1 DESCRI PTI ON PHOTOVOLTAI C DEVI CE AND METHOD FOR MANUFACTURI NG THE SAME 5
TECHNI CAL FI ELD [ 0001] The present invention relates to photovoltaic
devi ces using single crystal sem conductors or polycrystalline

sem conductors and a met hod for nanufé%turing t he photovoltaic device. In
specific, the present invention relates to photovoltaic devices 10 in which
single crystal layers or polycrystalline sem conductor |ayers are provided
over support substrates having insulatin roperties. BACKGROUND ART [ 0002]
15As a measure agai nst gl obal marﬁﬁﬁ@?ﬂﬁg@ﬁr phot ovol tai ¢ systenms are being
i ntroduced in many places. The total production of photovoltaic devices in
the world in 2005 was 1, 759 MW which is an increase by 147% over the
previ ous fi BHEOIOYEATAIADEYICE 4D MEFHOREOR pEHNEACEHBING dHESAMEBevi ce i s
crystal photovoltaic devices, and photovoltaic devices using single crystal
silicon or polycrystalline silicon account for 20 the |large part of the

pr oduct ison. TBCHNICAGMUELRI ¢ device which is called a crystal photovoltaic
devi ce useigﬂniilicon waf er as a substrate, which is obtained by slicing a
| arge sili fngot which is manufactured. [0003] It is estimated that, in
a crystal phot ovitiet picsentdnventionsélaigs i phdtevaliics deviices iusing osingdé crystal

polycrystallipe silicon,.a thickness of the gil]i j fflicient to
be about 1(3“”?”(°ﬁ‘i"$’8tf’mg°é ﬁ&%”?@%’”ﬁ ﬁ%f?’g%'}%lelﬁt Foaﬁétai%eggq%oﬁﬁgésﬁ%ém%@g@é a silicon
waf er cut Qubtobdlam dvitt. i laGpPedifigtic fresen@inténtiok ndass wfphatoveltaiC@Pico 500 gm

Thi ‘that only about 5% of m f ich i d |
phot oveih ik waieh ABeibBie Pt SO bt meop et BhES AP B o

support substrates having insulating properties.

BACKGROUND ART
[0002]

15 . As a measure against global warming, solar photovoltaic systems are being
introduced in many places. The total production of photovoltaic devices in the world
in 2005 was 1, 759 MW, which is an increase by 147% over the previous fiscal year.
At present, the most popular photovoltaic device is crystal photovoltaic devices, and
photovoltaic devices using single crystal silicon or polycrystatline silicon account for

20 the large part of the production. A photovoltaic device which is called a crystal
photovoltaic device uses a silicon wafer as a substrate, which is obtained by slicing a
large silicon ingot which is manufactured.

[0003]
It is estimated that, in a crystal photovoltaic device using single crystal silicon

25  or polycrystalline silicon, a thickness of the silicon wafer is sufficient to be about 10 pm
for generating photoelectromotive force. However, a silicon wafer cut out from a
silicon ingot has a thickness of about 200 to 500 um. This means that only about 5%
of a silicon wafer which is used in a photoveltaic device contributes to photoelectric
conversion.

30 [0004]

As production of photovoltaic devices increases, shortage in supply of .



pol ycrystalline silicon, which is a material of silicon (a silicon ingot),
and steep price rise of silicon wafers becone problens in industry. The
production of polycrystalline silicon including polycrystalline silicon for
seni conductors in the world in 2006 wés about 37 thousand tons, 11 thousand
tons of which is demanded for solar sells. 5 Production of solar sells is

i ncreasing year by year and the demand has already been tight. In order to
i ncrease production capacity of polycrystalline silicon, a |arge investnent
i s needed a@olyciystallipe dilipdr, svhich is @ meaterial of siieomfasiliser ingat)yandotees price s ponds to
t he demand Q@&ys er supply
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used. Thus optifis P igktéhs\enll @rcohcenwitivinest. a dopant into a crystal gram boundary

when a thin film polycrystalline silicon film is formed by a plasma CVD method over a

30  special electrode called a texture electrode which has a minute unevenness on its surface,
is disclosed (see Patent Document 3: Japanese Published Patent Application No.
2004-14958).



[0008] Further, in a nmethod for bonding a single crystal sem conductor

| ayer which is 20 forned into a slice to a support substrate with a
conductive paste, there is a problem such that bond strength cannot be

mai ntained for a long tine. In particd’l-ar, in a condition in which a

phot ovol taic device is exposed to direct sunlight, there is a problem such
that an organic material contained in a conductive paste is nodified and
bond strength is lowered. In addition, there is a problemof reliability
such that a 25 conductive material (e.g., silver) in the conductive paste
I's diffused,. | tal sem conductor |ayer, which deteriorates
phot oel ect ﬁléaé@%@gﬁﬁompﬁac eristics of a sem conductor. [0009] In view
of the for¢edng, it is an object of the present invention to attain 30
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the present invention, a polycrystalline sem conductor can be used instead
of a singl @ot b§ﬁ§t fonnd; dnriterm i & enst o{ -mlifjactunng. Further, as a semiconductor :

15 substrate in a crystal photovoltaic device, a semiconductor substrate a thickaess of

which is ten times or more a thickness needed for photoelectric conversion is used.
Thus, an expensive wafer is wasted.
[0008]
Further, in a method for bonding a single crystal semiconductor layer which is
20 formed into a slice to a support substrate with a conductive paste, there is a problem
such that bond strength cannot be maintained for a long time. In particular, in a
condition in which a photovoltaic device is exposed to direct sunlight, there is a
problem such that an organic material contained in a conductive paste is modified and
bond strength is lowered. In addition, there is a problem of reliability such that a
25 conductive material (e.g., silver) in the conductive paste is diffused into the single
crystal semiconductor layer, which deteriorates photoelectric conversion characteristics
of a semiconductor.
[0009]
In view of the foregoing, it is an object of the present invention to attain
30 thinning of a photoelectric conversion layer formed from a single crystal semiconductor
or a polycrystalline semiconductor. It is another object of the present invention to

efficiently use a silicon semiconductor material which is necessary for photoelectric



15The single crystal sem conductor |ayer and the substrate having an

i nsul ating surface or the insulating substrate are bonded to each ot her
with a layer which has a snooth surface and fornms a hydrophilic surface

i nt erposed therebetween. In this speci"fi cation, this layer is also referred
to as "a bonding | ayer" for the sake of convenience. At an initial stage of
bond formation, Van der Waals forces or hydrogen 20 bonding is utilized for
force for bonding this bonding layer and the single crystal sem conductor

| ayer, or theesomdi Hgs stdlyapthemaebjech ef the lpxsent inveniion it npaeve rakiabilty ohg surf ace
or the insuh&{)‘i,orftgic%%gérate. Thermal treatnent is performed subsequent to
the initiaP's age o ond formation, whereby a bonding portion is changed
to have a ¢@i@} ent bond and thus bonding force is further increased. 25
[0012] In bondi the substrate e _Si : ' d r |ayer,
as a bonding | ayel® asgccg iOF?lEeo%wsoef(’lE glgglpllanﬁk ig?hgtrogélé?éa%llviléﬁgggg%#ﬁc%gi s forned
usi ng obgariystabiemidvaditor dayeRpievidad o acnoisstrae hindvdarsinsifldingsutfivatorame to form

a bond. Exa es of organic.silane n pbe used.include .
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I nsul at i NY sghidsiduatbesubsira@Dindi thastePyr thOperitiDioahd @Bt having an iddiatilg i ons of
hydrogen, ions of an inert gas typified by helium or ions of | ogen
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al so refer "s&ﬂie&ﬁu%réaﬂbﬁﬁ%riﬁétéa_ﬁ%fh@ﬁi@l’e"c)ysiaﬂseﬁliéi)hﬂm*&. crystal Sem: conduct or
substrate, and cleaving the region. For exanple, when the separation |ayer

is formed B9914Hdi ti on of hydrogen ions to the single crystal sem conductor

substrage, it i SrRreias ahka demidoRbdRsiusR: aREhEisilttle HaGRg af inskfdripg ur al

ki nds of ions of different nasses each consisting of the sanme atom In

speci fic, tsheacer thedoenlating snbstitecqre badeq 19 spchthee avithrp layer whigh Bashere 1117,
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ions is increased. By the introduction of ions'wth a |arge nunber of

atoms, a dopeificationm this layensis saltoi taferted; tocpse 5z bandirg) lavetisfosribeiseke ¢fty can be

| mproved. convenience. At an initial stage of bond formation, Van der Waals forces or hydrogen

20 bonding is utilized for force for bonding this bonding layer and the single crystal
semiconductor layer, or the bonding layer and the substrate having an insulating surface
or the insulating substrate. Thermal treatment is performed subsequent to the initial
stage of bond formation, whereby a bonding portion is changed to have a covalent bond
and thus bonding force is further increased.

25 [0012]

In bonding the substrate to the single crystal semiconductor layer, as a bonding

layer, a silicon oxide film is preferably used which is formed using organic silane as 2
material on one or both surfaces that are to form a bond. Examples of organic silane
that can be used include silicon-containing compounds, such as tetraethoxysilane

30 (TEOS) (chemical formula: Si(OC;Hs)s), trimethylsilane (TMS) (chemical formula:
(CH3);SiH), tetramethylcyclotetrasiloxane (TMCIS), octamethylcyclotetrasiloxane

(OMCTS), hexamethyldisilazane (HMDS), triethoxysilane (chemical formula:



15 [0014] By using a single crystal sem conductor |ayer separated
froma single crystal sem conductor substrate, a photovoltaic device
excellent in photoelectric conversion characteristics can be obtained. By
provi sion of a bonding | ayer between &@ substrate havi ng an insul ating
surface or an insulating substrate and a single crystal 20 sem conduct or

| ayer separated froma single crystal sem conductor substrate, the two can
be strongly bonded to each other. Wth the use of a specific silicon oxide
filmas thSiHEEHHsg), amslyteisdimethyiaminositane (shemisalforimda: Sﬂ*&@ﬂéz)a)t ure |l ess than
or equal toy4 PC. Accordingly, even in the case of using a substrate with
an upper tenpérature limt of 700C or |ower, such as a glass substrate, a
single crystal sHi gugiloystairseiniopeductar lgyer provitlsd avérghel bubgirgio haviegiathas hi gh
bond strength n rovided qver 0 A L ke. [0015]
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single cryst em conduct or r over .an at . raje e
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introduction of ions with a large number of atoms, a dosage can be substantially

increased and thus productivity can be improved.
15 [0014]}

By using a single crystal semiconductor layer separated from a single crystal
semiconductor substrate, a photovoltaic device excellent in photoelectric conversion
characteristics can be obtained. By provision of a bonding layer between a substrate
having an insylating surface or an insulating substraic and a single crystal

20 semiconductor layer separated from a single crystal semiconductor substrate, the two

~ canbe strongly bonded to each other. With the use of a specific silicon oxide film as

the bonding layer, a bond can be formed at a temperature less than or equal to 700°C.
Accordingly, even in the case of using a substrate with an upper temperature limit of
700°C or lower, such as a glass substrate, a single crystal semiconductor layer in which

25  a bonding portion has high bond strength can be provided over a substrate of glass or
the like. ‘
[0015]

As a substrate to which the single crystal semiconductor layer is fixed, it is
possible to use any of a variety of glass substrates that are used in the electronics

30 industry and that are referred to as non-alkali glass substrates, such as aluminosilicate

glass substrates, aluminoborosilicate glass substrates, and barium borosilicate glass



FIGS. 2A and 2B are views each show ng a cross-sectional structure of a
phot ovol tai ¢ device in which a single crystal sem conductor |ayer over an
i nsulating substrate is used as a photoel ectric conversion |ayer; 15FIG 3
is a plan view of a photovoltaic devi& relating to an enbodi nent node;

FIGS. 4A to 4D are cross-sectional views illustrating manufacturing steps
of a photovoltaic device relating to an enbodi nent node; FI GS. 5A and
5B are cross-sectional views illustrating manufacturing steps of a

phot ovol t aisebsttates. c dn phkawonly a ngincrgstdediniponductan dayer capriedgrmegver® 6C ar e

cross-sectianal i Il lustrati Ury t oltaic
devi e r ol S LT Elotach 5 R piey SR Sk iRt 805 oy F1RB0LEY

i |1 ustrat i gghstrawf photovolizigdeiepscaibntan phdteriecpfrotopvessiomelnravteaistias cae| ating to
an enbodi rrﬁnt rrpgf; FI GS. 8A and 8B are cross-sectional views

il lustrati QOWB'H "acturing steps of a 25 solar photovoltaic nodule relating
to an egbodi nent node; FIG9 is a plan view illustrating

manuf act urin Sb%gﬁR%lépsé{:B%&! voltaic nodule relating to an

enbodi nent 10B are cross-sectional views

i ['lustratipgpigpnufacturing steps of a solar photovoltaic nodule relating to
an enbodi nent node; 30FIG 11 is a plan view illustrating manufacturing
steps of a sol armﬁ“ﬁﬂ%‘?fﬁ?"lﬂ&“ﬁdﬁﬂ’d‘iﬂge relating to an enbodi ment node; FIGS.

12A and 12B are giGESIASAQt iR vicivewach kowady atcrdsg-seationd] atictudensf st eps 7
of a solar photovoltaic nodule relati n%lto an enbogi nent node;, ElG 13 is a

pl an villw hotavelais: dyise 12 *hichot Sipgle ot FHECPUINGAT By o eRaf frsulating
substrate is used as a photoelectric conversion layer;

FIGS. 2A and 2B are views each showing a cross-sectional structure of a
photovoltaic device in which a single crystal semiconductor layer over an insulating
substrate is used as a photoeleciric conversion layer;

15 FIG. 3 is a plan view of a photovoltaic device relating to an embodiment mode;

FIGS. 4A to 4D are cross-sectional views illustrating manufacturing steps of a
photovoltaic device relating to an embodiment mode;

FIGS. 5A and 5B are cross-sectional views illustrating manufacturing steps of a
phbotovoltaic device relating to an embodiment mode;

20 FIGS. 6A to 6C are cross-sectional views illustrating manufacturing steps of a
photovoltaic device relating to an embodiment mode;

FIG. 7 is a plan view illustrating manufacturing steps of a solar photovoltaic
module relating to an embodiment mode;

FIGS. 8A and 8B are cross-sectional views illustrating manufacturing steps of a

25  solar photovoltaic module relating to an embodiment mode;

FIG. 9 is a plan view illustrating manufacturing steps of a solar photovoltaic
module relating to an embodiment mode;

FIGS. 10A and 10B are cross-sectional views illustrating manufacturing steps
of a solar photovoltaic module relating to an embodiment mode; ‘

30 FIG. 11 is a plan view illustrating manufacturing steps of a solar photovoltaic
module relating to an embodiment mode;

FIGS. 12A and 12B are cross-sectional views iliustrating manufacturing steps



node; FIGS. 14A to 14C are cross-sectional views illustrating
manuf acturing steps of 5 a photovoltaic nodule relating to an enbodi nent

node; FI GS. 15A and- 158 are cross-sectional views illustrating
manuf acturi ng steps of a photovoltaic Trodul e rel ati ng to an enbodi nent
node; and FIGS. 16A to 16D are cross-sectional views illustrating

manuf acturing steps of a photovoltaic nodule relating to an enbodi nent
node. 10 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [ Enbodi ment Mobde] [0017]
An enbodi mefit salgbotovoltalrangriuleselating tovaa gmbedimgtimodse descri bed bel ow with 15
reference to thegac VG e rheltb SR CMbodiaRt i On s
not limted to ,?%Iﬁ gscr?%ﬁgﬂgé’?vﬁg@eﬁ)ow anc]c |rt vmg be readily apparent
to those shkiddtied in the art that various changes and nodifications in nodes
and details ther and
f! of
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be |nte5pratphdoaﬂmﬁenmldrelmmmmombmmmpt|on of the 20 enbodi nent

node gi ven bel o t n struct | whi ch
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t hr oughout oﬂhf)lﬁ(ﬁdiwe,[thlcdfoﬂtﬂbI?-Qﬂmg[t@ﬁkﬂ.&]lb((dﬁhmntodﬁ embf phot ovol tai c device) 25
[0019] FIG 1A s Cross-section r.uct tovo device in
whi ch a subst ratﬁ\%’%oiﬁ @o@?ﬁ'@éﬁ WCJI’M VIEEH 8?) cfu%fnoru AV i %fThe
substrate &Q;ﬁotbﬁoi&oihthﬁldx%ﬁnélﬁ‘ﬁhﬂ@b@dimbmsnﬂdm| ng surface or an insulating
substrate and any of a variety of

BEST MODE FOR CARRYING OUT THE INVENTION
[Embodiment Mode]
[0017]
An embodiment mode of the present invention will be described below with
15 reference fo the accompanying drawings. However, the present invention is not
limited to the description given below, and it will be readily apparent to those skilled in
the art that various changes and modifications in modes and details thereof can be made
without departing from the purpose and scope of the present invention. Therefore, the
present invention should not be interpreted as being limited to the description of the
20 embodiment mode given below. Note that in structures of the present invention which
are described below, like reference numerals are unsed for like portions throughout
different drawings.
[0018]
(Structure of photovoltaic device)
25 [0019]
FIG. 1A shows a cross-sectional structure of a photovoltaic device in which a
substrate 101 is provided with a semiconductor layer 103. The substrate 101 is a
substrate having an insulating surface or an insulating substrate, and any of a variety of
glass substrates that arc used in the electronics industry, such as aluminosilicate glass
30 substrates, aluminoborosilicate glass substrates, and barium borosilicate glass substrates,
can be used. Alternatively, a quartz glass substrate or a semiconductor substrate such

as a silicon wafer can be used. A semiconductor material such as silicon, germanium,



gl ass substrates that are used in the electronics industry, such as

alum nosilicate glass 30 substrates, alum noborosilicate glass substrates,
and barium borosilicate glass substrates, can be used. Alternatively, a
gquartz gl ass substrate or a sem condudt or substrate such as a silicon wafer
can be used. A sem conductor material such as silicon, germanium gallium
arseni de, or indium phosphi de which can be separated froma single crystal
sem conduct or substrate or a polycrystalline sem conductor substrate can be
used for t Igellismnirermisiguen indivigphasphidd whishcpe bgiseparated frgmea gipgle aistali | i con i s
used for t ] : Qg&ﬁ t ubstrate
101 and thggggﬁ‘lmg gﬁgﬂ}é% (})a(r?é ?Ja@%aﬁ?fci’égaﬁmg%%n I n]g:;tof %’Q’%‘F“‘%%gz‘%mﬁfhg ﬁ&ﬁgg a flat
surface andemhisombictar higghrop03.| | Prefemablyc singls [srystal dubiconAisiusek dar dhe de film
is suitabl [ t, bondi ng |l ayer 102. As the bonding |ayer 102, a
silicon oxi%?jé'%?rilq%%%f% f”'rmel §'by a chem cal vapor deposition nethod with the
use of @n JO020fganic silane gas is particularly preferable. Exanples of

i il t hat b i ncl ud B | - hAi d h
osS ot act hoxysi Patiec e dRy e o) AEY Hersshiiop R IRE 30 b GRBRANFL, SHFD
g $NI\/CB)TS§ che rl':)z a}hicfr?d'lfamal ft tS(u:E% 3):? Forirls)a, hstdmpﬂlﬁia:muir']fydeciy m:cﬁmtlkgr a:_ﬁ:silinman e( HVDS)

, oC | cy.c rasi | oxane, X sj |.azape ,
triet hoxysi%giggh'(‘)éﬁéﬁzbgl t%? Bsrcrﬂﬁlt%‘. gg%ﬁ%%-@;}%) ,‘Esa%’g% fﬂ%a{ng lager 195,
trisdi met hyiieeh bRk Iin dorel & © elenfiat Mgor defisioNnERYAYE) the V0O jn _ The

bondi ng | ayer 102 whi ch has, noot.h .surface and. forns hydr ophjlic
sur f acgloi s%ﬁ”ﬁ\?i & &% ’ﬁpi’lﬂF@?{r eB’§%e8"fb?°5 f%%a’gﬁlﬁs R PB4t gﬁl?’ﬁ%ﬁgal% ﬁg’% “is
effective fugéd indo@s STiddg-cantaiiing@6mpainds hieh Ao rtthethpysijaac (THDS)dchdmial

relieving distorti d to stress 20 en the.sem cond . ayer 103
and the guﬁm’gafesg@fzﬁ{%dozﬂ“’c‘hﬁs‘}a“el n&ﬁ%ef&?emt‘% g?fﬁ‘&ﬁ'hg 1)62 is
provi ded onctRtERYtIRIEINGkME | (@WRITS)0 3o dntehadidlotrasiioxipes @OMAOTS)ONt act
with a surface of the substrate 101, \zYner(ecB b nfd'la‘i'r}ﬂ _csaﬁii&yg)egfoined‘even
at room t efisEamatdisilapape (HYH)S) yiethoxpyilane %ﬂ‘@%ro > s dBSt-rate 101
and t heyss e figaRsiRinodiR¥E{chdiidal Todmulte SIH(SBERY),);)Fur t her, when t her nal

treatnment is perforned on the substrate 101 with which the bonding | ayer.
102 for ned B he seni conductor |ayer 103 is disposed in contact, a strong
bond can be formpgl pdinghyer 482 Whidhhis a@HOSRI sufa€AhAERImMER ydephage f or med

under pressure. [0023 o i .
surface is provided to .a thickness of 5 to 500 nm. This thickness is effective for

smoothing a surface of the bonding layer 102 and for relieving distortion due to stress
20  between the semiconductor layer 103 and the substrate 101.
[0022]

In FIG. 1A, the bonding layer 102 is provided on the semiconductor layer 103
side and is disposed in contact with a surface of the substrate 101, whereby boﬁding can
be performed even at room temperature. In order to form a stronger bond, the

25  substrate 101 and the semiconductor layer 103 may be pressed. Further, when thermal
treatment is performed on the substrate 101 with which the bonding layer 102 formed
on the semiconductor layer 103 is disposed in contact, a strong bond can be formed.
In this case, the thermal treatment may be performed under pressure.

[0023]

30 To bond the substrate 101 and the bonding layer 102 to each other at low

temperature, it is necessary to clean surfaces thereof. When the substrate 101 and the

bonding layer 102 surfaces of which are cleaned are disposed in contact with each other,



30To bond the substrate 101 and the bonding | ayer 102 to each other at |ow
tenperature, it is necessary to clean surfaces thereof. Wen the substrate
101 and the bonding | ayer 102 surfaces of which are cl eaned are disposed in
contact with each other, 9 a bond i formed by attraction between the
surfaces. In this case, it is preferable to performtreatnent in which a
hydroxy group is attached to a bond fornmation surface of one or each of
the substrate 101 and the bonding |ayer 102. By oxygen plasma treatnent or
ozone tr eatartend js fomeds by hitreetionfbetwrsn Shsbwrfpepse Iolisccase, s pEsdatle & ophi | i c.
51t is consjder i : ; ichis
subj ect ed ' 8*%’%‘5%%%@‘3&@“??@2@&?‘9 gé]lsgiggér%gé %ﬁgﬁﬁ‘@“gﬂﬁ@gﬂd and a
hydr oxy gr-oue or ac dfathecshbstitea 0] opd ithe bondingalarer 0¥02pe By (¥iyEsigpieseat nent i n

whi ch a surface of the.s e ' bl dpﬁ;ﬂ-isformad
by hydrogeﬁre%@ﬁﬂti%é’z%nf tf‘%@%ééﬁcosﬁl%g% dﬁ’%@?ﬁ%}y 8{1%8%5%#%?%% S rglgbe. To
i ncreas@ sty erghdidendd thatbischhbxmonmandn atcursolxease atseriper whiok &, subjected tpr ef er abl e

to performthermal treatnent. [002 . n i.ng the
substrate fﬁ![gcaiﬁasf‘ﬁetr??ﬁfﬂﬁqqn(ﬁ +28§/l%j‘]°itﬁ'fmtlos eégé{gf(;tgﬁéenr% Ié}fdfn%fvﬁ@ E}Igﬁ%r ature,
surfaces t @uichedn ahBoBy iiale bie aif grrfotniby tieatimegt i whithat ewtfase toi then | on beam
using an inert @q@ suc%l%s arl%@n. bBﬁ t(r)}e I r,radi rtoi al 0vm'dth ?'fhci %ﬁmpeam 15 a
dangl i ng b&WRFtRE 101 f5Jmadg bygropiilic; adbond is Jprmed by hyiliogen hou 8 PY e 4R ondi ng
layer 102 and 188iok$ FRdup oaCthi erfaes f e msreaeastibngtived a bohé orsied fabomen whi ch are

thusly activated are di ed in coptact with each other, a bond can be
f or med ]@ver‘F’%Re“’}“HGv‘l’éﬁﬁzereéﬁﬁ'roé?&ﬁwmn?we?tbrm' ng a bond by activation

of surfaceqo(jga] preferably carried out in vacuum because it is necessary for

the surfaces to be highly cl eaned. 2 0025] e semi cqndu | ayer 103 is
obt ai ned by sepafatrfaigey f?‘iﬁqlfg’é‘g iﬂl"es"g?% é)q “ﬁg’fceboé‘glﬁﬁﬁ%ﬁ“ iwoc%%uct or
substrate. ghff aﬂéﬁﬁ&hﬁqr_&tﬁfé@sﬁﬁ@ésqﬁ [Foktt h ©6nd MYEbe et by Heinglinadimed by a

hydrogen ion inplantation separation nmethod_jn which, hydrogen [ons are
i nt r oduced Withas ign hepmgisws Ap yrertgas %W%Hﬁ%c@éﬁh%’ﬁrﬂg‘?ﬁ“ﬁ‘@mb 80 B¥®¥Yet er ni ned

depth a5 25 HhghsHBRE KNixpadcl @0 a safticeldTeHb subfRRTEIL dritReabotiii layer P62 f or med
and a single crystal silicon ) )
and extremely active surfaces are formed. When surfaces which are thusly activated
are disposed in contact with each other, a bond can be formed even at low temperature.
A method for forming a bond by activation of surfaces is preferably carried out in
vacuum because it is necessary for the surfaces to be highly cleaned.
20 [0025]

The semiconductor layer 103 is obtained by separating a thin slice from a
single crystal semiconductor substrate. For example, the semiconductor layer 103 can
be formed by a hydrogen ion implantation separation method in which hydrogen ions
are introduced into a single crystal semiconductor substrate at a predetermined depth at

26  high concentration, and then, thermal treatment is performed and a single crystal silicon
layer in an outer layer is separated.  Alternatively, a method may be used in which after
single crystal silicon is epitaxially grown over porous silicon, cleavage is performed by
water-jetting so that a porous silicon layer is separated. A thickness of the
semiconductor layer 103 is set to 0.1 to 10 um. The thickness of the semiconductor

30 layer 103 is sufficient for absorption of sunlight. Further, the thickness thereof is
suitable for extracting a photogenerated carrier, which flows through the semiconductor

layer 103, through an electrode before a photogenerated carrier is annihilated by



| ayer in an outer |layer is separated. Alternatively, a nethod may be used
I n which after single crystal silicon is epitaxially grown over porous
silicon, cleavage is perforned by water-jetting so that a porous silicon

| ayer is separated. A thickness of th&9seniconductor |ayer 103 is set to
0.1 to 10 Fun. The thickness of the sem conductor 30 |layer 103 is
sufficient for absorption of sunlight. Further, the thickness thereof is
suitable for extracting a photogenerated carrier, which flows through the
sem conductresombadon. 103, t hrough an el ectrode before a phot ogenerat ed
carrier is @&Aihi | ated by 10 reconbi nation. [0026] Afirst inpurity
sem conduct[ ayer 105 is provided in the sem conductor |ayer 103. An

i mpurity el ementAiffirgraimipinily stigopduator layeryi96 is pravided iviths s¢micenddetar to 5 t he
first impurit em.canductor layer 105. An el ement | B oup 13 in
the peri odil‘tye%lé 'ef“"s‘ﬂ’@ﬂntgsel%%ar%ﬁr?mnén Row e§>§ %g? % ?@g'@?ﬂ%%@% gand an

el emrent gbelgp@istighplisity Gemi¢pndubior laytnH)Spe An@ikinent bdéngingga Enoupsl3pinabphor us or

arsenic, is ysed as an n-type.i rity. An inpuri I t ; e added by
an ion i nplPsHYds ﬁa@ﬁ’ sﬂa’l?fo# ‘%%B‘%{lﬁ%a é’&&eﬁfé‘?'@{”ﬁg%” %ﬁﬁgﬁﬁ?[o(sﬂ\ g%lp? i cati on,
an ion i npl@Bi1$ anegleliodic ith, Gaitess phospidadorLseniz, whiset asan instypzed gas
whi ch had been_ subjected to nmass sepﬁr‘g& lon js.li %gtnt ededaorhtoa%. o
seni conduc tBPUTItYEn ALERAEELY %ﬁ?ﬁ“ﬁ% g6 Pt R BRI AEHCS F AMPLh an
i oni zed gagiophi Gletio8. NMLhiS YpdciaBh, e isREIEeHon aidtod ihdicdtestarmethoed to a
sem conductor. For_ exanple, in the caE,e v@er e the sg{)fngcon uctt(glr | ayer 103
has p- tifpe i Whishan jopizedzas g been ypicgtpd topass POIRUALE TR TR % st
i mpurity sqbhfeRnifibet ahd Aol dopfip méRodt iditatés emEthod i @hich B ivnidey gas
sem conductor layer 105 has n-type condyctivit 4 I n the case wh%r e the
seni conductvdtich iyrat s¥psctth o H‘-aﬁsyﬁﬁ’af?éiﬂ’ﬂd%t"?”(ﬂdl‘%, ‘Bt SFLBeHed PO the
first inpuriinnis el GONEWC Whére! @Y QbmicBRduci® 1hf2at108 NRs fp-typé coiduutivityy
sem conductor 1Tayer 105 has_ p-t ylge conductivity. %g)oiq? fq%A ft'hr stﬁ el ectrode
104 is pr ophesphonseenpssenicihudded it te Het ERRIFLY nqietor JaygT 1{peso that the
15  first impurity semiconductor layer 105 has n-type conductivity. In the case where the '
semiconductor layer 103 has n-type conductivity, boron is added to the first impurity
semiconductor layer 105, so that the first impurity semiconductor layer 105 has p-type
conductivity.
[0027]
20 A first electrode 104 is provided between the semiconductor layer 103 and the
bonding fayer 102. In the case where a plane of incidence is on the first impurity
semiconductor layer 105 side, the first clectrode 104 is formed from metal such as
aluminum, nickel, or silver. In contrast, in the case where a plane of incidence is on
the substrate 101 side, the first electrode 104 is formed of a transparent electrode of
95  indium tin oxide or the like.
[0028}
A second electrode 107 is provided over the first impurity semiconductor layer
105. In the case where a plane of incidence is on the first impurity semiconductor
Iayer 105 side, the second clectrode 107 is formed of an electrode which is formed from
30  aluminum, silver, or the like and shaped into a comb shape, or the second electrode 107
is formed of a transparent electrode of indium tin oxide or the like. In this structure, a

protective film 106 is preferably provided over the first impurity semiconductor layer



bondi ng | ayer 102. In the case where a plane of incidence is on the first

i mpurity sem conductor layer 105 side, the first electrode 104 is forned
fromnmetal such as alum num nickel, or silver. In contrast, in the case
where a plane of incidence is on the $lbstrate 101 side, the first

el ectrode 104 is formed of a transparent el ectrode of 25 indiumtin oxide
or the like. [0028] A second electrode 107 is provided over the first

i mpurity sem conductor layer 105. In the case where a plane of incidence is
on the fird0s. rmmrpmtgctlseﬁlrmmﬁjlaq?t«ﬁmabiafcemedoﬁa sligha nitrifefiye c divgher 2ct r ode
107 is for dof e f fGﬂﬁb Iver or
the Iike ald 2 ‘é‘b‘é fﬁrﬁltagl&a cgﬂ%mnﬁﬁm&r?defﬂ&t agﬁscesg%lr(]%pgﬁieéé{yro e 10

forned of antanﬁnsﬁmnmﬁlrelmayt bodddalf Imdontrmast iin tb«lcm whert eplaik of In this

structure, . rotectiye J.s preferahl i rst

i npurity sé’fﬁl%BﬁedﬁCQPoﬁ © pubs Smm }@?S‘%ég‘* %ﬁgn%?% Igg q’%?l %gbqs jljl{)referabl y
fornmed ef auddlkmdhaﬁlalmmﬁﬁuhde film Further, a sili con nitride filmand a
magnesi um fmii de filmmy be stacked so that a function as an

anti-refleé filmmy be added. In contrast, in the case where a pl ane

of incidence is mMm&mh&trﬁaﬁxeowﬁhcﬁdwamumcmmmt&d msumtmm)? may be

formed from5 petal s al

structure @Fovéfieﬂﬁﬂfho*/ﬁﬂlf‘%fﬁﬁye&éwy@y {pﬁ t\[iiﬁé)%]aﬂ’ﬁelogubgl\gﬁt]ﬂee% ef)r ovi ded
with a barnpgis Airé\bi&rd th® Sersibshdbdier lbfbﬂdﬂla’l@nlba)ﬂw:ﬂt&?fmﬂ\baﬂg bdnminaited er |ayer
108 is provide t he sem cand Ctgﬁe 3[61?» Qﬁ,m égreve ted from bei ng
cont amifat &Y dusiRp of 4o IFpugl tem F‘ﬁ tate (01 (ORE I 80 SUBYEY ¥R B4, That
IS, an i mydvade f3alkeah akaRéRPbEan Mealihé Kpthafetall dsm bé mén@éd feim Beingal kal i ne
earth metal can_ be prevented from bein i ff sed roghbp bstr e 101 in

the seni codiffrsediom sBe-subsitste 10fR ths-semicap ‘1°5’§ yen ormed of

a dense i n§yh kBl folchdd dfa censshﬂmﬁﬁﬁg Rink 6f £glicorMhidide) ramm:mmﬁ flitld:& or the
like. In this case, the bond |ng | ayer 102 .is éreferabl%@rot{’ﬁg ed, over the
barrier 15 oF Sypdikeq On this sascqbis bending leya 102 fspreterably Rrevidefdvsr the damish i ng

'bay]?r 31@,2 hycR188 RER¥ISRr U LRrAYDBL! atved Qe Borlitng ﬁyéramzr abhieo bond can
e

prowded on the substrate 101 side, a favorable bond can be formed.
[0030]
FIG. 2A shows a structure of a photovoltaic device in which a second impurity
semiconductor layer 109 is provided in the semiconductor layer 103. The second
20  impurity semiconductor layer 109 is provided on the side opposite to a first impurity
semiconductor layer 105 in the semiconductor layer 103. The first impurity
semiconductor layer 105 and the second impurity semiconductor layer 109 are formed
to have different conductivity types. For example, in the case where the first impurity
semiconductor layer 105 has n-type conductivity, the second impurity semiconductor
25 layer 109 is formed to have p-type conductivity. At this time, in the case where a
plane of incidence is on the first impurity semiconductor layer 105 side, an internal
electric field is generated by the second impurity semiconductor layer 109 on the
opposite side. This electric field is called a back surface field (BSF). Such a
structure is suitable for improving external quantum efficiency of a photogenerated
30 camrier. Such a structure effectively functions in a photovoltaic device in which a
photoelectric conversion layer is formed of the semiconductor layer 103 with a

thickness of 0.1 to 10 um.  Other parts are similar to those of FIG. 1A.



[ 0030]- FI G 2A shows a structure of a photovoltaic device in which a
second inpurity sem conductor layer 109 is provided in the sem conductor

| ayer 103. The second 20 inpurity sem conductor |ayer 109 is provided on
the side opposite to a first inpurityl%eniconductor | ayer 105 in the

sem conductor |ayer 103. The first inpurity sem conductor |ayer 105 and the
second inpurity sem conductor |ayer 109 are forned to have different
conductivity types. For exanple, in the case where the first inpurity

sem conducfB1] ayer 105 has n-type conductivity, the second inpurity

sem conduct or 2% I re : - 0=t e ?i‘}g&;ril o} At this
time, in the ca?éh%ﬁg%hg&g%p$r§%té&5mh%ﬁ encgmlﬂ)su; lﬁﬁ%{rﬁégﬂ I rstas}ierr%%sri ty
seni conductmat tht ageend iffursy danicenduttnt kyerdl09 ekeeproyided 61 ebasurBegsidepht ed by
t he second, i nmpurit em conduct.or .l . j t i de. This
electric fI&S fcgn%‘ﬁﬁ%fgg craﬂgsa%ﬂg assﬁﬂrl a%éldfl‘ iq%leg k E@%&@%ﬁ?ﬁ tge gffé%g%% ure is

sui t abl g f airfaceFidothereef. € Ahe siliabn apidenithyemied fsifoimed dsonod siticqphaxidegeier at ed 30

carrier. Such a structure effectively functions in a photoveltaj.c device in
which a ph@tgé‘flgif‘?’?% 2 8130% 28 8% ﬂileé’\?élr oxidation, of 4, chemi ""?'g(’ermc(l)e éﬁ{ Uttor Iayer
103 wi t h andethogk MBfeSemicoRduktdr taydD1(3ns béddeé to thesitstrae ¢05using the silioott hose of

FIG 1A. 12 [ 0031 FI.G 2B sho strycture i j ch.th i.rst
impurity s@ EWB{JHOO?““ H’g‘i&”“é‘@%ﬁﬁéﬁ\é\ﬁf)ﬁé"’?‘ég&ﬁﬁf ﬁ‘ﬁﬁﬁ‘?%b J;bém E’bh’dﬁjct or
layer 109 ghRnié, avplaedolRcidtre 54 pletesly sd @nahe tilstratetT eidducsiace dmyer 103
and a silicon oxide layer .110 is provjded on the. opposite 5 surface side
t her eofl® TRiECEQdE whish SBJFﬁtiél Lisapt %i‘@“l %“&‘6?%&8 "?P‘Sﬁ]g%eéfq%t %"o?#f'% Y%e which
is formed Yshiecefviryl dréiall®8 eilirgbdier mal oxi dation or a chemical vapor
deposition_nethod. The sem conguct or layer 103 is bonded to the substrate

101 using 19982ki|icon oxide layer 110 and the bonding |ayer 102 formed over

the substrate 104s aboVe, sBhdtureé bHEphbioltdic BhEvIdtuship 4 REidadatorilsyepied er abl y
set on the substrate 101 side. Since an 10 el ectrode g@éig shields light is

not f or medbended peer 3|sabpratsrl0f ate; datssibed withypsterepee &t FIGS: | gMEQ¥RER vi ng
area c3p beiepbad 4G 1%%9@&1 the above-dBSeriBEPMAictuSds! M8 lcbif BS irfiflerderiddiOBOV Ol t ai C

device using a sem conductor |ayer 103 bonded over a substrate 101 are
descri bed fieelit cemipiagc comporepiss in 1ket gtrgepges. HoftBen, 4 sPAKFTEStHERRe i s not

limted toséntieomaxﬁageg%ﬂmﬁéd PEMEIUsEB 1Rl &hibsmdi el 18yRNt ed by freely

conbi ni ng conponents the structures. Further, a polycrystalline
sem conduc{®B3] ayer can be used instead of a single crystal sem conductor

| ayer. [00%&&&%&@&%{ B%oﬁ)tvﬁﬂa‘ic &evg;e) phot ovol tai ¢ devi ce)

20 [0034]

A method for manufacturing a photovoltaic device, in which a thin single
crystal semiconductor layer is separated from a single crystal semiconductor substrate
and the single crystal semiconductor layer is transferred over a substrate having an
insulating surface or an insulating substrate, is described with reference to the drawings.

25  [0035]
FIG. 3 is a plan view of a photovoltaic device relating to this mode. This
' photovoltaic device has a structure in which light is incident on the semiconductor layer
103 bonded over the substrate 101. In a peripheral portion of the substrate 101, an
insulating layer 115 provided with an opening is provided over the semiconductor layer
30 103. The first impurity semiconductor layer 105 is provided in the semiconductor
layer 103. Over the first impurity semiconductor layer 105, a second electrode 107

having a comb shape is formed. An extraction electrode 116 is electrically connected



20 [ 0034] A nmet hod for manufacturing a photovoltaic device, in which
a thin single crystal sem conductor |layer is separated froma single
crystal sem conductor substrate and the single crystal sem conductor |ayer
is transferred over a substrate haviné3an i nsul ating surface or an

I nsul ating substrate, is described with reference to the draw ngs. 25
[0035] FIG3 is a plan view of a photovoltaic device relating to this node.
Thi s photovoltaic device has a structure in which light is incident on the
sem conductma firsielerirddd3hivogide dordact holetpenstipting thetinsulating layar BlSpandi théier al
portion of the %Fq§tfq;q0%01, an insulating |ayer 115 provided with an
openi ng i558?39f338r8¥e ‘he sem conductor |ayer 30 103. The first inpurity
sem conducf@036l ayer 105 is provided in the sem conductor |ayer 103. Over

the first inpuri. sem conduct ar | ayer .Se e havi ng a
conb shape is fo$ d SR, © x‘PP"é@%"f“éw ef eé’t%?dgagmil%%g % e%%‘ﬁgg‘gl%ggconnect ed
13 to asfi r&trefideqs trogeRclidhaDHeNs cnespohdiag tdwlire AoBrieFI&Bi ng t he i nsul ating

| ayer 115 %ﬂé Lhe sem conductor |ayer 103. [0036] Next, steps of
manuf act ur il%y7 phot ovol tai ¢ device are described with 5 reference to
cross-sectional FiGENS shéWs £ IMOWIICh b Qurflack ipRtecivBiilnn 17 1S f8rmeld@@81/3

FI G 4A sh tep in which f tectjve film112 i d
Gingl o orydnele e eomonibep Suets THoRditeeiesaPan BRiLpEpT s S

formed by agh ddphedndthdld MRt biagle chial Sinfigdu@sysibatateSRNicdadiud tover subst rat e

tlis l%l easgr?gzb O?A{V%irchatlhe surface protective film 112 is formed. A typical example of the
single crystal semiconductor substrate 111 is a single crystal silicon substrate. For
example, as the single crystal semiconductor substrate 111, a silicon wafer a surface of
which is mirror-polished is used. The surface protective film 112 is preferably formed
from a silicon oxide or a silicon nitride, and the surface protective film 112 is formed by
15 a chemical vapor deposition method. The surface protective film 112 is preferably
provided in order to protect a surface of the single crystal semiconductor substrate 111
from being roughened by ion doping. The surface protective film 112 is provided to
have a thickness of 50 to 200 nm. A surface of the surface protective film 112 is
irradiated with ions accelerated by an electric field, so that the separation layer 113 is

20 formed in the single crystal semiconductor substrate 111 at a predetermined depth.

[0038]

The distance from the surface of the single crystal semiconductor substrate 111
to the separation layer 113 is determined in consideration of a thickness of a
semiconductor layer that is to be transferred to a support substrate. In a photovoltaic
25  device, the thickness of the semiconductor layer 103 is set to be 0.1 to 10 pm.  In order
to form the separation layer 113 in a comparatively deep position from the surface of the
single crystal semiconductor substrate 111, ions are accelerated by high voltage of 80
kV or more. lons are preferably incident on a principal plane of the single crystal
semiconductor substrate 111 at an approximately right angle. When ions are
30 introduced into the single crystal semiconductor substrate 111, a channeling
phenomenon may be positively utilized so that the ions may be deeply introduced into a

deep position. For example, when a crystal plane orientation of the single crystal



10 surface of which the surface protective film112 is forned. A typical
exanpl e of the single crystal sem conductor substrate 111 is a single
crystal silicon substrate. For exanple, as the single crystal sem conductor
substrate 111, a silicon wafer a surfdke of which is mrror-polished is
used. The surface protective film2112 is preferably formed froma silicon
oxide or a silicon nitride, and the surface protective film112 is forned
by 15 a chem cal vapor deposition nmethod. The surface protective film 112

i s pref er abtyicpdoctotiadstiate bilde seleatedpodhas dans arespereadiculatly ingidertiondhe cryst al

sem conductcg{sﬁaf#}fss roa.;’e[héLﬂjilis%rn g}dg&mgg‘g%léfgﬂened by ion doping. The surface

protective 1271's provi de I ckness of 50 to 200 nm A
surface of [@038] surface protective film112 is irradiated with ions

accel erated by el ectr. | el S t.he rat i;on er is 20
formed in the s?ﬂlﬁl gepgfaygﬁa{ay%e%%&gd{?@ﬁ%dr bS'uggﬁﬁgt(th f%l Sglgbéacrﬁredeterm ned
dept h. B003&hicdduactdi sibanae it evitht joes ofihfdrogenphelidng oxi hatfigen ¢ypifstdaby

sem conductor .substrate 111.to the.separatj.on layer 113 .is. determned in
consi der at LYRASs at ‘@h‘foé'ﬁwg'gtéonof &%ﬁge%%CS%eﬁE?%élo S TRt kinds iogmt11 %H%e
t r ansf er r ediffefen@mastppech consiiihg af e sdnfe stopohiok atetproduc@bbydebjecting 4 he

t hi ckness of the sergicon 103 is, set to he 0.1 ¢t m In

guctﬁ)r I a¥e§ b X & 10

order to f&PHF: B § PR ydiosep. heliym, or halogen 10 PIASRE EXHRUM: &%t i on
fromt heI S l;bfe?ﬁ(ﬁjlﬂ% @ﬁtrhordh%dsi ngihe dﬁfc%/&ﬁS %h’ﬁ&&ﬂfl Godrd gt ilbhs,shbaydrageaj iibﬂslbl i ons
are accelerate I age o0 or nore. ns. are prefera .

i nci derlf oFP‘ii‘dﬁrHﬁchgla“%ﬁ%?\e‘ B With Q%g?rgpﬂl%toﬁlﬁ%em%oaﬁg‘ﬁg?g J su%st'r ate
111 at an aRRKEtonRtRiehcy bf Bydrégid|can b¥\baanAnmdans ik fonldogig eadbd nto t he
single crystal sem_conductor su sgr aée 111, a .channeli ngﬁgrt;egomsnon may be
posi ti vel y ShRriepsdy o Bys thet Rgpductien pphedpgsn 1pas YR a5eh MBYEC 84 2°M 0 a deep
posi tion. [RkgliRX86adks Of st r@forhdBindhe RpANfondayee M1 Pdndake dinglinpbonlngl e
crystal 14 sem conductor substrate 111 is selected so that ions are

per pendi cuRErTPIninaied t doFm Binuteroids (pigrogoids) | Sineg dsminpleyoids qan iagiHdeye deepl y
i nt r odyged pydrogen, the semiconductor layer can be easily separated even by thermal treatment at

low temperature.

{0040]

FIG. 4B shows a step of forming a second impurity semiconductor layer 109

over the single crystal semiconductor substrate 111. The second impurity
20 semiconductor layer 109 is formed by doping of a region of the single crystal
semiconductor substrate 111 at a shallow depth with boron as an impurity element .
imparting p-type conductivity. In the photovoltaic device of this mode, the second.
impurity semiconductor layer 109 is disposed on the side opposite to the plane of
incidence, so that a back surface field (BSF) is formed.
25  [0041]

FIG. 4C shows a step of forming a first electrode 104 over the second impurity
semiconductor layer 109. The first clectrode 104 is formed from metal such as
aluminum, nickel, or silver. The first electrode 104 is formed by a vacuum deposition
method or a sputtering method so that a surface thereof is flattened.

30 [0042)
FIG. 4D shows a step in which a silicon nitride layer 114 which covers the

single crystal semiconductor substrate 111 is provided over the first electrode 104 and



[ 0039] The separation |ayer 113 is fornmed by doping of the single crystal 5
sem conduct or substrate 111 with ions of hydrogen, helium or hal ogen
typified by fluorine, at high concentration. In this case, one kind of ions
or plural kinds of ions of different hsses each consi sti ng of the sane
atom which are produced by subjecting a source gas sel ected from hydrogen,
hel ium or halogen to plasma excitation, are preferably introduced. In the
case of introduced hydrogen ions, the hydrogen ions 10 include Fr, 112+,
and H3+ i otte wwinting dayei 62 pr fuptbert foomedof Thig silicemitridgdaysr dilhds prefarably oduct i on
efficiency_of.hydrogen - t < ol ' n be
short ened. pgvn{é e ?rﬁ rrt%gﬁcg?n?gmnﬁgﬁ? %&ff?ﬂc;g@%ni ohﬁ%m\%tﬁcgﬂileggﬁgi dr%ga gr of

at ons, dangi4,nig ssmivdsdusfor &yt canrbe pravesdtod frew being condarsiopiad by fisfysioapér 113 and

t he dangling.bonds are terninal . for mgn.nut Ae) L ikds). Since
t he mi nut eaggflﬂgg%%'ﬁﬁ ?%%Pﬁ‘é‘g’lﬁgg%§%'§'c§élgeﬁ, Pﬂh@&g&%’x@%&% uﬁ%gy a@gsécan be
easi |y separsidrstly pioeliedyn bider nepreventtht fizsiteleatrodeof4t feomp beiag wxdized d040]

FI G 4B sho%%gs%?ewfgﬁgflggﬂ@gna second inpurity sem conductor |ayer 109

over the si ductor substrate 111. The second inpurity 20
sem conducfgy43] ayer 109 is fornmed by doping of a region of the single

crystal sem condyct or ,suﬁatr e 111 at. a.shal | ow_dept i th. boragn as an
i npurity el enent MeHoading e’p&%’?)é”’@ﬁ‘ﬂ%ﬁ'ﬁ%toﬁﬁeﬁ&t hgs %5?’8?/%? lgff c device
of this nMDgfm, 4 ikeos %L Gl M by a SRamicREbe Begositialy methdd Withshediss pbsed on
the side opposite to thef?l ane, of incidegfc bacll[f surf.ace field

£l e,, so,t hat.
(BSF) i1 f 3R PEAnicsanecges  described gbope BPTERRhlE- aA@?’Bi}“'S Y- 9 SRS £ r st
el ectrode 4 rowRa bylae;h&ﬁféﬂrwp&m};@diﬁoy. BRRGACRMIIthe sy of| aogiianie gddRan Bhe fir st
el ectrode 104 is formed from netal, such_ as al umc{glg@lﬁ I}E]Pigfokel ilver. The

first el ectpseFilnfommatipn byachemical vapoydeposiHon &) B i‘}?“rgﬁ‘éput tering

met hod so \t{ﬁ%i& Rt AaRe 138 1A or iequdl ke B5E e dor FAmplRO42) temperaturElals 4D shows
a step in Ich a silicon nitride l'ayer 114 which covers the si ntgl e crystal

seni conductvdichglepassing dees ot ogeyr isrthe scpargtion layer ihd fqrmed in 1he siagle 588t 04 and
15 Lhe BONd RSl Bt fifales Tl Chitfasd MR dliEncal | &oF Qpdddoh! G2 haver 114

is prefiéerab order to prevent inpurity contam nation. OsMng to
t he sili comsemicouducter lagerdromtha singla erysehseovepadectassubsirpie 1L igpedomefat ent ed

from bei ng gont am n J ffsi IfoARAGAS XmPHGhiaS @ novabl e ion
or noi stur é’.%)eﬁl}?lt eg?é%egﬂﬁlgl csrlg{uliccﬂci)%{eg?ltaﬂhggﬂpafyer [1{;{141!1?5 5r preferably
provi ded i fo@ler to prevent the first electrode 104 from being oxidized in

formng the bondﬁf&gsk%ﬂoe\&s als gp in[\gﬁélﬂhe substrate 101 is disposed in contact with a

20 surface of the bonding layer 102 which is formed on the single crystal semiconductor

substrate 111, to bond the two to each other. Surfaces which are to form a bond are

cleaned sufficiently. Then, the substrate 101 and the bonding layer 102 are disposed in

contact with each other, whereby a bond is formed therebetween. This bond is formed

by the action of hydrogen bonding as described above. By pressing the substrate 101

25 and the single crystal semiconductor substrate 111 against each other, a bond can be
formed further reliably.

{0045)

In order to form a favorable bond which forms good contact, a surface/surfaces

of the substrate 101 and/or the bonding layer 102 may be activated. For example, the

30  surface which is to form a bond is irradiated with an atomic beam or an ion beam.

When an atomic beam or an ion beam is used, an inert gas neutral atom beam or an inert

gas ion beam of argon or the like can be used. Alternatively, plasma irradiation or



The bonding layer 102 is forned of a silicon oxide film As the silicon
oxide film a silicon oxide filmfornmed by a chem cal vapor deposition

met hod with the use of 10 an organic silane gas as descri bed above is
preferable. Alternatively, a silicon &ide filmformed by a chenical vapor
deposition nmethod with the use of a silane gas can be used. Filmformation
by a chem cal vapor deposition nethod is perfornmed at a filmformation
tenperature | ess than or equal to 350C, for exanple, as a tenperature at
whi ch degasa#iidap tleamsntnietpeefornad om atsnefaczethalr &t fooforth saybond]l 18udhosurfack i n t he

single crystal 15 sem conductor subsirate..lLn cqnt t.  ther t r eat ment
for separ afrFﬂWe’E}fmaﬁﬁ%‘tsﬁé?ﬁ ‘853%8?’8?&"3‘)75? q’#f%rﬁ? R S??r%afegq%re% 3 d

sem conduck&lpefalds bf W02 400kCi s performed at a thermal treatnment tenperature
hi gher than the filmformation tenperature. [0044] FI G 5A shows a step in
which the $98lrate 101 is disposed in contact with a 20 surface of the

bondi ng;l ayer 102 Edhblisatd PR 18Esihie cHisRObnicondadiél subgiitecndist or
substrate 111, to bond the two to each other., Surfaces which are.to forma

bond are cbeededctosearh athesivithy therhanding fayer 193 tiptgtpesefothersheivedhe ihdhdi ng

| ayer 102 | brPath Ot A GresWirt refach R formthe e raamangr i s forned
t her ebet \/veg%e?cr%iéglgﬁg%a |Qast forrrefbéesb){ tﬁe action ofmhﬁjrogen bondi ng as
descri bed pivesnec ir@yment eaakpsiy pessidlestotiaerpase dondsirepgthg nlhe beat Weatimen ixr yst al
seni conduc : ,ﬁ]%g; QP& hanInRE: €dPerRBrefiptiTEd
further re&)?eg%%%%ﬂfgﬁgc]&ﬁco ﬁ%gﬁﬁg&rbrﬁ a favagr abl'e bong?rv\hie_ch_]forrrs good
cont actly aofthefsutstits 10F.adds pofssurhicatmens iy perfermahisoshay prsssureis applisdithg | ayer
102 may be  agt i vat &1-‘;% UEf asRidehtGD of Shd BrekQkdn a bond
Is irradi atae@e\?m%{(?rhggﬁc{d%lrﬁ?éggg%%o%r rslgl?%cﬁ E)Qam ld\%ﬂaeln gn at g?ra\ c beamor an
i on beam i sesistanc ofake suhsirate Y4 sndthgtsingle cawstasagieondostorsnbstiterlil.gas i on beam
of argon or, 44 | i ke can be used. Alternatively, plasma irradiation or 16
radi cal trd&tnt is performed on a surface that is to forma bond. Such
surface treat menfFIGnEiRabows 2 stap \jn whichafter thelsubstratsetOdecrad thi single erwstaki nds of

mat er| a1|5S %gnq{c]:or?ifuct%r tsu Ratd Eltli”ar% l%cndgcp QOgEt%eéQIQegnal[ PR is performed to

separate the single crystal semiconductor substrate 111 from the substrate 101 with the

separation layer 113 used as a cleavage plane. The thermal treatment is preferably
performed at a temperature ranging from the temperature at which the bonding Iayer
102 is formed to the upper temperature limit of the substrate 101. When the thermal

20 treatment is performed at, for example, 400 to 600°C, a change occurs in the volume of
minute voids formed in the separation layer 113, which enables separation of the single
crystal semiconductor substrate 111 with the semiconductor layer 103 left over the
substrate 101.

[0048]

25 FIG. 6A shows a step in which the insulating layer 115 is formed over the
semiconductor layer 103 bonded to the substrate 101. As the insulating layer 115, a
silicon nitride film or a silicon oxide film is preferably formed by a chemical vapor
deposition method.

[0049]
30 FIG. 6B shows a step in which an opening is formed in the insulating layer 115

and phosphorus or arsenic which is an n-type impurity element is added from the



5After the substrate 101 and the single crystal sem conductor substrate 111
are bonded to each other with the bonding |ayer 102 interposed

t herebetween, it is preferable that heat treatnent or pressure treatnent be
performed. Heat treatment or pressurelfreatment makes it possible to

i ncrease bond strength. The heat treatnent is preferably perforned at a
tenperature equal to or |lower than the upper tenperature limt 10 of the
substrate 101. The pressure treatnment is perforned so that pressure is

appl i ed i nopeniligr ec fforan thge firse inkparity ssemicondueior bleyri H- s Tié firet, impyrity
consideration of, th [ ure resista .0f the substrate 101 and the

singl e cryéi%@‘égﬁ?g‘aﬁﬁf}@%‘?ﬂ%ﬁ%%?’?% (gﬁﬁ%%n '0047] FI G 5B shows a step in
whi ch aftefoosbp substrate 101 and the single crystal 15 sem conductor

to

substrate 111 arge_bonded together,.thernmal .treatpent, | rf.or m

separate the si n@ﬁeggfgg‘f’%f‘g‘fgﬁ? @@Whﬁ?ﬁ? SEBE 4 eeﬁ]ﬂ%c?&nﬁgﬁwsﬂ%substrate
101 with t!ﬂﬁoﬁ&pﬂf hﬁ&:b‘blcfﬂmieamfe I’thel[irgtettﬁﬁcrllﬂtsl{m, ﬁieesamgelqntrqdeelofﬂm thehher mal
treatnent is prefera per f or ned  at t erature ngi kO e

t enper at ur é"‘&’tcn%ie&q’?"?%e lbé)r?al“l‘?ﬁteflat?e&el npleé’af?#n%@ata% ?‘ﬂ’é’cﬁpp ¢

t enper at ur gxtkdcliblt elebtrddaa16 Wfoimed &ftet Qlconidbielivlé penctrivéiipniht s@ficéndaedment i s
performed at, for_ example., 400 to 600(?, a cgﬁ%e oceurs L n tifs vol unme of

m nute voi &yer YBnis dommed; 1 Dhessepond-flcipdg W/ md thezextiaption electrods L6 w1 4t i on
of the singlgociedShéth d@RmeRNsiWeE, QbadSib toldef)E ol Lk Mikel h Foh examgpie, abnduct or

| ayer 103 left over the substrate 101. %(c)ﬁg] 21?5;' G 6A sho a step in

whi ch tliBe serend glestipge LA7 and the extraction sfegia doumeiusBE A SEYS PasSy er 103

bonded to 4P s&ElSdhembida. As the insulating layer 115, a silicon nitride
filmor a siliconoxide filmis preferably formed by a chem cal vapor

deposi ti on[®¥hod. [0049] 30FI G 6B shows a step in which an opening is

formed in the i gsuRtinntHe bholdvaltdl deREAHBRA iBIGOS cal teQitnGfadhiteah 1s an
n-type inmpurity elenment is added fromthe 17 openi ng to formthe first
%

i npurity séwpadingue thiy mods asinglpscrysta pheipydliaiq dayige icas, s BRPWRAEL B0t | ayer
105 seryes p?b%es@ t&Jq?e?a‘?urg fesh fhGh S‘Pé’c!,ﬁa-m E’&pé%referably, less than or equal to 500°C).

In other words, a high-efficiency photovoltaic device provided with a single crystal

bt

semiconductor Jayer can be manufactured over a large-area glass subsirate with an
upper temperature limit of 700°C or lower. The single crystal semiconductor layer is
obtained by separation of an outer layer of a single crystal semiconductor substrate.

20 Since the single crystal semiconductor substrate can be reused, resources can be
effectively used.

[0052] -
(Manufacturing steps 2 of a photovoltaic device)
[0053]

25 This mode describes a method for manufacturing a photovoltaic device, in
which a light-transmitting substrate serves as a light receiving plane. In this mode,
elements same as and clements having a common function to FIGS. 4A to 6C are
denoted by the same reference numeral for explanation, and the repetitive explanation
thereof is omitted.

30 [0054]

FIG. 13 is a plan view of a photovoltaic device relating to this mode, which is



FI G 6C shows a step in which after a silicon nitride filmand a nmagnesium 5
fluoride filmare formed as the protective film 106, the second el ectrode
107 and the extraction el ectrode 116 connected to the first electrode 104
are formed. The extraction electrode 36 is formed after a contact hole
penetrating the sem conductor layer 103 is formed. The second el ectrode 107
and the extraction electrode 116 may be forned from al um num silver,

| ead-tin (solder), or the Iike. For exanple, the 10 second el ectrode 107
and the exkdenlomoasuefaacdpposie td 1ie lightwebavingplamd  Tbisiphotavelialodsvicphst e by a

screen printing nethod 051] . I n _such ltaic
devi ce sho@sﬁ"ﬁ“%“rﬁlubw Céé{ggto’é Iﬁﬂ?lﬁ?f ggtlhtfrsén’lc?'.il‘:% c(l:]%g)r Ellngi??’oﬂ[?ﬁ?ggﬁ%g%e? a single
crystal phejfweiat tioi cfroevihe autamteb E0lTeidelf ahe exdctimh dectibdp b esd thenper at ure

I th |t 0C b | t h O .
of her  wor dEecoR APaRADT are Ry AL dos praued Rt A0 e D) 10 o

cryst al ssepj.arReUts Ristrhaved sEato be comatttdntatisictleitade an thanbetrae 83l gl ass

substrate with an upper tenperature |im.t (af 7300 %3 | ower. The single

crystal sefide Buengh 2 5pninct hele peretighRethn, SRPIERRAUTARYET {%h of an outer |ayer of

a single crygspl sem conductor substrate. 20 Since the single crystal

sem conductor substrate can be reused, resources.can be effec i“\égllry used.
oSy

[0052] (Manuf actNextn¥jerst ef mapufagtunng, this phefpyalilc fRyise &F hi s node
describes g.upideslehQlseSmmbAGhd dokgoadidiRlainelG-His FIRY3.ce, in which a
light-transmtting substrate serves as a light receiving plane. In this
mode, dPenmfdB8] same as and el enents having a common function to FIGS. 4A to
6C are denoted b\ $BWE a'skRpbSh VAR aMARCProtéBive Sl 1 EDRb@iRd 0v8ith t he
repetitive explanation thereof is omtted. 30 [0054] 18 seen from a
surface oppisgietceystab sanieondeipr substeats Vilapd sepgatioppyer ﬂ%fsoﬂs%’l‘?dal?yca‘ﬂevi ce has
a stru.ctur%ljcﬁ, }ﬁging:hmh.i ght is incident on the sem conductor |ayer 103
bonded over th& Substrate 101, fromthe substrate 101 side. The extraction
el ectrode 1087hnd t he second el ectrode 107 are forned over the

sem conduct or | r i : itSved gred so as
to be cnlg)nnect eda?io 15;' |P‘ggggﬁegé{ﬁogg%kggﬁs?h@fﬁ%%ﬁ?%ﬁ@gi j(;:I({a:stﬁrough a
cont act holtie sirteedrysiel isergiconductop stbsioatel it oTh¢ Bpeimppgly. semiconductor layer

105 is formed by doping of a region of the single crystal semiconductor substrate 111 at

a shallow depth with phosphorus or arsenic as an impurity element imparting n-type

conductivity.

20 [0058]
FIG. 14C shows a step in which a siticon nitride layer 114 which covers the

single crystal semiconductor substrate 111 is provided over the first impurity
semiconductor layer 105 and a bonding layer 102 is further formed.
[0059]
25 FIG 15A shows a step in which the substrate 101 is disposed in contact with a
surface of the bonding layer 102 formed on the single crystal semiconductor substrate
111, to bond the two to each other. Surfaces which are o form a bond are cleaned
sufficiently. Then, the substrate 101 and the bonding layer 102 are disposed in contact
with each other, whereby a bond is formed therebetween. After the substrate 101 and
30 the single crystal semiconductor substrate 111 are bonded to each other with the
bonding layer 102 interposed therebetween, it is preferable that heat treatment or

pressure treatment be performed. Heat treatment or pressure treatment makes it



[ 0055] Next, steps of manufacturing this photovoltaic device are
described with reference to cross-sectional views corresponding to a line
~GHin FIG 13. 10 [0056] - FI G 14A shows a step in which a surface _
protective film112 is formed over a 4%ngle crystal sem conductor substrate
111 and a separation layer 113 is fornmed by an ion dopi ng nethod. [0057]
15FI G 14B shows a step of formng a first inpurity sem conductor |ayer 105
over the single crystal sem conductor substrate 111. The first inpurity
sem conduc possibleatoeincred biosd Sengthd The dopi tragtrednt i prefgradly prrfomed 8f gl e
crystal sem conduct or .substrat i horus or
arseni ¢ as "“ZH°f ﬁlpﬂ‘aﬁ%f’rei %f %}a#;l%? fﬁ P ‘?fg t%ﬂfé%gﬁé’g%ﬁghf;%h}gﬂvs}x?s;ﬂ@g%ﬁ[ 0058]

FI G 14C shaws pessiireptréatmentni ic hpesfosmdd conthai pressiee limppplicd1ih whdigdstieover s t he

single crystal sem conduyctar supstrate 111 .isS Vi h [ rst

i rrpgri ty g@?ﬁpﬁ’ﬁﬁﬂ%ﬁ%&eﬁgﬁ?g i‘ﬁ%C%d% oar sbd(]%ﬁaé’?rﬁap{hg éeggl?%ge\éﬁ{san%u(rﬁt éer f or med.
[ 0059] B5Fkibskd 18NMEIhesindleqyital semicomductoe sshatoate AHt e 101 i s di sposed in
contact with a surface of the bonding |ayer 102 formed on the single
crystal sef®8hduct or substrate 111, to bond the two to each other.

Su[) faces which alélﬁi !rl]SB Ewd aastéplomdmaﬂeaﬁdremamsw i01caminhe yingl¥lesyatal t he
substrate 101 and the_bondin ayer. 102 are djisposed. in. contact with each
ot her, wheSgBiFonduggnybstsaty Hil %B*ob‘%ﬁ%ir e t?@‘f}\/%ﬁ‘ﬁ’. tLg{ELP]ZtFeairﬁeélt gt?ﬁ'éf?l?ne?flgé 101 and
30 the singlfrdd e sbleToyiaf Ssltstidatossbstat B fokd thersebsareded wit teach ot her

with the bonding | ayer 102 interposed therehbetween, it is.preferable that
heat t rl8at ﬁgm:atigp lay%r 113 used as a cleavage plane. eﬁme tg\éenngl treatment 1? pre;'erab?y

performed at a temperature ranging from the temperature at which the bonding layer
102 is formed to the upper temperature limit of the substrate 101. When the thermal
treatment is performed at, for example, 400 to 600°C, a change occurs in the volume of
minute voids formed in the separation layer 113, which enables separation of the single

15  crystal semiconductor substrate 111 with the semiconductor layer 103 left over the

substrate 101.
[0061]
FIG. 16A shows a step in which the insulating layer 115 is formed over the
semiconductor layer 103 bonded to the substrate 101. FIG. 16B shows a step in which

20  an opening is formed in the insulating layer 115 and boron which is a p-type impurity
element is added from the opening to form the second impurity semiconductor layer 109.
’i‘hc opening formed in the insulating layer 115 is processed so that the insulating layer
which is left over the semiconductor layer 103 has a comp shape.

[0062]

25 FIG. 16C shows a step in which a contact hole 117 is formed downward from
the top of the insulating layer 115 which is left over the semiconductor layer 103. The
contact hole 117 is formed in such a manner that the semiconductor layer 103 is
irradiated with a condensed laser beam and processed.
f0063]

30 FIG. 16D shows a step in which the second electrode 107 and the extraction
electrode 116 connected to the first impurity semiconductor layer 105 are formed. The

extraction electrode 116 is formed afier the contact hole penetrating the semiconductor



pressure treatnent be performed. Heat treatnent or pressure treatnent nmakes
it 19 possible to increase bond strength. The heat treatnent is preferably
performed at a tenperature equal to or lower than the upper tenperature
limt of the substrate 101. The pre'ssﬁ‘?e treatment is perforned so that
pressure is applied in a direction perpendicular to the bonding surface, in
consideration of the pressure resistance of the 5 substrate 101 and the
single crystal sem conductor substrate 111. [0060] FI G 15B shows a
step in whiayer #i3 isrfotnfed. sThs secondeel¢@rbdeAd7 wib thejestyaction elestrede Hémreonduct or
substrate 111 are b : el t i ormed to
epar at et FEmSf oo A on pferAE R dfminleh SRR, 1ab 3 (A, oF o e et e
101 with t IFer &Ampkptreatcond cleayaie 107 3nd thed:xtactian clecandedd 6 ghmbeforiiee t her mal
treatnment is preferab perforned. a enperature ranging fromthe

t enper at ur & aﬁjw‘ﬁefz?laslcﬁ’gaﬁﬁﬁa'?%&nﬁéngﬁlo 02 is formed to the upper
tenperasur godeurit of the substrate 101. \Wen the thernmal treatnent is

performed at, far ex l e, 400.to 600C .a change occur S.-n.the vpl une of

ni nute voi ds fo%feﬂ‘cﬁggt’ﬁ%’épgfa?lTog(fYat?i‘f/eéréwﬁB? Wi léjh%gr"l‘a%% e%a"sgepar ation
of the singlabufh&urly SA&ordmiTicChidthicdn sighs tryateplbidvoutait hletibe caebe conduct or
| ayer 103 left over the substrate 101. [0061 oFl G 1 ho a step in
whi ch the mfaufagtired gt 3 BEPEssS temperaturg ’G?SrFB%‘ ‘H\F@L"ﬂ%@osgﬁi’rfgﬁgﬁ'cE’B‘c‘rtws?lbyer 103
bonded to : > 1 Jothet Wordsl G BhighansiefeySiRRvbaivaE & geviags openi ng
s formed Pg%?‘%gﬁ%%ﬁtl ng | ayer 115]%d bgrgﬁlsv\hivch s a pg'tggl e inpurity
el enentloj s walicesingle orystahssmageadiatay laxst £or ba marufacireshever daRgr-gipa conduct or
| ayer 109. The openi ng fo d i N o r oy ssed so
that the | MRTEEN T ARy 2peerppnls Rb' oL raCR IREET it RREFERET 3
has a conp sahiameiuctpd OF2Y is28HHifed] BCsepantion af st atdr layehiof la singlowtyaet hole 117

Is formed down dfr the to f t.he insulat] r ch.is left
over the sé?ﬁ“f%%ﬁtff{ 3?%5 rﬁ'ﬁ'erg’fg%?h%%fggl &of sga(l:fs E%@%&@ﬁ 'S E)c\rl\ﬁgﬁldg"i n such a
manner t hatedsb® r@ourt@asibecéitectivolyased. 103 is irradiated with a condensed

| aser beam @g}g processed. [0063] 30FI G 16D shows a step in which the second
el ectrd@e 1 bnd the extraction

(Method for manufacturing solar photovoltaic module)

[0066]

This mode exemplifies a method for manufacturing a solar photovoltaic
module by bonding of a single crystal semiconductor layer over a large-area substrate.
20 Main part of steps of manufacturing a photovoltaic device used fo} a solar photovoltaic
module are simil& to those illustrated in FIGS. 4A to 6C.
[0067]
FIG. 7 is a plan view where a plurality of semiconductor layers 103 is arranged
and bonded to a substrate 101. FIGS. 8A and 8B show cross-sectional views
25 corresponding to lines C-D and E-F in FIG. 7, respectively. The semiconductor layers
103 are arranged over the substrate 101 through steps shown in FIGS. 4A to 5B. The
semiconductor layer 103 is fixed to the substrate 101 with the bonding layer 102
interposed therebetween. The first electrode 104 and the silicon nitride layer 114 are
provided between the bonding layer 102 and the semiconductor layer 103. Bond
30 strength between the substrate 101 and the bonding layer 102 can be increased by

thermal {reatment. Even in the case where the substrate 101 has a large area, thermal



el ectrode 116 connected to the first inpurity sem conductor |ayer 105 are
formed. The extraction electrode 116 is forned after the contact hole
penetrating the sem conductor 20 layer 103 is formed. The second el ectrode
107 and the extraction electrode 116 &te formed froma metal material such
as alum num silver, lead-tin (solder), or the |ike. For exanple, the
second el ectrode 107 and the extraction el ectrode 116 can be formed using a
silver paste by a screen printing nethod. 5 [0064] In such a manner,

t he phot oveakitaiest €eVioaring hobond parFb6 ehsilyc pafdmedriyuising arrepid therool di ng to

t hi s node, e c t ovol tai.c .device manuf actured at a
process teﬁﬁ&ﬁﬁ?gﬂfpg&?é@lﬁfﬁﬁﬁ&&“ %@ﬁ%ﬁgﬁg B enp E)s?egqlg%abl y, less than or
equal to 5 }; In other words, a high-effici ency phot ovol tai c device
provi deg 10 W e b ool SRS S, YRl Tp R 2t v
over a | arge- ar p 0

or | oweg. Tﬁlﬁurﬁy Bﬁﬁlgoxﬂﬁ&’t&t ﬁ*eraesriscfaﬂﬁwmne dcﬁxymﬁduc&)rdﬁybamﬁed Tﬂyf isepar at i on
of an outer 1ayer a single crystal sem conductor substrﬁhgg\?ﬂ nce the

single cr ySWlB‘F“tE é‘?ﬁ“&‘éﬂﬁ’ﬂ%‘t yerd B s fogped upropisop of gL 2B PB&n be

effectivel Xvﬂl'lszﬁzqmp&éy Eﬁ%éﬂwlﬁ&@ah%nﬁ'&ra vﬁﬁﬂééfe@éétrbﬂ bﬂQSeﬁﬁdoaduqnhmf&vol taic
modul e) [ 0066] hi s node exenplifies a net iq% E%alnuf ?ct uring a
sol ar phot @adhsulgties W%pé i5\fomsA AVAGthe FSemicendygiop aé'f”y al AP E8RB&ICt or

| ayer over @pdraﬁg% REE mbssépr@atﬁat 28 My BinnR'ferfofmeititNBe ShterwRes ACt Uring a
phot ovol tai ¢ devi ce used for 'a solar_photovoltaic_nodule are simlar to

t hose 10 uPlyraliteaf SCWICIDP@WMC{S(?O%G’?“‘[CG@B‘# sybstegte10ks 5 plan view where a

plurality qgﬂé)im conductor layers 103 is arranged and bonded to a substrate
101. FIGS. nd 88 show cross-sectional views 25 caorrespondi ng to lines

C-D and E-F in FFIG 9 shovesspsten inwtich a gpptact bole d bhis ferms whighets connected
to the first electrode 104. FIGS. 10A and 10B show cross-sectional views

corresponding to lines C-D and E-F in FIG 9, respectively. The contact hole 117

15  penetrates a protective film 106 and the semiconductor layer 103. The protective film
106 and the semiconductor layer 103 are processed with a laser beam, whereby the
contact hole 117 can be formed. By scanning of a laser beam over the subsirate 101, a
contact hole can be simply and easily formed in the plurality of semiconductor layers
103.

20 [0070]

' FIG. 11 shows a step of forming electrodes of a photovoltaic device. FIGS.
12A and 12B show cross-sectional views corresponding to lines C-D and E-F in FIG. 11,
respectively. An extraction electrode 116 is electrically connected to the first electrode
104 by the contact hole 117. A second electrode 107 is formed into a comb shape over

25  the semiconductor layer 103. Further, the second electrode 107 and the extraction
electrode 116 are led out over the substrate 101, and a connection terminal of the solar
photovoltaic module and the second electrode 107 or the extraction electrode 116 are
formed as one clement. The second electrode 107 and the extraction electrode 116 are
formed from a material such as aluminum, silver; lead-tin (solder), or the like. For

30  example, the second clectrode 107 and the extraction electrode 116 are formed using a
silver paste by a screen printing method. The second electrode 107 and the extraction

electrode 116 form a connection terminal when being led over the substrate 101.



103 are arranged over the substrate 101 through steps shown in FIGS. 4A to
5B. The sem conductor |layer 103 is fixed to the substrate 101 with the
bondi ng | ayer 102 interposed therebetween. The first electrode 104 and the
silicon nitride |layer 114 are provideazbetmeen t he bondi ng | ayer 102 and

t he sem conductor | ayer 103. Bond 30 strength between the substrate 101 and
t he bonding | ayer 102 can be increased by thermal treatnent. Even in the
case where the substrate 101 has a large area, thermal 21 treatnent for
form ng a [@8At] can be easily performed by using a rapid thermal annealing

met hod (RTA net hod [ '! %g& MukdcRited hQ3%g 2 Af ter
that, steps shov% %crif ﬂ%cggﬁ!ﬂ é@gg%ﬁ‘ﬁg@ ormedIﬁ suo th atI afirst 5
i npurity sgmmdﬁphmovdltmyedevﬂ;%m mrahgednectt ione shistreten Aenoslieg br thisyer 103.

The first ur|t e of an
openi ng anH' Héf sva?Pﬁ‘g%‘ﬁ‘f“ﬁSﬁ‘? &"%Pglahﬁﬁaé% ﬁa@a%egifgn?%ﬁ&a val ence
el ectrog oicsgt@gmr(:@aglu@t TO0°Cpictsrabay) les@svhh:abr requal a(yéOO"ElS Tlgat figrared over

t he sem conductor |ayer 103. An ion dopi ara used in this step
so that thh ghse#écﬁene&ﬁplﬂephawwéﬁwadwlﬁpfgﬁ@g%t"ﬁﬁ XS i‘tﬁ“‘ﬁ?“d}’%‘?. ty of

sem conduciQtr xR mankfdtuted dvexs %eoar&hgaﬁ \shbdiat veithl &hluppE OB MmPérature FIG9
shows a step in which a contact hole 117 is fornmed which is connected to

the first bmethfﬂ%f@crmerm GS. 10A and 10B show cross-sectional views
correspondl3 10 lines CGD and E-F in FIG9, respectively. The contact bole
117 15 penetrates a protective film 106 and the sem conductor, |ayer 103.
The prdﬂectl ve fltlisnta06 noted tthas althavshothiniancde shaye the gaseaplo iR dRssed with

a | aser HELmVMM{?%%ﬁ%E'&c%HS ren%hﬁct&ﬂg Gé&p 108 s’ ﬂKSt@volﬁib Aédi ng of a

| aser bea over strate ontact hofe can be sinply and easily
formed in tire bpl simiarlyt yanifaciernd @émdmcth@rcasay%r@mgo@e photoy ol device

described in the manufacturing steps 2.
[0073]

15 This application is based on Japamese Patent Application serial mo.
2007-101182 filed with Japan Patent Office on April 6, 2007, the entire contents of

which are hereby incorporated by reference.



FIG 11 shows a step of formng el ectrodes of a photovoltaic device. FIGS.
12A and 12B show cross-sectional views corresponding to lines CGD and E-F
in FIG 11, respectively. An extraction electrode 116 is electrically .
connected to the first electrode 104 by the contact hole 117. A second

el ectrode 107 is fornmed into a conb shgmpe over 25 the sem conductor | ayer
103. Further, the second el.ectrode 107 and the extraction electrode 116 are
| ed out over the substrate 101, and a connection term nal of the solar

phot ovol tai ¢ nodul e and the second el ectrode 107 or the extraction

el ectrode 116 are formed as one element. The second el ectrode 107 and the
extraction electrode 116 are forned froma material such as al um num
silver; lead-tin (solder), or the |like. For 30 exanple, the second

el ectrode 107 and the extr ' #%ﬁ%qﬁéﬁl e formed using a silver
paste by a screen printingqﬁéﬁgggghﬁﬁgisecon éﬁ%ctrode 107 and the
extraction electrode 116 form a connection term nal when being | ed over the
subst rat e 1h9lsubstRi}, {@0Fckbing layer, 1031 semictndactoelayesr 104 afirstelestrodeh BBolist t ai c

nodul e can be manufaciured in ladrabat . of o [ vices is
ar r anged d%?“%r?‘ém%%"té"ft?‘a?aé' A@@o"r’%ﬁ%"e hr’}é Srmhd Qﬂg&%ng 82 "g‘r‘g‘it al

phot ovol t gafer,dEwi e&oﬁiﬂim;hmymmltraﬁum:ehym 1H): silisoe oxide deyoeridlusiegls | ess
than or equal to .70 a hat is, a
hi gh-ef fi &f&?&ﬁﬂ%‘&‘rﬂgr‘“ﬁpﬁ? Eﬁ ? gzry csu#% I&E@i?%\?irﬁ %’eg% b hﬂnaég?% 1eﬂicr ystal
seni conducgilton hideNayen b1 éxsulatingflayet, rli@@xween edtradey d17 paachhale s substrat e
with an upper tenperature limt of 700C or lower. [0Q0072] 10It is to be
noted that although this node shows the case of using the photovoltaic
device described in the manufacturing steps 1, a solar photovoltaic nodul e
can be simlarly manufactured also in the case of using the photovoltaic
devi ce described in the manufacturing steps 2. [0073] 15This application is
based on Japanese Patent Application serial no. 2007-101182 filed with
Japan Patent O fice on April 6, 2007, the entire contents of which are
hereby i ncor por ated by reference 23 EXPLANATI ON OF REFERENCE



101: substrate, 102: bonding | ayer, 103: sem conductor |ayer, 104: first
el ectrode, 105: first inpurity sem conductor |ayer, 106: protective film
107: second el ectrode, 108: barrier layer, 109: second inpurity
sem conductor |ayer, 110: silicon oxide layer, 111: single crystal
sem conductor substrate, 112: surfacepprotective film 113: separation
| ayer, 114: silicon nitride layer, 115: insulating |ayer, 116: extraction
el ectrode, 117: contact hole 24 CLAIM 1. A photovoltaic device
conpri si ng: a bondi ng | aygrapy ch is disposed in contact with a
substrate having an 5insulating surface; a first electrode over the bonding
| ayer; a single crystal sem conductor |ayer over the first el ectrode;
a first inmpurity;sem ice ¥Wiphisi rmed in an opposite plane of the
single crystal sé’nﬁ§ 8%@%8?9{1§yer t(S) g’he first electrode;. 10a protective
film provi ded overbondiag flayes twhiehpis disposeé it copfacicvish 4 syhstrate dygving agecond
el ectrode i .S kn.contact with the first inpurity sem conductor |ayer.
2. The gho}tlm%}'oﬁ%flg?u({fa 8vi ce according to claim1l, wherein a second inpurity
15 sem conduct or afiesgelesirode oyar dhe bading layehe singl e crystal sem conduct or
| ayer so as to be._ t W i LRSR. 3. The
phot ovol tai c dev?5@5%&%@%&&%@%&2%@*é{cﬂ)\ﬁ?rngﬁ] a sflicon nitride |ayer
is provi ded bet we irst ithpurisy sohioopductpelayarfdrmdddn fan lopposét pbine ofithe sivgle
4. The photovoltai.c device according to .claiml, wherein a thickness of the
single cr yscf%'\;Pall‘éeé‘H‘fo@gﬁ(a f:i%cr’g?'g’?g’w?lg’t&di"to 10 run.

10 a protective film provided over the first impurity semiconductor layer; and

a second electrode which is in contact with the first impurity semiconductor

jayer.

2. The photovoltaic device according to claim 1, wherein a second impurity
15 semiconductor region is provided in the single crystal semiconductor layer so as to be in

contact with the first electrode.

3. The photovoltaic device according to claim 2, wherein a silicon nitride layer
is provided between the bonding layer and the first electrode.

20
4. The photovoltaic device according to claim 1, wherein a thickness of the

single crystal semiconductor layer is 0.1 to 10 um.

5. The photovoltaic device according to claim 1, wherein the substrate is one
25  kind selected from aluminosilicate glass substrates, aluminoborosilicate glass substrates,

or barium borosilicate glass substrates.

6. A photovoltaic device comprising:

a barrier layer provided over one surface of a substrate, a first bonding layer

30 provided over the barrier layer,

a second bonding layer which is disposed in contact with the first bonding

layer;



5. The photovol taic device according to claim1, wherein the substrate is
one 25 kind selected fromalum nosilicate glass substrates,

al um noborosilicate gl ass .substrates, or barium borosilicate gl ass ]
substrates. 6. A photovoltaic device conprising: a
barrier layer provided over one surfage of a substrate, a first bonding

| ayer 30 provided over the barrier |ayer, a second bonding |ayer which is
di sposed in contact with the first bonding 25 a first el ectrode over the
bondi ng | ayer; aaSisteidotrods ot the boeding tagelsict or | ayer over the first

el ectrode; . a first inopuci sem copductor |laver fornmed in an

opposi te pl ane 0"15Si?ﬁ%“é’?‘%‘g‘f"@@?é}-‘scﬁ%|laY§{a?ﬁ°5g‘ﬁgﬁ%tﬁ%ﬁ"‘?%éyer to the first

el ectrode; 5a profiecimpugity sehiivguostomiage: dumiedtiien bppsite plapiof thy single
seniconductorvia er; .and. a SeC nﬁ ?Hggthqde which is in contact with the
first impufff %‘% W5 88‘?%(!?3& Qg 8P, erectrodes " 7. “The photovol tai ¢ device
accordi gg to C:'adﬁbﬁcﬁv&ffﬂihanﬁﬁ&dtd%ﬂﬂ&ﬂﬁﬁssianunigf‘sbmlﬁnﬁudrt;gﬂ@ef;:hmt al |

sem conductor layer is 0.1 to 1 m 8. 1he ot ovol t ai ¢ devi ce
according to clat FﬁCB{‘dSW’F’QF ﬁ”l‘t“a‘egslﬂt?g{“?%ft‘@tq the Jirst Wﬁ’atyss@%"@f@ﬁft?rr om

al um nosi | igpt e gl ass substrates, alum noborosilicate glass substrates, or

barium borosilicate glass substrates. 15 9. A photovoltaic
device conprising: a barrier |ayer provided over one surface of a
substrate; - 7. The photovoltaic device according fo claim 6, wherein a thickness of the

10  single crystal semiconductor layer is 0.1 to 10 um.

8. The photovoltaic device according to claim 6, wherein the substrate is one
kind selected from aluminosilicate glass substrates, aluminoborosilicate glass substrates,
or barium borosilicate glass substrates.

15

9. A photovoltaic device comiprising:

a barrier layer provided over one surface of a substrate;

a first bonding layer provided over the barrier layer;

a single crystal semiconductor layer with a first plane on a first bonding layer

20 side on which a silicon oxide layer is formed and with a second plane on a side opposite
to the first bonding layer side in which a first impurity semiconductor layer and a
second impurity semiconductor layer are formed so as to be separated from each other;

a second electrode which is in contact with the first impurity semiconductor
layer;

25 a first electrode which is in contact with the second impurity semiconductor
layer; and

a protective layer provided over the second plane of the single crystal
semiconductor layer between the first electrode and the second electrode,

wherein the first bonding layer and the silicon oxide layer are bonded to each

30 other

10. The photovoltaic device according to ciaim 1 to 5, wherein a thickness of



a first bonding |ayer provided over the barrier layer; a single crystal

sem conductor layer with a first plane on a first bonding |ayer 20 side on
which a silicon oxide layer is formed and with a second plane on a side .
opposite to the first bonding |ayer side in which a first inpurity

sem conductor |ayer and a second inpuzgty sem conductor |ayer are forned so
as to be separated fromeach other; a second el ectrode which is in contact
with the first inpurity sem conductor |ayer; 25a first electrode which is

i n contact uy didpid Bgstl 6RRehduBRdEIaérs 6.2 TP@eEuct or | ayer; and a
protective | ayer provided over the second plane of the single crystal

sem conductor | ayer between the first electrode and the second el ectrode,

wherein the firs{; YOOI ORRE AEviedsbcblampib hhF Ok SPCiA8s | 86 FwiRkdn fiended to
each 30 other. 26 the single crystal sem conductor layer is 0.1 to 10 jun.

11. The phethstatedsens kind selested Eopy nmigosilicaig glass subsirates, alprpigobprasiicate wher ei n
the sub trg]ag? LibstB8 &ibggmﬁ%l%gﬂiggc%ﬁgrghgghg@_nosi licate gl ass substrates,
S

al um nobor lcate 5 gl ass substrates, or barium borosilicate glass

substrat es. 12. A nmethod for manufacturing a photovoltaic device,
conpri sing: N L A5 AL bvd IR Sdece RHobhfilinki Nds of ions of
di fferent nasseslzeéc%&%g#g}rtpg}ug%&a ga%e a}t"ji')lm v(\:hicg’lchuoa e Ilp%goduced by

- subj ecting a soumteduging omekirsk efdiony emplusl kipdy efyions of different massehedcbgen to
P o, Sk » Wl BB 6 VLS P RCARE Sl M Babael o0, o1 T 2
at a predethgdnpene ticlthay toh hilogem to iplasma ek citation fintp laesinglegriystalsespiroaductor
SEf CondUCtsu Istrate qg tf(r)r%nt g’separatién layer in a region of the single crystal semiconductor
substrate at a predetermined depth from the surface of the single crystal semiconductor
substrate,
forming a silicon oxide film over the single crystal semiconductor substrate by
15  achemical vapor deposition method with the use of an organic silane gas;
bonding the single crystal semiconductor substrate to a substrate having an
insulating surface by superposition thereof with the silicon oxide film interposed
therebetween; ‘ '
performing thermal treatment in a state where the single crystal semiconductor
20 substrate and the substrate having an insulating surface are superposed on each other to
generate cleavage in the separation layer, and separating and removing the single crystal
Semiconductor substrate with a single crystal semiconductor layer left over the substrate
having an insulating surface, and ,
forming an impurity semiconductor layer as a photoeléctric conversion layer by

25  addition of an impurity element to the single crystal semiconductor layer.

13. The method for manufacturing a photovoltaic device according to claim 12,
wherein as the organic silane gas, one kind selected from tetraethoxysilane (TEOS)
(chemical formula: Si{OCyHs)s), trimethylsilane (TMS) (chemical formula: (CH,); SiH),

30 tetramethylcyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (chemical formula: SiH(OC;Hs)s), or
trisdimethylaminosilane (chemical formula: STH(N(CH3);)s) is used.



formng a silicon oxide filmover the single crystal sem conductor
substrate by 15 a chem cal vapor deposition nethod with the use of an
organi ¢ sil ane gas; bondi ng the single crystal sem conductor
substrate to a substrate having an insulating surface by superposition
thereof with the silicon oxide filmimyerposed therebetween; performng
thermal treatnment in a state where the single crystal sem conductor 20
substrate and the substrate having an insulating surface are superposed on
each other to generate cl eavage in the separation | ayer, and separating and
removing the S|n cr sem copnduct o strat.e wth.a single,crystal
seni conduct or %% Oa\%rrmatnﬁga @'HB%?P%‘F “g i ‘émaﬁccf’% t81f"r21ﬂlé?%’urface,
and. \Therelﬁ @Edai\pzaguﬁg 31 Whidk %}}S:L&@ﬂbﬁdﬂﬁ!ﬁﬁ@folnhaywcr e ﬁlhglﬂlﬁ‘yﬂﬂl ectric
conversion |ayer 5 addition o el eqent to. the sin

crystal serffREA 5 Susifgle by a chemi ‘r’?ﬂ&:eé’oﬁé?rhgﬁﬁg W#Fhﬂﬁf‘éf‘ﬁtqﬁ aﬁng a
phot ovolst aigggaaR\Vdilam: &GO Mnijirdtite @t ahi&h JaR clendess RirddRed e thersggdrationsi | ane
gas, one kind selected fromtet raet ho lanep%peﬁmtgtg(:hem cal formul a:

Si ((OC2H5) 4)layer fogsdchisas, paghibe thaym b“*ea° MpgIAlyEs agwhbich 30
tetranet hy|aﬁ)§&}&},ﬁhﬁmm e MQ‘{[@]& @D fdard¥et hyl cycl ot et r asi | oxane
(OMCTS), hexanet hyl di si | azane (HVDS), tr| et hoxysi | ane (chem cal fornul a:
S1IH(O0C2H5) 3), or trisdinethyl am nosilane (chem cal formula: Si H(N(C113)2)3)

is used. 27 15 Thd thethbll forMRinlRCERE a ﬁﬁdm;nslwairlwa@oﬁmtt@uﬁinh g,c device

according to claim 12, wherein a tenperature at_which t si |i con oxide
filmi<0f orvhereiny éqmnemlrg Phphigh telw&tca!l oxidefilrg ixfoEnest O‘seﬁ H?tﬁ"wéfecrwa a

chem cal vapfieofif Easaaerﬁtbeﬂeﬂulmawdeﬁaﬁua{ mithod WHIDRRI dse TiflANe gas is
a tenperature at an el'enent 1 ntroduced into the separation | ayer does

not | eave, Oegidlcmﬂaletgaemiéﬂ"ﬁ erdowereand thestheraral eatment &g peaformed 1 48@°Gras at  whi ch
an el enent l]mrhiltroduced into the separation |ayer |eaves. 15. The

met hod for Kuf act ur | ng a photovoltaic device according to claim12, 10
wherein a tenperature at which the silicon oxide filmis formed over the
single crystal s ond r substrat Y sition

ret nod Wit h ¢ he. EdbeReltie S e atuRh BlodloniE Bt act BRRlE G ERRS ' P

t her mal tr@aiefmﬂmeisspamﬂbﬁ (Myﬂfﬁ fa:tmod(l@(fmwdum@mrﬂ" 5" Gnd Hekionetwithd f or
manuf acturi.ng a phot ovﬂ%al c device according to claim12, wherein the
separ at i onhPé;Pé? ¥y i ntroduction of 11, H2+, and H3 ions with a
hi gh proportion of H3+ ions. 17. A nethod for rranuf acturi ng a photovoltaic
devi ce, i Si

conmpri S| ?‘P 5Amethod for manufacturing a photovoltaic device, comprising:

20 * introducing one kind of ions or plural kinds of ions of different masses each
comprising the same atom, which are produced by subjecting a source gas sclected from
hydrogen, helium, or halogen to plasma excitation, into a single crystal semiconductor
substrate to form a separation layer in a region of the single crystal semiconductor
substrate at a predétennincd depth from a surface of the single crystal semiconductor

25  substrate,

adding an impurity element which controls conductivity in a region of the
single crystal semiconductor substrate at & depth shallower than that of the separation
layer formed in the single crystal semiconductor substrate to form an impurity
semiconductor layer;

30 forming a first electrode over the impurity semiconductor layer;

forming a silicon oxide film over the first electrode by a chemical vapor

deposition method with the use of an organic silane gas;



20 i ntroducing one kind of ions or plural kinds of ions of different masses
each conprising the sane atom which are produced by subjecting a source
gas sel ected from hydrogen, helium. or hal ogen to plasma excitation, into a
single crystal sem conductor substrate to forma separation layer in a
region of the single crystal sem condpgtor substrate at a predeterm ned
depth froma surface of the single crystal sem conductor 25substrate,
adding an inmpurity el ement which controls conductivity in a region of the
single crystal sbeodigntiecinie syl seniieondiictor sidirate ahalslubsmte kdving adat of

t he separat,iop |ayer. forned in the r sen1 uct or supstrate
to forlrc:1 an PE%ISS‘) §‘§n¥’%03‘fﬂ‘f]€?sbtfonl %@E} %‘f ﬁ‘Frﬁa‘fh B lé‘geﬂ?oﬁ over

.the inpuri ttyeragm,&gaﬁduct or |ayer; for m ng a si I | con oxide film over
the first electrode by a chepm cal vapor depo ion method wi.,th the use of
an organi ¢ sil anBc"g’é%"“g al “catm%r‘l'g? fgtet r% f §ogle &5 ﬁmlgﬁ‘i‘i‘“&%’nductor

substratge tsﬁbs?raﬁ%&ﬁﬂeaduBstﬁ@é/hd%&‘g%ﬁ ihsifatth@birfie 81 sufetfosby of B TOBRS S | ON
thereof with the silicon_oxid Il mi nterposed t here 'ilween per form ng

ther mal tr EERFTRAL Cleavage singtthe ferration dayeun gpd eqp?@tl%ﬂ enfiegrdceesl 5
substrat e apichifuchr Bidsirate S0 hﬁiﬁlangn@acﬂ ySialeitidoR@uctol 11R€ vt i subgfkPOsed on
each other to generate cleavage in the separation |ayer, and separating the
single cr y Juging seipsdavng iaee; substrate to forma single crystal

sem conduct or | aygp; V&rmtpnﬁtyséetaﬁéoaa&&mh% Meviad oppbiitd brda&tiviy'ch aRe:

formng an inpurity Sem conductor |ayer having opposite conduCtivity to the
10 i npuldi t yimpuity senigerdustor Jaxgrein, lh‘?ﬁﬂ&lh@)’%ﬂilrfglﬂ@o Wéﬁyc%é?ﬂ conduct or | ayer,

and formng a Semﬂl)%eé Y68 BEE olbrCunk by seBfEIGRAGUGYEN ndviPr havi ng

opposite conductivit manuf acturing a

phot ovol t aioppeséte cemslugtidiyr di ng to claim 17, 15 wherein as the organic silane
gas, one kind selected fromtetraethoxysi I ane (TEQGS) (chem cal formula:

Si (OC2H5)4), trinethylsilane (TMS) (chem cal formula: (CH3)3Siff),

t et r amet hyI cycl ol&tmmeﬂwﬂénﬂn@mg apbolavaltaindeyige resoetingtoiciam e

S HC 025 FHERGE e Bhlie SRS (ot R nd SHEBOKNR, i RRT PRSI LT 5

i s used. 2(chemical formula: Si(OC;Hs)s), trimethylsilane (TMS) (chemical formula: (CH;);SiH),
tetramethylcyclotetrasiloxane (TMCTS), octamethyicyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (chemical formula: SiH(OC;Hs)s), or
trisdimethylaminosilane (chemical formula: STH(N(CHj),)s) is used.

20
19. The method for manufacturing a photovoltaic device according to claim 17,
wherein a temperature at which the silicon oxide film is formed over the single crystal
semiconductor substrate by a chemical vapor deposition method with the use of an
organic silane gas is a temperature at which an element introduced into the separation
26  layer does not leave, and the thermal treatment is performed at a temperature at which

an element introduced into the separation layer leaves.

20. The method for manufacturing a photovoltaic device according to claim 17,
wherein a temperature at which the silicon oxide film is formed over the single crystal
30 semiconductor substrate by a chemical vapor deposition method with the use of an

organic silane gas is 350°C or lower, and the thermal treatment is performed at 400°C or

higher.



19. The method for manufacturing a photovoltaic device according to claim
17, wherein a tenperature at which the silicon oxide filmis fornmed over
the single crystal senm conductor substrate by a chem cal vapor deposition .
met hod with the use of an organic silane gas is a tenperature at which an
el ement introduced into the separatiom 25 | ayer does not |eave, and the
thermal treatnent is perfornmed at a tenperature at which an el enent
introduced into the separation |ayer |eaves. 20. The net hod for
manuf acturing a photovol taic device according to claim17, wherein a
tenperature at i f gle
crystal 30 sem \(,:\I?)inglﬂ HEE&OQEH a?’g%agéggga% tge’n“%l%lgdg?/;ggor rﬁlﬁf}%&?ﬁr@%@mt hod
With the useheodin the sepagpsion daysi isefnmelgatw ingodSOG off H1, (Hmerapdéladmnhmdlhernal

t r eat ment erforne 1 4OOC or higher. 29 21. The nethod for
manuf acturllﬂgpa{ %Otno 3% 8¢ device accordi ng to claim 13, wherein the
separation |layer is forrred by introduction of 14+, H2+, and HHE ions with a
hi gh proportion of H E ions. '




