1 DESCRI PTI ON

FABRI CATI NG METHOD FOR SOLAR CELL DEVI CE 5 TECHNI CAL FI ELD

The present invention relates to a fabricating nmethod for a solar cell
device for giving a required amount of transmtted |ight to sem conductor
| ayers by obtaining a clean insulating subdtrate surface and transparent
oxi de el ectrode surface. 10 BACKGROUND TECHNOLOGY

FIG 10 is a sectional view showing the structure of a conventi onal

solar cell device 102. Tﬁ;?@,@ﬁr& device 102 has a
structure in which a transparent oxi I ode 12 is fornmed on the
surface of an insulating substrate 10 which is a transparent gl ass
substrate, and a p-type sem conductor |ayer 18, a buffer | ayer 20, an

intrinsic seni conduckABRRYATIRAG ME’[’HO‘IPF(??@GEA%@%EL'BEWCE 24,
oraer e

and a netal electrode 26 are lamnated in on to t surface of the

transparent oxide electrode 12 into a | am nated structure. 20 The

i nsul ating substrate 10 transmts light incident fromthe surface on
the side §heTECHNIGALFEELD de in the draw ng), on which the transparent
oxide electrode 12 is not formed, to the transparent oxide el ectrode 12.
The transparent oxilde piesent imeertivn selatestol atfabrieatingi wethg¢drdonkaysolar cell
sunlight) incident through the insulating substrate 10 to the intrinsic 25
sem conduct ofeViggefor givimgo agrequiedp amgumt sefritcapsmiticdrlight/ to segnigodduotor

layers by obtaining a clean insulating substrate surface and transparent oxide
electrode surface.

10
BACKGROUND TECHNOLOGY

FIG. 10 is a sectional view showing the structure of a conventional
solar cell device 102.
The solar cell device 102 has a structure in which a transparent oxide

15 electrode 12 is formed on the surface of an insulating substrate 10 which is a
transparent glass substrate, and a p-type semiconductor layer 18, a buffer
layer 20, an intrinsic semiconductor layer 22, an n-type semiconductor layer
24, and a metal electrode 26 are laminated in order on to the surface of the
transparent oxide electrode 12 into a laminated structure.

20 The insulating substrate 10 transmits light incident from the surface
on the side thereof (the lower side in the drawing), on which the transparent
oxide electrode 12 is not formed, to the transparent oxide electrode 12.

The transparent oxide electrode 12 is formed to lead light (mainly
sunlight) incident through "the insulating substrate 10 to the intrinsic

25 semiconductor layer 22 through the p-type semiconductor layer 18 and the



2 buffer layer 20 and to keep ohmic contact with the p-type

sem conduct or | ayer 18. The p-type sem conductor |ayer 18
is a layer conposed of a p-type sem conductor, which is provided to

| ead carriers, produced in the intrinsic 5 sem conductor |ayer 22 by the
incident light, to the transparent oxide 2 el ectrode 12. The buffer

| ayer 20 functions as a buffer layer for preventing a forbi dden band
wi dth of the intrinsic sem conductor |ayer 22 from narrow ng due to
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intrinsic segygppguctor layer 22 is a layer made of an intrinsic

sem conduct or for producing carriers by absorbing the incident |ight.
The n-type SeThe PR Semi@fductdr layer 18Yisra Moyt €dmposed lofP2 p-type
sem conduct or provide to lead the c}érri ers produced in the i ntpri nsic

261 5 connect e m b an 15 Ent e connect | o for ekt ot ol Sotroms i ve
force. 5 semicondNetor, layer f22rby ahendgnedentdight, tdethef eramsparent oxide
conventional solar cell device will be described using FIG 11 through
FIG 15. electrode 12 r The hufferolayer 20 funationsoasa budfen layer fetpsevenying
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for producing carriers by absorbing the incident light. The n-type
semiconductor layer 24 is a layer made of an n-type semiconductor provided
to lead the carriers produced in the intrinsic semiconductor layer 22 to the
metal electrode 26. The metal electrode 26 is connected with an
15 interconnection for taking out electromotive force.
Next, the fabricating method for the aforesaid conventional solar cell
device wiil be described using FIG. 11 through FIG. 15.
First, tin oxide film is formed on the insulating substrate 10 to form a
transparent oxide electrode 12, and thereafter a photoresist 13 is applied on
20 the entire surface of the tin oxide film. The photoresist 13 is exposed and
developed with a predetermined mask to remain in a region which is to be the
solar cell device 102.
Next, as shown in FIG. 11, the transparent oxide electrode 12 is
etched by means of a reactive ion etching system with the above photoresist
25 13 as an etching mask and with hydrogen iodide (HI) and argon (Ar) used as

the raw material gas. Removing the photoresist 13 makes a state where the



the raw material gas. Renoving the photoresist 13 nakes a state where the

3 transparent oxide electrode 12 is provided on the surface of the
i nsul ati ng substrate 10 as shown in FIG 12. ' Subsequent |y,
t he p-type sem conductor |ayer 18 is fornmed on the entire surface of

the insulating substrate 10 so as to cover 3 he transparent 5 oxide
el ectrode 12, as shown in FIG 13, by the plasma CVD (chem cal - vapor
deposition) nethod. At this tinme, nono-silane (Sl H4) and di borane
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formed over the entire acte o ayer
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(SiH err]) and nmethane gas (CHerr]) The intrinsic sem conduct or

| ayer 22 §s maide thsotratleoth2] festeowhria FIG. f18;ébyothe plashis €D ¥§heﬁ1i’d‘cﬂfva%ﬂ)r
This is also carried out by the plasma CVD nethod w th nono- | ane

(SiHerr]) adepnmtmn/) method.al Agathis time, mono-silane €9ikdy), amd dsllj@mml GBJTH
ace

14, the n-type sem conductor layer 24 is formed on the entire sur
of the intri A& UscdnAs oth@uca\mma&@ml gas. TMethane gas (R )oisvsiibitaneeusly
no-silane (S H4) and 20 phosphine (PH err]) as the
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The buffer layer 20 is then formed over the entire surface of the p-type
semiconductor layer 18. This is carried out by the plasma CVD method
‘'with mono-silane (SiH;) and methane gas (CH,). The intrinsic
semiconductor layer 22 is next formed on the entire surface of the buffer
15 layer 20. This is also carried out by the plasma CVD method with mono-

silane (SiH,) as the raw material gas.

Moreover, as shown in FIG. 14, the n-type semiconductor layer 24 is
formed on the entire surface of the intrinsic semiconductor layer 22. This is
performed by the plasma CVD method with mono-silane (SiH,) and

20 phosphine (PHj;) as the raw material gas. Thereafter, a metal film 25 which
becomes the metal electrode 26 is formed on the entire surface of the n—type'
semiconductor layer 24 by the sputtering method and a photoresist 15 is
applied on the entire surface of the metal film 25.

The photoresist 15 is exposed and developed with a predetermined

25 mask, as shown in FIG. 15, to remain only in a region which is to be the solar

cell device 102. Then, the metal film 25 and the respective layers laminated



25 mask, as shown in FIG 15, to remain only in a region which is to be

t he sol ar cell device 102. Then, the netal film 25 and the respective
| ayers | am nat ed 4

t hereunder are etched and renoved by the reactive ion etching nethod using
t he photoresist 15 as an etchi ng mask, and4t he photoresist 15 used for the
etching mask is al so renoved. Consequently, the solar cel
device 102 can be fabricated as shown in 5 FIG 10, in which all |ayers
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el ectrode 12.
fabricated byidfifig qﬁgm@lslglsof@g{d\pﬁl ng met hod, the solar cell device 102

has the foll ow ng d| sadvant ages which are due to the use of tin oxide
as a material for Cunsegasalyl iy sebat dell device102t¢Arbe ¥8bn6aﬂed03@ sifowannbe
etched by neans of the reactive ion etching system wi t h hydrogen

i odi de (H§), Fi¢dr b@ein bwhivhdall( lHie)s foouy dgep-type sehlioondiectorCayerr 8, e

like as the raw material gas. Hydrogen iodide is 15 especially superior in
et chi ng pr opbuffers, layans 2t dhei niptansicghsemnidondpctat elayer 2Zjowtheer n-typer e
i s a disadvantage that the use of hydrogen iodide produces tin i odi de
series conpoS§eEdCcan mcptoﬁdgynelt Bd tex the ny;talmle@trogl@hgé aredaptipaiedsinierder onof
a reaction chanber of the r iﬁc%d ﬂzetchl ng systemand to the insulating
substrate 10 apﬁgaﬁqnéﬁg% Ce<el ectrode 12 as shown in Fi g 10 to
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the which are due to the use of tin oxide as a material for the transparent oxide

electrode 12. Tin oxide can be etched by means of the reactive ion etching

system with hydrogen iodide (HI), hydrogen bromide (HBr), hydrogen

chloride (HCI) or the like as the raw material gas. Hydrogen iodide is

15 especially superior in etching properties, thus obtaining a high etching rate.

However, there is a disadvantage that the use of hydrogen iodide produces' tin

iodide series compounds 11 through the etching, which adhere to the inside

of a reaction chamber of the reactive ion etching system and to the insulating

substrate 10 and the transparent oxide electrode 12 as shown in Fig. 10 to

20 FIG. 15 to cause contamination, thereby reducing yields of the solar cell

device. 'When contamination of the insulating substrate 10 and the

transparent oxide electrode 12 occurs, the amount of transmitted light is

decreased, which lowers electric power taken out.  Therefore, the

eliminating of the above contamination is an extremely important subject in

25 terms of enhancement of output characteristics of a solar cell.



elimnating of the above contam nation is an extrenely inportant subject in
25 terns of enhancenent of output characteristics of a solar cell.

5 The object of the present invention is to fabricate a sol ar
cell device for giving a required anmobunt of transmtted light to

sem conductor | ayers by solving the alsove di sadvantages to obtain a
clean insul ating substrate surface and transparent oxide el ectrode
surface in a fabricating nethod for a solar cell device.
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el ectrode with a hal ogen gas having~a saturated vapor pre
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form ng a p-type seniconductor layer, an intrinsic semc ayer, and
15 an n-§ypeeHal@viemduct or | ayer over the surface of the transparent oxi de
el ectrode in order; and formng a netal electrode on the n-type

sem conduct or | ayer. When a solar cell device is fabri ca’;)ed by
t he above fabricating nethod the surfaces of the insulating substrate
and the tranEJeddPS ZJRE@EI'EHEMMIQN made cl ean so as to be high IB
transparency. Thergfore, a requ red anount of transmtted light can be
obt ai ned. To QEB? PYel iets theopeesenbineention isabaragtenizddty

for a solar ﬁeilalbncatmg method Wthh comprises the steps of: forming a transparent

10 oxide electrode by etching a metal film formed on an insulating substrate;

cleaning the surfaces of the insulating substrate and the transparent oxide

electrode with a halogen gas having a saturated vapor pressure higher than

that of etching gas in the step of forming the transparent oxide electrode;

forming a p-type semiconductor layer, an intrinsic semiconductor layer, and

15 an n-type semiconductor layer over the surface of the transparent oxide

electrode in order; and forming a metal electrode on the n-type

semiconductor layer.

When a solar cell device is fabricated by the above fabricating method,

the surfaces of the insulating substrate and the transparent oxide electrode are

20 made clean so as to be high in transparency. Therefore, a required amount
of transmitted light can be obtained.

Moreover, it is possible that a fabricating method for a solar cell
device comprises the steps of: forming a transparent oxide electrode by
etching a metal film formed on an insulating substrate; cleaning the surfaces

25 of the insulating substrate and the transparent oxide electrode with pure

water; forming a p-type semiconductor layer, an intrinsic semiconductor layer,



devi ce conprises the steps of: formng a transparent oxi de el ectrode by
etching a netal filmfornmed on an insulating substrate; cleaning the
surfaces 25 of the insulating substrate and the transparent oxide

el ectrode with pure water; formng a p-type senm conductor |ayer, an
intrinsic seniconductor |ayer, 6

6 and an n-type sem conductor |ayer over the surface of the
transparent oxide el ectrode in order; and formng a netal electrode on

the n-type 1} : ; rmr 1) :
preferable taﬁlgt @wggﬁ%&ndﬁ@ ﬁ%éa ¥egr0\éers%qea?uce¢% %g tggvt?%%ééaaé 8)rude
conprises t ofncl kNg e e e g i -
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bef ore sefificeh@c@r 1ay€ani ng the surfaces of the insulating substrate
and the transparent oxi de el ectrode. It is possible that

the step of cl eanifwgthdrencne; ittzepreférdbie thasalfabriogtid® methlog! fort 2 selad dellle
transparent oxide electrode with pure water is the step of cl eani ng

t he i nsukat ideyica farther ecanprrisé¢sethe ategpof eleaningdthecswdacesdof ithe insulating
rocking themin a water bath applied wth ul trasound. BRI EF

DESCRI PTI ON sgbstrag/andshesransparent oxide electrods witht pereawatéreaften onibeforehe
structure of_ a solar cell device obt ai ped according to_a fabricating
met hod of tHBepsep Rfdcleaninge theesurfaces of | hgednpulating substrate and ghep
Is a sectional view show nq the.solar cell device shown in FIG lin
servi ce; 20 transparent @x eege@lgod;qz.e 9 are sectional views showi ng

respective steps gf ;i rIl)eossible that the step of cleaning the surfaces of the insulating

10, substrate and the transparent oxide electrode with pure water is the step of
cleaning the insulating substrate and the transparent oxide electrode by

- rocking them in a water bath applied with ultrasound.

BRIEF DESCRIPTION OF DRAWINGS

15 FIG. 1 is a sectional view showing the structure of a solar cell device
obtained according to a fabricating method of the best mode of the present
invention;

FIG. 2 is a sectional view showing the solar cell device shown in FIG.
1 in service;

20 FIG. 3 to FIG. 9 are sectional views showing respective steps of the
fabricating method for the solar cell device according to the best mode of the
present invention;

FIG. 10 is a sectional view showing the structure of a conventional
solar cell device; and

25 FIG. 11 to FIG. 15 are sectional views showing respective steps of a

fabricating method of the conventional solar cell device.



fabricating nethod for the solar cell device according to the best node of
t he present invention; FIG 10 is a sectional view show ng
the structure of a conventional solar cell device; and 25

FIG 11 to FIG 15 are sectional views show ng respective steps of a
fabricating nmethod of the conventional soldr cell device.

7 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The best
node for enbodying a fabricating nethod for a solar cell devi ce
according to the present invention will be described in detail 5

herei nafter, using the acconpanyi ng draw ngs. Structure of the solar

|1 device: ' 4 ' fabricated
ce evi ce: BERST N‘IODEFORCARﬁYRUG gmmqgﬁﬁe ce fabricate

according to the present I nventi on with reference to

FIG 1. It shoul d Mhebesinidi fdOenibirlyinge Fibrcititie matod seai dolhdell

conventional solar cell device shown in FIG 10 are given the sane
nurer al s and deyide| acdordimx ploarthei poesdt Ginverition  will absedeseribéd virevdetail
showi ng the structure of the solar cell device fabricated according to
the presefit iheveimafien, using the accompanyihgdnawings. G 1, the sol ar cel |
device 2 has a structure in which a 15 transparent oxide electrode 12 is
provi ded on the surface of an insul ating substrate 10 which is S

t ranspar ent ass substrate, the surface of the transparent oxide

el ect Pode 12%&9&‘0@@“&@@&(?9&1 %Vdéwmebt ment to provide a surface

r ment | ayer 14..on i ch silicon nitride. fil 16 i s,
treat y First, the solar ceh cPevme fa%ncate accor?hng to the present

invention will be explained with reference to FIG. 1. It should be noted that
10 the same structures as those in the conventional solar cell device shown in
FIG. 10 are given the same numerals and symbols for explanation. FIG. 1 is
a sectional view showing the structure of the solar cell device fabricated

according to the present invention.
As shown in FIG. 1, the solar cell device 2 has a structure in which a
15 transparent oxide electrode 12 is provided on the surface of an insulating
substrate 10 which is a transparent glass substrate, the surface of the
transparent oxide electrode 12 undergoes oxidative plasma treatment to
provide a surface treatment layer 14, on which a silicon nitride film 16 is
provided, and a p-type semiconductor layer 18, a buffer layer 20, an intrinsic
20 semiconductor layer 22, an n-type semiconductor layer 24, and a metal
electrode 26 are laminated in order on the surface of the silicon nitride film

16 into a laminated structure.

~ The insulating substrate 10 is shaped into a plate having a suitable
size in width and depth and a suitable thickness and transmits light incident

25 from the surface on the side thereof (the lower side in the drawing), on which



provi ded, and a p-type sem conductor |ayer 18, a buffer layer 20, an
intrinsic 20 sem conductor |ayer 22, an n-type sem conductor |ayer 24, and

a net al electrode 26 are lam nated in order on the surface of the
silicon nitride film 16 into a | am nated structure. The
I nsul ating substrate 10 is shaped into a pBate having a suitable si ze

in wdth and depth and a suitable thickness and transmts |ight incident 25
fromthe surface on the side thereof (the |lower side in the drawing), on
whi ch . . .
transparent 53 GERDSPAIFNL gRidp,electiode 43, .00t fgrpRd. # atﬁ‘SngBﬂﬁﬁg}é‘F xide
el ectrode 12qjactrode 12 The transparent oxide electrode 12 is forned to

| ead |ight (nmal nﬁ y " sunlight) incident through the insulating substrate
10 to the intrinsi FheSraRepARALWGIAE dBY9ede22 i Toathelno Je4d Jrshtt nt
| ayer 14, the silicon gpni tride ?i I'm 16, the p-type semi co_ng{%} o?ﬂ?falgzr
18, and the bualight)l dueided®. throughaittet dnsiAgAngNRLBseRt a) W tihet AAtMndi¥pe
sem conductor |ayer 18, and is connected With an interconnection for
taking o gsmeicoriictbedayanditheough theoswdat® tidaement sla?er tiderthefsiliébn
As shown in FIG 1, the transparent oxide electrode 12 is formed in a

t aper ed shapgitridewfilmhl§; the patype Sedniosmideictarhkayertheamdt the duffert kayer B05r
18 is not provided thereon, are gradually inclined outward fromthe top end
t her eof t owadild tthekeep phinio gostast twithetheop-typresesnicondugtealayer 1$eand is

I nterconnection and_.a short circuit of, the net el ectrode 26 i s prevented.
15 - eonpected Wi @nomtpmnu%ﬁ@paf%tt out| generated electrgrpotive
surface treatnent | ayer. 14 ifs fornmed by perform ng oxidative plasma
treat ment . THce to the qutside thewfoent | ayer 14 functions as a surface

stabi i zing Tayer harey oo of G0 e DB a0t QoS ab T RPRaMa b0
tapered shape in which side faces 12a which the p-type semiconductor layer
18 is not provided thereon, are gradually inclined outward from the top end
thereof toward the insulating substrate 10. Thereby, a break in the
interconnection and a short circuit of the metal electrode 26 is prevented.

15 On thé surface of the transparent oxide electrode 12, the surface
treatment layer 14 is formed by performing oxidative plasma treatment. The
surface treatment layer 14 functions as a surface stabilizing layer for
retarding the reduction of the transparent oxide electrode 12 and for
chemically stabilizing the surface of the transparent oxide electrode 12 to

20 improve characteristics of the solar cell device 2. More specifically, the
oxidative plasma treatment allows oxygen atoms contained in the surface
treatment layer 14 formed by the oxygen atom blasma to unite with not-yet-
united tin atoms appearing on the surface of the transparent oxide electrode
12, thereby retarding the union of impurities (boron) contained in the p-type

25 semiconductor layer 18 and the not-yet-united tin atoms (retardation of the



chem caily stabilizing the surface of the transparent oxide electrode 12 to
20 inprove characteristics of the solar cell device 2. Mre specifically,

t he oxi dative plasma treatnment allows oxygen atons contained in the
surface treatment |ayer 14 fornmed by the oxygen atom plasma to unite
W th not-yet- united tin atons appearidng on the surface of the
transparent oxi de el ectrode 12, thereby retarding the union of

i mpurities (boron) contained in the p-type 25 sem conductor |ayer 18 and

t he not-yet-lllga@w? jn r i o

0 edieGhon)." ALY O, UERe sment layer 14, stgbilizes the
stabi | i zes tRarface of SHEtPfIRpatedt skile¥efpodd120xi de el ectrode 12.

The silicon nitride film16'is formed to prevent nutual diffusion

bet ween the transpdhensilicomaitide tfilndel 6 4s afutmidie to- peyens enuanilddiffesiond
| ayer 18 and to prevent the reflection of incident sunlight in order to

al | ow shetwgen the thnsparent|gxiderelectrodeol hand rthei ptype semiconductorr

| ayer . 22. The p-type sem conductor layer 18 Is a |ayer conposed
of a p-type layer t@ransbtelpreventuthiecrefiectiomof dadideat fsuntight innerdendb allow
electric field ﬁog I eagi ng carriers produced in the intrinsic

sem conduct oSUNHght to etliciently; tegam intgnthetiatrinsiciseaiconduptardayeni2 de

el ectrode 12. The buffer |ayer 20 functjons as a buffer |ayer
for preventing a 1D€ PYYBEREIRICH. eréfweéfléh%ai PFr?élnéP‘éféqf @grﬁjﬁcﬁy@ﬁ

I 22 f i . o d -th | XI f.th 7 | | ti
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| Per g f Sh _ _
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incident light. Thehe- bipferSEYet OPJUAIRIIIMAY 85 #%buffef layer for preventing a

forbidden band width of the intrinsic semiconductor layer 22 from narrowing

due to the mixing of the p-type impurities (boron) contained in the p-type
semiconductor layer 18 into the intrinsic semiconductor layer 22 and for
15 preventing light absorption efficiency from lowering. The intrinsic
semiconductor layer 22 is a layer made of an intrinsic semiconductor for
producing carriers (pairs of electron and hole) in correspondence with the
absorbed energy of incident light. The n-type semiconductor layer 24 is a
layer composed of an n-type semiconductor provided to form an internal
20 electric field for leading the carriers produced in the intrinsic semiconductor
layer 22 to the metal electrode 26. The metal electrode 26 is connected with

an interconnection for taking out electromotive force.
The solar cell device 2 having such a structure is used as shown in
FIG. 2. More specifically, an interconnection code 27 is connected with the
25 surface of the transparent oxide electrode 12 via the surface treatment layer

14 and an interconnection code 28 is connected with the metal electrode 26,



| ayer conposed of an n-type sem conductor provided to forman internal 20
electric field for leading the carriers produced in the intrinsic

sem conduct or | ayer 22 to the netal electrode 26. The netal el ectrode
26 is connected with an interconnection for taking out electronotive
force. The sol ar cell device 2%having such a structure is used
as shown in FIG 2. Mire specifically, an interconnection code 27 is

connected with the 25 surface of the transparent oxide el ectrode 12 via

the surface %{%&%%{% Shee 29 Eséé%rgﬁ%t@@ with Rh€ GREGEbhAEC ST @0dBs 127 and

connected w ectro
10 andga | oad resistance 29 is connected with the interconnection
codes 27 and 28. After light 30 streans in fromthe rear

face, which is not Affeaviight! 30 streavnkhint fionh rthesiear €ate omildeh 6k agdtr petevided
of the insulating substrate 10, the 5 incident |ight 30 reaches to the

intrinsic sewitiotbledranspasgmtr ofitld etenttdde 12, oftthenmsalatmg cabdtratd d€) rthde
12 through the surface treatnment |layer 14, the  silicon nitride film
16, the s tyjncident dightud aeachgteto 1heamrinpis semicondugfer layer 220fromy the

receiving energy of the light 30, pairs of electrons and holes are
produced i n tnaBSparent exideselectrodgutd diill' ough rtﬁQ 25U seeatment layet tderthe

and 10 hol es,,are separ at.ed an electric field fqrned t -t ype
sem conduct ofilicon mtﬁasfﬁlm I% the petypet cheavemﬁaml : Yaad;&eghl}fyfgh Lavegy
el ectronoti force . .appears in.the,tr ar ent ide el ectrode ,12 and
Che merar ol 20t OSE regeivifE Peiidy Lot HE eI SA°PaltS o ftpDrRchnd Tholps 48
t he | oad resj 9..coNne d . ' ar Vi ' e
| nter connect PROBREEL APyl AN & serpiconfuicRl BGer 2207 Fife bafi§ trledting ahd
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cage, Si ﬁge ?ﬁéé%??%ﬁs ar gﬁé{ﬁlg i%%%!aﬁ%? Irig%lg ti.Loé 'S B?Xt\%edgéyane tsgmlcohauéﬂir
layer 18 and the n-type semiconductor layer 24, whereby electromotive force

appears in the transparent oxide electrode 12 and the metal electrode 26.
The electromotive force can be taken out of the load resistance 29 connected
with the solar cell device 2 via the interconnection codes 27 and 28. As a

15 consequence, energy of incident light comes to be converted into electric
energy.

In this case, since the transparent oxide electrode 12 is provided with
the surface treatment layer 14 formed by oxidative plasma treatment on its
surface, it is chemically stable by virtue of retardation of the reduction on the

20 surface thereof. Accordingly, the transmittancy of the transparent oxide
electrode 12 does not lower and the film quality of a amorphous
semiconductor layer does not deteriorate, thus improving open circuit voltage
to obtain preferable output characteristics as a solar cell device. Moreover,
the provision of the silicon nitride film 16 can further stabilize the film

25  quality of the transparent oxide electrode 12, thereby further improving open

circuit voltage.



the surface treatment | ayer 14 formed by oxidative plasma treatnment on its
surface, it is chemcally stable by virtue of retardation of the reduction
on the 20 surface thereof. Accordingly, the transmttancy of the

transparent oxide el ectrode 12 does not |ower and the filmaquality of
a anor phous seni conduct or | ayer does kbt deteriorate, thus inproving
open circuit voltage to obtain preferable output characteristics as a
sol ar cell device. Moreover, the provision of the silicon nitride film
16 can further stabilize the film25 quality of the transparent oxide

el ectrode 12, thereby further inproving open circuit voltage.

Fabri cating {Fabkieatiber metteod fdethecsilar el idevicerFEG. 3 tPFIED ERIGFI G |

Next, the fabricating nethod for the solar cell device according to an
enbodi ment of the Pextpthe fabrécatimg methbdfer dks sbidrect]] dedieradcording go G

3 5 toFIG 9 and FIG 1. First, tin oxide filmis forned to
formthe tr aﬁgﬁw@memmfdéleqms@mtoWennon will be deseribeduinadétail, ashet FiGe 310
as shown in Flg@ The abovefllmls formed with a thickness

appr oxi ma? el @ levD net hod. Then, the photoresist 13 with
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yar ogen | ockiept Horess 199D IAIAYEIOARE R ABEP 200, SR ABDIRL A
of 10 entire surface of the insulating substrate 10 on which tin oxide film is formed,
thereafter the photoresist 13 is exposed and developed with a predetermined
mask so as to remain in a region which will become the solar cell device 2.
Next, as shown in FIG. 4, the tin oxide film is etched under the
following conditions with the above photoresist 13 as an etching mask.
15 Hydrogen iodide (HI) and argon (Ar) are used as etching gas and introduced
into a reaction chamber of the reactive ion etching system at a flow ratio of
3:1. By applying microwave electric power of frequency of 2.45 GHz at 1
kW and radio-frequency electric power of frequency of 13.56 MHz at 300 W,
while the insulating substrate 10 is cooled at 15°C, the reaction chamber
20 pressure is made 10 mTorr. The tin oxide film formed on the above
conditions is etched to pattern. At this time, the insulating substrate 10 is
cooled, whereby a selection ratio between the insulating substrate 10 and the
photoresist 13 can be improved.
The etching in this case is performed in such a manner that the side
25 faces 12a, which are not covered with the photoresist 13, of the transparent

oxide electrode 12 are tapered in a shape gradually inclined outward from the



3:1. By applying mcrowave electric power of frequency of 2.45 GHz at 1
kW and radi o-frequency electric power of frequency of 13.56 MHz at 300 W
while the insulating substrate 10 is cooled at 15[err]C, the reaction
chanber 20 pressure is made 10 nmTorr. The tin oxide filmfornmed on the

above conditions is etched to patterd2 At this tine, the insulating
substrate 10 is cool ed, whereby a selection ratio between the
i nsul ating substrate 10 and the phot oresi st 13 can be i nproved.

faces 120, RPoHTHEARE (BRI Fhfibtod b8 s sk 10 FIES 50in
{ranspar ent order 19 Préert FoRSACH b MErcoRRBEAYn aid% SHORIAAACHRIY metal

i nclined outward om t he
12 t e@pddé g eof toward the insulating substrate 10 as shown in
FIG 5, in order to prevent a break in the interconnection and a short

circuit of the fTEtlQémovinV%QheC hotdrediSt 13, a state whdrenth¢ mganisparent oxide
photoresi st 13, a state ere the transparent oxide 5 electrode 12 is

provi dedson dleetrode ul 2itisngrovided r an ethtO iarlating chibstratel. 10 can Bewebtained.
since the tin oxide filmis etched using hydrogen iodide for etching
gas, tin i odldwewer, since thetinnasidefibnhectched udingixirbgen nodiiehfarretckingy
and the transparent oxide electrode 12 to cause contam nati on.
Therefore, 8%, tin iodide seHes eompmEidsal b adhesntp the inswlagpgasahstratg 4@ and
el ectrode 12, are cl eaned as,| That

0, fol . IS, d
Chrorl da”( rhs Fapsmarrat oxads Glesiads 1% to, cause, Fomgamination.o T RLERSH N theor
hi ah h t.,hat .of d i odi d HI. i i t t,chi
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introdUﬁBd q‘g) r material gas into a reaction chanber of the reactive ion
15 etchFng 9& at a flowratio of 5:1. By applying mcrowave el ectric

pover That is, hydrogen chloride (HCI) which is a halogen series gas having

a saturated vapor pressure higher than that of hydrogen iodide (HI) which is

the etching gas of characteristics of the present invention and argon (Ar), are

introduced as raw material gas into a reaction chamber of the reactive ion

15 etching system at a flow ratio of 5:1. By applying microwave electric power

of frequency of 2.45 GHz at 1 kW and radio-frequency electric power of

13.56 MHz at 300 W, the reaction chamber pressure is made 10 mTorr.

Plasma is generated under the above conditions to clean the surfaces of the

insulating substrate 10 and the transparent oxide electrode 12.

20 Consequently, the adhering tin iodide series compounds 11 are removed, thus

making the above surfaces clean. Incidentally, hydrogen bromide (HBr)

may be used in place of hydrogen chloride (HCl) as a halogen series gas
having a saturated vapor pressure higher than that of hydrogen iodide (HI).

The reason why the tin iodide series compounds 11 are removed

25 through the above cleaning step is thought to be as follows. When hydrogen

chloride or hydrogen bromide are used in cleaning, for instance, hydrogen



of frequency of 2.45 GHz at 1 kWand radi o-frequency el ectric power of
13.56 MHz at 300 W the reaction chanber pressure is nmade 10 mrlorr.

Plasma i s generated under the above conditions to clean the surfaces of the
i nsul ating substrate 10 and the transparent oxide electrode 12. 20
Consequent |y, the adhering tin iodide serilds conpounds 11 are renoved, thus
maki ng the above surfaces clean. Incidentally, hydrogen brom de (HBr)

may be used in place of hydrogen chloride (HCl) as a hal ogen series gas
havi ng a sat ; pk | s ish . . Lodi (H) .
The reason ﬁ%gapﬁ% #?E@?gﬁf eiggyfggﬁﬁgﬁggun s&§€Hg§%k$égggggﬂagﬁg?ﬁ§%ug

the above cleafbittesSHh éﬁlo&ﬁﬁ%ﬁlgbﬁt@eh?érdc | Sforiddn@bévcithe 381 chloride

chl oride or hydrogen brom de are used in ¢cleaning, for iInstance, hydrogen
13 chl @ni(y, aadUusdine (TN coH@bines Wwids ihydrofen ttorbésuihd hyslroean iodide
conpounds 11 conbines with chlorine conposing hydrogen chlorrde to
become tin ofHOri déin chlorfleCproduced addhisetifie), lavihpgne higheh shtmtategevapor
beconme hydrogen i odi de (HI). Tin chloride produced at this tine, having
a hi gher ssatpreasent tharortits iodides sexhibithan large idoffedencee between ifs Isatupated

di fference between its saturated . vapor pressure and the etchjng
pressure in Y3ROTr pressuse andiriber etehingepressuresdnt thee reastion cehamabes) nifethe

Therefore, tin chloride gnd hydrogen ,odi ge . p (fdu ed through etching do
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iodide series compounds 11 react with hydrogen chloride to change into tin

chloride (SnCl) and iodine (I) to be discharged during the step of cleaning,
thereby obtaining a stéte where the surfaces of the insulating substrate 10 and
the transparent oxide electrode 12 are cleaned.

15 On the other hand, the tin iodide compound 11 has the property of
being soluble in pure water. Therefore, it is possible to clean the surfaces of
the insulating substrate 10 and the transparent oxide electrode 12 with pure
water, in the aforesaid cleaning method. This cleaning method is a method
in which after the transparent oxide electrode 12 is formed, the insulating

20 substrate 10 is taken out of the reaction chamber and rocked in a water bath
applied with ultrasound for about five minutes. By repeating the above
cleaning operation twice, clean surfaces of the insulating substrate 10 and the
transparent oxide electrode 12 which are free from the tin iodide series
compounds 11 can be obtained from a state where the tin iodide series

25 compounds 11 adhere to the surfaces.



15 On the other hand, the tin iodide conpound 11 has the property of
being soluble in pure water. Therefore, it is possible to clean the

surfaces of the insulating substrate 10 and the transparent oxide

el ectrode 12 with pure water, in the aforesaid cleaning nethod. This
cl eaning nethod is a nethod in which Hfter the transparent oxide
electrode 12 is forned, the insulating 20 substrate 10 is taken out of the
reaction chanber and rocked in a water bath applied with ultrasound

for about five m NNegs: oRVI4EREHaEAat HRABRENE is eﬁ&gﬁﬁpi% ﬂﬁeiﬁﬂsﬁﬂmm

.
tw ce, clean surfaces of t%e m?u?atl ng substrat

transparent gxidiceRicerdderd? dldambd chraiigh theaboverelehfingd §th0€5 dfabilze Ghe

conmpounds 11 can be obtained froma state where the tin~ odide series 25

conpounds 1lsurfhee ¢héreof be formfthe sarface treatment layer 14. The oxidative plasma
14 Next, oxidative plasma treatnment is perforned for the

transparent treatment ikecatried outldylexposiagethet transprrent exado eteattadeil @gtshep
to stabilize the surface thereof to formthe surface treatnent |ayer
14. The dxi dplasma @tensphere appliesk weith 1adiedrequancyuelestriexpowiengof rabout

t ransparent [ | ectr 12 to a 5 plasma atnosphere applied wth

radi o- f requeié;ﬁdé r?fcggévm with sawimaterial gas somprsed ofauxygen (@, and
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by the plasma CVD §idrebver! a¥apR6wRERAS FIGONY, REheHicdd Mitride film 16 for

preventing reflection of incident sunlight is formed with a thickness of about

2 nm over the entire surface of the insulating substrate 10. This treatment is
carried out by the plasma CVD (chemical-vapor deposition) method with

15 radio-frequency discharge of about 13.56 MHz, using mono-silane (SiH,) and
nitrogen (N,) as the raw material gas.

Thereafter, the p-type semiconductor layer 18 is formed over the
entire surface of the insulating substrate 10 in such a manner to cover the
silicon nitride film 16 by the plasma CVD (chemical-vapor deposition)

20 method. At this time, mono-silane (SiH,) and diborane (B,Hy) are used as
the raw material gas and the film thickness of the p-type semiconductor layer
18 is made about 10 nm. Simultaneously, methane gas (CH,) is introduced
to make silicon carbide in the p-type semiconductor layer 18, thereby
preventing the forbidden band width of the p-type semiconductor layer 18
25 from narrowing and preventing the light converting efficiency from lowering.

The buffer layer 20 is then formed on the entire surface of the p-type



15 radio-frequency di scharge of about 13.56 Mz, using nono-silane (Si H4)

and nitrogen (N2) as the raw material gas. Thereafter, the
p-type sem conductor |ayer 18 is formed over the entire surface of the
i nsul ating substrate 10 in such a menner to cover the silicon nitride

film16 by the plasma CVD (chemi cal - vapor 18eposition) 20 nethod. At this
time, nono-silane (SiH err]) and diborane (Blerr]J]H err]) are used as
the raw material gas and the filmthickness of the p-type sem conductor
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semi conductor |ayer 18 25 ‘from narrow ng and preventing®t he

converting efafw ehatefinl igagmhdwhe ifiltn thlcknE!iB&oBlﬂﬁé Qiuffe’M‘ayel?QOu% Ihhdé tbBered
on the entire surface of the p-type

15 seabauintidiaimr |"Bye intthsid semicendactor ddyen22bis hévet fidrasedh ofivihe
met hod w th nono-silane (SiHerr]), mathaneagas (CH err]) and hydrogen
(H err]) suseentire suréace of tha\buf&relayar 20as  Thisdstalgo carnied lout lyethe plasmee

buffer layer 20 is made to be about. 13 nm_The intrinsjc sem conductor
layer 22 is G&R methad withimenossilane ($idlguas &lafé 13w niateral fgas. | Ahg fm
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semlconductor layer 24 up to about 40 nm in film thickness. Then, the
metal film 25 for the metal electrode 26 is formed on the entire surface of the
n-type semiconductor layer 24 by the sputtering method. The metal film 25
15 is formed to be about 200 nm in film thickness with titanium (Ti) as the raw
material. Thereafter, a photoresist 17 is applied on the entire surface of the
metal film 25 to be about 1.2 m in film thickness by the spin coating
method.
Exposure and processing are performed for the photoresist 17 with a
20 predetermined mask, whereby the photoresist 17 is patterned so as to remain
only in a region that will become the solar cell device 2 as shown in FIG. 9.
Subsequently, the metal film 25 is first removed through etching by means of
the reactive ion etching system using chlorine (Cl,) and boron trichloride
(BCl,) as the etching gas with the above photoresist 17 as an etching mask to

25 form the metal electrode 26.



n-type sem conductor |ayer 24 by the sputtering nethod. The netal film 25
15 is fornmed to be about 200 nmin filmthickness with titanium (Ti) as
the raw material. Thereafter, a photoresist 17 is applied on the
entire surface of the metal film25 to be about 1.2 [err]min film

t hi ckness by the spin coating net hod 16 Exposure and
processing are performed for the photoresist 17 with a 20 predeterm ned
mask, whereby the photoresist 17 is patterned so as to renain only in

[ that will i ' ' ¢
Subssquent Iy, 1 he N tiF e SeficGitiuctBe Yhte 34 PebthslqlséirSontuctor
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trichloride (BCl[err]) as-the etchi w th the above photoresi st

17 as an et ofiliogn naitiddeo fdn  ¥@rianiinatetetualdes! gt gl 28lectrode 26 are self
16 Next, the n-type sem conductor |ayer 24, the intrinsic

seni conduct alignmentlgyetched, by eedns’ b€ rthe apacti®e, iohhetching pysteanj asimy cheor
| ayer 18 and the silicon nitride film 16 |am nated under the netal
el ectrods 2@borve photoresist Y iapdrihe |metal celedtiodenras an etohing amiask eandn

etching syste using, the_ 5 _above photoresist 17 and the netal el ectrode
26 as an et csrnﬂﬁg lnw%mde (SFgk warben n@sraﬁugadﬁdélmﬁm pxyger 4hphor the

tetrafluoride (CFlerr]) and,oxyg (g er for the raw material gas.
Thereaft er, rtaﬂért}?k%rfl gas-o1 Thetealtar, %ﬁpﬁ%éoreﬁléhﬂﬁgwdsfmitﬁe etching mak as
Consequently, the solar cell device 2 can be fabricated in which the 10
surface tredEMed-ayer 14 is formed on the transparent oxide el ectrode 12,
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which the silicon nifride film 16 is formed, and layers from the p-type
semiconductor layer 18, the buffer layer 20, the intrinsic semiconductor layer
22, the n-type semiconductor layer 24 to the metal electrode 26 are laminated
in order as shown in FIG. 1. _

15 The solar cell device 2 fabricated as above obtains the laminated
structure in which the layers from the surface treatment layer 14 to the metal
electrode 26 are laminated in order, after the tin iodide series compounds
adhered during forming of the transparent oxide electrode 12, are removed by
cleaning the surfaces of the insulating substrate 10 and the transparent oxide

20 electrode 12, to obtain clean surfaces. Accordingly, the transmitted amount
of light incident from the insulating substrate 10 is increased to obtain a
required amount of transmitted light, thereby increasing electric power which
can be taken out and improving output characteristics, in addition to
preventing reduction in yield of the solar cell device 2.

25 It should be noted that although, in the above explanation, either the

cleaning method with halogen gas having a saturated vapor pressure higher



in order as showmn in FIG 1. 15 The solar cell device 2 fabricated
as above obtains the | am nated structure in which the layers fromthe
surface treatnment layer 14 to the netal el ectrode 26 are lam nated in
order, after the tin iodide series conpounds adhered during form ng of
the transparent oxide electrode 12, are ré&foved by cl eaning the

surfaces of the insulating substrate 10 and the transparent oxide 20

el ectrode 12, to obtain clean surfaces. Accordingly, the transmtted anount

of light inghggthaf bPEIEHIAg SRhsdd N9 efdHifb ot thel@anspdriff 8RRl it @

requi red anmount of transmtted |i1ght, theréby increasing electric power

whi ch danmb ortthkatleaninganethod vwith fmre wwatekr, hdesisited a$ iss méthod of
addition to preventing reduction in yield of the solar cell device 2.
25 dli¢arshguthd barfacesoft tha imdulhting hsubstratd earab dve teasparait oxide
ei ther the cl eaning method with hal ogen gas having a saturated vapor

pressure hi glectrode, it is also natural to carry out both methods together. 17
than that of etching gas used in etching of the transparent oxjde electrode
to form or tlhe methad f fabricading for thersolancel device provideddwith thee

met hod of cl eaning the surfageg of .the insulating substrate and the
transpar ent SYkfage treatrggpgigy%@pﬁi alq siligon, Mgt zﬁlm d’fbéfl?«ys Cﬁb&cfhtq'le
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to a solar cell device having a uct'ur e provi surtace
treatne I {1t | 41 | {4 ' rai = A h.ce
havi ng gbst %@?u%&a%)?g%c%g&%a %ﬂ]?%ﬂ(ia‘ﬂ %:ar ﬁg%ﬁg{%? %lfﬁtc 6\%’ lﬁ]uggte fziilnqedlj agﬁ\r{#l;ce
treatment | ¢ deviceahaving anstrutfird addording to the conventional art without a

surface treatment layer nor a silicon nitride film.

INDUSTRIAL APPLICABILITY

15 The fabricating method for the solar cell device according to the
present invention obtains the laminated structure in which semiconductor
layers are laminated after cleaning the surfaces of the insulating substrate and
the transparent oxide electrode to which tin iodide series compounds adhere
in forming the transparent oxide electrode are removed to obtain clean

20 surfaces. Therefore, the insulating substrate and the transparent oxide
electrode increase in transparency in correspondence with decrease of the tin
iodide series compounds which are impurities by removing the same.
Accordingly, the transmitted amount of light incident from the insulating
substrate is increased to obtain a required amount of transmitted light,

25 thereby increasing electric power which can be taken out and improving



| NDUSTRI AL APPLI CABI LI TY 15 The fabricating nmethod for the solar
cell device according to the present invention obtains the | am nated
structure in which sem conduct or | ayers are | am nated after cleaning
the surfaces of the insulating substrate and t he transparent oxide
el ectrode to which tin iodide series conpd®nds adhere in formng the
transparent oxide electrode are renoved to obtain clean 20 surfaces.
Therefore, the insulating substrate and the transparent oxide

el ectrode i ' rengy ik et e t
fin O oo UIBRE Ehhcke ANAC R RATib RS B RRERARRG Y FRdICBLAEEYRIa I
Accor di ngl y théReldr@pdeviced anount of |ight incident fromthe insulating
substrate is increased to obtain a required anount of transmtted light, 25
t hereby increasing electric power which can be taken out and i nproving

18 out put characteristics, in addition to the prevention of reduction in
yield of the solar cell device.



CLAI M5 1. Afabricating nmethod for a solar cell device,
conprising the steps of: 5 formng a transparent oxide

el ectrod ' al filmfornmed on an insul ati ng substrate;
cl eani ngj ﬂ!lgm %lﬂﬂimLhe i nsul ating substrate and the transparent
oxi de ele L 'Myen gas having al8aturated vapor pressure higher

than that of etching gas used in said step of formng the transparent oxide
10 el ectrode; form ng a p-type senm conductor |ayer, an

i ntrinsic sem conductor | ayer, an dgmsype sem conductor | ayer over
the surface of the transparent oxi de electrode in order; and

formng a netal electrode on the n-type sem conductor |ayer. 15 2.
A fabricating method for a solar cell device, conprising the steps of :
forming a transparknA fabritatisigenicthog foy acselar relladewica] coniprising e steps
on an insul ati ng substrate; cl eaning the surfaces of the

i nsul ating sofbstrate and the transparent 20 oxide electrode with pure

wat er ; form ng a p-type sem conductor layer, an intrinsic

sem conddct or formjeg a trausparent oxide eladtadedby esehingy@ mesak filohformed
surface of the transparent oxi de el ectrode in order; and

formng a n&&ﬁnén&]p@%@ﬁtf% n-type sem conductor | ayer.

The fabricating matlhod. for, a s%légr cel |l device.accordi ng to.cl ai
B SERLs gad;

3.

25

aim1,
further conprisi nFlEaaing B¢ shriaces afnide sulaiing s dj theyfranppayent
substrate  oride electrode with halogen gas having a saturated vapor pressure higher

than that of etching gas used in said step of forming the transparent oxide
10 electrode;
forming a p-type semiconductor layer, an intrinsic semiconductor
layer, and an n-type semiconductor layer over the surface of the transparent
oxide electrode in order; and
forming a metal electrode on the n-type semiconductor layer.
15 2. A fabricating method for a solar cell device, comprising the steps
of:
forming a transparent oxide electrode by etching a metal film formed
on an insulating substrate;
cleaning the surfaces of the insulating substrate and the transparent
20 oxide electrode with pure water;
forming a p-type semiconductor layer, an intrinsic semiconductor
Iayer, and an n-type semiconductor layer over the surface of the transparent
oxide electrode in order; and
forming a metal electrode on the n-type semiconductor layer.
25 3. The fabricating method for a solar cell device according to claim 1,

further comprising the step of cleaning the surfaces of the insulating substrate



20 and the transparent oxide electrode with pure water after or
before said step of cleaning the surfaces of the insulating substrate

and the e el ectrode. 4. The fabricating
met hod Hmﬂﬂﬂﬂmﬂmmnmdew ce according to claim2, 5 wherein said step
of cleanfng'tHe durfaces of the insul atingOsubstrate and the

transparent oxide electrode with pure water is the step of cleaning the
insul ating substrate and the transparent oxide el ectrode by rocking themin

Tet hod for f*@%ﬂﬁ%@ﬁﬁ%&t@sﬂééﬁé‘ﬁw‘% wgh e avaser after Qe o ot .,
Cr anspar ent b SRUHERF? sALFaGRF orARY iBrpRBrE ARG EE AN Crnsparent pride

|nsul ating 5«-’1')19 %bage and the transparent oxide electrode by rocking themin
wat er bath applied with ultrasound.

4, The fabricating method for a solar cell device according to claim 2,

5 wherein said step of cleaning the surfaces of the insulating substrate and the

transparent oxide electrode with pure water is the step of cleaning the

insulating substrate and the transparent oxide electrode by rocking them in a
water bath applied with ultrasound.

5. The fabricating method for a solar cell device according to claim 3,

10 wherein said step of cleaning the surfaces of the insulating substrate and the

transparent oxide electrode with pure water is the step of cleaning the

insulating substrate and the transparent oxide electrode by rocking them in a

water bath applied with ultrasound.



