Title: METHOD AND DEVI CE FOR PLASVMA CVD [err] 7 JORsiohact 1 A
met hod and a device for plasma CVD ca- pable of elimnating thé need of a
substrate inverting process and formng a filmwith excellent uniformty
of filmthickness on both surfaces of & substrate; the nethod,
-characterized by conprising the steps of disposing at |east two

i nductively cou- pled electrodes with a feeding part and a groundi ng part
i n a vacuum chanber havi ng gas feed and exhaust ports, inserting a

"substrate hol der %@mﬂg\m mﬁggpépi[pﬁgggmfgw[pﬁﬁg{\%w substrate

bet ween the two inductively coup ectrodes so t surfaces of
the substrate are exposed, leading filmformng gas into the vacuum chanber
t hrough the gas feed port, feeding a high frequency power to the feeding

part to gepeeifiien! BT al ong the inductively coupled electrodes so as to
The present invention relates to a Plasma CVD method and a Plasma
CVD apparatus and, more particularly, to the Plasma CVD method and
apparatus for forming thin films of excellent uniform thickness on both surfaces

of a substrate.

BACKGROUND OF INVENTION
A solar cell generally consists of a p-n junction or p-i-n junction with
silicon (Si) or compound semiconductors formed on a substrate to convert
sunfight incident onto its front surface into electricity. In order to increase the
electric power generation, a solar cell utilizing sunlight incident on the back
~ surface as well as front surface is proposed. Such a solar cell has, for example,
a configuration shown in Fig. 7, and is fabricatéd by depositing a p-type
amorphous Si (p-type a-Si) film 102 and an' n- type amorphous Si (n-type a-Si)
film 103 on the respective surfaces of i-type crystal silicon 101 using a plasma
CVD method, and then by forming a transparent electrode 104 using a
sputtering method and current collective eiectrodes 105 using a screen printing
method on-both surfaces.
For example,l a parallel-plate type plasma CVD apparatus shown in Fig.
8 (b) has been mainly used for the deposition of the a-Si film. This apparatus is
composed of a load lock chamber 110, a heating chamber 120, a plasma CVvD
(PCVD) chamber 130 to deposit the a-Si film, and a cooling chamber 140. The
adjacent chambers are connected through a gate valve 106. The i-type silicon

substrates 101 are mounted on a substrate holder 107, which acts as a backing




~forma filmsinultaneously or in order on both surfaces of 99@, sdgstrate,
and connecting a second gas feeding systemto the vacuum cha & 13 form
different filnms sinmultaneously or in order on both surfaces of the
substrate. 7 July 2005 1 PLASMA CVD METHOD AND PLASMVA CVD APPARATUS
TECHNI CAL FI ELD The present invention relates to a Plasma CVD nethod and a
Plasma CVD apparatus and, nore particularly, to the Plasnma CVD net hod and
apparatus for formng thin filns of excellent uniformthickness on both
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consists of a p-n junction or p-i-n junc n or conpound
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front surface into electricity. In order to increase the e power

gener at i onghawh M Big. 89h), thé sLibStrate Holdd i8 Rankpsiaety t po%a;go&%mﬁé}f face

as well as front surface is proposed. Such a solar ce for exanpl e,
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-anor phous Si (p-type a-Si) film 102 and an n- type anorphous Si "(n-type

a-Si) filto adspuit tHesiilnarns holteroHeating chanibdr V20, Hnerithé stibbirses 101
using a plasma CVD nethod, and then by form ng a transparent el ectrode 104

using a sard heateddor®phaubtameined teémperatard 6sihg e hehRst12adase 406ty a
screen printing nmethod on both surfaces. For exanple, a parallel-plate

type pl asnaold¥b isaspored stooparailel-pate tyfe FOVDashifiBer MBoNWhesaflef or the
deposition of the a-Si film This apparatus is conposed of a | oad | ock

chanber 1lubstratedioidey i&hearpiorttdOinte: AEDNehdmvber { REVR)filmhrmig 439 to
deposit the a-Si film and a cooling chanber 140. The
(SiH4/PH; gas) is introduced into the PCVD chamber 130 and high-frequency
power is fed to a powered electrode 131 to generate plasma and form the
n-type a-Si film on silicon substrate 101. Then, the substrate holder is
transported to cooling chamber 140.
After the substrate temperature drops, the venting gas is iﬁtroduced into
the cooling chamber 140 to the atmospheric pressure. The substrate holder 107
is taken out and the substrates are turned over in order to form the p-type a-Si
film on the other surface of substrate. The substrate holder is sent into the load
lock chamber of the plasma CVD apparatus shown in Fig. 8 (b) and the p-type
a-3i film is deposited in the same manner as mentioned above. Thus, the p-i-n
junction is formed. Here, SiH4/B,Hg gas is introduced into the PCVD chamber -
as film forming gas.
Then, a transparent conductive film such as ITO is formed on both
| surfaces of the silicon substrate 101 in the sputtering apparatus. Finally, current

~ collecting electrodes are formed using, for example, the screen printing method

to complete the solar cell.

DISCLOSURE OF INVENTION




adj acent chanbers are connected through a gate valve 106. Theyjysooge
silicon substrates 101 are nounted on a substrate hol der 107, which acts
as a backing 7 July 2005 2 plate, as shown in Fig. 8 (a) and is
transported in the direction of the arBow of Fig. 8 (b). That is, after
substrates are nmounted on the substrate holder as shown in Fig. 8 (a), the
substrate holder is transported to the |oad | ock chanber 110, and the
chanber is thereafter evacuated. Then, the gate valve is opened to
transport the ésbeentinredabalsy, the paesie-ptate hypebplast@20CVEr apparahes babst r at es
are heated to a predeterm ned tenperature using a heater 121, the substrate
hol der i sheeamsaginiytestd for tlee depesitipn af a-3iyfim. POV2vehantsen tHBthin Yileis t he
substrate holder is transported into PCVD chanber 130, a filmform ng gas

(Si H4/ PH3fgased ba & rdubstratee dithnhight sleciicVizsistantee ror 1340 imsulator gtit teguency
power is fed to a powered el ectrode 131 to generate plasm and formthe

n-type a- pardliel-plate tgpd IRCVDSdpparatiss High. frddueancyt barentbadlr Abedihdloder is
transported to cooling chanber 140. After the substrate tenperature drops,

the venti figodgh the substraduatidss e batking Piatel iBpisbaibaninddBet subisheite
at nospheric pressure. The substrate holder 107 is taken out and the

substr at egndhige Fl#sﬁféjdéwﬁfy SritHe et é&fafc@rd’ﬂshbgtr@tet r)éﬁfhrﬁalﬁy delctd48e@n t he
ot her surface of substraté. The substrate holder is sent into the | oad

| ock Cha”@%hs@éuéﬂlﬁlf HAHARHiCKACRE MK EentPAl Y4t disuUbstratSis(diifeipd flohe P-type

"a-Si filmis deposited in the same manner as nentioned above. Thus, the
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chanber as filmformng gas. ranspar ent conductive m such as
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channel of high-frequency current is indispensable in order to form thin films of
excellent uniform thickness. ‘For this reason, the productivity remarkably
deteriorates when the thin film is formed on both surfaces of substrate. That is,
the substrate holder must be taken out of the apparatus to turn the substrate
over after the thin film is formed on the one surface. Therefore, the evacuating
process of the load lock chamber, the venting process of the cooling chamber,
and the heating / cooling process of substrate must be made twice.

Thus, if higher throughput is requested, two sets of apparatuses shown
in Fig. 8 (b) must be installed, which invites the enlargement of the whole

. manufacturing apparatus and its cost increase.

Under such circumstances, embodiments of the present invention
provide a plasma CVD method and a plasma CVD apparatus, which makes it
possible to form thin films of excellent uniform thickness on both surfaces of a

substrate without the step of turning the substrate over.




3 As nentioned above, the parallel-plate type plasm CVD apgajﬁ} has

been mainly used for the deposition of a-Si film However e thin
filmis fornmed on a substrate with high electric resistance or an
insulator with the parallel-plate typg PCVD apparatus, high frequency
current will hardly flow through the substrate unless the backing plate is
pl aced behind the substrate and the plasma density on the front surface of
substrate renmarkably decreases. Consequently, the filmthickness in the -
central part oPrevmbodinentofdhisfievantionfis enplaste CVD miethad andiplasnence
part, nmeaning that the thin filmof excellent uniform thickness is hard to
be obt ai n&Y 'ﬂﬁpﬁfattéﬁd@myﬂﬁé@oﬁe\éam chamibex asiuippesd wWithea gasssyrphe
becones | ar Therefore, the backing plate which acts as the channel of
hi gh-freqf@ c@“%@f‘r@ﬁhaq% nokgiaipeasta %lncwe@wa@rcwl%ﬁw@tmqe& Pithea of

excel | ent unlfofrmthlc ess. O?nr this reason, the grod CII ty r emar kabl y
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process o coo anber process of

substr at esfj4séedsr tﬁE%%b‘s%{éeareTé%b%sedfwhé:%‘B?ra ﬁEFH flﬁ‘ﬁfﬁqlgaé s ihgedESdLd, two
sets of apparatuses shown in Fig. 8 (b) nust be instalFed, which Invites

the enl ar gefe e Yast H§opMH VydterTBand Afgh-frbGGermiYPpoweHSs 384 tot theCpdiver

I ncrease. Under such circunstances, enbodinents of the present I|nvention
provi de afgadiyrpofiidn ﬁmegds:watmﬂlaanw atomg B¥Ondpetiveht tsupledi elbctradeeto i t

possible to formthin filns of excellent uniformthickness on both surfaces
of a subfrmesimuliahhously bheepamelyfa thin filrmon bbth sufetasadfdhesabstrateJul y 2005
4 One enbodi nent of this invention is a gl asma CVD net hod and plasma CVD
appar at us, confiv additign, diffesenithinclilarebean bguopped onl taspective sudpees  of por t
and an exhaust port; at l|least two inductivel K coupl ed el ectrodes with a
substrate by providing the vacuum chamber with a second gas supply port and
switching simultaneously the introduction of two different gases and the supply
of high-frequency power to two inductively coupled electrodes. Furthermore, it
is also possible to simultaneously form different thin films on respective
‘ substrate surfaces by arranging a partition plate to divide the chamber into two
film forming spaces together with the substrate holder and by providing one
exhaust port in each film forming space or controlling the gas flow so that
-different gases will flow in the respective film forming spaces without mixing.
It is also possible to realize the plasma CVD apparatus with a high
productivity by arranging at least three electrode array layers, each of which
has a plurality of inductively coupled electrodes forming one plane, and
arranging the substrate holder between two electrode array layers.
According to one aspect, the invention is a plasma CVD apparatus,
comprising: a first and a second vacuum chambers connected through a gate

valve, each vacuum chamber equipped with a gas supply port and an

exhausting port, an electrode array in which a plurality of an inductively coupled




power feeding portion and a grounded portion arranged in the

chanber, and a substrate hol der arranged between the two inductively
coupl ed el ectrodes, which holds a substrate at a circunference portion so
that both surfaces of the substrate afe exposed, whereby a filmformng
gas is introduced fromthe gas supply system and hi gh-frequency power is
fed to the power feeding portion to generate plasna along the inductively
coupl-ed el ectrode to form sinultaneously or separately a thin filmon both
surfaces e@fectmdesuitbta power feedingipeition, andt a geownded portion iereramengedén f or med
on respective surfaces of substrate by providi ng the vacuum chanber with a
second gaBamalishiaeaeh pthasdomaioiang plgngi paidtelaeiieds arane beia auareasdn of
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mxing. It 1salso possible to realize t asna apparatus wth a high

product i viilystiite ré @REOSEH, 3hdreBy baldthResitlstietd AERIeRS bAy trhfdtRirted ipRch Of
which has a plurality of inductively coupled el ectrodes form ng one pl ane,

and arr ahgiweri e S elaoiodeharralelayesd Wweenid Mt elaeatimoditarabéry al fger s.
According to one aspect, the invention is a plasm CVD appar at us,

conpr i si nfilm forfring tgaarid itredaaddhvaghithecasisapplyquorhand diglt-frequeghcya gat e
val ve, each vacuum chanber equi pped with a gas supply port and an
exhaust i ngower is, feshtoethec powee feading porionsi tohgengrate plasma ahd 4o fomdwct i vel y
coupled 7 _ Jdul % 2005 5 electrodes with a power feeding portion and a
grounded P&t tthivn filin comrthanerel suifacgaref the substialas fding therintugtivehe pl ane,
said el ectrode,arrays being arranged .in N layers (where N.is a natural
nunmber of CQU ?dleéﬁ-‘%\éﬂe%ﬁ Mws%tratﬁaeamrs cﬁﬁ%ﬁﬁé’ﬁ a51sPeEed '§@cﬁ’?ﬁj
chanber) gggor{dn ve(cl\tlful chgx%re?' 80 thaf ﬁge 8&1%?%% 406 of the substrates on which |
said first thin film is not formed faces to the inductively coupled electrode, and a
second film forming gas is introduced through the gas supply port and high-
frequency power is fed to the power feeding portion of inductively coupled
electrodes to generate plasma and to form a second thin film on said other

surface on which the first thin film is not formed.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a schematic view showing the first embodiment of plasma CVD
apparatus of this invention.

Fig. 2 is a schematic view showing the second embodiment of plasma




chanber (or said first chanber), and at |east two substratezhgj §, each
hol ding a substrate at a circunference portion so that both surfaces of the
substrate are exposed, whereby said two substrate holders are transported
into between the two electrode array ¢ayers in said first vacuum chanber,
afirst filmformng gas is introduced through the gas supply port and

hi gh-frequency power is fed to the power feeding portions to generate
plasma and to forma first thin filmon the one surfaces of the substrates

faci ng-theCW5gﬁéﬁég;§/0ﬂﬁpﬁg{,@,qicﬁ{_ectrodes, said two substrate holders are -
then transported into the second vacuum chanber so that the other surface

of e substr at esgon Whadneiitd Vibhssndling the! FrkseBbaif R fiashs Lo the

i nductively coupl €d el ectrode, and a seco m form ng gas i's 1 ntroduced

t hrough t heveipspsatBRlsyoels inddstidh.gh- frequency power is fed to the power
feeding portion of inductively coupled electrodes to generate plasma and

to forma seconOFrghhrisfé Lsahém-aﬁ@ivsbvwshaﬁwnﬂfef RRGOSMBBHFREAt S diagmh thin
filmis not fornmed. BRI EF DESCRI PTI ON OF WNGS Fig. 1 is a schemtic

vi ew show guDt &spdratiss ofthldafivamisn. of pl asma CvD apparatus of this
invention. Fig. 2 is a schematic view showi ng the second enbodi nent of

plasma 7 July 206§, % i&VR sghimhatic!viek bhigadhy eQVDP mpphidtus for Sndss
schematic view showi ng the third enbodi nent of plasma CVD apparat us of

t hi s i nvendfodctinh go;résﬁ,ﬁcﬁngwggpéﬂamybmgsgpw ng the fourth enbodi nent  of
pl asma /D apparatus of this invention. Fig. 5is a schematic view of

plasma CVD apparpigus figr angctfematico igw i 6N mamEaseVTiapdatAua PRAr eds Of
Fig. 2. Fig. 6 is a schematic view of plasna CVD apparatus for mass

product i onpreduttem eogestoridin@ RPaparatudf Figgs. 1. Fig. 7 is a schematic view
showi ng a configuration of solar cell.
' Fig. 7 is a schematic view showing a configuration of solar cell.

Fig. 8 is a schematic view of a conventional plasma CVD apparatus.

In the drawings, a numeral 1 denotes substrate, 2; carrier, 3; substrate
holder, 7, high- frequency power source, 8; coaxial cable, 10 and 110; load lock
chamber, 20 and120; heating cha'mber, 30, 40, 70, and130; plasma CVD
chamber, 31 and 41; gas supply pipe line, 32; exhaust port, 33 and 43;
inductively coupled electrode, 34; power feeding portion, 35; grounded portion,
36; substrate holder fixing jig, 50 and 140; cooling chamber, 61-64 and 106;
géte valve, 101; i-type crystal silicon, 102; p-type a-Si, 103; n-type a-Si, 104;

E trénsparent electrode, and 105; current collecting electrode.

PREFERRED EMBODIMENTS OF INVENTION

The embodiments of this invention will be explained in detail below with
reference to the drawings.
(First embodiment)

The first embodiment of this invention is shown in Fig. 1. Fig. 1 is a

schematic view showing an example of the plasma CVD apparatus used for




Fig. 8 is a schematic view of a conventional plasm CVD appqnﬁgHim5ln the
drawi ngs, ~a nuneral 1 denotes substrate, 2; carrier, 3; substrdte holder,
7; high- frequency power source, 8; coaxial cable, 10 and 110; | oad | ock
chanber, 20 and120; heating chanber, 3D, 40, 70, and130; plasma CVD
chanber; 31 and 41; gas supply pipe |line, 32; exhaust port, 33 and 43;

I nductively coupl ed el ectrode, 34; power feeding portion, 35; grounded
portion, 36; substrate holder fixing jig, 50 and 140; cooling chanber,

61- 64 and ARufadi@ig Yalay eelisléHown id Fige7crystal silicon, 102; p-type a-Si,
103; n-type a-Si, 104; transparent electrode, and 105; current collecting

el ectrode. PREFERREDsE)BODh VENTS (&) d pMeME @VDTBBpWisn&%?oﬁd bhkhs

invention will be explained in detail belowwith reference to the

draw ngs. lo&ir lock astzmaberen0) aTheatirg sha®bep doTeNirdf pihbing CWEPCOD)i S
shown in Fig. 1. Fig. 1 is a schematic view show ng an exanple of the

pl asma CVIclarmpbeas0sa seednd CVDHamBEIOR0, ahdranidofifg WhbRtbe @RITHe8L! S
shown in Fig. 7. As is shown in Fig. 1 (a), a plasma CVD apparatus is

conposed othambémaatel catkecizantbesugtigate Vitals H0-68N TR @UbERated f hfeSield! asnma
CvD (PCVD) chanber 30, a second PCVD chanber 40, and a cooling chanber 50.

These. chabparssibairatedwidecs ed thatrbaiky thig #ilre fomhatim Sifdess of Rabstwdstarat es 1
are held by a substrate holder 3 so that both thin filmformation surfaces

of subst r aéxpcsed, forepample, Hygpressiagphe cirtymfaressd portiohefsubsiateatigng
portion of substrate with a plate 4 having apertures and press plates 5,
and fi xi ngplateethaving aparbues Gndazess plates Snahd dixing ok Wite serdes 6ake hol der
3 holding a plurality of substrates is fixed on a carrier 2 (Fig. 1 (e)),
and transphavwdindfigny (§he rails constructed in the chanbers in the
direction of arrow shown in Fig. 1 (a) to process the substrates in
respecti ve chanblédessubidteateitmlderhd hmbdiagrapéurhtity defr sutstitates i fixed @nfs om | oad
' carrier 2 (Fig. 1 (e)), and transported along the rails constructed in the
chambers in the direction of arrow shown in Fig. 1 (a) to process the substrates
in respective chambers. That is, the substrate holder is transported from load
lock chamber 10 to heating chamber 20 where the substrates are heated to a
predetermined temperature from both sides of substrate holder 3 using heaters
such as infrared lamps. Then, the substrate holder is transported to first PCVD
chamber 30 and then second PCVD chamber 40 to form the n-type a-Si fiim
~ and the p-type a-Si film on the respective surfaces of substrate. After thin films
are formed, the substrate holder is sent to cooling chamber 50 to be cooled to a
predetermined temperature. The substrate holder is then taken out of the
chamber and is sent to the apparatuses to form the transparent conductive film
such an ITO film and current collective electrodes. Here, a sputtering chamber
may be connected to the PCVD chamber instead of the cooling chamber to
form the transparent conductive film immediately after the a-Si film is formed.

The configuration of first PCVD chamber 30 is explained using Figs. 1
(b) and 1(c).




| ock chanmber 10 to heating chanber 20 where the substrates %nﬁgnﬁﬁged to a
predeterm ned tenperature from both sides of substrate hol der usi ng
heaters such as infrared | anps. Then, the substrate holder is transported
to first PCVD chanmber 30 and then sec®nd PCVD chanber 40 to formthe
n-type a-Si film and the p-type a-Si filmon the respective surfaces of
substrate. After thin filns are forned, the substrate holder is sent to
“cooling chanber 50 to be cooled to a predeterm ned tenperature. The

substrate hol derFigardsheb)t MEN(cYute SEhdrhstic ¢RAIFthaMkids oﬁﬁl%tcf%??ﬂ%?e
I T I'lmand

apparatuses to formthe transparent conductive film such an |

current cosé@tfronetiel fesitraiteseer-iarda tiP trahSdridiohl dir@ion, FEAYeBivgPnnect ed
to the PCVD chanber instead of the cooling chanber to formthe transparent

conduct i veAfgasrsuppiyasipetiak 8 1abk &ffilch fernein@igaki(foNnexaniphs, 'SiF,/P d
configuration of fi rs? PCVD chanber 30 iglgexpgl ai ned Fﬁﬁéi ngalFPg}?.aslan(b) and

1(c). 7 Juhy eRR@bst fhrEBareprovided) inand PEeD oﬁ@ﬁntﬁe@mﬂfﬂanid%cmiém@o@&ea he
i nsi de of the chanber seen fromthe front and seen towards the

transpor t a¢leotrodé B8attion s foldarbibadhval the cehtatds afapgby iMtHEchdrmBer3Fhéor a
filmformng gas (for exanple, SiH4/PH3 gas) and an exhaust port 32 are

provi ded i one kedREVIBdattivebe couplad diacttoris $8) Ve.CmWélefbedﬁi%ﬁbﬂi@ﬁGSﬁ?lsV\hi ch
is folded back at the center is arranged in the chanber. e one end of

i nduct i vel gorrneepscetd alhigh-fredaeBdy power spener7 treedgh esuxialaonbke 8, hid
.connected to a high-frequency power source 7 through a coaxial cable 8, and
t he ot her thedether endgi.eugdshden pordion 355, isscarmentett & chambBanedrioveeé! to be
eart hed. Wien carrier 2 conveying the substrate holder 3 is transported to
PCVD chanmdmthe?d, a substrate holder fixing jig 36 begins to nove fromthe
position shown by the broken line to the position shown by the solid |Iine
to fix the subdihenealridr@ecorveyingrthasubsyatedididas sarasspotted ih POV e
holder. In this state, SiH4/PH3 gas is introduced into the chanber through

gas suppl ychamizer 3G\ea 3abstaate hdldepfidsg jige36 begiat tatmavefredetiry pbsition val ue.
Then, hi gh-frequency power
' shown by the broken fine to the position shown by the solid line to fix the
substrate holder by contacting both surfaces of substrate holder. In this state,
SiH4/PH; gas is introduced into the chamber through gas supply pipe line 31
and thé pressure is set at a predetermined value. Then, high-frequency power
is fed to inductively coupled electrode 33. The plasma generates along
electrode 33 and the n-type a-Si film deposits on the substrate surface facing
electrode 33. Although the gas also flows over the other surface as well as the
film formation surface of the substrate, the thin film will not deposit on the other
surface of the substrate which does not face the electrode since the plasma is
prevented by the substrate holder and the substrate holder fixing jig from
coming into the other surface of substrate.
When the film thickness reaches a predetermined value, the supply of
high-frequency power and the film forming gas are cut off and then the chamber

is evacuated. The gate valve 63 is opened to transport the substrate holder to

second PCVD chamber 40. Fig. 1 (d) is a schematic view showing the inside of




Is fed to inductively coupled el ectrode 33. The plasm ge.neﬁajug,szmong

el ectrode 33 and the n-type a-Si filmdeposits on the substrate surface

- facing electrode 33.. Although the gas also flows over the other surface as
well as the filmformation surface of9the substrate, the thin filmwll
not deposit on the other surface of the substrate which does not face the
el ectrode since the plasma is prevented by the substrate hol der and the
substrate holder fixing jig from comng into the other surface of

subst r at e. thgheecarge PGV Dnchbimblen essseara tdveardather desportatioaddivettion,. Thise
supply of high-frequency power and the filmformng gas are cut off and
then the ¢ atigrsiscalanostithedsarme as dhatof\fasVRCYD carmben edcdp thatthepor t
the substrate holder to second PCVD chanber 40. Fig. 1 (d) is a schematic
vi ew showi inguetiely reaupdedfelgctoagdey 43005 ar@nged redbedopidiiec biebéo the seen
toward the transportation direction. The configuration is alnost the sane
as that of substete poiderc Méherethe subsipatet elden Isetransphrted t@isgcomd FIGVD

el ectrode 43 is arranged in the opposite side to the substrate hol der.
When the sember 40hdhecubstiate hekles fixing jig 46 drginPtyrlosth@ndefix 4be t he
substrate holder fixing jig 46 begins to close and fix the substrate

hol der. Th¥Pstigtehpidere %Slﬁdeﬁts gaw tsdptroduesd indo thexohambenthooggh a  gas
supply pipe line 41 and hi 9h-f requency power is _fed to inductively coupled
el ectrode 925 8¥PRIY PR lire A1@ndchigh-dequengy eawends fadhler induetivebecaplede
substrate on  which the n-type a-Si_filmis not formed. Thus, the p-type
a-Si fil melRetredr43 ko ferprtheipstype;a-§i tilspea the other sneace opthet substrate daces of
i-type crystal silicon substrate to formthe p-i-n junction. As nentioned
above, t heWhichpthedhiRe arSiofiinis ppk fermmd. fihus, dhe miypgpa-Sidig; and ithe on

- respective surfaces_ of substrate can be continuously carried out by

t r anspor t i yR&Ardicfiind deppsits @hstheatespestivie sudfaces raf sidype i argstah ailiben s
successively. As mentioned above, in order to formthe thin fil m-of

excel | ent tHhastratedo tamcgdskn junedioBacki ng pl ate nust be placed behind the

substrate in the . )
As mentioned above, the film formation of p-type a-Si film and n-type

| a-Si film on respective surfaces of substrate can be continuously carried out by
transporting carrier 2 with substrate holder 3 to respective chambers
successively. |
As mentioned above, in order to form the thin film of excellent uniform
thickness, the backing plate must be placed behind the substrate in the
conventional parallel-plate type PCVD apparatus. As a result, there is
requested the step to turn substrates over. In addition, the heating/cooling
process must be made twice. On the other hand, in this invention, the step of
turning substrates over is not requested and the heating/cooling process is
made only once, which makes it possible to reduce the number of processing
chambers and improve the throughput. Moreover, two sets of a load lock
chamber, a heating chamber, a PCVD chamber and cooling chamber are
- required to perform high throughput manufacturing in the case of conventional

manufacturing apparatus. However, in the manufacturing apparatus of the




conventional parallel-plate type PCVD apparatus. As a resul%dubqug S
requested the step to turn substrates over. In addition, the
heati ng/ cooling process nmust be nade twice. On the other hand, in this
invention, the step of turning substrngtes over is not requested and the
heat i ng/ cool i ng process is nade only once, which nmakes it possible to
reduce the nunber of processing chanbers and inprove the throughput.
Moreover, two sets of a |oad | ock chanber, a heating chanber, a PCVD

chanber andnfiRpiirhast SKWIPRT FRY 9, altReLGH 8o CRaRBEFPHA Rb&dshif RIFERVD

manuf acturing in the case of conventional manufacturing apparatus.

However, i BrddedsBAN G éﬁérﬁﬁelaﬁﬁ?éc%fsgﬁqpforto?i@eﬂpr%éé’sfe%@ﬁ%is &RaiBR M ment

shown in Fig. 1, although two chanbers are necessary for PCVD process,

only one chardiRarkably1e8866 &ie/inkeillaBbN AOoPSPSRSESS the'ShSarBilAddg. Us to
remar kably reduce the installation floor space and the apparatus cost. The

U-shaped I nduct i YRé W-siagddifdatiely e6ieplbs efetidlkiié bﬁéh'Fnﬁe'ii B Fig:1. The
rectangul arly fol ded shape can al so be enployed as well as U shape as an

el ectrode fetaegulbeg Koldéd tshape afireslsoHss @mplbgediast ReR asf UYRabeesd ag
- portion 34 and grounded portion 35 to the turning portion is preferred to

be nearly Me2trotiifeldledMack at dihel cahtenuibey, )h@ﬂis@éhceeﬂf@rhtfééﬁmﬁ pstien gagt h of
t he hi gh-frequency power to stably generate and mai ntain the discharge.

Here, the andryrogneged pottion 85 texhenliring hdelors Tpréfensd b iwhkafpv/pavi ng a
curvature in the case of the U shape and by shorter straight portion

bet ween t hiimiesqN: engaturaltriumitgd} of paArdcitation wavBrngls ef e high-Feqienegul arly
fol ded shape. These el ectrodes are not Ilimted to one that is constructed

by bendi ngpowegta stablydjeneratd, amhehdiftairether distitge PHefx ah® kinirRfpoifiod
structure 1n which two straight electrodes are Jjointed and fixed with a

met al pl at & exerhpkfidd kg seRititditampoitions Ha b Qlregtur®de tsetage S the ,
enployed in this invention. 1In this case, the distance between the feeding

portion anU-sHapegandnbedshimitdri Sihaight poridrerdetdebn e o8 loyigbl Atidigms of an
excitation wavel ength of the high-frequency power. _

portions in the case of the rectangularly folded shape. These electrodes are not

limited to one that is constructed by bending, e.g., single rod, and therefore may

be exemplified by a structure in which two straight electrodes are jointed and

fixed with a metat plate or the like.

Furthermore, a linear electrode can also be employed in this invention.
In this case, the distance between the feeding portion and the grounded portion

is preferred to be nearly Nf2 times of an excitation wavelength of the

high-frequency power.

(Second embodiment)

Although the p-type and n-type a-Si films are formed in the different
PCVD chambers in the plasma CVD apparatus of Fig. 1, it is also possible to
form different films on respective surfaces of substrate in one PCVD chamber.
The embodiment for this purpose is shown in Fig.2. As shown in Fig. 2 (a), the

whole apparatus is nearly the same as that shown in Fig, 1, except that the




(Second enbodi nent) Al though the p-type and n-type a-Si fil rfsdlwg)d‘sorrred in.
the different .PCVD chanbers in the plasma CVD apparatus of Fig. 1, it is -
al so possible to formdifferent filnms on respective surfaces of substrate
i n one PCVD chanber. The enbodi nent fidr this purpose is shown in Fig.2. As
shown in Fig. 2 (a), the whole apparatus- is nearly the sane as that shown
in Fig, 1, except that the 7 July 2005 11 nunber of PCVD chanber is one.
As shown in Figs. 2 (b) and 2(c), two inductively coupled el ectrodes,

whose powenufmbediohPOUD thambedik odd’ are connected to hi gh-frequency power
sources, are arranged in plasma CVD chanber 30. The substrate holder is

transported i nt oAs sholRVin Elgnetb) aid QQ‘?@,C@Q) RRIuMERSY [dotpRd YRcRbGSS r odes.
In addition, two gas supply pipe lines 31, 31' for two filmform ng gases

(Si H4/ PH3 ghesapdwsr fdédagipgtions 3ae3soaecsdmbetad i RigRPEyueha erWien
the substrate holder is transported into PCVD chanmber 30, Si PH3 gas_i S

i nt r oducedsouncesghregarangedliy mapmal CWO SHarmbép 30N Thehguiltiate HofHdrtis
pressure is set at a predeterm ned val ue. Then, high-frequency power is

fed to el etanspitedBintmthgeREVat eharhbsmand pliegddetwben dfost3woldIgERbdes. t he
n-type a-Si_filmdeposits on the substrate surface which faces el ectrode
33. Wen tne addition, ftwbngas tsupphp pisetiecsi 3k d3thfakies filmsfolenapigaeds t he
supply of high-frequency power and the filmform ng gas are cut off . and

t he chanbeSiHyPHs\gaswetd8iH. /Bty g:ii) e BahBeged to the POV gk&dbehr ough gas
supply pipe line 31', high-frequency power is simlarly fed to el ectrode -

33' to gener at e \phesntheasdbstfatenholder fis ttyrespariSd fitd 'P@VDH chambedoer i ned
t hi ckness on the substrate surface which faced el ectrode 33'. Thus, the

p-i-n junchitaiPlisgasisnintrodliced, thtdugh gadbsupplyepipelider3i mté theasnambed to
cooling chanmber 50 and taken out of the chanber after cooled. As has been
ment i oned, anchiés poassute isrsediat dipfrédetenhiriad value Fhdre high-fréqikency power is
| fed to electrode 33 to generate plasma along electrode 33. Thereby, the n-type

a-Si film deposits on the substrate surface which faces electrode 33. When the

thin film with a predetermined thickness is deposited, the supply of

high-frequency power and the film forming gas are cut off and the chamber is -

evacuated.

Then, SiH4/B:Hs gas is ihtrod.uced through gas supply pipe line 31,
high-frequency power is similarly fed to electrode 33' to generate plasma and
form the p-type a-Si film with a predetermined thickness on the substrate
surface which faced electrode 33'. Thus, the p-i-n junction is formed. Then, thé
substrate holder is transported to cooling chamber 50 and taken out of the
chamber after cooled.

As has been mentioned, the formation of different films can be carried
out iﬁ the single chamber.

(Third embodiment)
| in the example of Fig. 2, the p-type a-Si film is formed after the n-type

a-5i film is formed. It is a_lso' possible in this invention to simultaneously form




out in the single chanber. (Third enbodinment) In the exanpl ?Jg&;{:}bﬁ 2, the
p-type a-Si filmis fornmed after the n-type a-Si filmis for Tt is
"al'so possible in this invention to sinultaneously form7 July 2005 12 two
different films. The third enbodi ment {whi ch makes possi bl e sinul taneous
formation of different filnms is showmn In Fig. 3. The apparatus has nearly
the sane configuration as that of Fig. 2(a), except for the PCVD chanber.
The PCVD chanber of this enbodinment, which is shown in fig. 3, differs
from that telodifferemtMillgs. The(third ambddifent whichmakeb |possitde sipoiiineoudhat i s,
in the case of Fig. 2, the blockage is provided to prevent plasnma

gener at ed formatien bf difiefentilmg is phoenfioFig.l®e n-type a-Si filmor p-type a-Si
film fromdiffusing to the other filmformng space and depositing on the
p-type a-Si filrheoappariayyee has Sieatly|the samspeohiigebtion devthatof Fign A& third
~enbodi nent, the length of substrate holder fixing jig 36 should be nade as
cl ose as powspbfar the PGB ¢hamolvdr. dhe RGMBashansertdidbisiemisadimeat, vatsicth he
partition plate to prevent the nutual gas m xing between the film

f or mat i on isghows i &ig.tdh differs Jrem thad shben ipFigsn & (h) Shd i (chin(the deibowing
contamnation). In addition, the length of chanber is also nade nearly the
same as t Hwinengbat isf indhpsaseatat Higl2dhne blockage snprovided togrevard plastine gas
supply pipe line and exhaust port 32, 32' are provided, in each film

f or mat i on gspwcated|in ans Gine freing Ispaex fenuthe nytypef a-8ifilg arip-typeha-Sivilnex haust
ports 32 and 32' is gathered downstream (32"), Thus, one exhaust gas system
i s instal Ifeamidiffusing to theaetber filmirmingspdié odaepogiingonathe p-hipecalSc ed

si mul t aneously, the respective gases may flow into other filmformng
spaces t hrfdmghr nHgpe | & fifve respactively. Howvavensinr thieethil @mbodimientathé t i on

pl ate, and the chanber walls. However, the carrier concentration in the
p-type or lengthrofisubstrate holder fkingljig 3@ sbewidral maget dreclose msqrassitle tn

di fference between fphosphor (P) element and boron (B) element in the film
Ther ef or e the Hengtbrefaehanaben soothaBite¢amaat as ihe ipartitiony plateatspreveninte P

mutual gas mixing between the film formation spaces for the n-type and the
" p-type a-Si film (cross contamination). In addition, the length of chamber is also
made nearly the same as the length of substrate holder to narrow the clearance.
The gas supply pipe line and exhaust port 32, 32' are provided, in each film
formation space. In this case, the exhaust gas flowing through two exhaust
ports 32 and 32' is gathered downstream (32"), Thus, one exhaust gas system
is installed for this chamber.

When two different gases are introduced simultaneously, the respective
gases may flow into other film forming spaces through the clearance between
the substrate holder and partition plate, and the chamber walls. However; the
carrier concentration in the p-type or the n-type film is mainly determined by the
concentration difference between phosphor (P) element and boron (B) element

~ in the film. Therefore, the contamination of B element in the n-type a-Si film or P
element in the p-type a-Si film hardly influence the characteristics of solar cell

so far as the amount of B element or P element is small, compared with the




element in the p-type a-Si filmhardly influence the charactejsidoes of
~solar cell so far as the anobunt of B elenent or P elenent is small,
conpared with the 7 July 2005 13 nunber density of P elenment or B el enment ,
respectively. Therefore, solar cells 4@n be manufactured to have a desired
characteristic. Thus, the tact tinme of PCVD chanber can be further
shortened by carrying out the sinultaneous filmformation in - the sane
chanber. In this enbodi nent, the exhaust port is provi ded in each film

formng spamber HensikEOs PllBmeneBP Beelehiint CRRPEEWCN THerERYe, %lél“@elEXhaUSt
port around the center of bottom plate of vacuum chanber IS al so

avai | abl e. cifpbeananufackired € hhee auksiredichabsdtdastid i Xing jig is al'so used as
a partition plate, the partition plate is constructed to contact the

substrate hol derThus,tthe ®ithaidieT@ftPCYDVeNahber icant b faaRé “heHENdd By
substrate hol der fixi ng jig is unnecessary or the partition plate |s

~ separ at el ycanrying getithe simuttantbts @im fdredationsnié sapresmibdry i n contact with
the substrate hol der and the cross contam nati on may be prevented by

~controlling the Igathis embodiment, the behaustspart & pasvidein &&e itk f@ﬁhﬂgl ment)
The enbodi nents have referred to the manufacturing apparatus and

manuf act ur spagertioweveqifot &xampley the eordiguration havirg andiexhalistplit &ouhd on the
~silicon substrate. However, in order to reduce the defects in the p-i

‘junction édlhe ceiter iof rb(jtimnmtplata ofhdadwurh weHamslser igpaRveariilable. Mdbleover,
characteristics, it is preferable to formthe i-type a-Si filmon both
surf aces ofince jhﬂ stibstiate boldes fikingrjigtie absef wsedd a$ arpartitipri latep the partiiod t he
n-type a- Si film The apparatus configuration for this purpose is shown in
Fig. 4 as plate is@onstiuetetiddicontact tife dutistratehelder imthe Bmebgaliment HoWappar at us
of Fig. 4 is constructed by connecting a PCVD chanber 70 for i-type a-Si
fil m deposntthecase Wieve tha anbstratgéthaldert fisdng iy ds manEsé3sappar teipatitionn i n
Fig. 2 (a). The PCVD chanber 70 has the sanme configuration as that shown
in Figs. 2lateissepamtely areangedatheopartitiars platd id yjotatiessarily in contact with

the substrate holder and the cross contamination may be prevented by

controlling the gas flow even if there is a clearance.

(Fourth embodiment)

The embodiments have referred to the manufacturing apparatus and
the manufacturing method of the p-type and the n-type a-Si film directly on the
silicon substrate. However, in order to reduce the defects in the p-i junction and
the i-n junction and to further improve solar cell characteristics, it is preferable
to form the i-type a-Si film on both surfaces of crystal silicon substrate before
forming the p-type and the n-type a-Si film. The apparatus configuration for this
purpose is shown in Fig. 4 as the fourth embodiment of this invention.

The plasma CVD apparatus of Fig. 4 is constructed by connecting a
PCVD chamber 70 for i-typé a-Si fitm deposition to PCVD chamber 30 of the
plasma CVD apparatus shown in Fig. 2 (a). The PCVD chamber 70 has the

same configuration as that shown in Figs. 2 (b) and 2(c), and has one gas




14 supply pipe line of SiH4 gas. H gh-frequency power is fngLQ
I nductively coupled electrodes sinmultaneously after SiH4 gas rs 1 ntroduced
to deposit the i-type a-Si filmon both surfaces of substrate. The
formation of the n-type and the p-typgga-Si filmis carried out in the
same manner as in the second enbodi nent. (Fifth Enbodi nent) Next, a plasm
CVD apparatus with a very high productivity is explained as the fifth
enbodi ment of this invention. The plasnma CVD chanbers of Figs. 1 - 4 are
used for csupghppipes lisie folrSiHp gashiHighiffaiueRcP Powet Us fragas o intlildt es
hel d by one substrate holder. In contrast, 1n order to further inprove the
product i vidgupléd eletadbe simaltaiafushabityr SiMshasied Rirodiacas b Udposiars at a
time .a plurality of substrate hol ders hol ding as many substrates as
possi bl-e. i-type apbiciineorChothcdhiafdoes ofsiubgtrateduct i vel y coupl ed el ectrodes of
this invention can be easily nodified for this purpose. The exanpl es of
appar atus conf iThe farmatioh of thresdyge add die prype a-Sitfihwis icarifddisut ih thed 6.
The apparatus of Fig. 5 is the mass production version of the apparatus -
shown i n Fame Mharneyas ib tiiaseeon Spbpdamentschemati ¢ vi ews show ng the
i nside of PCVD chanber seen fromthe front and seen toward the
transportation direction, respectively. Since a nunber of inductively .
coupl ed electrodes are arranged in parallel to each other form ng one
pl ane f aci(frifttsBbiiodiahent)ol der, as shown in Fig. 5 (a), the filmfornation
can be made for larger-sized substrate holder (nanely, substrate hol der
hol di ng nore suli@tateeplastha GV tapparatuse withl m veor ragh oprodanstivity nede f or
many substrate hol der in one vacuum chanber, as shown in Fig. 5 (b), only
by al t er naplaihgd as the fiith gmbelimabsof thissinbhentiber. Thedlasgma C\AD ehantbeed ect r ode
array. 7 July 2005 15 The Si H4/PH3 gas is introduced through gas supply
pi pe |ine @1Figadi - gine fused foncontimwaisly forfring thindilmcon hbdds sBFaeesi 083" to
formthe n-type a-Si film : _

. substrates held by one substrate holder. in contrast, in order to further improve

the productivity, the chamber is preferably constructed so as to process at a
time a plurality of substrate holders holding as many substrates as possible.
The plasma CVD chamber using inductively coupled electrodes of this
invention can be easily modified for this purpose. The examples of apparatus
‘conﬂguration for mass production are s.hown in Figs. 5 and 6.
The apparatus of Fig. 5 is the mass production version of the apparatus
shown in Fig. 2. Figs. 5 (@) and 5(b) are schematic views sﬁowing the inside of
PCVD chamber seen from the front and seen toward the transportation
direction, respectively. Since a number of inductively coupled electrodes are
| arranged in parallel to-each other forming one plane facing substrate holder, as
shown in Fig. 5 {(a), the film formation can be made for larger-sized substrate
holder (namely, substrate holder holding more substrates). In addition, the film
formation can be made for many substrate holder in one vacuum chamber, as
shown in Fig. 5 (b), only by alternatively arranging the substrate holder and the

layer of electrode array.




on the one surface of substrates, which faces these el ectrogegly 20ogn, the
gas is switched to SiH4/B2H6 and hi gh-frequency power is fed to el ectrodes
33" and 33"' to formthe p-type a-Si filmon the other surface of '

- substrates which faces  these electrodss. Here, since the distance between
the el ectrode and the substrate can be made as snall as about 30mm a
nunmber of substrate holders and el ectrodes can be arranged in small space.
The apparatus of Fig. 5 is constructed so as to formdifferent filns
separately on res$pediitvEHugds iz intofduset shratgbsgas sapplynpipariineodd iagidr at i on
may be.en‘g[ oyed for the apparatus shown in Fig. 3 which is used for

si mul t aneobigh-frequarcymeuer isfediocelegtpatest 38and 387 . fofmithe nhigpaassi film
production version of the apparatus shown in Fig. 1. Figs. 6 (a) and 6(b)
i's schermat PB the ene surace agsubsairatésisihieh ficesiibese elettrades. tThens tuogak BCVD
chanbers seen toward the transportation direction, respectively. In this
case, two SYHshedhie Sidi/Bets and dighfiequgncy powee i feduo iefettroties €3 andupl ed
el ectrode array |ayers. Although the present invention has been expl ai ned
about the AdtARHPMuke brtype atSidimen the eihey sutfaceobsubstrates which facesr f aces
of crystal silicon substrate so far, the invention is not restricted to

t hese enbotheseneleckipdes aHere;esing® | theddistangevhetwsen tife sfasitiodat andthet her
than solar cells, such as surface nodification of glass and plastic ‘
subst r at e. SYBsirate sen bg made aasmallastaleoys Asemt ainandreriof substadtbdalderso f or m
thin filnms of excellent uniform thickness w thout placing the backing

pl ate behi Atd elfstredes cande argnged inanyalbspare. 16 consequent!y to onmit the
step of turning substrates over. and reduce the nunber of heating/cooling
processi ng st eps! N&\RPERAtes O gl ¢ isneenstricterh spraside tform tdifferent filmas f i | m
formati on on both surfaces of substrate. Furthernore, the configuration in
whi ch substSRATEhoPR Epspestve surages iof suhsteatepl Bae simiareanfigurationsmay e

alternatively arranged can be adopted . )
be employed for the apparatus shown in Fig. 3 which is used for simuftaneous

film formation.

The apparatus of Fig. 6 is the mass production version of the
apparatus shown in Fig. 1. Figs. 6 (a) and 6(b) is schematic views showing the
inside of the first and the second PCVD chambers seen toward the
transportation direction, respectively. In this case, two substrate holders are
: arranged between two inductively coupled electrode array layers.

Although the present invention has been explained about the method
and apparatus for forming the a-Si film on both surfaces of crystal silicon
substrate so far, the invention is not restricted to these embodiments and can
be applied to a variety of applications other than solar cells, such as surface

modification of glass and plastic substrate.

Application to industry
The present invention enable us to form thin films of excellent uniform

thickness without placing the backing plate behind the substrate, and




to provide the plasnma CVD apparatus.for mass production, whi;gt]ly%bgs it

- possible to sinultaneously process a nunber of substrates. 7 Jualy 2005 17
Clainms 1. A plasma CVD apparatus, conprising; a first and a second vacuum
chanbers connected through a gate val wg each vacuum chanber equi pped with
a gas supply port and an exhausting port, an electrode array in which a
‘plurality of an inductively coupled el ectrodes with a power feeding portion
and a grounded portion are arranged in parallel to each other form ng one
pl ane, sai dorgespientyéo amitdhs shep offumingsgbstrates oper ahd edduce thaahiniisher

form ng one plane, said electrode arrays being arranged in N |ayers (where
N i s a nat of beatmgitaniingfpracessingsigps) whicthsentarkably impuaeuthe prodidtivity ( or
said second chanber) and in (N-1) layers in said second vacuum chanber (or
sai d firstotherfierfprmation an Hodasurfaces ofididistate hol ders, each holding a
substrate at a circunference portion so that both surfaces of the
substrate are expatharmorehethebyconfiguration dmbsithich esitmstade s halders r andpor t ed
into between the two electrode array layers in said first vacuum chanber, a
first fil ninductivelycougledeleciradedarcays ater alteyhatively geranged chn beoadopted

hi gh-frequency power is fed to the power feeding portions to generate
plasma ani® pevids the plasmea GWD regparatusnfor eass eredudtione svhidh niekesuibst r at es
facing the inductively coupled electrodes, said two substrate hol ders are
t hen transpessikig to sirsultaneosislypracesscanumhsiatisubssateshat t he ot her surface
of the substrates on which said first thin film is not fornmed faces to the
i nductively coupled electrode, and a second filmformng gas is introduced -
t hrough the gas supply port and high-frequency power is fed to the .power

f eedi ng portions of inductively coupled electrodes to generate plasna and
forma second thin filmon said other surface on which the first thin film
is not forned.




ABSTRACT  The objective of the present invention is to prov}ﬂﬁ g?ﬁgasna
CVvD nethod and plasma CVD apparatus, which makes it possible H¥orm t hin
filmse of excellent uniformthickness on both surfaces of a substrate

wi t hout the step of turning a substralé over. The present invention is
‘characterized in that at |east two inductively coupled electrodes with a
power feeding portion and a grounded Qortion are arranged in a vacuum
chanber equi pped with a gas supply p #MHd an exhaust port, a substrate
hol der whi ch holds a substrate at a circunference portion so that both

surfaces of thqg‘?_,g%ﬁﬁ@\@gﬁd‘g%@ﬁ%ggggd#ﬁﬁansported into between said two

i nductively couple ectro formng gas is introduced

through the gasfifiRPlYa BEESNd Fatliimh %haﬁfb%?éleaﬁuecﬂea\%rohghfaeaaqe%cfﬂ > _pover
feeding portion to generate plasma along the inductively coUpled electrode

to. form aachiVatulin ohambeosduisped attbsa §hs bhpply Wost 4rf &n %kﬁaﬂ:étmgemﬁ,l y or
one by one. Furthernore, a second gas supply systemis connected to the
vacuum chanberart celéctrodedi drfayr ént whidhmaprpluesipe adfi we ducticely ebupled
substrate sinultaneously or one by one.
electrodes with a power feeding portion and a grounded portion are arranged in
parallel to each other forming one plane, said electrode arrays being arranged
in parallel fo each other forming one plane, said electrode arrays being
arranged in N layers (where N is a natural number of 2 or larger) in said first
\)acuum chamber (or said second chamber) and in (N-1) layers in said second
vacuum chamber (or said first chamber), and

at least two substrate holders, each holding a substrate at a
circumference portion so that both surfaces of the substrate are exposed,

whereby said two substrate holders are transported into between the two
electrode array layers in said first vacuum chamber,

a first film forming gas is introduced through the gas supply port and
high-frequency power is fed fo the power feeding portions to generate plasma
and to form a first thin film on the one surfaces of the substrates facing the
inductively coupled electrodes,

said two substrate holders are then transported into the second vacuum
chamber so that the other surface of the substrates on which said first thin film
-is not formed faces to the inductively coupled electrode, and

a second film forming gas is introduced through the gas supply port and
high-frequency power is fed to the power feeding portions of inductively

coupled electrodes to generate plasma and form a second thin film on said

other surface on which the first thin film is not formed.






