1 DESCRI PTI ON METHOD FOR FORM NG THI N FI LM AND
APPARATUS THEREFOR TECHNI CAL FI ELD The present
invention relates to a thin filmformati on nmethod of
solar cells, preferably applied to nmass production,
and thin f|In1fornat|on appay at us. BACKGROUND ART
There are great expectations for solar cells as clean
energy sources, whereas further reduction of cost is
necessary to attenpt extensive diffusion. For this
purpose, a thin filmformtion apparatus capabl e of
uni form deposition of PESCRIPTION anorphous silicon
(hereafter "a-Si") thin filmon larger substrates is
desired. Myreover, a tandem structure solar cell
WheVETHGID FOR RORMING THIN FIEM AN APRARATES THEREFOR
silicon (hereafter, "pc-Si") solar cell, gives higher
conversion efficiency than a-Si used individually.
Therefore, a thin fll'ﬁﬂemﬁhﬂoﬂlﬂpparatus for the
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S of electrodes in advance. Such a
charrber needs a large internal space. Moreover, the

mai nt enance becoFpRCIOSURBOF INVENTEONOr nore pairs

?;afllgfgte;grdespa?-;ﬁeltpciatgetygé %YI ded %{:SJ:&%E co'nsmts of a pair of
electrode plates, one connected to a high frequency power source and the other one
grounded, facing to each other with a prescribed space apart as a discharge region, and
forms thin film on the surface of a substrate placed on the grounded electrode plate. In
paralle] plate type plasma CVD apparatus, only one substrate or a substrate divided into
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 connected 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.




it is appropriate to use an apparatus having a chanber
provided with up to two pairs of electrodes, and to
treat maxi num of two substrates at a tinme. 2

Mor eover, due to a principal limtation, each

el ectrode plates in parallel, plate type plasm CVD
appar atus nust be | arger thé% the substrate. Thereby,
much |l arger electrode plates are needed in order to
deposit on much | arger substrates, however, it is
difficult to generate unlforn1plasna bet ween | arge
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chamber so that the first and the second linear conductors are placed alternately in plane
with equal intervals, forming one or more array antenna(s), connecting the second ends
of each of the above first linear conductors to high-frequency power source, grounding
the second ends of each of the above second linear conductors, and depositing thin film
on respective substrates while maintaining the pressure in the above chamber to be at
60Pa or less .

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.




with equal intervals, formng one or nore array
antenna(s), connecting the second ends of each of the
above first |inear conductors to high-frequency power
source, grounding the second ends of each of the
above second |inear conducto8s, and depositing thin
film on respective substrates while maintaining the
pressure in the above chanber to be at 60Pa or | ess.
In the above thin filmformation nethod, preferably
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bot h According to the fifth aspect of the present invention, a solar cell production
method is composed of plural antenna elements, consisted of two linear conductors
where the first ends of the first and the second linear conductors are electrically
connected to each other, arranging a number of above antenna elements in a chamber so
that the first and the second linear conductors are placed alternately in plane with equal
intervals, forming one or more array antenna(s), connecting the second ends of each of
the above first linear conductors to high-frequency power source, grounding the second
ends of each of the above second linear conductors, and depositing thin film on
respective substrates while maintaining the pressure in the above chamber at 60Pa or
less .




sides of and in parallel to respective above array
antenna(s) with a space between the array antenna(s)
and the substrates conparable to the above intervals
between the linear conductors, and depositing thin
filmon respective above suhgtrates. Preferably, the
pressure in the above chanber is naintained at 60Pa or
| ess. According to the fifth aspect of the present
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Fﬁus is preferably further provided with

The above thin film is preferably further deposited with above substrates
reciprocated in the direction parallel to the above array plane and perpendicular to the
above first and the second linear conductors.
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BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a schematit 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



dielectric covering the above respective first |inear
conductor. According to the seventh aspect of the
present invention, solar cell is provided wth thin
films deposited on the surface of substrates, with
pl ural antenna el enents congisted of two |inear
conductors where the first ends of the first and the
second linear conductors are electrically connected
to each other, the above first and the second |inear
conductors placed alternately in plane with equa
embodBheml S, form ng one or nore array antenna(s), the

second ends of ., each of the abqve fjrst.linear ... .
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cross sectional view of an antenna'el enent .
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bet weethin film firmnsetioncepriasatus according 4m ooe embetimentof the: present
invelfion WA BAiGABN hOCinRROPRAth! Rfer&ece [tBFigd. M Bnd B! MA thin film
formation apparatus 1 is an antenna-type inductively-coupled plasma CVD apparatus,
moreover, is relatively large in size to deposit on large (large area) substrates, suitable
for the production of solar cells for the use in photovoltaic power generation, and is
provided with a film-deposition chamber 10, array antennas 20 installed in the above
film-deposition chamber 10 and substrate holders 50 to hold substrate 40 for deposition.

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 Im
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 20c
in the illustrated example) are placed in the film-deposition chamber 10, and each array
antenna 20 consists of plura.'l (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




Fig. 5B is a diagramshow ng the experinmental result

of the relation between the distance between the

antenna el enents and the substrate and the growmh rate

of the thin filmFig. 5Cis a diagramshow ng the
experimental result of "the gelation between the

pressure in the chanber and the properties and the

growh rate of the thin film BEST MODE FOR CARRYI NG

OUT THE INVENTION A thin filmformation apparatus
according to one enbodi nent of the present invention
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pre é{lter@lss in e@@en Therefore, respec ve array plane is placed in the
film-deposition chamber parallel to each other with a prescribed interval in between.

The above substrate holder 50 holds a pair of substrates 40 on which thin film
is to be deposited at both sides of the array antenna 20, keeping both of the substrates 40
paralle]l to the above array plane, and moreover, positions the distance D between the
array antenna 20 and the substrates 40 (hereafter, “antenna-substrate distance D “, see
Fig. 2) to be comparable {specified later) to. the distance P between the powered
conductors 31 and the grounded conductors 35 (see Fig. 1: for example 35mm). Since
three sets of array antennas 20a, 20b and 20c are illustrated as an example, the substrate
holder 50 holds one of the substrates 40 each on both sides of respective array antenna

20, resulting in six substrates 40 in total, All substrates 40 are positioned in parallel to
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A1203 provided on the wall of filmdeposition chanber
10, and is connected to a high-frequency power source
11 placed outside the fil mdeposition chanber 10.
Furthernore, tubular dielectric pipe 33 such as A1203
I's provided around the power®d conductor 31 inside
the fil mdeposition chanber 10, and the thickness of
above dielectric pipe 33 is to be suitably

determi ned. A tubular pipe with many holes 36 on the

surface is used as a_grounded conductor 35, which
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are positioned in parallel to the correéponding, array planes of the array antennas 20 (20a,
20b and 20c), with the antenna-substrate distance D set comparable to the distance P
(about 35mm) between the powered conductors 31 and the grounded conductors 35
(D=P) by the substrate holder 50.
Next, the above source gas is mtroduced inside all of the grounded conductors
35 of the respective antenna elements 30 of the array antennas 20 (20a, 20b and 20c)
from the gas supply source 12 placed outside the film-deposition chamber 10. The
source gas is introduced into the film-deposition chamber 10 through the holes 36 on



the array plane of corresponding array antenna 20, and
in such a way that the antenna-substrate distance D

is set conparable to the distance P between the

powered conductors 31 and the grounded conductors 35
(about 35mm). Such substrateghol der 50 is constituted
so that the substrate holder 50 can be carried in and
out of the filmdeposition chanber 10 supported by an
appropriate carrier (not shown), in order to enable

being carried in and out of the filmdeposition
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(a-8i) is the hlghest, showing good crystallinity and high quality film being obtained.
It is shown that even with larger antenna-substrate distance D, up to about 47mm,
considerably high quality films are obtained. Besides, the antenna-substrate distance
D shorter than 35mm is not shown in Fig. 5A, however, it was confirmed that
considerably high quality films are obtained down to about 17mm. From the results
obtained above, it was found that the optimum value of antenna-substrate distance D is
about 35mm which is comparable to the distance P between the powered conductors 31

and the grounded conductors 35, and about +50% of the above optimum value (about
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(D=P) by the substrate holder 50. Next, the above

source gas is introduced inside all of the grounded

conductors 35 of the respective antenna el enents 30

of the array antennas 20 (20a, 20b and 20c) fromthe

gas supply source 12 placed goutside the

fil mdeposition chanber 10. The source gas is

introduced into the fil mdeposition chanmber 10 through

the holes 36 on 8 the grounded conductor 35, filling

the fil mdeposition chanber 10, and the pressure
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Experiment was carried out in such a way where the substrates 40 were
reciprocated during deposition for a stroke corresponding to the distance between
adjacent array elements 30 of array antenna 20 (70mm), and it was confirmed that
uniform microcrystalline thin film can be formed on the surface of respective substrates
40 without a striped pattern.

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




As shown in Fig. 5A, when the antenna-substrate

di stance D is about 35mm conparable to the distance
P between the powered conductors 31 and the grounded
conductors 35, the signal ratio of mcrocrystalline
silicon (pc-Si) to anorphougpsilicon (a-Si) is the

hi ghest, show ng good crystallinity and high quality
filmbeing obtained. It is shown that even with

| arger antenna-substrate distance D, up to about 47mm

consi derably hi gh quality filnms are obtained. Besides,
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Condmtsblbsmi%ﬁ Fig=5CPwhehhthe presstre mathe fim-derositiodi chgmber 10

bedofnes about 20Pa or less, suddenly the signal ratio of pc-Si to a-Si increases,
resulting in high cyrstallinity and high quality films. Moreover, the deposition rate
also becomes slightly faster when the pressure in the film-deposition chamber 10 is
lower. It is not shown in Fig. 5C, however, when the pressure in the film-deposition
chamber 10 exceeds 60Pz: a film with a striped pattern with thick and thin parts
arranged alternately is formed on the respective substrates 40, with constant intervals
corresponding to the powered conductors 31 and the grounded conductors 35, where it -
becomes thicker at the positions corresponding to the positions of the powered
conductors 31 and the grounded conductors 35, and becomes thinner as the positions




the di stance between adjacent array el enents 30 of the

array antenna 20 (70mm. This is because, for

exanple, even if the depositing conditions on the

substrates 40 differs between the positions

corresponding to the poweredgiconductors 31 and the

grounded conductors 35 in a strict sense, by

reci procati ng between two points which are considered

to be in the sane deposition conditions, such as

bet ween one powered conductor 31 and anot her adj acent
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i
ﬁlm-deposmon chamber 10. Therefore, there is no principle limit in size in the width
direction in Fig. 1 in order to increase the size of respective substrates 40.

On the other hand, the length of the powered conductors 31 and the grounded
conductors 35 of respective antenna elements 30 has to be elongated in order to increase
the size 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




5A, the deposition rate shows the maxi num val ue when

t he antenna-substrate distance D is about 40nmm as

shown in Fig. 5B, that is |longer than the optimm

value for film quality which is about 35nm One of

the reasons for this is sugagsted to be due to the

el ectromagnetic field, generated around the above

power ed conductors 31 and the grounded conductors 35

of above array antenna 20, pass through the substrates

40 or |eak out when the substrate 40 is too close to
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i Reighinited dp dhish EPFseapRle: B OrBHRRES, B Jumber of
dejﬁdsltiuix egibete QOSint]img fort paype, Hitypd ahdrm-type depasitions Sieparately,
rep%!al Conan'ymg in and out of the substrate carrier (not shown) to the respective
deposition chambers 10, and to carry out an efficient production of, for exa:nplé, solar
cells for the use in photovoltaic power generation.

While this invention has been described with reference to specific
embodiments, this hlvenﬁop is not limited to the above embodiments. It should be
apparent that numerous modifications and variations can be made thereto 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



nitride, dianmond |ike carbon etc.). Mreover, in the
above expl anation, as the distance P between the
power ed conductors 31 and the grounded conductors 35
was about 35mm the optinmum value for

ant enna- substrate di stance D was about 35mm and, the
perm ssi bl e range was betMﬁsn about 17mm and about
47mm however, if the distante P between the powered
conductors 31 and the grounded conductors 35 is other
than this value, as a matter of course, the optinmm
val ue of the antenna-substrate distance D depends on
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' 8 £ifigignt produigion,f face of two
substrates 40 per one set of array antenna 20, one
substrate per one side of array antenna 20, can be
performed. As shown in the figures, when the thin
filmformation apparatus 1 is provided with three.
sets of array antennas 20a, 20b and 20c, sinmultaneous
deposition of thin filns on the surface of two
substrates per each array antenna 20, total of six of
substrates 20 can be carried out. The above respective
array antenna 20 is conposed of plural antenna
el ements 30, where the nunber of antenna el enents 30
(six in the exanple shown in figures) can be
i ncreased to any nunber in principle up to the
limtation of the dinension of the filmdeposition
chanber 10. Therefore, there is no principle limt in
size in the width direction in Fig. 1 in order to
i ncrease the size of respective substrates 40. On the
ot her hand, the length of the powered conductors 31
and the grounded conductors 35 of respective antenna
el enents 30 has to be elongated in order to increase
the size of respective substrates 40 in the height
direction in Fig. 1. The dielectric pipe 33 provided
around the powered conductors 31 is effective to
el ongate the length of the powered conductors 31 and
t he grounded conductors 35. In case there is no
dielectric pipe 33, as high-frequency power is
supplied to the powered conductors 31 fromthe upper
end, plasma is only generated for a short distance
formthe upper part. By using the dielectric pipe 33
when the linear conductors are el ongated, the region
plasma is 12 generated will be elongated toward the
bottom part depending on the | ength of the




conductors. By controlling the thickness of the
dielectric pipe 33 suitably depending on the

posi tions, the plasma density can be naintai ned

uni form Moreover, as changing the thickness of
dielectric pipe 33 is conparapfie to the control in the
ant enna-substrate distance D, this nethod can be used
to control the crystallinity and deposition rate of
thin films to be obtained. Furthernore, if the

i npedance cannot be matched due to the relation
CLAYMEN the dielectric constant of the plasma and the
shape of the antenna, it is possible to nake the

i npedance matched by, for exanple, controlling the
dielectric constant of the feed-through by changing
he t A ckmeshodf ifsrdi dammimgc, thiny aﬂdiylmg adncluding
appropriate inpedance elenment to the ends of above
pbexe-ecrystadddner 8iBicomd theomegbad emﬂeq% 35 of
respective antenna el ements 30 or to t
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apparatus 1lc & Utilized as the thin filmformation
PPV Hritenhgs, the formation of tandem structure sol ar
cells. Furthefnore, in the enbodinent nentioned above,

the nyPaneceing kfie secondaaiasat each olfahecsalif iest linear
explained and 1l lustrated as bei ng one, however, the

fordhastors eot al high-efrdquentyspoWer soumrgsi,c, it is

possible to arrange a nunber of deposition chambers

10 i n grionadihgthe-senoad eénds/pieachi of thepwaithpecond dinear
separately, repeat the carrying in and out of the

corditatairs,carri er (not shown) to the respective

deposi tion chanmbers 10, and to carry out an efficien

pr odudnistalbing f ptursdssubstrasesr oncbpth sides hof am

i n photovol taic power generation. Wiile this inve tlgave

prealdedn teeskesnestive: Paldr Axrdye anbebpas; So. as
enbodi ment)e‘,:l t hi sarsm/tentr or;'dr nota llﬁg]e%?‘%tﬂﬁfg and  the
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forming films on respective said substrates.

2. The method as set forth in ¢laim 1, further comprising:

keeping a pressure in the said chamber to be at 60Pa or

less.



skilled in the art without departing fromthe basic
concept and scope of the invention. | NDUSTRI AL

APPLI CATI ON According to the above invention, plural

pl asma sources can be arranged in a 13 |imted space
with substrates facing to tha® and uniform plasnma can
be generated between respective plasm sources and

the substrates, sinmultaneous deposition on-a nunber

of substrates with uniform properties and thickness

di stribution can be perforned, enabling efficient

@r. oducTheRethod #s Bet ifoith ih/clain 4652] fukthertamprdeing:
formng thin films |nclud|ng mcro-crystalline

si | i copyttting thehsubstratessiing repipro¢alamahion having an
elements, the first and of the first linear conductor
amplitnddihun:témdsotherﬁntﬁmmﬁka-linear conduct or of

each said antenna el enents being electrically

connected to each other, arranging a nunber of said
antenna el ements in a chamber .S0 th%t the said first

ar? e: g el o gﬁﬁﬁogtgﬁ d-g&ﬂglﬁ lﬁfir plf&EEBerrc r:mrl: .
or nor%lda)rlﬁ"ﬁi?tgﬁf:ﬁﬂng 17'60%&8&?1:%‘@“%@ i’é gﬁ g'gcg.}on
eac#f%%@:‘f%?' Bty PLERS gl REHIHIR " e gaid
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par al | el to respective said array antennas so as to
have respective distances between the array antennas

gnd the a L3Sy ESFRAIVN SE §P11idkn @ﬁirﬂflﬁ@&hélﬁdmg

and form g films on respective said substrates.

BierdTirfataltinetsfDiddh, Rthel appadatisdotprising:

conprisi'ng: keeping a pressure in the sard chanber to
be at HQRami¥r equipped with an inlet port to introduce source

gas and an exhaust port for evacuation,

one or more array antennas placed in the said chamber,
each of the said array antennas consists of plural antenna
elements, each of the said antenna elements having a first and
a second linear conductors, the first end of the said first linear
conductor and the first end of the said second linear conductor
of a said antenna elements being electrically connected to each
other, the said first and the second linear conductors placed
alternately in plane with equal intervals, the second ends of
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 configured tc support plural

substrates on both sides of and in parallel to respective said



less. 15 3. The nethod as set forth in claim1l or 2,

further conprising: putting the substrates in

reci procal notion having an anplitude two tinmes the

intervals. 4. The nethod as set forth in claim1l or 2,

further conprising: said sud$trates being

reciprocated in the direction parallel to the said

array plane and perpendicular to the said first and

%Pfa&‘iﬁ%ﬂﬂn%b NRPhsCES HaveOr Espatt iYe ADPEARESS Hetlveen the
orrfation of silicon thin filnms including

§a1d QrehySiitdrna® Shd i) saldeipiaatesScampiraliiengo the
chanber equi pped with an inlet port to introduce

s&id dateg®alsnd an exhaust port for evacuation, one or
nore array antennas placed in the said chanber, each

of the said array antennas consists of plural antenna

el ements, each of the said antenna el enents having, a

6i r st Thecapparatusas sethfarthdndladsy s, funkher coppERSing:
of the said first linear conductor and the first end

of t hdisdpgtaie hediesmaaverdnguéhsr regpegative oSaid chiest

el enents being electrically connected to each other,
%#ﬂ?iﬁaF&nFPF§$&%md the second |inear conductors placed
alternately in plane with equal intervals, the second
ends of each of the said first |inear conductor

Lt bbedesdh ] R ST 6 WA o
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%gn 1§ig§§ .and in parallel to respective said 16
rray antennas so as to have respective distances

between the said array antennas and the said
substrates conparable to the said intervals. 6. The

@ppar At psodiceiin tibd Fot! Prédacihy’ 6Rir COENIs THavlng
silicon thin films including microcrystalline silicon, the
production method comprising:

formingplural antenna elements, the first end of the first
linear conductor and the first end of the second linear conductor

of each said antenna elements being electrically connected to

each other,
arranging a number of said antenna elements in a chamber
sothat the said first and the second lineax conductors are placed

alternately in plane with equal intervals to form one ox more

array antennas,

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,



di el ectric bodies covering the respective said first
i near conductors. 7. The apparatus as set forth in
claim®6, wherein the dielectric bodies cover the
respective first linear conductors at full length. 6.
A production nethod for produd ng solar cells having
silicon thin filnms including mcrocrystalline silicon,
the production method conprising: formng plura
ant enfiastla 18AGSplbksl f sulsdtmtdsoiont bethi sites| ofieand in
conductor and the first end of the second |inear

orto ofespedt iva Gadd eamaykl anEmmashaEn@s to have
el ectrically connected to each other, arranging

tivie sdistanuesnribetsiasrenthe AXZayhask@nnago «Wbt the
the said first and the second |inear conductors are
substorates comparable o fthengalst hnteaaﬁ sintddals to
formone or nore array antennas, ctin the
secondosmdagofilmg o irespective ??1- ts'ﬁ?
conductors to a high-frequency power source, grounding
the second ends of each of the said second Iinear

91Ul Srabice L WOkbbA%e8 2 o3 L P B, b

ant ennas §o as to have respective distances betmeen
PP *antennas and the substrates conparable to

the s : d ] [ S
said ?ngk"ﬂé ﬁ%su?‘ﬁei%r 0 uggligné nmet odrtgsﬂggtﬁ Fgrptahor
%é% glaim8, further conprising: keeping a pressure in

e said chanber to be at 60Pa or I|ess. 10. The
production nethod as set forth in claim8 or 9,
further
10. The production method as set forth in claim 8 or 9, further

comprising:
putting the substrates in reciprocal motion having an

amplitude two times the intervals.

11. The production method as set forth in claimB or 9, further
comprising:

putting sald substrates in reciprocal motion in the
direction parallel to the sald array plane and perpendicular

to the said first and the second linear conductors.

12. An apparatus for production of solar cells having silicon

thin films including microcrystalline silicon, the apparatus

comprising:
a chamber equipped with an inlet port to introduce source

gas and an exhaust port for evacuation,



conpri.si.ng: putting the substrates in reciproca
notion having an anplitude two tines the intervals.
11. The production nmethod as set forth in claim8 or
9, further conprising: putting said substrates in
reci procal notion in the dirl8ction parallel to the
said array plane and perpendicular to the said first
and the second linear conductors. 12. An apparatus for

pr oducérie® Brofmose! S raicahsehnas mlaidd danthe réald ichasber,
including mcrocrystalline silicon, the apparatus
eachrofi tige seithanray enueppas consishs iof grlurelt antenna
i ntroduce source gas and an exhaust port for

elements oeach®df the saidantenna @}mngn rhaving.e Jrst and

the said chanber, each of the said arra aq@;g as
ssecopdd lorapiconducherentbe firshendof e sa {7at Lipgar
antenna el ements_having a first gnd a second Iinegr &
gopduetar and(the FiFat eBd P the pald-7eFand Lineax, gapductor
68 niitigantenna el smentn beARg ASHREARELLY Gapbecten 't kach
tri [ ted,t h t t ' '
SHet 8. et TARRE, A0 shel RpBond piFlens’ O5pdilicons plhoed
. | e h [
SN, L3 M PR o OB SRS P BdEo apce of
BLO0- QU CYa PEVRE 150 UN G ReBE Y doiByRECe Copitdeted to a
each of the

sard Ssecond [1near conductors being

t :
g%&g%&ﬂﬂaﬁw@ o s tail Ehd Yednd Endy iodesadlp oFsthe

substrates on both sides of and in

231 @ d&dorid 1188RLCEONAIRHIG bobAYegisvmded,ntaddnas with
a space between the said array antennas and the said

subst 1A% 1CoRPN Aitechbldéte providedt o 83l to [pliasecplural
the said |linear conductors. 13. The sol ar cel

SISt e of Bt de s o fsahd fioy parablel donrespective said
above array antennas with a space between the said array antennas

and the said substrates comparable to the sald intervals between

the said linear conductors.

13. The solar cell production apparatus as set forth in claim

12, further comprising:
dielectric bodies covering the respective said first

linear conductors.

14. The apparatus as set forth in claim 13, wherein the

dielectric bodies cover the respective first linear conductors

at full length.

15. A solar cell comprising:



12, further conprising: dielectric bodies covering the
respective said first Ilinear conductors. 14. The
apparatus as set forth in claim 13, wherein the

di el ectric bodies cover the respective first linear
conductors at full length. 19. A solar cel

conprising: 19 silicon thin filnms including

m crocrystalline silicon deposited on the surface of
subst rstHssort ithinafilmsiindluddegf micedcxystalldnei s§licon
pl ural antenna el enents, the first end of the first
Hepesiteshonthe surface of substates dthe satdthin §hims formed
| i near conductor of each said antenna el enents bei ng
brectrically connected to each other, arranging a
nunber_of said antenna el epqents in a chanber . so t

the sdierminggplurad antenyaedruentpekheddratonsaf fahegﬂrst

PlasateRnctay and fne 2425 eBa e the dafond TigedPgdnadetor
f h of th (d fi '
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%%ﬁb%ﬁﬁgpd ends of each of the said second |inear
uc Fg, and keeping a pressure in the said chanber

to be gﬁE "ﬁﬁﬁ ~fl r S: 5 &l chambe
fort ha?%ac alﬁﬂglg f eroefi g?i‘%-ﬁgmsél !ac%n t. |t% l??‘ms are o
SQERRC thY &Eutf&%t%ef&héé&hﬁr{aﬂ}ﬁﬁwcaﬁﬁém@a&m placed
notiron I1n the direction parallel to the said array
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second | i near "conduct ors.
array antennas,

connecting the second ends of sach of the said first linear

conductors to a high-frequency power source,
grounding the second ends of each of the said second linear
conductors, and |

keeping a pressure in the said chamber to be at 60Pa or

less.

16. The solar cell as set forth in claim 15, wherein:

the silicon thin films are formed by putting said
substrates in reciprocal motion in the direction parallal to
the said array plane and perpendicular to the said first and

the second linear conductors.



