SPECI FI CATION TI TLE OF THE I NVENTI ON M crocrystalline
Silicon FilmFormng Method and Sol ar Cell TECHN CAL
FIELD This invention relates to a mcrocrystalline
silicon film formng nmethod and a sol ar cell
especially to a mcrocrystalline silicon filmformng
nmet hod where a flow rate of hydrogen in material gas
is reduced. BACKGROUNPRRIFCovErdNonal Iy, anor phous
silicon (a-Si) films formed by a plasnma CVD (chen ca
vapor deposition) method have been used for

| arge-area solar cells. However, a tandem structure
THHILBErOFeTHEANCENTIBIN i | m and a nicrocrystalline

silicon (pc-Si) filmare stacked,to iggr&ve Eg)
coMsreraystefting BHigom ¥ikns Eeyming Mgbhe lﬁ’}fg bapCell
spectra ranging frominfrared to ultraviolet, has

been gathering nmuch attention and partially
Tﬁglﬁﬁg@iﬁ&%iﬁ%DThi s mcrocrystalline silicon filmis
rmed hostly tusing a parallel-plate type

[o0bBapaci tpg- gﬁ%ehk{tﬁltma):e@@é@ {ai@r@ag%&ap}ﬂﬁe 4idesn film

a condition different fromthat for an a-Si film In
fospnaeahethbdidnd faosdtag dell saHycyallg t@ KRmidradrpstalline silicon
frequency) power higher than that in a-Si film _ _
filfoorfioatiiog, metded o Hergharflonydratpent dasirbigew mmmeaterial gas 1s
(i.e., higher hydrogen/silane flow ratio) than that

redmegds) filmformation. Specifically, conmpared to
silane gas, a larger volunme of hydrogen gas (e.g., not
less than twenty tinmes) is introduced to create a

hydrogen radicals required for
B‘é?{}gﬁgqﬂ}\zﬁﬁ%ﬁf’r and a higher power is supplied to
mp g 1% Y& U¥j bthed b
[Oﬁgﬁgregéﬁlgﬁﬁg{&%ﬁ@m Anorp S £ didichbBME S Ufi¢m Vb ffhed by a
plasma CVD (chemical vapor deposition) method have been used for

large-area solar cells. However, a tandem-structure solar cell where
a-Si film and a microcrystalline silicon (pc-Si) film are stacked to
improve the conversion efficiency by effectively absorbing solar spectra
ranging from infrared to ultraviolet, has been gathering much attention
and partially commercialized.

[0003] This microcrystalline silicon film is formed mostly using a
parallel-plate type (capacitive-coupling type) plasma CVD apparatus
under a condition different from that for an a-Si film. In general, it 1s
formed by supplying a RF (radio-frequency) power higher than that in
a-Si film formation, under a higher hydrogen gas flow rate (i.e., higher
hydrogen/silane flow ratio) than that in a-Si film formation. Specifically,
compared to silane gas, a larger volume of hydrogen gas (e.g., not less
than twenty times) is introduced to create a larger volume of hydrogen
radicals required for crystallization, and a higher power is supplied to

decompose hydrogen gas. Substrate temperature, which is preferably
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bet ween 300 and 400C in normal filmformation, has to
be | owered between 200 and 250C when an underl yi ng
a-Si filmhas been already forned, such as in the
tandem structure. Mreover, it has been pointed out
that a nuch | arger volunme of hydrogen gas flowis
required for crystallization when substrate

btSPRE H0U @ dovrer efl. nd At filkhefmesfiBnC\Mils to be lowered
apparatus rel eases toxic or dangerous gas such as

batwreac 260 ondraEECedvigas aof usideahyd ngnd-Siyfilmghas been already
Normal ly, the exhaust gas is diluted with an
formeshtuimth bk angthe t&udhmastlmqtmgeMOltE@VGﬂfakfehtiﬁebe911 pointed

hydrogen gas_concentration b;l ow, the explogive limt
outhghatia mughy Brgareyobumer 6 A & Agf is required for

58T ade kPR IER D TERSErREE e RREHH o
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suedl 8k ENIOY e YR eFd At d %as‘?bﬂrsﬂ@@ié §nd6l@ydﬂ7ge1198N%QQ£Hlly, the

Non- pat ent Reference 2: Researches of the
exacdt ghedbnditated vadthr ahdmnygobich B8dblepgadpstéh as nitrogen, to
DI SCLOSURE OF THE | NVENTI ON  PLOBELM THE | NVENTI ON .
mykelt heChyir ¢ 9O0 ghsAn ndeadr atiot, below thye exglesiveHientj Then, it
conparatively cheap, has _been normally used to dilute
isHipde eeRmh 0gA SO atmpap hery aéterrﬁ)réch&S@ilglgtsalqn%éegaelsu gajips by an
film homever cost of nitrogen gas could be a
a%t@m SEateilse a I arge vol ume of hydrogen gas is

o Paent e AREhOl: Fapd fode P aRIRAL N NG 2BDAUNEE20E

r exanp ane

Upgde At R‘@ffe%h@é zgaﬁaﬁaqlés%br’uwc%t?oﬁ N&@oaqemggbgr
cell, hydrogen gas of not |ess than

LNdrI ‘barsnt Referedce efuSoRo: @Bﬂﬂ'ﬁg@rl M/ateri.ﬁl@ & Solar Cells, 62,

| ar ge-vol ume hydrogen gas requires a | arge-scale
9EUABIA006N

Non-patent Reference 2: Researches of the Electrotechnical

Laboratory No.864, pp.46-57

DISCLOSURE OF THE INVENTION

PLOBELM THE INVENTION WILL SOLVE

[0005] As described, nitrogen gas, which is comparatively cheap, has
been normally used to dilute hydrogen gas. In forming a
microcrystalline silicon film, however, cost of nitrogen gas could be a
problem, because a large volume of hydrogen gas is used, and most of it
is released out in an unreacted state. For example, when silane gas of 1
L/min. is used as material gas to fabricate a large-area solar cell,
hydrogen gas of not less than 20 L(litters)/min. is required generally.
Use of large-volume hydrogen gas requires a large-scale evacuation

pump and increases the gas cost, boosting the total cost for a
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punp and increases the gas cost, boosting the total

cost for a 2 mcrocrystalline silicon solar cell. In

addition, a large volunme of nitrogen gas, i.e., 500

L/'mn., is required to dilute hydrogen gas of 20

L/mn. in the exhaust gas bel ow the explosive limt

concentration (4% . This is another factor boosting
mid®ce9stalofnd heilivowr oy st aélli nNkn saddfeen, s®! birgeeldolume of

[ 0006] For a solar cell with tandem structure,
nitoogen g3 s, SubstFGl &/ntianpey abgnirddnté adilmiegghydrogen gas of 20

m crocrystalline silicon filmhas to be approximtely
Liggin.cm bke iexlfasisti gas halesdhshexirlosive dunit copeentration (4%).

Therefore, the hydrogen gas, flow.r has. been nmuch .
The b5 PROEEEEdACtOn SO Ting Fhe Qe g ARGt Ay Sfime silicon
Sc'flurtchﬁr. [0007] In the situation as described, the

FAVERtors i nvesti gated many Kkinds of filmfornmation

[oRie1odpand AR %(illgrv_%itfﬂ‘%%‘?ﬂfem né;cltrulcitﬁiré eh R ovied?e substrate

conventional para pl'ate-type plasma CVD, pursuing

temepeediue ah fRyaliagem gascid@ystallie | §ilidys flAcdiss to be
the inventors had discovered a nethod suiting for

aprodingatelyi asodoyst asl ine feitingn afi | amoFpheusetdibdon film.
enabl es formation of a mcrocrystalline silicon film
Therafong, the hvdwuigan gasl flowyveaterhas been fingwhy mazeomcereased,

hyd . In . thi t , [tiplicit f
DSR2 A L B PLLELY O
BT, 48 SR8 PR B icacod many
ki e BPTifl‘B{‘ oPh 22860 AR5 an®l 80.28N56H tgﬂag%ﬁ]n&lf‘lﬁmted to

lbaSI S of this gi scovery, the 1 nventi on %a eeri

t HeOSoH 2 o nBY plaral e plady @5 hlegsllalsaia T(WD??!dréﬁiﬁg&_EH%ction of
formation of a mcrocrystalline silicon filmsuiting

h¥drogesgharflewl tateTHat this, prostesb) ehe iabentbes hadediscowered a
is to provide a plasma CVD nethod capable of formi ng a
metkodeuising fombowning anmiictonrastallinmeilioge fdgenThag method
flowrate and at _.a . ) . . ..
enables formation of a microcrystalline silicon film suiting for a solar
cell even at a low flow rate of hydrogen gas. In this method, a
multiplicity of antennas is disposed wholly covering a substrate to
generate plasma, where one end of each antenna is connected to an high
frequency power source, and another end of each antenna is grounded.
[0008] On a basis of this discovery, the invention had been completed
by further investigation to realize stable formation of a
microcrystalline silicon film suiting for a solar cell. That is, an object of
the invention is to provide a plasma CVD method capable of forming a
microcrystalline silicon film at a lower hydrogen gas flow rate and at a

lower substrate temperature, compared to the prior art. A further

object of the invention is to provide microcrystalline silicon solar cell at

moderate price.




| ower substrate tenperature, conpared to the prior

art. A further object of the invention is to provide

m crocrystalline silicon solar cell at noderate

price. 3 MEANS FOR SOLVI NG THE PROBLEM [ 00091 The

met hod of this invention is one for formng a

mcrocrystalline silicon filmby a plasma CVD. In this
MEA NI FOR B @LVING eNHEs PREBAENMNged to form an

antenna array structure in a vacuum chanber. One end
[06f09dach Tine emmethied cofinddtied ingeathimhi$r emeenéyr forming a

power source and anther end is grounded. _Sulhstrat ei
maexo cpy abalding gélipen tikkm dny ennladpral VIdndniHgs method, plural

substrate tenperature,i s betweenl 50 50C

and Pl asna
a‘i"‘gedlbré‘?‘r%?‘ﬁ? é‘d"rﬁi?gieﬁttfoom@? Adt gREEMR A 8Y ot rHﬁE‘r‘B’@é’ﬂ avacuum
O (o1 | : . .
YRR o e mad B T e B DY chRBRCRE 8% i frequency
p%érfé@ﬂ\fcreate{rfﬁ i z;a:’rlxﬂ?&t r]d &8 bRohiR8ed angabkirMel Qe placed

m crocrystalline silicon filns are formed on the

faziRgithat @stenhd Arkhg dadithel ubatraes Wetiperaangdets between150
whereas Ic is the Ranman scattering intensity of a

ap@ 6 BC. Maunth S2@enetatesl hyddtroducinggas mirture of hydrogen
silicon, and la is _the Raman scattering intensity at

and sakrne 180he dchambgreandoby vt pbieing higlyArequeney power to
The m crocr alline silican film this.invention.is.

thanangpgpas. Thaendey orqgem srgengs Falig i copyigoilad in the
lc a la.are e _Raman cat.teri I.n [ty a

A HGORS ot 1 I ar DBt IR el (T pSfarmedoon the

s%#oﬁ‘l?gs,a%tﬁnﬂ'i@%o S]!(J/IEFbetheae%PeEta!nchlé’,- whereas Ic is the
combining this mcrocrystalline silicon filmwth an

RAMA®hQust8inContéhsity bf d Hebaly edouad E20certerdlated to
sol ar cell capable of nore effective utilization of

cxsnalligbtsilicoapiangl b4 ibetihegRiam an| sppéterinigt intensity at around
preferable to formthe mcrocrystalline silicon film

4$fcm ! related to amorphous silicon.

[0010] The microcrystalline silicon film of this invention is one where
the ratio Ic/Ia is between 2 and 6, whereas Ic and Ia are the Raman
scattering intensity at around 520cm! and at 480cm’!, related to
crystalline silicon and amorphous silicon, respectively. By combining
this microcrystalline silicon film with an amorphous silicon film, it is
enabled to fabricate a solar cell capable of more effective utilization of
sun light in spite of being thin layers.

It is preferable to form the microcrystalline silicon film by
controlling the hydrogen/silane gas flow ratio in range from 1 to 7.
[0011] In this invention, it is preferable that each antenna has a
U-shaped configuration, with phase control between the antennas next
to each other. By these, it is possible to form a microcrystalline silicon

film having more uniform thickness distribution on a larger-area

substrate, compared to, for example, a method using rod-shaped

4




controlling the hydrogen/silane gas flow ratio in

range from1l to 7. [0011] In this invention, it is

preferabl e that each antenna has a U shaped

configuration, with phase control between the antennas

next to each other. By these, it is possible to form

a mcrocrystalline silicon filmhaving nore uniform
ahfdkaess distribution on a |arger-area substrate,

conpared to, for exanple, a nmethod using rod-shaped 4
[0aritHnnEs. this0d2¢ntiont hitsis uederainle ito dsspursef €hadd eor more

to dispose three or nore arrays of the antennas and .
apayseofatle soHangas andheawsopn barggjignthree or more regions

simultaneously. In this case, .two substrates ar
Sy 3&?&“@!\'-\,\%’@ﬁLbSagﬁse,aifvyg)ﬁu@rst{{ﬁt@saﬁ{%ﬁﬁ%g?se(fbetween each

5 EE ot iAo B el AR B asY b 5 prgdpptigiey: In
ad@leSoliucty LOURL 1.4 RIRRAEE che Ry dRIAMgHE Fchy 3e Bhuch lower,

WO arrays o € antennas Tor ‘one  or two regions.

cdiifasdd Fer 4 HBEthédear1dTher Qed Betibd iakeash dfctie hnltdhnas for one
form ng nethod of this invention is the nethod to

off elbiegiens] crocrystalline silicon by inductively
coupl ed plasma CVD net hod, conprising disposing,
0Ot r Busthen the avicracerateldime wakicon fibmpdorming wrethod of

t.he, substrate et ween 150 a 250C, i ntroduci a S
thiS IR GPRR FOGe ot d €9 Hrhy LCaiéh SRITPRE Fiad b Bjlicon by

AEFE e SRR P s B, o
b Y S0 LT B Shb el 5P s

bédtiv &8l VESH n @ 6°C ! Inﬂr%dfl.llé'illtl%eé _ %spé gh Bfalfee of hy ®@¥dBen and

a mcrocrystalline silicon fi wi th hydrogen/silane
sifiese f | ganmdwitingc@ihsnld ey i applyangeafir igh tfoequency power,

EFFECT OF THE | NVENTI ON
controlling the hydrogen/silane gas flow ratio in a range from 1 to 10,
and thus forming a microcrystalline silicon film on the substrate,
wherein the ratio Ic/Ia of the film is between 2 and 6. It is further
preferable to form a microcrystalline silicon film with hydrogen/silane

gas flow ratio controlled in a range from 1 to 7.

EFFECT OF THE INVENTION

[0014] Because the invention is by an inductively-coupled type plasma
CVD, especially by an array-antenna type plasma CVD, it enables
stable formation of a microcrystalline silicon film with a lesser
hydrogen gas flow rate, compared to film formation by the
parallel-plate type (capacitively-coupled type) plasma CVD. For
example, even when substrate temperature is low, e.g., 200°C, it is
possible to make the hydrogen/silane gas flow ratio not more than 10,

further not more than 4. Although it has been impossible by the
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[0014] Because the invention is by an

i nductivel y-coupled type plasma CVD, especially by an
array-antenna type plasma CVD, it enables stable
formation of a mcrocrystalline silicon filmwth a

| esser hydrogen gas flow rate, conpared to film
formation by the parallel-plate type

pfisapasi t wvethodouphed tpentiphasremdBlDs Fos swablyl e,form a
even when substrate tenperature is low, e.g., 200C, it

microcpystilbhine soliosk €l e weyrd mogken/ sutlaree lgwshy tiongen gas flow
rati o not nore than 10, further _not nore than 4. ,

raget oitdh the neatipede/Iambessiasne Byande 6.5 sprifablegrto improve
nmet hod, tﬁl} L nventi,on enabkes to stabl.y forma

CORVETELSY SHCISREY of 150l CRSmAR 8nr UiiEy Tk i fn2blg, to reduce

hydrogen. gas flow Jate. w.th t 1.0 I

o o8P B Aget Y, PR Tuluble SR 4| SR cost
| do%,- Bk tol o Sri : t he

RS R B ER R R R A

apparatus cost drastically, which contributes to

| owering prices of solar cells. BRI EF DESCRI PTI ON OF
BRREW RES CRIPIB]ON G DRAWHMNGESat i ¢ cross-secti onal

view of a plasma CVD apparatus preferably used for

mcro crystalline silicon filmform ng nethod of

is.invention. FIG 2 is a schematic ,cross-sectj.opal

F!ts&dle 1§idefchematdc mragﬁﬁeev@nagpw%%sa dlgsms & ¥Pcagparatus
FI.G 3, shows raph_on rel ation_bet. n S i W

prefpraoB Coriavd Oy atdrbFivE e ulERR ADE°HARI bethod of

tH¥4nLegeR sl ane gas flow ratio. FIG 4 shows a graph on
relations 'etyveen el ectric conductivity of

FIGCZ 0@ vStsahbhd@tisi bidu@Psadittohydredeniidw ase das plaewia CVD
rati o. DESCRI PTI ON OF NUMERALS

apparatus shown in FIG.1.

FIG.3 shows a graph on relation between crystallinity Ic/la of

microcrystalline silicon and hydrogen/silane gas flow ratio.

FIG.4 shows a graph on relations between electric conductivity of

microcrystalline silicon and hydrogen/silane gas flow ratio.

DESCRIPTION OF NUMERALS
[0016] 1 vacuum chamber
2 gas introduction port
exhaust port

material gas source

3
4
5 high frequency power source
7 mechanical booster pump

8 diluting gas source

9 rotary pump

10 abatement system




[0016] 1 vacuum chanber 2 gas introduction port 3
exhaust port 4 material gas source 5 high frequency
power source 7 nechanical booster punp 8 diluting gas
source 9 rotary punp 10 abatenent system 6 11 antenna
12 hi gh frequency power supply port 13 substrate 14
substrate holder 15 carrier 16 coaxial cable BEST
MODE FOR GARRMMNG OUT THE | NVENTI ON [ 00171 The

m crocrystalline silicon filmformation nethod of this

i nvent12n, high &re usascyt hewelrasmp l@VBoxppar at us shown
in FIG. 1 and 2, will be described as follows. FIG 1

shows &3 scHelmdtiratecr oss-section in a viewin the

di rectjon r engi ul.gr to a transfer direction of
substrgges u @Hﬂag a schematic cross section in a
VieM/I thg I__lélansfer direction. [00181 As shown in
FIG 1, Iua%ﬁ hma CVD apparatus conprises a vacuum
chanbefgl hawigd .apd@s i ntroduction port 2 and an
exhaust port , an antenna array where U shaped
curved antennas 11 are arranged in a plane in the

chanber 1, an high frequency power source 5 applying
BEST MODE FOR CARRYING OUT THE INVENTION

[0017] The microcrystalline silicon film formation method of this
invention, which uses the plasma CVD apparatus shown in FIGs. 1 and
2, will be described as follows. FIG.1 shows a schematic cross-section in
a view in the direction perpendicular to a transfer direction of
substrates. FIG.2 shows a schematic cross section in a view in the
transfer direction.

[0018] As shown in FIG.1, the plasma CVD apparatus comprises a
vacuum chamber 1 having a gas introduction port 2 and an exhaust port
3, an antenna array where U-shaped curved antennas 11 are arranged
in a plane in the chamber 1, an high frequency power source 5 applying
an high frequency power to each antenna 11, a material gas source 4
connected to the gas introduction port 2, and a pumping device 7, 9 and
a abatement system 10 connected to the exhaust port 3. An end of each
antenna 11 (power apply port 12) is connected to the high frequency
power source 5 by a coaxial cable 16. The other end of each antenna 11
is connected to a wall of the vacuum chamber 1 to be grounded. A
multiplicity of the antennas 11 is disposed wholly covering the
substrate 13. Each antenna 11 is apart from each other with a required
distance. Each of the antenna arrays is disposed apart from each other
with a required distance as well. Each substrate 13 is placed facing to

each antenna array at both sides thereof. A heater (not shown) for
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an high frequency power to each antenna 11, a materi al
gas source 4 connected to the gas introduction port
2, and a punping device 7, 9 and a abatenent system
10 connected to the exhaust port 3. An end of each
antenna 11 (power apply port 12) is connected to the
hi gh frequency power source 5 by a coaxial cable 16.

hdd@ngt i1y sﬁﬁgtﬁteg%rﬂiﬁgbgé‘@%rﬂ& whH ePfeeheduln® chamber 1.
wal | "of the vacuum chanber 1 to be grounded. A

[ooa9]i pThei inptefidlheaasbancasohiprise sicyposdarswhbkilpne gas and
covering the substrate 13. Each antenna 11 is apart

hydorgesnghsomhess fiovh cantrelderseanddothemeempeaantss spHdat the
antenpa arrays s di sposed art fromeach other, w.th

g#ﬂﬁeaﬁirpaﬁlléﬁitf&%eraégsmql ﬁ?%dﬁ%awﬁq eetntroduced into the

RS 5l 3heEReh AR Al g pPRE Beside the
m%lfgf"'t | aggf iﬁr&iﬁ?ﬁﬁﬁd AhAure! dh & nt e PREUUNChaBRSE ble to
: ‘fdo e fateri ar gas source conprises cylinders

e12b1§¥,| e gampRd hdlisly Qgelctidfod ARIEnhla@vha0Mg PdLlsffusion
and ot her conponents, so that the gases of required

héleewInatkis endef thw maltepialagabdsiinitroduced intboestle antenna
vacuum chanber through the gas introduction port.

frBesitde tgrounvwidemicat tlerdoft anduthennddffused uneosibanvacuum
in FIG1, it is possihle to enploy, for exanple,

chmnbew-1 shremghthe diffesieashelas ng” gas diffusion

hol.es. In thi . th i al i s.i 4
0 5 ok B T, Sty P R Epgrices o
R R 3, LA IS o ASPERUA e of e

rdthEy o @RI §L80 1N e MRENFILE &hcbB i SeRY By sfedNd 0. A nitrogen
rotary punp 9. An exhaust port of the rotary punp 9

gaSseoreetdedi Mitidn iHeoabateadnd ssyiiemtkdcoAnectimpehe rotary
gas source for dilution is connected to a pipe

pumpepcond ébei albptemeenbsastempl@dp 9 and t he abat enent
[OSOyZSOt]em IJSL(I)I a-Si/pc-Si tandem-type solar cell generally has the
structure where p-type a-Si, i-type a-Si, n-type a-Si, p-type pc-Si, i-type
pec-Si, n-type nc-Si and backside electrode are formed in this order on a
glass substrate having a transparent electrode thereon. As an example,
a method for manufacturing an i-type pc-Si tandem-type solar cell by
the plasma CVD apparatus shown in FIG.1 is described as follows.
[0021] Opening a gate valve (not shown), a carrier 15 for the holders
14 holding the substrates 13 is transferred to the i-type pc-Si film
formation room (vacuum chamber) 1. Each substrate 13 is placed facing
to each antenna array. As shown in FIG.2, a pair of substrates 13 are
placed interposing one antenna array. On each substrate 13, a p-type
pe-Si film has been already formed in another plasma CVD room.

Closing the gate valve, the substrates 13 are heated and controlled to

be at a temperature for pc-Si film formation, e.g., 200°C. From the
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[0020] An a-Si/pc-Si tandemtype solar cell generally
has the structure where p-type a-Si, i-type a-Si,
n-type a-Si, p-type pc-Si, i-type pc-Si, n-type pc-S
and backside el ectrode are fornmed in this order on a
gl ass substrate having a transparent el ectrode
thereon. As an exanple, a nethod for manufacturing an

matéyiRe $£s Sourd@dENh{ipeesP®laaid eeldndys the mhosiial @dles are
apparatus shown in FIG 1 is described as foll ows.

in[t62 e Onentbnthe vaetieny atheampeot 1.sBhenhydaogentsiband gas flow
for the holders 14 holding the substrates 13 is
ratiaisf eontaglled imahe rgpgepef & tq H0rasiRreRsAITENIT dbH vacuum

vacuum chanber .. Each substrate .13 is pl aced faci.n
cHambREnl e%%f%lf%daﬁ AU nt_hiﬁcf%t%a ap‘aﬂ?lgilf fréquency

pGREYSLEBIER, B Gkl 265ab 1P ORRE0 % AVAIAR plasma. By
tHESEMs fﬁ%CB%&gEd{éﬁgOQFg%p%%gﬁﬁ%m&o%‘of the antenna

osi ndg the gate®va strates 13 are heated
a B sC ikl @hFRddl OAnPE-Fped jicelPefitiauie foymed- Sh ehkh of the
formation, e.g., 200C. Fromthe 8 material gas source
substyde oden taice sid anenpad hke mbmbieal ofjdbesdmcharge regions.
i ntroduced into_the vacuum chanber 1. The _
Anplicegian of| thee hggb freawencat pewies tosterPeddvhant pach i-type

o005t i RS By e TR 13

LSS TR Al F 350 R bl g form b
20 f . i

083 0508 AMIGheR? B HSpTELIE2 85 ton when

tHhQubdtbatd AledfpdtattieCs ags MBRY &5 FATPOIUERE e9fent Rehen the
di scharge regions. Application of the high frequency

hpdreren/silatneppad fidvencadchsiag ype agjce.§i, 1i Mhegebore,ttthe flow
have a required thickness on each substrate 13.

rft@02ditBygenrpyidibutaon aaebdaeduicbddirassprally,twhich enables to
possible to formthe, mcrocrystalline silicon film

refhigecthncophienh the sodar sel mgmgifagtaringhen

After forming the i-layers, i.e., i-type nc-Si films, the substrates 13
are transferred to a n-type pc-Si film forming apparatus, in which
n-layers, i.e., n-type pc-Si films, are formed. Afterward, solar cells are
completed by forming backside electrodes and other required
components,

[0023] For improving uniformity of the plasma density, it is effective
to form dielectric films on surfaces of the antennas, corresponding to
the plasma density distribution. Otherwise, it is effective to coordinate
thickness of each dielectric film or to vary diameter of the antennas,
corresponding to the plasma density distribution. Moreover, the plasma
density can be made more uniform on the whole area of each substrate
13 by controlling phase of the high frequency power applied to each

antenna, specifically by controlling high frequency phase difference
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the substrate tenperature is as | ow as 200C, and even
when the hydrogen/silane gas flowratio is as |ow as,
e.g., 1. Therefore, the flow rate of nitrogen for
dilution can be reduced drastically, which enables to
reduce the cost for the solar cell manufacturing.
After formng the i-layers, i.e., i-type p.c-Si filns,
bdtheestibshbatBstehhafr Reldliheifiaer & t@ach Notipe gBySithis, the
filmform ng apparatus, in which n-layers, i.e
homiogpa edgidySof fmiemcrystallnrarsdlicen t Slmar Hiclomésr agel Ithe film
are conpleted by form ng backsi de el ectrodes and
pustteatieegun rhedimpyapeddurshefWO281 For i nprovi ng
uniformty of the plasnma density, it is effective to
formdielectric filnms on surfaces of the antennas,

ndi ng to the plasma density distribution.
Emmp@ is effective to coordi nate thickness of

O%ﬁ'] dipgs e‘fﬁ{;bﬁtéﬂg' Qf cta‘i‘r\é%%ﬂ' BORLES eOffofﬁlﬁtion of silicon

ant ennas, COTTESpOﬂ Ing to e plasma enS| Yy

fitkh§t ﬁirﬁlﬂr‘ GrhridhEeeyRAitibAS, PR MBvaliesdd ytlran Begarding to
made nmore uniformon the whol e area of each substrate

cri3thllinngt antl phgtqelasriod]l phepdttgh Ihr ﬁmmem:g/ thevsticon films,
applied to each antenna, speC|f|caIIy controlling
the ghnte pdasmey (PrRseppardiareaseshowpetmdd@ dhwas used, except

ant ennas ghboring to each other. By this, the
thf?o%éjéﬁémcf"}“éf’nrﬁtél‘lst‘éﬁ/st aI line silicon filmt
d the fil b )
F urtd RS ésﬁw&'ﬁe% %ﬁ@eﬁé‘%ﬁ{eg}g“ﬁ%sdwcegm%%d’ with
8 9105?51%%%; Ry R %Oalffﬁg{dﬂs HY1ES (50 ALY pitch)
conditions, auate re ar

t}ferr)é$ﬁ a*ﬂhéﬂatmteﬁ% Rh! Qefhﬁ% rlhcmn@ﬂpaem yhe | disk@hBe ptween
the silicon filnms, the sanme plasnma CVD apparatus as

tixhosmitd s ¢fl 6vd pipesusek 3bxnapEadhhengesnantmagushisdormed of
t\a?érrn?y(:tflﬂrg. antennas where the distance between the centers of
adjacent pipes of the same side were 70mm. Three rows of the antenna
array were disposed, from which the substrates were distant 35 mm.
[0026] Each gas introduction port was provided at the grounded port
of each antenna in the plasma CVD apparatus used in thié embodiment.
A gas mixture of hydrogen and silane was introduced into the vacuum
chamber from the gas diffusion holes of the antennas.

As the substrate, a 1.2 x 1.6 meters sized glass substrate was used.
An 85 MHz source was used as the high frequency power source.
[0026] Film formation conditions were; the silane gas flow rate
between 250 and 1,500 L/min., the hydrogen gas flow rate between O
and 40,000 L/min., the hydrogen/silane gas flow ratio between 0 and 40,
pressure between 2 and 29 Pa, the input power per one antenna

between 20 and 428 W, and the substrate temperature between 150 and

250 °C. Varying the conditions in these ranges, silicon films were
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U- shaped antennas nmade of a stainless-steel pipes were
used, with 8mmin dianeter and with many gas
di ffusion holes (50mmin pitch) therein. The antenna
was 1.6mmin length and the distance between the
centers of two pipes were 35mm Each antenna array was
formed of twenty five antennas where the distance
foraieee D hea e AhplOf Raadhacepbctiapephofodleetsianmeurrent and
side were 70mm Three rows of the antenna array were
daltls paseeht fwere mebshre heThebstreaudts aee ahdvst antFB%s. 3 and 4.
mm__ [0026] Each gas introduction port was provided at
(0025 1gr Bldd dshsors a graphom aelatinn between fihes hidoygen/silane
this, e [ as m xture .of

gé‘aZEf%%éw“f@%ia%i rwglsof Eg/ﬁgé Gosatho Baman Rk intensity at
t [ j hal.

b I TR R S

11%?81%{%5? 4905 Sefk1at6 t%SaWngg%%H%ﬁ YREAT @3, B€denotes

equency power source mf or mat i on

a daReiwheAStheepRisth AGw &k lg@h@ ra86d ThaNreate gibgt Weea ng the
and 1,500 L/ mf)n., t he hyggrogen gas flow ragte bmgﬁgg ¢

higihd H0y 005t power, td BEl bf dhegenimtehanecagesyd,| owleabites a data
between O and 40, pressure between 2 and 29 Pa, the ]
whaputhe pesnperwasgenaratad ihsmeeasitnsahy applyingsbe high
the substrate tenperature between 150 and 250 C.
frogpengy PRWedoRdi tWBNaNtPRRAcETahgasad & (3nd "t depete data
re,, 10 formed. On _each s |l e, Raman _spectra, .. .
WhEB BaF kARIRA iR oRE DSFRFE AU AP LORE TP B Y PRRdpE he high
re. s j . 3 and 4. [0027]
frgﬁg%gwgﬁ%#sggtgroglﬁggﬁg?ié?a%ro "bet ween the

[Onp@]ogeBbhanthe 98w | QWtIAL W @Ndot ey 1 Bl Cfd@nation of
Ic is the Raman peak intensity at around 520 cm 1

mi&tcriredt410icd wslisbhi hevivid ithenlc/dadbdiavéen thand®awas rather
peak intensity at 480 cm1 related to anorphous
diffichonas | safkGas, in déreocase of parallaplathetypagrasma CVD
was generated in three regions _by applying the |, i
apparatus. On the other hand, the result shown in the figure
demonstrates formation of microcrystalline silicon even when the flow
ratio was 10, further even 1. Although the reason has not been clear, a
microcrystalline silicon film can be formed at a lesser hydrogen gas
flow rate when the number of the discharge region is three.
[0029] FIG.4 shows relations between photo-and-dark electric
conductivities o ph, 0dd and the gas flow ratio.V alues of the
photoelectric conductivity oph were under 100 mW/cm?2 irradiation at
1.5 AM (Air Mass). Comparing FIG.3 and FIG.4, it is known that the
ratios gph/ od of the microcrystalline silicon having the ratio Ic/la
between 2 and 6 are all approximately 100, and that microcrystalline
silicon films preferred for solar cells were formed.

[0030] Although the inductive-coupling plasma CVD method using the

antenna arrays was described, the invention is not limited to this. The
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hi gh frequency power to all of three antenna arrays, a
denotes a data when the plasm was generated in two
regi ons by applying the high frequency power to two
antenna arrays, and 0 and ~ denote data when the
pl asma was generated in one region by applying the
hi gh frequency power to one antenna array. [0028]
indeenidmecdh obe r apptiedaso 1@nobulbei dawv, artenim itgrlpeofor an inside
m crocrystalline silicon having the Ic/la between
amech 162 wppes aubkras disclosad in Japasse publigatiom &%2@5212 or
p arallelplate type plasma_CVD apparatus. On the
&nmesmﬁ% ligateoR 2Ol 388N in the figure

v bithaugn Rber pBave Qe faiBHO™ G1A% (it HAE BIdN GPe solar cell
Wﬁl&g%ﬁ%r} { gﬁ o) aﬁ%] Qﬁﬁeﬂféﬁ&%‘%ﬂr‘é' ?aa;n a%si fllf[l and pe-Si film,

M crocrys i nesi |con m<can b
tHeeﬁﬁ?énﬁﬁﬂri%gﬁﬁt gasiteld AVth. SBYkIAR {He PIM?be othéh@vention
di scharge region i1s three. [0029] FIG 4 shows
cdiebatdpiise d @b feem aphext of andrderystaliakrditicon films of any types
conductivities a ph, a d and the gas flowratio. V
foal RNstygfe stlar gHbs o8t kottkiyctyqmn dola «illy aaphotleexs.
under 100 mWcn? irradiation at 1.5 AM (A r Mass).
Conparing FIG 3 and FIG 4, it is known that the
rati os aph/ ad of the microcrystalline silicon having
the ratio Ic/la between 2 and 6 are all approximtely
100, and that mcrocrystalline silicon filns
preferred for solar cells were forned. [0030] Although
t he inductive-coupling plasma CVD nethod using the
antenna arrays was described, the invention is not
limted to this. The 11 invention can be applied to
an outside antenna type or an inside antenna type,
such as disclosed in Japanese publication H10-265212
or Japanese publication 2001-35697. Although the
above description was on the PIN type sol ar cel
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where the i-layer is the tandem structure of an a-S
filmand pc-Si film the inventionis not limted to
this. Beside the PIN type, the invention can be
applied to formation of mcro crystalline silicon
films of any types for PN type solar cells, Schottky
type solar cells and others. 12 CLAIMS [1] A nethod
for formng a mcrocrystaldiagnsglicon filmby a
plasma CVD net hod, conprising arranging a substrate

[1dndAi méghbidvivrc forhing at ypierantyatatsne rsilizonafiltnby a plasma
chanber; making tenperature of the substrate between

CV3) nmaekhaxb oomprisingduci ng a mi xture of gas including
hydrogen and silane; applying .high frequency, power to )
the HHAHHAE, AnetRefratgai apﬂﬁggweagmpﬁ@@nmﬁ [agnnas 1n

hyd Lsil . fl tio i f 1t
a Y9t S HARRERy o m cro crystalline silicon fiim on
tbhe &%@{ig"gaéegﬁge e Of Eﬁé 'sQip A&/B@t@{e?ﬁ%{f L' 250°c;
etweén 2%and 6. whereas IC Is Ranman scattering

| nt efgrbiuling aPRIKt@fe 8F @dRUncPRAGIR hydebgbRthA@ silane;
crystalline silicon, and ['a is Raman scattering
i nt empplningt Bighindrd@Qeneyl elveéedtd o thwor phoesnas, thereby
silicon. [2] A nethod for formng a mcrocrystalline
gandiagongfilbsmes clained in claim 1, wherein the
hydrogen/ si |l ane gas flow ratio is controlled in a .
r ang@ntrghhinghy drogeny/silape gasutlost rabonitng rangecfem 1 to 105
crystalline silicon filmas clained in claim1 or 2,
a’?‘ilrther conprising connecting one end of each antenna

to hfogﬁlifrfgegl{ﬁ?&%cE’?Mlline silicon film on the substrate;

wherein ratio of Ic/Ia of the film is between 2 and 6;
whereas Ic is Raman scattering intensity of a peak at around
520cm™! related to crystalline silicon, and Ia is Raman scattering

intensity at around 480cm! related to amorphous silicon.

[2] A method for forming a microcrystalline silicon film as claimed in
claim 1, wherein the hydrogen/silane gas flow ratio is controlled in a

range from 1 to 7.

[3] A method for forming a microcrystalline silicon film as claimed in
claim 1 or 2, further comprising

connecting one end of each antenna to high frequency power
source, and the other end to the ground;

making an array of the antennas in a plane to from an array
antenna structure;

arranging the substrate facing to the array of the antennas; and

controlling phase difference between antennas next to each other.
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source, and the other end to the ground; making an
array of the antennas in a plane to froman array
antenna structure; arranging the substrate facing to
the array of the antennas; and controlling phase
di fference between antennas next to each other. 13
[4] A nmethod for formng a mcrocrystalline silicon
filmas clained in claiml, 2 or 3, further
conprising arranging plural arrays of the antennas;
[4dndAameahgilnfigrtfow nsingsa rmiaocaystadiimessdemfilenals claimed in
array of the antennas. [5] A nethod for formng a
clainy dc2yan 8] Furtdedi ¢qropmigingm as claimed in claim 4,

further canprising arrangi three or nore arrays of
t he %‘?ﬁ@?ﬁw‘%pﬁ-}ﬁq Eb‘@ﬁéfrsa‘%fg aghepgas| Afhree or nore

o SRy A astsatey 14 AReatEe ST iRl gtey of the
afldiged inclaiml, 2, 3, 4 or 5. 14

[5] A method for forming a microcrystalline silicon film as claimed in
claim 4, further comprising
arranging three or more arrays of the antennas; and

generate discharge in three or more regions simultaneously.

[6] A solar cell made of a microcrystalline silicon film formed by a

method as claimed in claim 1, 2, 3, 4 or 5.
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