;e3ed($6TT"d) PLASMA CVD METHOD AND PLASMA CVD APPARATUS TECHNI CAL FI ELD
*159159* The present invention relates to a Plasma CVD d and a Plasma
CVD apparatus and, nore particularly, to the Plasm mmﬁmﬂmﬂ
apparatus for form ng thin filnms of excellent uniform bot h
surfaces of a substrate. BACKGROUND OF | NVENTI ON A sol ar cetoporgeneral |y
consists of a p-n junction or p-i-n junction with silicon (Si) or conpound
sem conductors fornmed on a substrate to convert sunlight incident onto its
front surface i nPRASMAICVDIMETHOD ANEEPLASMA C\ARAPPARATRISCE i c pover
generation, a solar cell utilizing sunlight incident on the back surface as
well as front surface is proposed. Such a solar cell has, for

configuration shown in Fig. 7, and is fabricated by depositi ng““ﬂ”‘m mu@ummm
anor phousTECHNICALPRIERLS ) i I'm 102 and an n- type anorphous S
a-Si) film103 on the respective surfaces of i-type crystal siliconsdf#d

using a pl asma Th@praddhethventiontraRfedto APIEEME GVDI ABERAY &1 agP|asiaode 104
using a sputtering nethod and current collective electrodes 105 using a

screen prCWD ndppapathedand, badre partioatdsy, tbothe RIEBNG, CVDPametidl apdate type
pl asma CVD apparatus shown in Fig. 8 (b) has been mainly used for the

deposi ti oappdratdsefonfémimihg it filhs of @xpalletit uhifomm thickaeso® both s@eabdsock
chanber 110, a heating chanber 120, a plasma CVD (PCVD) chanber 130 to
deposit tbfasubstratel m and a cool i ng chanber 140. The adj acent chanbers are
connected through a gate val ve 106. The i-type silicon substrates 101 are
nounted on a substrate hol der 107, which acts as a backing 1 /23 pl at e,
as shown in Fig. 8 (a) and is transported in the direction of the arrow of
Fig. 8 (bBACKRGROUND DF éNVENIFIONat es are nounted on the substrate hol der
as shown in Fig. 8 (a), the substrate holder is transported to the | oad

| ock chanber 11A scotardcelhgenérmalipagonsists loéraepit finctivacrap-ba. jufibtion withe gat e
val ve is opened to transport the substrate hol der to heating chanber 120.
Af t er t hesiticdrs t(8t ers campouedt semicondugchoes] domned romd at sulystradé Hoecarsienty a
heater 121, the substrate holder is transported to parallel-plate type PCVD
chanber 18@nlightdémcitiémt ontbsits front suiface ints dlectrisifyorin exidemtoinef@dsecthenber

130) a filmformng gas (SiH4/PH3 gas) is introduced into the PCVD chanber
130 and helgtricr pawenggnpration, iss sblad dell atilzinge senlight datidenie o 3het lmackener at e
plasma and formthe n-type a-Si filmon silicon substrate 101. Then, the
subst r at esifhdcieas welltasanentsurfade tio propased gSatlaatsalarictll. hast farrexahwleubst r at e
tenperature drops, the venting gas is introduced into the cooling chanber
140 to tha eonfigapdtion shpwasgufdg. Thansiuiss fakricatéd| e depbsiting a gi-bypeout and
the substrates are turned over in order to formthe p-type a-Si filmon the
ot her sur amoephdussSbip-typea-Siifims10% anciaa mdypeanarpbeus Si (n-typeha-Sioad | ock
chanber of the plasma CVD apparatus shown in Fig. 8 (b) and the p-type a- Si
filmis déippdD8e the respestiveesurtanesrofddype ctystalsilicancld usings plasmap- i -
junction is formed. Here, SiH4IB2H6 gas is introduced into the PCVD chanber
as fil m foEMRd myethed, ancerthem by dogpingent trapaparent valec¢trode sid4h using PO i s
formed on both surfaces of the silicon substrate 101 in the sputtering
appar at ussp¥itering methad ardhcugent ealiective elestrodes d95arsing arseeepruplinting f or
exanple, the screen printing method to conplete the solar cell. DI SCLOSURE
OF | NVENTM&Ethod op both surfaces.

For example, 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 CVD
(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
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As mentioned above, the parallel-plate type plasnma CVD apparatus has been
mai nly used for the deposition of a-Si film However, when the thin filmis
formed on a substrate with high electric resistance or an insulator with
the parallel-plate type PCVD apparatus, high frequency current will hardly
fl ow through the substrate unless the backing plate is placed behind the
substrate and the plasnma density on the front surface of substrate

remar kably decreases. Consequently, the filmthickness in the central part

of substrplate,igs shdvieireRig. f8 @ndrthis trandpottedi ih aH8Tdineetie® ob #id arrdRedi ng t hat
the thin filmof excellent uniformthickness is hard to be obtai ned. This

t endency Pigc@1ds). Mivae is,caftekalibstraass tdhe raobstetdadr the Gubetrateaholider as
Therefore, the backing plate which acts as the channel of high-frequency
current ishownlirsPign8dh),¢he substiate Haddérds tnanbportéd torthedbaéd sk dhzmibemi f or m

t hi ckness. For this reason, the productivity remarkably deteriorates when

t he thin 110,randstheochernbemisitheteatter esaesatetl. Thon| thet gate Mahie isSopened
substrate hol der nmust be taken out of the apparatus to turn the substrate
over aft eto tramspdrt thef slibstrate fholderdodredting chamizser 120 cAfterhithe afubstrateshe
evacuati ng process of the |oad | ock chanber, the venting process of the
cool i ng camnbeateddnda pheddtenmined tempeodturg upingca heatdr 2 the subsimatet be
made tw ce. Thus, if higher throughput is requested, two sets of

appar at uskeldehdsutranspbitgd ® pEhjalleliptatd eypadP@VDedhambiec M 30hwwhes thee

enl argement of the whol e manufacturing apparatus and its cost increase.
Under sucsulistraterrxidercisstransportes ando REVPr esamber 136nai film ferming asvi de a
pl asma CVD net hod and a plasma CVD appar atus, which rmakes it possible to

f or m t hi n(SiHkHa0§as)xs dhtreducedhinta the PO chamben 136t and highafreguericya
substrate without the step of turning the substrate over. The first feature
of this ipowetisfed 40a powened @&ztrastehdd1 dodgerierateapsita anG\Viormpther at us)
conpri sing; a vacuum chanber equi pped with a gas supply port and an exhaust
port; at hdyse a-bo filndust isidicion sobgtrateé d04ctThedesthe shbstratewdoldezeid ng
portion and a grounded portion arranged in the vacuum chanber, and a

subst r at etrans$ptetedator coaling dhamberf40he two i nductively coupl ed el ectrodes,
whi ch holds a substrate at a circunference portion so that both surfaces of
the substrate ahBierthpstibdiratetempeyaturé dropsi thewentingegasi is intnaduneddeid f r om
the gas supply system and hi gh-frequency power is fed to the power feeding
portion t thegoodingtchapibes td 040 dinegyatrhespheticqressure. theplbstratedoiderdd®7t o f or m
simul taneously or separately a thin filmon both surfaces of the substrate.
| n addi t i isrtakein out apdithe substratesware durnied avsr i order todopa the petypaarSices of
substrate by providing the vacuum chanber with a second gas supply port and
swi t chi ngfils? adithe ptharswfacaofisubsisalec Thersubstrateohelder isrsamt injadhe lcadd t he
supply of high-frequency power to two inductively coupled el ectrodes.

Fur t her nologk chamherf e pﬁaﬁm}@/ﬂ apparaius ghewndn 'yFlg-df th) AN egntypehi n
filnms on respective substrate surfaces by arranging a partition plate to

di vi de t ha-SHimpedepasited inothei same sranney aspaestionedyabong. Thushthenp-idubstrat e
hol der and by providing one exhaust port in each filmform ng space or
control | i jupctior i) fgrnadollers, Sitd/Belid gas dsintrpsitieed vintol thel RGVDncharaber
respective filmformng spaces without mxing. It is also possible to
real i ze tA@fignfeiming@dsapparatus with a high productivity by arrangi ng at

| east three electrode array |ayers, each of which has a plurality of

i nductivel y couphed 2|tanspasent Wﬂdﬂcﬁgedﬂ@ pucthas HiY isuforped oy éﬁ@
substrate hal der between two el ectrode arra¥ | ayers. The second feature of
t hi s i nvefdrifages of the silicopsubstiataibin thedrattsring arrasatus: diaaily gurrent
conprising: two connected vacuum chanbers, each equi pped with a gas supply
port and ﬁﬂll@k'ﬁgL%@Cths,arﬁﬁﬁ"ﬁ‘Pﬂ Pﬁtﬂ‘Gqur\Pé‘IaWRi%dbﬁéGr%ﬂrbEWWﬁﬁl a power
feeding portion and a grounded portion 4/23 arranged in each vacuum
chanber, theerepletatha,galar g8k nhol der hol ding a substrate at a circunference
portion so that both surfaces of substrate are exposed is transported to
the first vacuum chanber of the two vacuum chanbers, a first filmformng
gas is introduced through the gas supply port and hi gh-frequency power is
fed to th@'%@h@su%ﬁ(@ﬁ] VENTilah‘ of the inductively coupled electrode to
generate plasma and to forma first thin filmon the one substrate surface
facing the inductively coupled el ectrode, thereafter the substrate hol der
is transported to the second vacuum chanber so that the other sur¥zxre of
substrate on which the first thin filmis not formed faces to the

i nductively coupled el ectrode, a second filmformng gas is introduced

t hrough the gas supply port and high-frequency power is fed to the power
feeding portion of inductively coupled electrode to generate plasnma and to
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apparatus of this invention. Fig. 2 is a schematic view show ng the second
enbodi nent of plasma 5/23 CVD apparatus of this invention. Fig. 3 is a
schematic view showing the third enbodi mrent of plasnma CVD apparatus of this
invention. Fig. 4 is a schematic view show ng the fourth enbodi nent of

pl asma CVD apparatus of this invention. Fig. 5 is a schematic view of

pl asma CVD apparatus for nmass production corresponding to apparatus of Fig.
2. Fig. 6 is a schematic view of plasma CVD apparatus for mass production

correspondi ng tAs mgEmdioatd abole Fihe.patalldfipiate Type plasah@ VBt apparatee lisowi ng a
configuration of solar cell. Fig. 8 is a schematic view of a conventi onal

pl asma Cvbeer prainly used!for tHeedebasitiorpef abifilmeHalweler avirethesthirsfilaise, 2;
carrier) 3; substrate holder, 7; high- frequency power source, 8; coaxial
cabl e, 10fonmedl1d0;a Isabstratecwith eigheslectrio resistdriie ohamt Insglattvawitar the30, 40,
70, and130; plasma CVD chanmber, 31 and 41; gas supply pipe line, 32;

exhaust pparalleBlaten dype3 PCVID uapparatus, dugip|festjueiney tcurcent 8Hll; haralye flolveedi ng
portion, 35; grounded portion, 36; substrate holder fixing jig, 50 and 140;
cool i ng ctotgh thes sulstratedun€ss theabacking piate i pladedt hehind ithe tsabssatei con,
102; p-type a-Si L 103; n-type a-Si, 104; transparent electrode, and 105;
current cand the plagma densitydn therEFERREBCE RO HENS SearkabENECeEsEhe
enbodi ments of this invention will be explained in detail below wth
r ef er enceCooseduentlyathenfim thickness in the central part of substrate is different from

that in the circumference part, meaning that the thin film of excellent uniform

thickness is hard to be obtained. This tendency 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, the object of present invention is to 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.

The first feature of this invention is a plasma CVD method and plasma
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(First enbodiment) The first enbodiment of this invention is shown in Fig.
1. Fig. 1 is a schematic view show ng an exanple of the plasma CVD
apparatus used for 6/23 manuf acturing solar cells shown in Fig. 7. As is
shown in Fig. 1 (a), a plasna CVD apparatus is conposed of a |oad | ock
chanber 10, a heating chanber 20, a first plasma CvD (PCVD) chanber 30, a
second PCVD chanber 40, and a cooling chanber 50. These chanbers are
connected through gate val ves 61-64. The substrates 1 are held by a

subst r at eCly@ dpparits) ddmpridhad;ha tvdichufn bmmbémbuwpeawm%egagfsuggwst rate
are exposed, for exanple, by pressing the circunference portion o

subst r at epgrit tahdaap! exhaiudt povt: 2g Ieast twy BrRiuetivelpraipled aletirodes aMith i xi ng
themw th screws 6, as shown in Fig. 1 (f) The substrate holder 3 holding a

pl ural i t ypowesidesingpeition antli xgrbunded porticn afradgédrirothevacaumm ctitber,
transported along the rails constructed in the chanbers in the direction of
arrow shoandi a ubstrdte( dolder pranged beeveehstheatt®d iimductivelycicovpleghanbers.
That is, the substrate holder is transported fromload | ock chanber 10 to
heati ng célectrodesOwhivhr koldsea substratet at aaciecumfererte poriopr solehatr bothed
tenperature from both sides of substrate holder 3 using heaters such as
infrared $unfgces dfttke subsicateldre texpbsedholitieneby @ filmefosming gab isintrodurdedPCVD
chanber 30 and then second PCVD chanber 40 to formthe n-type a-Si film and
t he p-typfom Bie Habnsupply sysiees @mdt high-freqienoyspowes i $éd 46 ¢he Abdweer t hi n
films are formed, the substrate holder is sent to cooling chanber 50 to be
cool ed t oferding: pettionntongehedratepplasmar alongthe Snthsdtivetyeciuplde relectrddecto t aken
out of the chanber and is sent to the apparatuses to formthe transparent
conduct i viorim simultanbouasly lof Sepatatelgadthinfilmeoh botth sedacescofthecsubstiate. Here, a
sputtering chanber may be connected to the PCVD chanber instead of the

cool i ng chanberintadditiwnn different this films can denfdnned\von fespectiversulifades of af t er
the a-Si filmis formed. The configuration of first PCVD chanber 30 is

expl ai nedsubsstraje Bygrovitlingsthearatulin{ chamBé2®ith aFseponesgds §upplygpdrtlandc) are
schematic views of the inside of the chanber seen fromthe front and seen

t owar ds t switthing spoultanecusiydihedotroductionesitat different gasgsanduthelsyupplype |i ne
31 for a filmform ng gas (for exanple, SiH4/PH3 gas) and an exhaust port
32 are prof/higheréquenicy fredD toltwobiadyuctively cadpledieledtyodasu fudheahers, itbde 33
which is fol ded back at the center is arranged in the chanber. The one end
of inductisvalsp pospiblal tol simultaeoBsly farm diffevent ftbindifilngs pam trespedive i s
connected to a high-frequency power source 7 through a coaxial cable 8, and
t he ot her sabsirate serfages bydsranging agarition platetmdividecthetahamtzarieto el | t o be
earthed. Wen carrier 2 conveying the substrate holder 3 is transported to
PCVD chanfiin f@aming spaces rtagetheo vdth thie subsfratechaddeband by providing dneom t he
position shown by the broken |line to the position shown by the solid |ine
to fix thexkausitpart én lesichefilnb jorming sspacegobeontrelling dbesgasf flowbse thate
holder. In this state, SiH4/PH3 gas is introduced into the chanber through
gas suppl difierent gasee vall flawdnithe respective Slm forring spaaepwitboutminingd val ue.
Then, high-frequency power is fed to inductively coupled el ectrode 33. The
pl asma gener at elf ialalsy posaible iedeadlizeathe plasma l&}{ﬁ appairatus| withlepbight s on
the substrate surface facing el ectrode 33. Al though the gas also flows over
t he ot her PEductivity by ateanging at heastithree gleetiode arsay fayees, craahhef wiiigh r at e,
the thin filmwll not deposit on the other surface of the substrate which
does not hageatpluralite afr hgkictvely ecoupled)| eleqtiodes fewningt enebplange ansbstrat e
hol der and the substrate holder fixing jig fromcomng into the other
surface ofrrangngrthe substiate helder between; tweorrigetrodearay [ayeps.edet er mi ned

val ue, the supplx of high-frequency power and the filmform ng gas are cut
of f and then théhersespad featuse of fisdavention igad lasmaL¥B methaseand & o
transport the substrate hol der to second PCVD chanber 40. Fig. 1 (d) is a
schemat i cpiagsgld SWhhiapgaratus, e@npEsipg: Bve gonnected vacuum chambers, each

equipped with a gas supply port and an exhaust port, and an inductively

coupled electrode with a power feeding portion and a grounded portion
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t he 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 coupled electrode 43 is arranged in the opposite side to

t he substrate hol der. When the substrate holder is transported to second
PCVD chamber 40, the substrate holder fixing jig 46 begins to close and fix
the substrate holder. Then, Si H4/B2H6 gas is introduced into the chanber

t hrough a gas supply pipe line 41 and hi gh-frequency power is fed to

i nduct i vehirangewliedeadhevhcaa® dRarmbef, ovheidhy &-$ubstrate Fioldér Rblihg e ot her
surface of the substrate on which the n-type a-Si filmis not forned. Thus,
t he p-typsulssti@ite fatl anaednifeentet pirtion-<o thatl botepasades 6h stibstratesaect i ve
surfaces of i-type crystal silicon substrate to formthe p-i-n junction. As
nment i onedeqiuned, is tearfspontetiotorehe ofirsbfvaeutppehaniberf of th@ngvoviagpema- Si
filmon respective surfaces of substrate can be continuously carried out by
t r anspor t clmambers; adirstXilm formingogas stintrodlickt thtough thesgescsupply pbetranglr s
successively. As nentioned above, in order to formthe thin film of

excel | ent highifregquencli pdwers is fad ¢o the kpowemfesidingrpsattidre of ltke dadativelyd t he
substrate in the conventional parallel-plate type PCVD apparatus. As a
result, toeupled electmdesteegendrate ptgsnta andrto ferrhsd fiegtahinofder onlthe aahéi t i on,

t he heati ngl cooling process nust be nmade twice. On the other hand, in this
i nvent i onsubstmtet syrfade tfacingnthes ubductivelys coupled eletitodee cthesdafidratheé t he
heat i ng/ cooling process is nmade only once, which nakes it possible to
reduce t hsubstrdie holder s trapsortey] theisecendndcuumromaenbersotthatthegtiver.
Moreover, two sets of a | oad | ock chanber, a heating chanber, a PCVD
chanber asudrfacelof reybstrateben whichr twufirstdthiro fiperis omoh formedt faces giopthe

manuf acturing in the case of conventional manufacturing apparatus. However,
i n the naindlgtively icogpledpelectrode,d setendfilps forming gdis rie intrachuved throughg. 1,

al t hough two chanbers are necessary for PCVD process, only one chanber is
necessar ytheogast supply iport and shightftesiuenay | posversist fedr tondiné giowerr fegding t he
installation floor space and the apparatus cost. The U shaped inductively
coupl ed epextionodt inductivelyptoupled electrode 10 generatecplasma andyta fdrded@ shape
can al so be enployed as well as U shape as an el ectrode fol ded back at the
center. Heeegnd thindilax ancther substrate diumtaceoon ivthicls4hefirsy thinfiladispoot i on 35
to the turning portion is preferred to be nearly N2 tinmes (N a natural
nunber) oforenedexcitati on wavel ength of the high-frequency power to stably
generate and rmaintain the discharge. Here, the turning portion is
exenplified by Neneavercinlardepty constrichanigly psodutividy appatatus, lelecieaste of t he
U-shape and by shorter straight portion between the two |onger straight
portions Bffaysie eagbeobwhiel isccompgaedr ofy & cﬂlwemysnépeduthgse asluplad odes
are not limted to one that is constructed by bending, e.g., single rod,
and t her etlectrodey apanggd i paraliebtogach ethewforming one m?aneh arevarranged ght

el ectrodes are jointed and fixed with a netal plate or the |ike.

Fur t her noAelayars iméhe fisstecaouse chbamber der e therseegrd chambersandydhi) on. 1n
this case, the distance between the feeding portion and the grounded
portion i lBygrefierthedseeonst vasaumy chamber {eE infthanfiesk ghamberh aadewengt h of
t he hi gh-freC{uency ower. (Second enbodi nent) Although the p-type and
n-type a- SHbstratgholdess aie aganged betwern e electrodsprial daxass sHere, I\is &1 asma
CVD apparatus of Fig. 1, it is also possible to formdifferent filns on
respect i vBatliaknumbenef 20plargek e i n one PCVD chanber. The embodi nent for
this purpose is shown in Fig.2. As showmn in Fig. 2 (a), the whol e apparatus
is nearly the sane as that shown in Fig, 1, except that the 10/23 nunber
of PCVD chanber_is one. As shown in Figs. 2 (b) and 2(c), two inductively
coupl ed ePRIEFJEICRIRHIEN SRERAVEY portions 34, 34' are connected to
hi gh-frequency power. sources, are arranged in plasm CVD chanber 30. The
substrate hol defig: d i§ asehgpiatisviewshowing theVfisstemheadiment of plasmaiCNE ween
these two el ectrodes. |n addition, two gas supply pipe lines 31, 31' for
two film PePaTatds ghthisinventign.pH3 gas and Si H4/ B2H6 gas) are connected to

t he PCVD chanber, Wen the substrate holder is transported into PCVD
chamber 30, Si HalPK3ISFhschematie view shewingthesecond 950?@55'9‘96#9 PlasAma 31 into
the chanber and its pressure is set at a predeterm ned val ue. Then,

hi gh-frequency power is fed to electrode 33 to generate plasma al ong

el ectrode 33. Thereby, the n-type a-Si filmdeposits on the substsaie
surtace which faces electrode 33. Wien the thin filmwth a predeterm ned
t hi ckness is deposited, the supply of high-frequency power and the film
formng gas are cut off and the chanber is evacuated. Then, Si H4/B2H6 gas
is introduced through gas supply pipe line 31')



hi gh-frequency power is simlarly fed to electrode 33" to generate plasm
and formthe p-type a-Si filmwth a predeterm ned thickness on the
substrate surface which faced el ectrode 33'. Thus, the p-i-n junction is
formed. Then, the substrate holder is transported to cooling chanber 50 and
taken out of the chanber after cooled. As has been nentioned, the formation
of different filns can be carried out in the single chanber. (Third

enbodi ment) In the exanple of Fig. 2) the p-type a-Si filmis forned after
the n-typevid Spparatud ofthisinvBatiod.t 1s al so possible in this invention to
simul taneously form11 /23 two different filnms. The third enbodi nent

whi ch nmakes pospigbl3eissaradhepittizugieoshawingnthef thitdf é@bedimént! OB plasni@hown in
Fig. 3. The apparatus has nearly the same configuration as that of Fig.
2(a)) excenD apparabis 6IGHIS mbentimi.. The PCVD chanmber of this enbodi nent,
which is showm in Fig. 3, differs fromthat shown in Figs. 2 (b) and 2 (c)
in the follow nBigpdi ists schémiatic iew shoMing &% folrtH-etbodiméfieobprasiaoe i s
provided to prevent plasma generated in one filmform ng space for the
n-type a- GVD apparatusoot thizcingedtiod.i | mfrom diffusing to the other film

form ng space and depositing on the p-type a-Si filmor n-type a-Si film
respectively. HeigevBris ansthematic rviewnbbdplasma, OV apparatusofors mhsdy at e

hol der fixing jig 36 should be nade as cl ose as possible to the | ength of
chanber, productionicorrespordihgds apparagias bf Figo@. pl ate to prevent the nutual
gas m xing between the filmformation spaces for the n-type and the p-type
a-Si fil m (crosBigcodtismanathematic | viewddf tplasmat ICVD eappdratys ¢bramss i s al so
made nearly the sane as the length of substrate holder to narrow the

cl ear anceprotuetigncoseppondipg e appamtasdf Eihdust port 32, 32' are provided,
in each filmformation space. In this case, the exhaust gas flow ng through
two exhaust porFig. s arsthaMaticvigmishewiny d configuration ©83blar célhus) one
exhaust gas systemis installed for this chanber. When two different gases
are introduced BignBlis arsobesiatic viéw of asgonventiena)apdasma®BVD lapparatus. ot her
filmformng spaces through the cl earance between the substrate hol der and
partition pl ateln thedraiwingsh antemerad |1 dendtesveubstrateh; cairier,e3; substratet r at i on
in the p-type or the n-type filmis mainly determ ned by the concentration
di f f er encbolder,\¥ dnighpifraqiency PRwesisontae, 8andaxial cablé,B)0 aha t#0; load lodke fil m
Therefore, the contam nation of B elenent in the n-type a-Si filmor P

el enent i chambep- 2§ pandd20;; Hedtimghehaiinber,n30,ud0c &0 hand138; gtasmasCVEs of
solar cell so far as the anount of B elenent or P elenent is small,

conpar ed chambehe3124rB 41; ngashsupplynpipey ling, B2eleximanst portB 33 amdn43;
respectively. Therefore, solar cells can be manufactured to have a desired
char act er irstuctivelylcosiplednalectiede, t 34powfer Ferding pamtian, 35ugrdunded portion,
shortened by carrying out the sinultaneous filmformation in the sane
chanber. B, substratetwmldercfixingtjige 56xand ¥0p cooling chavbed et -B4 atA06j | m
form ng space. However) for exanple, the configuration having one exhaust
port arougdte vielveehOtri-lypemsystahsiticen,e102; prpeuarSin203ien-type atrSio 184ai | abl e.
Moreover, since the substrate holder fixing jig is also used as a partition
pl at e, thtrapaparent elecliprdecand 188neurrenitosliectingelectiedet he substrate hol der
in the enbodi mrent. However, in the case where the substrate hol der fixing
jig is unnecessary or the partition plate is separately arranged, the
partition plate is not necessari lé{ii n contact with the substrate hol der and

t he crossPERTERRER EMBORIMBENTS QFdMVENTDON ont rol 1ing the gas flow even

if there is a clearance. (Fourth enbodinent) _ _ ) )
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
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The enbodi nents have referred to the manufacturing apparatus and the
manuf acturing nmethod of the p-type and the 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 of crystal silicon substrate before formng the p-type and the
n-type a-Si film The apparatus configuration for this purpose is shown in
Fig. 4 asmanefdcturingd'selabedigemdw®in Fig. 7.1 nvention. The plasma CVD appar at us
of Fig. 4 is constructed by connecting a PCVD chanber 70 for i-type a-Si
fil mdepositionAsds BRMWNAhFIGE! (3)f) dpldshta SV appaidtuS P admpused dPan in
Fig. 2 (a). The PCVD chanber 70 has the sane configuration as that shown in
Figs. 2 (loadaldk2¢ambemd0hasheatingehaibe? R0, & fipstl plasize OV PGV H4 gas.
H gh-frequency power is fed to two inductively coupl ed el ectrodes
si mul t anecherhpernB0eca sticbdd RGVDschamberdd@.cahd a cbeylingi shanhtseri 50.yfitese-Si film
on both surfaces of substrate. The formation of the n-type and the p-type
a-Si fil nchambers areccanmiectet threughngatenvaives 6464, Thelsubseates anbdhdidrent .
(Fifth Enbodi ment) Next, a plasma CVD apparatus with a very high
product i vby @ substrate holded3 a9 thatbdthfthin fimiforhation sufadds of substrate are. The
pl asma CVD chanbers of Figs. 1 - 4 are used for continuously formng thin
fil mon bexposeal farcea@nyile sybprassingsthairduinferenee pobtidn oft substrateewith lan
contrast, in order to further inprove the productivity, the chanber is
pr ef er abl platedsiaving speduressancprassqiatesdh, amnd: fiximg theyh withl $¢rewsf6,sasbst r at e
hol ders hol ding as many substrates as possible. The plasma CVD chanber
usi ng i ndskewr é Figcduf) ed el ectrodes of this invention can be easily
nodi fied for this purpose. The exanpl es of apparatus configuration for mass
production are Ehewubstiatel heldep 3ahadldhg ahplueglibaohisubstoatesiig.fixedi en ehe nass
production version of the apparatus shown in Fig. 2. Figs. 5 (a) and 5(b)
are schenoafrier 2 effig.sho(@)hg andetranspartedfaler@y/mhe heaisecorstructéd dm thee front
and seen toward the transportation direction, respectively. Since a nunber
of i nduct chambersoinghe directien pbaeewshowar indriget! (2)topeesscthetsubstratesot her
form ng one plane facing substrate holder, as shown in Fig. 5 (a), the film
f or mat i onincegsppetivenghamoers. akhatiis stheesubstrate hatder fis trasspomedrfiom laagbst r at e
hol der hol di ng nore substrates). In addition, the filmformation can be
made for logkye rrHd to heating chambee 20 axhers theaubstratessarehhrated o g. 5
(b), only by alternatively arrangi ng the substrate hol der and the | ayer of
el ect r odeptadesgrminad tampermteresrom/ et siges of substratedelder 8 usinggreataes suppl y
pi pe Iine 31 and hi gh-frequency Rower is fed to electrodes 33 and 33" to
f orm t he 8ueR pe infrasedrlampsohhemchgsibstiatesbelder isstransposteddo first ReVPaces
t hese el ectrodes. Then, the gas is switched to Si H4/ B2H6 and hisq_h-_f requency
power is Eoamper 80cand tansseendy RE VIR chamber 40hia fasmptheyrdype 8rSiffilmm on t he
ot her surface of substrates which faces these el ectrodes. Here, since the
di stance BedfRer-type acPlin endharrsnective shdaces of substiate ndller thin Blma | as
about 30mm a nunber of substrate_ holders and el ectrodes can be arranged in
smal | spadee formedafiessulstrate holdeg is sentdo capling chammbesd0 tabe oplediPd f f er ent
films

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).
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separately on respective surfaces of substrates. The simlar configuration
may be enpl oyed for the apparatus shown in Fig. 3 which is used for
simultaneous filmformati on. The apparatus of Fig. 6 is the nass 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 transportation direction, respectively. In this case, two
substrate hol ders are arranged between two inductively coupl ed el ectrode

array layers. AFighasoh (b)endn@)ané sthermatic 0rRwWae theensigx Bf tie\ethrabaut t he
met hod and apparatus for formng the a-Si filmon both surfaces of crystal

silicon sgéen fraletheofrbritrand Seen tovearts Ahe tranBpbratisii dirgdtiom, ?&ﬁé&ﬁﬁ@lx
enbodi ments and can be applied to a variety of applications other than

sol ar cel Agassupblysipe line Bieformadilrhifomhingyasf(far exampie ISl /RH gas) et r at e.
Application to industry The present invention enable us to formthin filns
of excel | antexhaustport 8Riacd pedded inhibietPOVBaiHzgbéreahd iduttively @oaphehi nd t he
substrate, and 15/23 consequently to omt the step of turning substrates
over and eledtrode t33awhichtiefoldéd back attiveccenitemiy sprangessn tige shamber. ihiec h

remar kably inprove the productivity of the filmformation on both surfaces
of subst r ane .enduot inductively cobhpledosiecyodat3Bonei powkr ddeding $ortidre 34plsder s and
i nductively coupled electrode arrays are alternatively arranged can be
adopt ed t commentéd ¢o BhghifresuenCy/Powen moarcees 7 ftbroughsa cpaxidlicabler, ardd ch
makes it possible to sinultaneously process a nunber of substrates. 16/23
the other end, i.e. grounded portion 35, is connected to chamber wall to be
earthed.
When carrier 2 conveying the substrate holder 3 is transported to PCVD
chamber 30, a substrate holder fixing jig 36 begins to move from the position
shown by the broken line 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
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CLAIMS 1. A plasma CVD nethod conprising; arranging at |east two

I nductively coupled el ectrodes with a power feeding portion and a grounded
portion in a vacuum chanber equi pped with a gas supply port and an exhaust
port; arranging between said two inductively coupled electrodes a substrate
hol der whi ch holds a substrate at a circunference portion so that both
surfaces of the substrate are exposed; and Introducing a filmform ng gas
fromsaid gas supply system and feedi ng high-frequency power to said power

feedi ng pthet §@dbrido PON/ Ichiainkidr 5 Bedn eWarpite tradssdratRIny dfgstidnedhel ect r ode
to forma thin filmon both surfaces of the substrate sinultaneously or one

by one. 2corffiguratiorais@ifdosttHeosarnemerthat offirsBPCYMIDcamBér, lexaspt thubthe
i nductively coupled electrodes with a power feeding portion and a grounded

portion iimdactivly ucoupiedriasiectesds piBds varrdnged iim Stheabgpesife eyl tgathesuppl y
ports and an exhaust port; arranging between said two inductively coupled

el ect r odesulzsteaid Holdére Vidoéri ¢he \slnbsfrateohdiglen is tlasspoited ad secohd ROYEr ence
portion so that both surfaces of the substrate are exposed; introducing a

first filchdmber 49, dhe substrath hddeal fixingtjigds begins ytopolbke aail ffiketheng

hi gh-frequency power to the power feeding portion of the first el ectrode
substrate holder. Then, SiH4/B2Hg gas is introduced into the chamber through a
gas supply pipe line 41 and high-frequency power is fed to inductively coupled
electrode 43 to form the p-type a-Si film on the other surface of the substrate on
which the n-type a-Si film is not formed. Thus, the p-type a-Si fiim and the
n-type a-Si film deposits on the respective surfaces of i-type crystal silicon
substrate to form the p-i-n junction.

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
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of said two inductively coupled el ectrodes to generate plasnma and forma
first thin filmon the one surface of the substrate facing said first

el ectrode; and switching the gas to introduce a second film form ng gas

t hrough said second gas supply port and feeding high-frequency power to the
power feeding 17/23 portion of the second el ectrode to generate plasnma
and forma second thin filmon the other surface of the substrate facing
said second electrode. 3. A plasna CVD nethod conprising; arrangi ng at

| east tMe.inmﬂﬁﬁémeénbvﬁwp#@d1%&5&&@%%&@@;@&@@6 irWGbJHﬁEVbO” and a

grounded portion in a vacuum chamber. equi pped W t I rst and a second gas

supply pOfoo%eQQ,dmﬂ? oheNirhb@0Fs! ne st AROIOP SN ¥RBBssaY, T HidBnhBidE s Vel Y

coupl ed el ectrodes™ a substrate hol der which holds a substrate at a

ci rcunf er greenaivablydBdaée thinshMatios AobA§SScePand fife SpParald Gogt! € exposed;
arranging a partition plate so as to contact or cone close to said

substrate hol deThe Unéhiapdecinddctivehpesiiplse leYectrdde!is examplified RERIGH . fikem
form ng gases through said first and second gas supply ports into two

L ﬁfﬁift i \érrz]efmgm@rl;d foldee shapeseurt aser bé tdrmplopédita WwBll ss2UkHapesAS dine
electrode folded back at the center. Here, the distance from feeding portion 34
and grounded portion 35 to the turning portion is preferred to be nearly N/2
times (N: a natural number) of an excitation wavelength of the high-frequency
power to stably generate 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 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 metal 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 N/2 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
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f eedi ng hi gh-frequency power to the power feeding portions of said two

I nductively coupled electrodes at the sane tine to generate plasma and form
a first thin filmand a second thin filmon the respective surfaces of the
substrate sinultaneously. 4. A plasma CVD nmethod conprising; arranging two
vacuum chanbers, each of which is equipped with a gas supply port and an
exhaust port and has an inductively coupled electrode with a power feeding
portion and a grounded portion therein; transporting to the first vacuum

chanmber ofumdetof PCVReNaMbePdre S a substrate hol der which holds a
substrate at a circunference portion so that both surfaces of the substrate

are exposed; i nA§ QHB®NNE Righi 25(b) fArd"2{chr WA thdiRbivély' ighed BrciBaesuPP! Y
port and 18/23 f eedi ng higgh-f(trbgquenc{/c‘?pomer to ¥h2 power ?egg?n8§'portion

of the i ngHesé polerFesdhghbatiend 82084t sredcsieted B ARJFBfréd\sbricy pBvider i I St

thin filmon the one sur?ace of the substrate facing said inductively

coupl ed esqntcesdaie aFrangearini plgsmal GVEL BRaMdEE 300ITIRY stilgstidte Issigan@d vacuum
chanber so that the other surface on which said first filmis not forned

faces t hetranshortédviety treoPCMEIciearaber ane plddedr sstwee A ghése fe® Blbctrobas f or m ng
gas through the gas supply port and feeding hi gh-frequency power to the

power feelh additiont itwo ghs tdupplyghisé ilinelsy3¢odn! dor @chﬁll‘mfﬂ@rrﬁiﬁ%WSat e
pl asma and forma second thin filmon said other surface of the substrate

on whi ch (SiHYPHy gds afd SiHj/Bshld gasiairefoonmedtedto the HGMDrhaBerppar at us,
conprising: a vacuum chanber equi pped with a gas supply port and an exhaust

port; at |east When tibucubsthte doltereid whasportsitintol PCVD whasibdresdj ng
portion and a grounded portion arranged in said vacuum chanber; and a

subst r at eSiHy/EHs gasligiingoducatbthiroadie gas supply pipef liec 8¢ dnteothel charfigert hat
both surfaces of the substrate are exposed, arranged between the two
i nduct i veapyd ite ppessiire issétratdepredetermined 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/BzHg gas is introduced 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, the
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 in the single chamber.

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

a-Si film is formed. It is also possible in this invention to simultaneously form
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whereby a filmformng gas is introduced through said gas supply port and
hi gh-frequency power is fed to the power feeding portion to generate plasm
al ong said inductively coupled electrode to forma thin filmon both
surfaces of the substrate simultaneously or one by one. 6. A plasna CVD
apparatus conprising; a vacuum chanber equi pped a first and a second gas
supply ports and an exhaust port; at |east two inductively coupled
el ectrodes with a power feeding portion 19/23 and a grounded portion
arranged iwo diffeflevafilisiThiawiird remibodintent witéh alakdaopskdiblé Firlutangbusubst rat e
at a circunference portion so that the both surfaces of the substrate are
exposed, fonmaltignof differentifilam id showniindigtd.vel y coupl ed el ectrodes, whereby
hi gh-frequency power is fed to the power feeding portion of the first
el ectrode of séThk apparatds tiaswedarlycihepdate donfijuetion authat vf Mgvea)f eedi ng
portion of the second el ectrode when a first and a second film form ng
gases ar eexcept douthed®€WDochiAmber. T hii PCYDacithmbedofsthisoatibgdsnentpwhichpor t |
respectively, to forma first and a second thin filns on respective
surf aces isfshown infigt 3,aliffersfronA tiatashownOWFigsn 2t tamel 2 (o)in the fotiowimgvacuum
chanber equi pped with a first and a second gas supply ports and an exhaust
port; twopointbudihatis, in theugasedofdtigc2 rthe diockiagk is ppavided foepréivegt plasmaon and a
grounded portion arranged in said vacuum chanber, a substrate hol der which
hol ds a sgénenatad:inaone fitmh formihgrspace fpothe pAype atBidilmbot p-tgpe BBidfiimof t he
substrate are exposed, arranged between said two inductively coupled
el ect r odefromaditfusingdo tthe iotherdilmtfermimgcspacerarat depasitingror she petype BeSisai d
substrate hol der, whereby a first and a second filmform ng gases are
i nt r oducefilm lor outypesaiSi filin, siespectively: dioweear, sphé \thisd rersbodiment, wihe
respecti ve spaces divided by said partition plate and said substrate
hol der, alength ghstabsitate holjderdining jig 36i shouldihe cnadey as elpsenas pessibleeto f eedi ng
portions of said two inductively coupl ed el ectrodes to generate plasma and
form a fithet length of chambes so thatdhcan fdat asi they partitiore plate toqprieventstinef aces of
the substrate. 8. The Plasma CVD apparatus according to one of clainms 5
t hr ough 7mulialrgasnmixieg thetweearthayfim faaniationrapases for the pitypalandythef sai d
i nductively 20/23

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
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coupl ed el ectrodes arranged in parallel to each other form ng one pl ane,
are arranged in at least three |ayers, and said substrate holder is
arranged between two | ayers. 9. A plasna CVD apparatus, conprising; a first
and a second vacuum chanbers connected through a gate val ve, each vacuum
chanber equi pped with a gas supply port and an exhaust port and having
therein an inductively coupled electrode with a power feeding portion and a
grounded portion, and a substrate hol der holding a substrate at a

ci rcunf er gibepdehsigNofP dlémienbol B elefict crespbclivady. STHvéforé Bscaiecalsposed
wher eby said substrate holder is transported to said first vacuum chanber,

a first feanbéonanufacueéd tehavé aajbsired dharautehistidie gas supply port and

hi gh-frequency power is fed to the power feeding portion to generate plasm
and to forma fThss, thei tact itime @f POVDookambef @@ bé fuiRes shaitenée Hyaci ng
the inductively coupled el ectrode, said substrate holder is then

t ranspor t eafrying ol treesionudtaneous filns fiemiatiorsio theaanieeharhber. surface of
substrate on which said first thin filmis not formed faces to the

i nducti vel y coulpl this embodimert, the sxbauost port lis peovided) irg@ach Silmrformitige ed

t hrough the gas supply port and high frequency electric power is fed to the
power f eespage. pinweven, fof examipls, theetgnfiguraliadhaving onedexhbaseort ardundpl asnma
and forma second thin filmon said other substrate surface on which the
first thithef cémehaf thettom fplateedf vabuumheharhbenis @l$0 apaitabde. USlosem@rdi ng t o
claim9, wherein electrode arrays, each of which is conposed of a plurality
of i nduct sineé yhe suipsteate dlodderfixirersjicuisraisn aded as @epartitien ptate cthe (padtitiosr

form ng one plane, are arranged in N (natural nunber of 2 or |arger) |ayers
in said fplate isconstructedtotnentgoch the substrate hetdendh theaerhbodinsand. Kowéver, | ayer s
in said second vacuum chanber (or in said first 21 /23 chanber), and two
subst r at einfthledzase whereathessupstratee halden fixing jig isatnnedessanyor theyartitionl1. The
pl asma CVD apparatus according to one of clainms 5 through 10, further
conpri si nplateissapasateiynarrangead dhe partiticorplategs anot hecessaniyninfaontach withot h
surfaces of the substrate before the formation of said first thin film

sai d procthesisupstratentholderoapdsthe ©ross \cantaminatianbevayebei praventéd tbya gas
supply port and an exhaust port, at |east two inductively coupled

el ect r odeeontrallingithengas floweayendf there isoa cleaganrceyr ounded portion arranged in
sai d vacuum chanber, and a substrate holder holding a substrate at a
circunference portion so that the both surfaces of the substrate are
exposed, arranged between the two inductively coupled el ectrodes. 22/23

AL A | AFR@rtheembodiment) | L A@Qr. ASY. A@Y. A A . A@A, . AQY. Al . AL A@. ASl . A@ . A@
|, <E+Ca) 25=/ " " #$$% . _

% %k 99884 xsni d_The fnkqdiaienty baye dptaileshia e aanifactiiag eppeargtualand cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca c&Lca ca] ca] cTa!l R&S&&&&-"0' ' " *(*q****-+5+-[ 2¢c2"5
99<>A‘Vd5\LBﬂ'@2m§FHJi¢}W§l§16W]ﬂ} p&&]&:@{%@ﬁ@}@pdﬁp@ay&djlmélc%thaqrtﬁ]eca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] Ca]d?d?] ca! J6LNNTBVKVVWWRWAYZPZ3\ u
\\ ] Q X] ~asiticemsebstiatg gHRVRYAN i 2[4%’5? caques the|defeets)ic the pii dunatign@andca] cal ca
] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]calh

i % nj j | kZbhectaignatiop firhes dnpigyepaejageell characteristics, it is preferable
r}xsnid_Z]]ca]ca]calcal cg] cal ca] caLca] ca] ca] ca] ca)] ca] ca] ca] ca] ca] ca]ca] calc
a] ca] caJ c fg;pbg]ecg%ygg]q; ] 8lp ©x) keth surfaces of crystal silicon substrate before
rfrrrsGsrsst9tttt OuBuuuvSy' wkwwwexxxxxz} $- e} xsni d_Z] ] caj ca] calca] calcalcalc
a] ca] ca] clorawa tecaityrg ang ke pdyre pcli ity The appasatus conligwpian &l thif ca] ca] c
al gttt OuBuuuvSv' wkwwwbxxxxxz} $- e} xsni d_Z] ] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] PHIROSEJa phaVRdN £ig- s He fouctiemn e@mt@&}l@arwrﬁ@pca} ca, <+CdE
10%& ()-P $109% & ()-v! QP . $10%KkKk& ()-V>é[10%)&l ()-Ss10%& ()-@ .

10%& () - Ca) / 01Pbeitasiod GYR appatatsoohkig 4 isicansifieted by connecting a

PCVD chamber 70 for i-type a-Si film 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
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y/ g10%& ()- 10%& ()-s3 yl0%& ()-2}"?4C 10bf &<ml0%& ()-9910%& ()-! d!
109%b& ()-! 109%& ()-!'V, 10%bpb& ()-, 10%& ()-5:;dE: 10 10by&<Z10%& ()-Y
99z109%& ()-!x 10%b& ()- .!d 10%b& ()- .!H 10%b& ()- . 10b 10b; <=/gE: 10
10b! V 10%b& ()- !  10%bé& ()-° 10%& ()- !i @ 10%b& ()- @ 10%& ()- 10b
10b" " #$bC 10 10b% 10%& ()- Y #z10%& ()-!' 10%& ()-, 10%& ()-M 10b 10b
10by&<Z10%& () - $$% % %% % %K% YNC 10 10b

supply pipe line of SiHs gas. High-frequency power is fed to two inductively
coupled electrodes simultaneously after SiH, gas is introduced to deposit the
i-type a-Si film on both surfaces of substrate.

The formation of the n-type and the p-type a-Si film is carried out in the

same manner as in the second embodiment.

(Fifth Embodiment)

Next, a plasma CVD apparatus with a very 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 exampies of apparatus
configuration for mass production are shown 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.
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The SiH4/PH3 gas is introduced through gas supply pipe line 31 and
high-frequency power is fed to electrodes 33 and 33" to form the n-type a-Si film
on the one surface of substrates, which faces these electrodes. Then, the gas is
switched to SiH4/B,Hgs and high-frequency power is fed to electrodes 33' and
33" to form the p-type a-Si film on the other surface of substrates which faces
these electrodes. Here, since the distance between the electrode and the
substrate can be made as small as about 30mm, a number of substrate holders
and electrodes can be arranged in small space.

The apparatus of Fig. 5 is constructed so as to form different films
separately on respective surfaces of substrates. The similar configuration may
be employed for the apparatus shown in Fig. 3 which is used for simultaneous
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
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consequently to omit the step of turning substrates over and reduce the number
of heating/cooling processing steps, which remarkably improve the productivity
of the film formation on both surfaces of substrate.
Furthermore, the configuration in which substrate holders and
inductively coupled electrode arrays are alternatively arranged can be adopted

to provide the plasma CVD apparatus for mass production, which makes it

possible to simultaneously process a number of substrates.
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1. Aplasma CVD method comprising;

arranging at least two inductively coupled electrodes with a power
feeding portion and a grounded portion in a vacuum chamber equipped with a
gas supply port and an exhaust port;

arranging between said two inductively coupled electrodes a substrate
holder which holds a substrate at a circumference portion so that both surfaces
of the substrate are exposed; and

Introducing a film forming gas from said gas supply system and feeding
high-frequency power to said power feeding portion to generate plasma along
said inductively coupled electrode to form a thin film on both surfaces of the
substrate simultaneously or one by one.
2. Aplasma CVD method comprising;

arranging at least two inductively coupled electrodes with a power
feeding portion and a grounded portion in a vacuum chamber equipped with a
first and a second gas supply ports and an exhaust port;

arranging between said two inductively coupled electrodes a substrate
holder which holds a substrate at a circumference portion so that both surfaces
of the substrate are exposed;

introducing a first film forming gas through said first gas supply port and
feeding high-frequency power to the power feeding portion of the first electrode
of said two inductively coupled electrodes to generate plasma and form a first
thin film on the one surface of the substrate facing said first electrode; and

switching the gas to introduce a second film forming gas through said

second gas supply port and feeding high-frequency power to the power feeding
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portion of the second electrode to generate plasma and form a second thin film
on the other surface of the substrate facing said second electrode.
3. Aplasma CVD method comprising;
arranging at least two inductively coupled electrodes with a power
feeding portion and a grounded portion in a vacuum chamber equipped with a
first and a second gas supply ports and an exhaust port;
arranging between said two inductively coupled electrodes a substrate
holder which holds a substrate at a circumference portion so that both surfaces
of the substrate are exposed;
arranging a partition plate so as to contact or come close to said
substrate holder;
introducing respectively a first and a second film forming gases through
said first and second gas supply ports into two respective spaces divided by
said partition plate and said substrate holder; and
feeding high-frequency power to the power feeding portions of said two
inductively coupled electrodes at the same time to generate plasma and form a
first thin film and a second thin film on the respective surfaces of the substrate
simultaneously.
4. Aplasma CVD method comprising;
arranging two vacuum chambers, each of which is equipped with a gas
supply port and an exhaust port and has an inductively coupled electrode with a
power feeding portion and a grounded portion therein;
transporting to the first vacuum chamber of said two vacuum chambers
a substrate holder which holds a substrate at a circumference portion so that

both surfaces of the substrate are exposed;

introducing a first film forming gas through the gas supply port and
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10% u&' ()feeBmiylARKA-FédEfacy power to the power feeding portion of the inductively
coupled electrode to generate plasma and form a first thin film on the one
surface of the substrate facing said inductively coupled electrode;

transporting said substrate holder to the second vacuum chamber so
that the other surface on which said first film is not formed faces the inductively
coupled electrode;

Introducing a second film forming gas through the gas supply port and
feeding high-frequency power to the power feeding portion of the inductively
coupled electrode to generate plasma and form a second thin film on said other
surface of the substrate on which said first thin film is not formed.

5. Aplasma CVD apparatus, comprising:

a vacuum chamber equipped with a gas supply port and an exhaust
port;

at least two inductively coupled electrodes with a power feeding portion
and a grounded portion arranged in said vacuum chamber; and

a substrate holder holding a substrate at a circumference portion so
that both surfaces of the substrate are exposed, arranged between the two
inductively coupled electrodes;

whereby a film forming gas is introduced through said gas supply port
and high-frequency power is fed to the power feeding portion to generate
plasma along said inductively coupled electrode to form a thin film on both
surfaces of the substrate simultaneously or one by one.
6. A plasma CVD apparatus comprising;
a vacuum chamber equipped a first and a second gas supply ports and

an exhaust port;

at least two inductively coupled electrodes with a power feeding portion
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and a grounded portion arranged in said vacuum chamber; and
a substrate holder holding a substrate at a circumference portion so
that the both surfaces of the substrate are exposed, arranged between said two
inductively coupled electrodes,
whereby high-frequency power is fed to the power feeding portion of the
first electrode of said two inductively coupled electrodes and the power feeding
portion of the second electrode when a first and a second film forming gases
are introduced through said first and said second gas supply port, respectively,
to form a first and a second thin films on respective surfaces of the substrate.
7. Aplasma CVD apparatus comprising;
a vacuum chamber equipped with a first and a second gas supply ports
and an exhaust port;
two inductively coupled electrodes with a power feeding portion and a
grounded portion arranged in said vacuum chamber,
a substrate holder which holds a substrate at a circumference portion
so that both surfaces of the substrate are exposed, arranged between said two
inductively coupled electrodes, and
a partition plate which contacts or comes close to said substrate holder,
whereby a first and a second film forming gases are introduced through
said first and second gas supply ports into two respective spaces divided by
said partition plate and said substrate holder, and high-frequency power is
simultaneously fed to the power feeding portions of said two inductively coupled
electrodes to generate plasma and form a first thin film and a second thin film
on the respective surfaces of the substrate.
8. The Plasma CVD apparatus according to one of claims 5 through 7,

wherein electrode arrays, each composed of a plurality of said inductively
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arranged in at least three layers, and said substrate holder is arranged between
two layers.

9. Aplasma 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 exhaust port
and having therein an inductively coupled electrode with a power feeding
portion and a grounded portion, and

a substrate holder holding a substrate at a circumference portion so that
both surfaces of the substrate are exposed

whereby said substrate holder is transported to 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 portion to generate plasma
and to form a first thin film on the one surface of the substrate facing the
inductively coupled electrode, said substrate holder is then transported to the
second vacuum chamber so that the other surface of substrate on which said
first thin film is not formed faces to the inductively coupled electrode, a second
film forming gas is introduced through the gas supply port and high frequency
electric power is fed to the power feeding portion of inductively coupled
electrode to generate plasma and form a second thin film on said other
substrate surface on which the first thin film has been formed.
10. The plasma CVD apparatus according to claim 9, wherein electrode arrays,
each of which is composed of a plurality of inductively coupled electrodes
arranged in parallel to each other forming one plane, are arranged in N (natural
number of 2 or larger) layers in said first vacuum chamber (or in said second

chamber) and (N-1) layers in said second vacuum chamber (or in said first

21/23



10@x10%& ()-- 10%@& ()-% ] }"SH= 10-u 10-u 10-u 10-u%10% u& () -

10% u& ()-m 10% u& ()-m Q@ 10%-u~u& ()-! @ 10% u-u& ()->}"SH= 10-u 10-u 10-u
10- u%10% u& ()- 10% u& ()-m&<10% u& ()-@10% u& ()- @ 10% u& ()- Nornal "
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agr aph Font 1<j "4(b/ 6%$> EKISWZagi ou, | %dh r~_"abcC2;

$kU&' * - " 5=LBHMOVZQ Aabf hj dl mwp

r Ost vwx| ~gldiRber)] aid WBGBQP&&W&&rb}aTé'Er eDENREER IS BRICtBHE aprayNew" h
Root EntryWor dDocunent L & ()*+,-./0123456789:

<=>?@BCOEL&H. JKLI\/NODQQSTU\/V\XYZ[\]’\_ abcdef ghi j ki nnopqrst uvwxyz{| }~
11. The plasma CVD apparatus according to one of claims 5 through 10,
further comprising; a processing chamber for forming a third thin film on both
surfaces of the substrate before the formation of said first thin film, said
processing chamber composed of a vacuum chamber equipped with a gas
supply port and an exhaust port, at least two inductively coupled electrodes with
a power feeding portion and a grounded portion arranged in said vacuum
chamber, and a substrate holder holding a substrate at a circumference portion
so that the both surfaces of the substrate are exposed, arranged between the

two inductively coupled electrodes.
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