f bath 00 LERARE tlewRniabdng electrically

arr ant en é{s) with a space between the array
co g%‘/?rf eh%fﬁ the substrates conparable to the said

i nt eanrajlgln@ etnuader bheaid amemna demnents iroa shambml sb Ithat thid $aid first
anll Sqasf' Qé’c%ﬁgtlﬁlt@m‘)@oﬂd%?ﬁ?sc bleY aée?i' eﬂte?ﬁh@gi? tapl‘i? e % Fith égéaﬁ' iffervals,

ion nethod conprising:. p enn
Ol@lllegremgrmpma}’r@te@n@) of the first |linear conductor

and tBnektif® thel Second ends of each of the said first linear conductors to a
high-frequency power source,
grounding the second ends of each of the said second linear conductors,
installing plural substrates on both sides of and in parallel to respective said
array antenna(s) with a space between the array antenna(s) and the substrates
comparable to the said intervals between the linear conductors; and
thin film is deposited on respective said substrates.

8. A solar cell production method comprising:
plural antenna elements, the first end of the first linear conductor and the first



end of the second |inear conductor of each said
antenna el enents being electrically connected to each
other, arranging a nunber ofjgsaid antenna elenents in
a chanmber so that the said first and the second
| i near conductors are placed alternately in plane with
equal intervals, formng one or nore array
antenna(s), connecting the second ends of each of the
end &fcthé ise6dnd line@cofOdsicdOescht @id antehgdh efehemtsebayg electrically
sour.ce roundi ng the second ends of each of the
co mﬁedstgfaﬂﬂ tIhimgear conductors, maintaining the
pr es ataeging atrenbenofisaid anterma ¢lembets au a @bﬁabﬂrsoltb&isthe said first

anf . o9 B kel SRRV e Bl IERRAY it kil cque Igtervals,

foifging loné nr miozd arrdy, antenna(sdr conpri si ng the pressure in
the 3 Nk EtkabR dPahatsaf0RRt Unehressndudfdrs to a
_The ggﬁ%‘:ﬁgéqﬁg ECtI on m‘-?t hod as Sset fortﬁ in

high- EFWHWF@WQYSWt her conprising: said substrates

bei n %rélﬁﬁhfgrtﬁs 34@fd bndd dreath 6?@1& isgid speordl lirehr doadtdters,

nd SHEMEitE G Profar TR R anc R benp beet BOPE) ek pd

pr odukihifilth i8 dpposiiedisn eapiutive isaid substrazsrber equi pped
wWth an inlet port to introduce source gas and an

exhaust port for evacuation, one or nore array

9. arfthersobef s¢11 produetibn methhd as st dorghintieim 7.dighersomprising:
sai d (B bidlur @R EROA Shark 0 Shathisine 1PhiEAoPARE R302
el ement e sald antenna el enents having a
first and a second |inear conductors, the first end of

10t MehessBia céli bﬁidubtﬁdiﬁﬁéth@@ aslbka Ferth ﬁﬂslam{shktofg figthee bompfising:

t he sai near .con tor a.said
ol ermoati BEFHIES BHAE FrEFTEY Ob o Er e P LB o Rk peid aray
plareaand @etpehdicalar antie thid ﬂsracacnd dhd senewmd lingn derctuotoss.
pl aced alternately in plane with equal intervals, the
second ends of each of the said first |inear
11c ghehlet epll produssion epparatus cOMPMSIBE:equency power source

and LNe,&HePBshi an§ACp&H 1 Hﬁroﬂ@b@scﬁﬁ@@?& drid@Aéxhaust
conductors bef gr ounded, and plural substra

HéY@%WQWl ded so as to place plural substrates on
bOt h ok @?ﬁuor@ﬁn@ﬁ%tblma@@rpadde& lin tie sfaRBﬂﬁﬁihey eadnbfithe said array

aofirpdS) Eeits SRt g 2REE A7 S8 Heblf leBRhfS havine
a filsearsia second hne/&rl conthattovecthe firsiend aif the sardsﬁrst linear conductor and

th& m&usﬁcf b the1§?1dT£§c_)§f) hgéar c;dnhuﬁapg!e Gt L4 a@lﬂa M &SerS being

conprisi ng: el ectrlg
elgseinally eomeqtehdo teach ptspetbeispid Szt o) thesepenek fpear conductors

pl&RAGUEL ALy inlfiadeSwith RGual GhitFvake e SLO6HF éndls @Y each of the said first

linear conductor connected to a high-frequency power source and the second ends of

each of the said second linear conductors being grounded, and

plural substrate holders provided so as to place plural substrates on both sides
of and in parallel to respective said above array antenna(s) with a space between the
said array antenna(s) and the said substrates comparable to the said intervals between

the said linear conductors.

12. The solar cell production apparatus as set forth in claim 11, further comprising:
dielectric bodies covering the respective said first linear conductors.



thin filnms deposited on the surface of substrates, the
said thin filnms formed by plural antenna el enents,
the first end of the first Lknear conductor and the
first end of the second |linear conductor of each said
antenna el ements being electrically connected to each
ot her, arranging a nunber of said antenna elenents in
a chanber so that the said first and the second
| i near conductors are placed alternately in plane with
vals, . form ng one or nore array

equal Jnt
IBaﬂﬁ%ﬁﬂﬁ{%ﬂcWﬁ ng the second ends of each of the

sai dttin fids depesited oarnbksirfice of substratesgthefsaidhamiims formed by

e 0
B BR Ui UL 00 4 9% ARGl B8Ch By Lo
seqond dingarcondugioe of gach shdnbienna glements baugoglepiricaldy sonnected to

e&fbthé'ihe solar cell as set forth in claim213, further

a
provi ded by: depositing the said thin fjlns by .
mai nEArNging 2 mHmber ekspid antepna emea if & KhARRer SO thatghe spid first

an® ARAsRond §mear dondudioss &el Ficedediier@felsah plaiet With Rqual intervals,
claims 13 to 14, is fu ﬁher provi ded by said thin

forpipggne MBS TEY ANEN&Sd substrat es bei ng
reci pomeatiggl the) sédoad dinde offi eanh pdrthe [seid first tinearsepmgluctors to a

.arra | ane_and perpendicular to the said first and
hlﬁ%ﬁ%e%ug 8%?180‘?’?%38 glf‘%t onduct ors. ] .
grounding the second ends of each of the said second linear conductors, and
maintaining the pressure in the said chamber to be at 60Pa or less.

14. The solar cell as set forth in claim 13, further provided by:
depositing the said thin films by maintaining the pressure in the said chamber
to be at 60Pa or less.

15. The solar cell as set forth in claims 13 to 14, is further provided by said thin films
deposited by:
said substrates being reciprocated in the direction parallel to the said array
plane and perpendicular to the said first and the second linear conductors.



