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(57) Abstract: A method and a device for plasma CVD ca-
pable of eliminating the need of a substrate Inverting process
and forming a film with excellent uniformity of film thickness
on both surfaces of a substrate; the method, characterized by
comprising the steps of disposing at least two inductively cou-
pled electrodes with a feeding part and a grounding part in a
vacuurn chamber having gas feed and exhaust ports, inserting
a substrate holder holding the outer peripheral end part of the
substrate between the two inductively coupled electrodes so
that both surfaces of the substrate are exposed, leading film
forming gas into the vacuum chamber through the gas feed
port, feeding a high frequency power to the feeding partto gen-
erate plasma along the inductively coupled electrodes so asto
form a film simultanecusly or in order on both surfaces of the
substrate, and connecting & second gas feeding system to the
vacuum chamber to form different films simultaneously or in
order on both surfaces of the substrate.
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substrate between the two inductively coupled el ectrodes soy jfigsodaot h
surfaces of the substrate are exposed, leading filmformng gas into the
vacuum chanber through the gas feed port, feeding a high frequency power
to the feeding part to gen erate plasm al ong the inductively coupl ed

el ectrodes so as to ]

surfaces of the Qllhqtﬁaﬁzﬁrxﬁgi mAi mmmwmlmwnIMEMM‘WMNM ystemto

the vacuum chanber to formdifferent filnms sinultaneousl y or in order on
bot h sgmdiacEmsbatie substrate. 7 #rokpE2R05 1 PLASVA CVD METHOD AND
PLASMA- @M[FJ\APPKRATUSM%MMCFDELB TAEREEESt i nvention relates to a
Pl asma Cyh) apparat us and, nore particularly, to
t he Pl asfi (MR- REIENEU, . fﬁ:_q,rﬂf@a%up,guléé gel l ent

uni form 4 "C@ﬁ‘;@l&f-@m@ ”s)@b' kagas: ofrcarsuiBitnies Qg?%fﬁ %ﬁ' NVENTI ON
A sol ar 3613 mEAeER LY TEENST S /afi) a qpF NFPARCEIROESBE. p-i1 -n junction with

~silicon (Si) or conpound sem conductors fornmed on a substrate to convert
sunlight incident onto its front surface into electricity. In order to

i ncrease the electric power generation, a solar cell utilizing sunlight

i ncident on the back surface as well as front surface is proposed. Such a

.sol ar cell has, for exanple,
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a configuration shown in Fig. 7, and is fabricated by deposkt),pdoasp-type
amor phous 'Si (p-type a-Si) film 102 and an n- type anorphous S (n-type
a-Si) film2103 on the respective surfaces of i-type crystal silicon 101
using a plasma CVD nethod, and then by form ng a transparent el ectrode 104
-using a sputtering nethod and current collective el ectrodes 105 using a
screen printing nethod on both surfaces. For exanple, a parallel-plate
type plasma CVD apparatus shown in Fig. 8 (b) has been mainly used for the

“deposi tion of thepaagiyAidvh METSOYRATPLAS) ppagAgius | 0ad | ock
chanber 110, a heati n%gMcha\?T%er@“l-Zg??a pl asna%m% chanber 130 to
deposit the a-Si film and a cooling chanber 140. The adjacent chanbers
are connected through a gate valve 106. The i-type silicon substrates 101

are nount egepNICRUbSIELE € hol der 107, which acts as a backing 7 July 2005
2 plate, as shown%g"n tIl:-:lrg. 8 (a) and is transported in the direction of the

arrow of Fig. . ic . aft ¢
Slbstrate hol'der e Pt ehtiof 1SR KOAIRIAALRE OV MRUEIhies Fidna

transport egyvip dpparatdddah@C l&@aﬁaﬁrcmawyg,toamb tH8shBatRey rhéthoaenpal ter

evacuated. Then, the gate valve is opene to transport the substrate

hol der to Hearbfid BRAHARg Y2 At 0p ext&IRnt WATHFM tiBknaYsSorMBathtslriaed

predetermned tenperature using a heater 121, the substrate holder is

t ransport egf 4 euparak! el - pl ate type PCVD chanber 130. Wen the substrate
hol der is transported into PCVD chanber 130, a filmformng gas (SiH4/PH3
gas) is introduced into the PCVD chanber 130 and hi gh-frequency power is
fed to a powered el ectrode 131 to generate plasma and formthe n-type a-Si

filmon si BACKGRODND OFRINVENTIDRN, the substrate holder is
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




~transported to cooling chanmber 140. After the substrate te"?%ﬁ@%#bg dr ops,
the venting gas is introduced into the cooling chanber 140 t0

at nospheric pressure. The substrate holder 107 is taken out and the
substrates are turned over in order togformthe p-type a-Si  filmon the

ot her surface of substrate. The substrate holder is sent into the |oad

| ock chanber of the plasnma CVD apparatus shown in Fig. 8 (b) and the p-type
a-Si filmis deposited in the sane manner as nentioned above. Thus, the

p-i-n j U”ﬁldté’”aé, ShdWh TR ttig @3 arﬁ ﬂ%ﬁ@g@rﬁaﬁn'tﬁe 'J}Iegf?&‘l’fbf’%e,if erBwtcrfe PCVD

chanmber as filmformng gas nsparent conductive m such as

I TO is forppd ®ppotHat .§uaﬁ@0&?oéﬁfaté§%ré'dw?gﬁadsafb%ﬁ aBs %ésh&dbp

sputtering apparatus. Fi nal Iy, current ting e ectro are %ormad

, T orskearm r cell.
b S osURE TR Eig: PRy 36¢ SaDstits Holdét ISRaRSPored I HENbE fock Lhahfilet

par al | el - ph 0. cadd/ R ShAEPS ISYReRRARBF alisudtas. Tﬁ@ﬁﬁp%dﬂéﬁ(lfag&:é AJ eHhe

.deposition of a-Si film However, when the thin filmis

substrate W trAnspabiiel Seidtiste m&je‘itt@fl_fe%tlﬂ? MANMBET U 2. Nitepithd shB@trateg
paral |l el -pl ate type PCVD apparatus, high Trequency current wl l'y flow

through t hereshbstetaben prddessmiined hémienau adingi$ hehesad 10 8dbsthste
substrate and the plasna density on the front surface of substrate

r emar kabl yhelder datemspofied steaparmiibplatdreye IFCVDI kaabsr 130t Whegheal part
of substrate is different from that in the circunference part, neaning

that the tilbstldté motdereiscednspaitednint® POVD Nelmess 136, an@ foemitey 9lkai ned.
Thi s .tendency becones nore remarkabl e as
(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




the substrate becomes |arger. Therefore, the backing plate whjfipmets as

t he  channel of high-frequency current is indispensable in order to form
thin filns of excellent uniformthickness. For this reason, the
productivity remarkably deteriorates 8hen the thin filmis fornmed on both
surfaces of substrate. That is, the substrate holder nust be taken out of
the apparatus to turn the substrate over after the thin filmis fornmed on
the one surface. Therefore, the evacuating process of the |oad |ock
chanber, the véstmentigrascalseveyfihe paraebplaig tyreaplaema Cobdapparaheabhasg /
cool ing process of substrate nust be made twi ce. Thus, if higher throughput
i s requesbedn nainlyseted fof thpdepasitior of akRiviitm. Howeéver, Bhértherthén fibe is

i nstall ed, which invites the enlargenent of the whole nanufacturing

appar at usfarnmbd ba = cibstrate edbehighndiectricurdsistanca st am dresulatentwith theant s of
the present invention provide a plasma CVD nethod and a plasnma CVD

appar at uspardiielplat@kgse IRCVDoaspdriatus, ohighrfredddntyf clim@ntotvile haedly eftw uni f orm
t hi ckness on both surfaces of a substrate without the step of turning the

subst r at efifgegh tie Substraelimleds Bie baskingipiatetisqilaédtl Behimdethl SUbstratéd pl asma
CVvD nmet hod and plasma CVD apparatus, conprising; a vacuum chanber equi pped

W th a gagng @ plasniPaénsybritheskORUfirfaRerdf subbtrhtea®mdrigbly tédeddsea! ¥
coupl ed el ectrodes with a” power feeding portion and a grounded portion

arranged Cons8GUIRRAIHE filfBIess I thelcEMPA = & diblstiate &Y difaeed naf veen

"the two inductively coupled electrodes, which holds a substrate at a

circunfer ﬁﬁiﬁn RRé téirﬁﬂnﬁé’reheé;pé?f?trﬁe%ﬁng‘:}ﬁéfﬁmeofhir‘i 'Piﬁn%fbe%c’eﬂ%ﬁt @hiforfrkPosed,

wher eby a mformng gas 1s I ntroduc romthe gas supply system and

hi gh-Tr eayfOmesB W¥Rard o bEbHtRinkAe TARRhdency becomes more remarkable as

the substrate becomes larger. Therefore, the backing plate which acts as the
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.




feeding portion to generate plasnma along the inductively cogpjfugpzonolsectrode
to formsinultaneously or separately a thin filmon both surtdcées of the
substrate. In addition, different thin filnms can be formed on respective
surfaces of substrate by providing thg vacuum chanber with a second gas
supply port and sw tching sinultaneously the introduction of two different
gases and the supply of high-frequency power to two inductively coupled
el ectrodes. Furthernore, it 1is also possible to sinultaneously form
di fferent t hi nOnd embodimard pf dhis\rverdionsis rraplassur €5 Oemeflyochandumgsmp a
partition plate to divide the chanber into two filmformng spaces
t oget her W\ apparalusseempEsing] aeyacin iphapberiafivippashwithex lgagssupRly t i n
each filmfaorm n%Hs ace or controlli Rﬂqthe as flow so that different

[

gases wi | POFt| 3¢ haust fost 1atvieast il irFuRtivglyserigied wledsdesnmith &y, 1t is
by ar FangPAYE Rel: PRI b rgatnae] SoTa) eRAngEt Not i Thas o
Bt ang! ng ofRebBhE 4 B ERE Tl o Bd e hE BT BB tfe

Conpr 1 st nSleetBREs SHARH holdSCa SYERASE o pelinRISoe KOFRN S ot (e

val ve, eagiryasoithe RapRRAtCsd BipRde WHez%bgaani:ﬁvﬂﬂw_qJQéé isifftodliced
exhausting port, an electrode array in which a plurality of an inductively

coupl ed 7frdHl the?@de sty ki asndvhigh-ReOMly pERE! 1Y fBQtbi e poEer

grounded portion are arranged in parallel to each other form ng one pl ane,
sai d el ecfoaliiey portystobgémeraty plisgedalong tNel ingectivelyvbouplell dlscteodmtar al

nunber of 2 or larger) in said first vacuum chanber (or said second
chanber) torch simultinépusiape separatalyiadhiefionon batrusumfaces of the substrate.

In addition, different thin films can be formed on respective surfaces of
substrate by providing the vacuum chamber with a second gas supply port and
switching sifnultaneously 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




chanmber (or said first chanber), and at |east two substrate;hpldgjes each
hol di ng 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 Sayers 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 t helectrades withl § powenfresting:pediondanssa gseuntledwortion ere arranged ifer s ar e
then transported into the second vacuum chanber so that the other surface
of the sub3tallgt iseash gliesHomainppng planet paid electivde afays bendearmanged to t he

v ough. ¢ FENGRYBS S Sob 5 S Ral RRGAUTBRE aheney [ bes: ni S JESt tAaLh) pover
Lo 1 or m achetnBRn Rl KEME haPHPL L T UET) PR b Sol PSRl 1

Vi ew shou PRI ERE (ot seld Bt Bhery, Aol oL RS V0" shitrath, hoigpre BRER ' ©

ol s 7 TRy & BoRRG SEE Riiclmfer@Hod UNBH ST mCRoREs I, GPle

TP o Vet B e P T e T SanKe nont of
plasma  Chivaspathat trio eledtidide amene fyiepd in said first vacuum chamber, a first

film forming gas is introduced through the gas supply port and high-frequency

power is fed to 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 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




Fig. 5 is a schematic view of plasma CVD apparatus for nmassyz g gtion
corresponding to apparatus of Fig. 2. Fig. 6 is a schematic view of plasm
CVD apparatus for nmass production corresponding to apparatus of Fig.. 1.
Fig. 7 is a schematic view showing a c®nfiguration of solar cell. Fig. 8 is
a schematic view of a conventional plasma CVD apparatus. In the drawi ngs, a
nuneral 1 denotes substrate, 2; carrier, 3; substrate holder, 7; high-
frequency power source, 8; coaxial cable, 10 and 110; | oad | ock chanber,

20 and120; cgpippsratl @SRl indéntig. 70, and130; plasma CVD chanber, 31 and
41; .gas supply pipe I'ine, 32; exhaust port, 33 and 43; inductively coupled

el ectrode, 34; poyen {e8HdRSmeict Viel sSwing" i ' strate
hol der fixing jig, 50 Saﬁd %43@005??@@#2 @rﬁqﬂgg%}ﬁfbgﬂl féé’?q”%i’ﬁg val ve,

101; i-typevey ¥gparatdd of B invdfon. p-type a-Si, 103; n-type a-Si, 104,
transparent el ectrode, and 105; current collecting el ectrode. PREFERRED

EMBCDI MENTS OF | IYEYTik NsEhemai® QfwRRbNirY tHeourthaBbiprbnit dfl pidina
expl ained in detarl belowwth referenceto the draw ngs. (First

enbodi nent gV apharatils STRARARIEMorof this invention is shown in Fig. 1. Fig.
1 is-a -schematic view show.ng an exanple of the plasm CVD apparatus used

for 7 July 2005 Fig. nanygf acsehidrmatic dliéw 6€!PIssBRoOND applagatud - foSniags Shown
in Fig. 1 (a), a plasma CVD apparatus is conposed of a |oad | ock chanber
10, a heatproduetiemesiregfonding td Spparaassef IGYD2( PCVD) ‘
| | Fig. 6 is a schematic view of plasma CVD apparatus for mass
production corresponding to apparatus of Fig. 1.

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




chanber 30, a second PCVD chanmber 40, and a cool i ng chanber 550, ﬁ%gse _
chanbers are connected through gate val ves 61-64. The substrat gs are held
by a substrate holder 3 so that both thin filmformation surfaces of _
substrate are exposed, for exanple, b¥ pressing the circunference portion
of substrate with a plate 4 having apertures and press plates 5, and
fixing themwith screws 6, as shown in Fig. 1 (f) The substrate hol der 3
hol ding a plurality of substrates is fixed on a carrier 2 (Fig. 1 (e)),

and transpardnefadiliangsslbeceid skowneiisFigigted in the chanmbers in the
direction of arrow shown in Fig. 1 (a) to process the substrates in

respective chanhas s shitwh ih Figt heas W plkate VD dpparlatud [ESRBbEEH of Hom | oad
| ock chanmber 10 to heating chanber 20 where the substrates are heated to a

predeterm load loekpetanibare1dr anhditidy shadebep20s W sitdtapiasial deD IPEsD)9
heaters such as infrared |anps. Then, the substrate holder is transported

to first PéhdmbenabpesedbndMCVDeathapsissrdD, R{AdDa odlihg 'chathte? FooMRekBe
n-type a-Si film and the p-type a-Si filmon the respective surfaces of

subst r at e. cifdrhberstdrercohnboted thrcudrogatedialidyes 8RS Thalsabbphrdar! ak Kaat to
cool ing chanber 50 to be cooled to a predeterm ned tenperature. The

substrat e bypadebsiratetiuddert 3k thatWotiy thih itm foineatiorr suifites of sabStrate drbe
apparatuses to formthe transparent conductive film such an I TO film and

current cogxpesedyfor ekanipledgpresiing tha ckoumfsrencgpoitiantd subsratehgiticqennect ed
to the PCVD chanber instead of the cooling chanber to formthe transparent

conduct i veplatd dnhiavingdaperiirgs ahtegress plaiesSh, hind fixing thenmwith sthews 6, as
configuration of first PCVD chanmber 30 is explained using Figs. 1 (b) and
1(c). 7 Jushowrobsrigat (f)

The substrate holder 3 holding a plurality of substrates is fixed on a
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).




Figures 1 (b) and 1(c) are schematic views of the inside cﬁ.ﬁjmiéaagnber
seen fromthe front and seen towards the transportation directi’on,
respectively. A gas supply pipe line 31 for a filmform ng gas (for
exanpl e, Si H4/PH3 gas) and an exhaustgport 32 are provided in the PCVD
chanber, and inductively coupled electrode 33 which is folded back at the
center is arranged in the chanber. The one end of inductively coupled

“electrode 33, i.e. power feeding portion 34, is connected to a
hi gh-frequency FesSP {5 )Cend’ 1{d) aR SbhainS8vieds FFaRe fhdde 8 fle &@ﬁ.ﬂ&hef
end, i.e. grounde portp%n 35,&?5 connected to chamber wall to be earthed.

When carri sserRfroantteyirorg ditPssarbPiiwalie thotraspcrtatfont dirdtSiBA! fadebMdRrVD
chanber 30, a substrate holder fixing jig 36 begins to nove fromthe

posi ti on Afg@mulp]blytﬂmelﬂhélsarfofhﬁﬁnﬁ&nﬁih@gﬁ@?fdrb&@;r?é@é‘@H@lPHg s§9had l'ine

to fix the substrate holder by contacting both su es of substrate

hol der . | nan exhasstaioet 32 StdBfddfeddinghe PCVD PR, Al MduBiveraslisedt hr ough
gas supply pipe line 31 and the pressure is set at a predeterm ned val ue.

Then, hi gheleceode 38ywinohs foldet back atcthenduedriy alnangedm 81k GlRAbEOTRe33. The
pl asma generates along electrode 33 and the n-type a-Si fil mdeposits on

‘the subst remne endrdfanduétaeiyr gousied adiectrried33, et fowahtddad) partidhssy, fi ows
over the other surface as well as the filmformation surface of the

subst r at e, carnectdd to &iHigh-fieguency pdeposotircern? threugh kecoasalrdaite 80find he
.substrate which does not face the electrode since the plasma is prevented
by the subtherather leoddée. gnolirtded podiohr38, eis ardectdd 16 obaimber iwalinto BeNi ng
into the other surface of substrate. When the filmthickness reaches a
pr edet er m g¢arthadal ue, the supply of high-frequency power and the film
formng gas are cut off and then the chanber s evacuated. The gate val ve
63 i s opened to Whenspoiar 2 conveyingtthasabbivaedrolder 3 is transported to PCVD
chamber 30, a substrate holder fixing jig 36 begins to move from the position
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 the 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




second PCVD chanber 40. Fig. 1 (d) is a schematic view showimngptdps nsi de

of 7 July 2005 9 the second PCVD chanber as seen toward the transportation

~direction. The <configuration is alnost the sane as that of first PCVD

chanber, except that the inductively 8oupled electrode 43 is arranged in

the opposite side. to the substrate hol der. Wien the substrate holder is

transported to second PCVD chanber 40, the substrate holder fixing jig 46

begins to close and fix the substrate holder. Then, SiH4/B2H6 gas is

i nt r oducedthensecaritce PEADMsbambler msgbean tayeardsineptrangpgrtationndirettioanThe

hi gh-frequency power is fed to inductively coupled electrode 43 to form

t he p-typecenfguratiomisaimostthe: sasne agthaioef fiost POGYDsclimhbart except thétithe t he

n-type a-Si filmis not formed. Thus, the p-type a-Si filmand the n-type

a-Si fil mindpetively eaupied: alectmsle idde iss arfanged & thet gppositey sidel tsithecon

substrate to formthe p-i-n junction. As nentioned above, the film _

f or mat i on eMbsgiraty dwidersiVhen thexsubsiratepholder & transported tespeand REDr f aces

of substrate can be continuously carried out by transporting carrier 2

wi th subst gkarabeipddethes %L@Stféﬁ:ﬁpéé’ideieﬂmmﬂeﬁﬁ begics de stloss yandAfix thet i oned

above, in order to formthe thin filmof excellent uniform thickness, the

backi ng pl $ikstiatg holder.pTharne $ilddBeliegan s istrodueed inte the phambentheonghoaal

paral l el -plate type PCYD apparatus. As a result, there is requested the

step to tu9Fs supRly pireling ddand highdwauensy power isfed iegindudivehgcoypledess

must be made twice, On the other hand, in this invention, the step of

turni ng suPgeiradeds e iam theylypearSilimean theiothes sndface efihesibistigtepncess i s

made only once, which nakes it _possible to reduce the nunber of processing
o which the n-type a-Si film is not formed. Thus, the p-type a-Si film and the

n-type a-Si film deposits on the respective surfaces of i-type crystal siticon
substrate to form the p-i-n junction. |
As mentioned above, thé 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




chanbers and inprove the throughput. Mreover, two sets of a j, o5OCck
chanber, a heating chanber, a PCVD chanber and cool i ng chanber “are
required to perform high throughput manufacturing in the case of
conventional manufacturing apparatusqgHowever, in the manufacturing
apparatus of the 7 July 2005 10 enbodi nent shown in Fig. 1, although two
chanbers are necessary for PCVD process, only one chanber is necessary for
ot her processes. This enables us to remarkably reduce the installation

floor spacenibidithBRt St # . qpéftho%}ghkb char@erd B RéLaRhYy FRYREEE

electrode is exenplified in Fig. rectangul arly fol ded shape can

al so be enplauead, aflysild cgmbbsRARLAaR for RS proe8sIcR. dpik BASHes st he

center. Here, the distance fromfeeding portion 34 and grounded portion 35

to the turp rgndRabiyreduse Heingtaliaton AoBPspRa hxd WelappdrBRis éd¥t. @ nat ur al
nunber) of an. excitation wavel ength of the high-frequency power to stably

generate and nai TheUishdpedingaivetecodifes elddi@dbus BkémphRsd indg.1. The
exenplified by sem circular portions having a curvature in the case of the

U-shape angediingliany €sided rshiapbtcapoalsoobe Retyoped bieweNas! BrRipeSad ahght
- portions in the case of the rectangul arly fol ded shape. These el ectrodes

are not | electrede tfoldeddackait the centestierd, dte Bistdimroirna, feeding. paitioeizg rod,
and therefore nmay be exenplified by a structure in which two straight

el ect r odesanad groohdéd goetioth 35 its ebe wutiting poelion i besferred tbNse hilidly N/2
Furthernore, a linear electrode can also be enployed in this invention. In

this case, titee (M ¢ aatueal hrinvies) of A &eftdiiow waaeldngth anthe highdk

portion is preferred to be nearly N12 tinmes of an excitation wavel ength of

the - hi gh- powguenstablyoyererate and maintain the discharge. Here, the turning portion
is exemplified by semicircular portions having a curvature in the case of the
U-shape and by shorter straight portion between the two longer straight
portions in the case of the rectanguiarly fotded 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 eranspirteRiBintathgeREVEX ehgphbsmand bhireddetwben titestwolflecebdes. t he
n-type a-Si_filmdeposits on the substrate surface which faces el ectrode

33. \Wen tlme addition, ftwbngas tsupphp piptetiecsi 3 d31hiak ves Sillsfolenapigaeds 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 generat e \Whasntheasdbstrate holder is transported into PCVD chamber 30,

SiH4/PH; gas is introduced through gas supply pipe fine 31 into the chamber

and its pressure is set at a predetermined value. Then, high-frequency 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




formthe p-type a-Si filmwth a predeterm ned thickness onﬂﬂgg&a@st rate
surface which faced electrode 33'. Thus, the p-i-n junction is“forned.
"Then, the substrate holder is transported to cooling chanber 50 and taken
out of the chanber after cooled. As Ras been nentioned, the formation of
different filnms can be carried out in the single chanber. (Third
enbodi nent) In the exanple of Fig. 2, the p-type a-Si filmis forned after
the n-type a-Si filmis forned. It is also possible in this invention to
si mul t anedwsl giffecnh filmduThe 2008 endifodiment which aizkeb ipossible Bimuittinedus
enbodi ment whi ch makes possi bl e sinultaneous formation of different filns
i s shown iforiation 8f diffeecnifjimusas showadn Figprd.y t he same configuration as that
of Fig. 2(a), except for the PCVD chanber. The PCVD chanber of this
enbodi nent, whi cthe appaiatwe) has ridagy tBe sdinid eonfijuration lastthahof\Rig. (), gs. 2
(b) and 2 (c) in the following points. That is, in the case of Fig. 2, the
bl ockage iaxcepbiardbd RGVDrehamberplhe RCVDahantierdfithisembddilment, whiting space
for the n-type a-Si filmor p-type a-Si film fromdiffusing to the other
fil m formiaghewade Figh®, diffess ifrormthad showe ipFigse @ (k) Shd 2f(c) im the followipe a- Si
film respectively. However, in the third enbodi ment, the |ength of _
subst r at e prnigelhaf igj ingdhpicgseef Hig A, dthé blackdge isprovisled tapreeandipldsena o t he
| engt h of chanber, so that it can act as the partition plate to prevent the
mut ual gaggerietated ineangetim forsing space fordtheantypeaa-&s filrorortghtype-a-Bpéilnand t he
p-type a-Si film(cross contami nation). In addition, the | ength of chanber
is al so rfeane diffuging ta the ethee filis forming epgce aofi deplositingtan thel piypeta Shar r ow
t he cl earance.

film or n-type a-Si film, respectively. However, in the third embodiment, the

length of substrate holder fixing jig 36 should be made as close as possible to
the length of chamber, so that it can act as the partition plate to prevent the
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




The gas supply pipe |line and exhaust port 32, 32' are provi q'emyid%each
~film formation space. In this case, the exhaust gas flow ng through two
exhaust ports 32 and 32' is gathered downstream (32"), Thus, one exhaust
gas system is installed for this chanm@ger. Wen tw different gases are

I ntroduced sinmul taneously, the respective gases may flowinto other film
form ng spaces through the clearance between the substrate holder and
partition plate, and the chanber walls. However, the carrier concentration

in the p-typ@ber dehsityof PRslefehtlor 8 eBhiiny, :@@bééﬁ@%ﬁh@‘eﬁo@ sdtngaRt ration

di fference between phosphor (P) el enent and boron ) element 1n the film

Ther ef or e, cambernatafatciined enhabe B distB8thardctehgic)-type a-Si filmor P
elenent in the p-type a-Si filmhardly influence the characteristics of

solar cell so fHiussthehmchiig of FCBDeLkamBer @anFbelfanRat shoramad by
conpared with the 7 July 2005 13 nunber density of P elenent or B él enent,

 respect i vetanryitheuethe simuttahaous éinh forneationda theeafrcéhimisert 0 have a desired
characteristic. Thus, the tact tine of PCVD chanmber can be further

shortened by canrthismgmbotirhéret, sherekhamstqpsrt is providedTit each il tFoEning e
~chanber. In this enbodi ment, the exhaust port is provided in each frim
form ng  sypace. Howaveerfor éxampleaths eonfigoeativeiiadng ohé @xhhastipagt svangxhaust

_port around the center of bottom plate of vacuum chanber is also
avai | abl e.thebcenteenof batione plateeots visiumtchamibbelels alssi agilab. IMo®over,used as
‘a partition plate, the partition plate is constructed to contact the
substrat e $incelthe substtate botledfixingtjig iselwv/esed as a panidtiorasiate)ies pattiion
substrate holder fixing jig is unnecessary or the partition plate is _
separ at el yplateriasgestructed tpaoniact the suibstrete holdet imtbeessisuditment. Hawedaact with

in the case where the substrate holder fixing jig is unnecessary or the partition

piate is separately arranged, the partition plate is not necessarily 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




the substrate hol der and the cross contani nation may be preygﬂ&g% By
controlling the gas flow even if there is a clearance. (Fourt engodinent)
The enbodi nents have referred to the manufacturing apparatus and the
manufacturing method of the p-type andqgthe n-type a-Si filmdirectly on the
silicon substrate. However, in order to reduce the defects in the p-i
junction and the i-n junction and to further inprove solar cell ,
characteristics, it is preferable to formthe i-type a-Si filmon both

surfaces ofupply pipd lieé |0f CSIR, sgHes HighSreuRibnEe pdvddr T ITad tB e IndeRtigdid t he

n-type a-Si film The apparatus configuration for this purpose is shown in

Fig. 4 as ¢duplédelddrodabaimuraicotisly Bfter BINSgGas M intrbdaced 36 HepeY® tR@par at us
of Fig. 4 is constructed by connecting a PCVD chanber 70 for i-type a-Si

fi | m depositypea-Sidi@bothestdrtacesbfgubtirate. pl asma CVD appar at us shown in
Fig. 2 (a). The PCVD chanber 70 has the same configuration as that shown

in Figs. 2 (b) daffte fmationod tiws-tyreagd shd paypy a2SiGhm i 4arigabbyt inithe | i ne
of SiH4A gas. High-frequency power is fed to two inductively coupled '
el ect r odessaanemhdrares @ssh fhaseeondsembodiments | ntroduced to deposit the
I -type a-Si filmon both surfaces of substrate. The formation of the n-type
and the p-type a-Si filmis carried out in the sane manner as in the
second enbodi nent. (Fifth Enbodi nent) Next, a plasma CVD apparatus with a
very hi gh (piftdbotbiodimgnt)s expl ai ned as the fifth enbodi nent of this .
i nvention. The plasma CVD chanbers of Figs. 1 - 4 are used for
conti nuously forNextg & tplasrhal €V dppanatsr Wdihes oBry high productivity is
explained as the fifth embodiment of this invention. The plasma CVD chambers
of Figs. 1 - 4 are used for continuously forming thin film on both surfaces of
- 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 (a) and 5(b) are schematic views showing 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.




substrates held by one substrate holder. In contrast, in orgegytmoburther

| nprove the productivity, the chanber is preferably constructed so as to
process at a tine .a plurality of substrate hol ders hol di ng as nany

- substrates as possible.. The plasma CYB chanber using inductively coupled
el ectrodes of this invention can be easily nodified for this purpose. The
exanpl es of apparatus configuration for nmass production are shown in Figs.
5 and 6. The apparatus of Fig. 5 is the mass production version of the
apparatus shownThe $iHgPH. ga8 iss intduapd dhbughbyasisapplyheipatiine 31 ewd

showi ng .the_inside of PCVD chanber seen fromthe front and seen toward the
t r anspor t ahignfre@iensytpower is fashioctlecteddes 33 and 33" toufotrarthe h-typd acSiifinal v '
coupled electrodes are arranged in parallel to each other form ng one

“pl ane faci RY tkepue sttfaceof sidistrades, vhidwiades these elbctrajles. tThenf tHegdoismat i on
can be made for |arger-sized substrate holder (nanmely, substrate hol der

hol di ng nopWitehgsste JitddB-Hy and digh-fiequentie pbivemis fext b elemtrodes 33 andde f or
many substrate holder in one vacuum chanber, as shown in Fig. 5 (b), only
by al t er nafpvde Jorar Fenerityre e+ filmben the ethiep sudacenfisubstrateawhichofacekect r ode
array. 7 July 2005 15 The SiHA/PH3 gas is introduced through gas supply

pi pe | i ne thesgneleckipdes.f Hetiesinge phaedistanceebetweesl the etetdodal3aatdhd3" to
formthe n-type a-Si film on the one surface of substrates, which faces
these el ecByigieate canbg made agsmalas ahputddsamt a nembereisebstrate holders

hi gh-frequency power is fed to electrodes 33" and 33"' to formthe p-type
a-Si fil m%’ﬂﬁ?lﬁ‘&trﬁgﬁﬁﬁaﬁ@ﬁfﬁé@gﬁd imaall gpage. whi ch faces these el ectrodes.
Here, since the ﬂil@ot ance between the electrode and the substrate can be
made as smal | as!¥baaparsinenof Figusbisr costaigtad satas tolfdem different films

separately on respective surfaces of substrates. The simifar configuration may
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




and ‘el ectrodes can be arranged in small space. The apparatug g, Jdoog§- 5 is

- constructed so as to formdifferent filns separately on respective
surfaces of substrates. The simlar configuration my be enployed for the
apparatus shown in Fig. 3 which is useg for sinultaneous filmformation.
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 show ng the
inside of the first and the second PCVD chanbers seen toward the

t r anspor t aconseqiienty to omit the sperof tueligg substrates ovesand reduceiths nuaiberhol der s
are arranged between two inductively coupled electrode array | ayers.

Al t hough t btheatingéenolingywacéssinghatepbewhichxeherkably dpprdvet the predietivity and
apparatus for formng the a-Si filmon both surfaces of crystal silicon
subst r at e ebthediim forreatiow enttiotmsudaces of sadistiabd.ed to t hese enmbodi nents and
can be applied to a variety of applications other than solar cells, such
as surface nodifugkarnateofthgl aonfigurtiohadni whsatbssubstmte Appldecsit and t o
industry The present invention enable us to formthin filnms of excellent

uni form tiRduRkNely caupled alegirads argaysharebaltsthatively arranpedicad kehadeptédt r at e,
and 7 July 2005 16 consequently to omt the step of turning substrates
over and riedpeyidenéhe plasima @YD hepparalyscioslmass produstionn gvhiche psakeshit ch
remarkably inmprove the productivity of the filmformation on both surfaces
of subst r apessiigte sEpplANEoUSlYProcess g numbeasofisnbsirates. substrate hol ders and
i nductively coupled electrode arrays are alternatively arranged can be
adopt ed




to provide the plasnma CVD apparatus for mass production, \/\hif@_"n%@s It
possi bl e to sinmultaneously process a nunber of substrates. u¥y 005 17

Clainms 1. A plasma CVD apparatus, conprising; a first and a second vacuum
chanbers connected through a gate val véf/ 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 %hectrodes with a power feeding portion
and a grounded portion are arranged i rallel to each other form ng one
pl ane, said electrode arrays being arranged in parallel to each other

form ng ong pl %%E%Sﬁ% @Vﬁﬁﬁﬁér‘éﬁ% %BW%i ing arranged in N layers (where
nu

N is a natural er of 2 or larger aid first vacuum chanber (or

sai d second chaphrst andsédodd\WvdduunR CREfMbers éahﬁeas&mugﬁ%pgét?m@émer (or

said first chanber), and at |east two substrate hol ders, “eac ol ding a

subst r at e edchavactiuht dhdrdbensquipped Wath £§aé Bapplh poit sl drerBa@tingnsort,
substrate are exposed, whereby said two substrate hol ders are transported

into between ttan telecteddectarmale iar whijch ay eplarality safi anf iinductivelgugouplednber, a
first filmformng gas is introduced through the gas supply port and
hi gh- f r equalectyodaswith aspovear feedingoplivreand aegtongded poitionsare@npngedadne
plasma and to forma first thin filmon the one surfaces of the substrates
faci ng t hdarakglde agh|sthenipsming ene plansiaeid slectrodamraysheing @neaogdrs are
then transporte f'nto t he %econd vacuum chanber_ so that the ot her, surface
of the sutiStPPES! & sifhcothel formingtonginlane, spid 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.




is not formed faces to the inductively coupled el ectrode, aaquuﬁzf%gond film
~formng gas is introduced through the gas supply port and high-trequency
power is fed to the power feeding portions of inductively coupled
el ectrodes to generate plasnma and formga second thin filmon said other
surface on which the first thin filmis not forned. ABSTRACT The
objective of the present invention is to provide a plasma CVD nethod and
pl asma CVD appar atus, which nmakes it possible to formthin filns of
excel l ent uniformthickness on bot PABBTRACEE of a substrate w thout the
step of turning a substrate over. The present invention is characterized
in that at least two inductively coupled electrodes with a power feeding
portion and a grounded portion are arranged in a vacuum chanber equi pped
with a gas suppl Jhembjeciive aithexpeessnt ipeentiomiss th provitie & @latma VBWDh hol ds
a substrate at a circunference portion so that both surfaces of the
substrat e &ehedgod elagrea CAIH appartadds,i which imeakeseih pessible toviorm dbindtiingel y
coupl ed electrodes, and a filmformng gas is introduced through the gas
suppl y por ©f exgallent gnifarne thiekneps puvweethi surfasgstal a substrate witheatithegstepor t i on
to generate plasnma along the inductively coupled electrode to. forma thin
filmon bo®husing &subsimte peersubst rate si nul t aneously or one by one.
Furthernore, a second -gas supply systemis connected to the vacuum chanber
to form differenthe presest invantiobtischasacterized inothatrat lsaststwairgluctively
. simul taneously or one by one.

coupled electrodes with a power feeding portion and a grounded portion are
arranged in a vacuum chamber equipped with a gas supply port and an exhaust
- port, a substrate holder Which hoids a substrate at a circumference portion so
that both surfaces of the substrate are exposed is transported into between said
two inductively coupled electrodes, and a film forming gas is introduced through
the gas supply port, and high-frequency power is fed to the power feeding
portion to generate plasma along the inductively coupled electrode to form a
thin film on both surfaces of the substrate simultaneously or one by one.
Furthermore, a second gas supply system is connected to the vacuum

chamber to form different film on respective surfaces of the substrate

simuitaneously or one by one.




