METHOD FOR MANUFACTURI NG SEM CONDUCTOR SUBSTRATE AND METHOD FOR
MANUFACTURI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE INVENTION 5 |. Field
of the Invention [0001] The present invention relates to a nethod
for manufacturing a single crystal sem conductor layer. In addition, the
present invention relates to a nethod for 10manufacturing a sem conductor
substrate including a single crystal sem conductor filmand a nethod for
reprocessi ng a sem conductor substrate. 2. Description of the Related Art
[0002] 15| METHaMe R IMANTAGTURING SMICOPNUETORWIEBS TR A AN ngl e

crystal sem c I i ' [ urface, instead of
a %ul k sil m’ﬂﬁ%t&l W%@%‘Zﬁﬁgm%ﬁg@@hﬁi@&&q@%m substrate can
reduce parasitic capacitance between a drain of a transistor and a ol
substrate; thus, SO substrates are attracting attention for their ability
to inprove performnce ofﬂééﬁ%ﬁw&%ﬂﬁﬁ% ENdLO¥ rcuits. 20[0003]

A SmartsCut nethod is known as one of nethods for manufacturing an SO
substrate ﬁe._g., see Patent Docunent 1). An outline method for

manuf act ur il NgedRTBgInsyEet rate by a Smart Cut method is described bel ow.
Hydrogen igpgpre inplanted into a silicon wafer to forma m crobubble

| ayer at a predeterm ned depth fromthe surface. 25 The silicon wafer into
whi ch hydr ogen i Biesprpsgue inyerivni rajolcarie ednetbod fndeahufastuimgtahenglsichistdn waf er
with a silj J Il mij.nt erpos t hereb - er_that \Z
perform ngbcﬁgg?@%tggti%ht ,fnt @Li?n&éﬁg%ﬁﬁleg ﬁ{g%?ﬂi Eé?%t%)s lib% aa%gfhé)gvigée pl ane,
and t hé0 wafrenufagibionavh sahicertecthy shbeigea inicbrisgar snglnphant eghicendpetet Gthi n a

thin filmstate. A, smart Cut method i.s.al sp called a "hydrogen ion
[l ant at i 515 SOpSPLTT O PTG S GpOgud S} patent Bocurent 1, in
order to inprove the planarity of the surface of the single crystal silicon

| ayer and 5 easgrript%n%?il%%e[étgdkge single crystal silicon |ayer, CW
[0002]

15 Integrated circuits using an SOI substrate where a thin single crystal
semiconductor layer is formed on an insulating surface, instead of a bulk silicon wafer,
have been developed. The use of an SOI substrate can reduce parasitic capacitance
between a drain of a transistor and a substrate; thus, SOl substrates are attracting
attention for their ability to improve performance of semiconductor integrated circuits.

20 [0003]

A Smart Cut method is known as one of methods for manufacturing an SOI
substrate (e.g., see Patent Document 1).  An outline method for manufacturing an SO!
substrate by a Smart Cut method is described below.  Hydrogen ions are implanted into
a silicon wafer to form a microbubble layer at a predetermined depth from the surface.

25 The silicon wafer into which hydrogen ions have been implanted is bonded to another
silicon wafer with a silicon oxide film interposed therebetween. After that, by
performing heat freatment, the microbubble layer is to be a cleavage plane, and the
wafer into which the hydrogen ions are implanted is peeled in a thin film state. A
Smart Cut method is also called a “hydrogen ion implantation separation method™.

30 [0004)]

In Patent Document 1, in order to improve the planarity of the surface of the

single crystal silicon layer and repair a defect in the single crystal silicon layer, CMP



treatnment and/or heat treatnment at high tenperature (about 1200 C or | ower
performed after the single crystal silicon layer is forned. [0005] Further,
a method for reusing the silicon wafer after a single crystal silicon 5

| ayer is peeled off and transferred froma silicon wafer by a Smart Cut
method is knowmn (e.g., see Patent Document 2). In Patent Docunment 2, after
the single crystal silicon layer is peeled off fromthe silicon wafer, the
silicon wafer is planarized by CVWP treatnment or the like. [References]

10[ Pat ent [eewvantsd/of 8806} ealiNak %@tm%mf&udz](aQ&@amﬁe"cP%bl Ibehsgds Pat ent
Application No. 2003-017671 [ Patent cunent 2] Japanese Publishéed Patent

Appl|catlOWGNB“mﬂa@T‘b@?B@QC%@@iﬂWﬁﬁYﬂ@meﬂEmﬂNVENTICN [ 0007] In the
case where gxﬁﬂngle crystal sem conductor layer is forned by such a nethod
as disclosed in Patent Docunent 1, CMP treatnent and/or heat treatnent at

hi gh t enper at ur elirfficheetiediod tivrercesiog die gikiconswaferf e singlo quyseistizomn

' neXpen§' V?%Jexairsgge@d ﬁgnd giglsﬁ: GO 15(%51 v&?&%& aén‘?ar( é@ n éH&?E'&ﬁB\%)} As an
exanpl e of ctic option for realizing ed sem conduct or
substrate (G@lﬂ@db@ﬁﬂéh@wnma2glds§mymb§bpmn@n§h@&hdh©emgkemMaﬂsamsmbstrate

to which a, opgs.l eteﬁ: ffﬁ‘ %\%0:1% mé:lﬁ q]“&t%l% tl]éa%ef‘lcon %va%rt1?§)?en%:16?ﬂo¥\es(ﬁﬁ%aa gl ass

substrate Jies n ove re U|renent

reS|stanceneMnmmdmmuﬂdm CNP treatnent |s surface-polishing treatnent,

whi ch has gh fficulty in performng uniformtreatnent on a |arge

ar ea. [000@# fefRd! In view of the above problens, an object is to

manuf a¢o ur Paens Doglments]yst al sem conductor |ayer with favorable
characterlftlgf wi t hout perform ng CVWP treatnent and/or heat treatnent at
hi gh tenpe e. Another object is to provide a 30seniconductor substrate

(or an 501[1sksbbathnt i NehabNLbHYC Fichi AFPIRaGSY’E. F003-017671
[Patent Document 2] Japanese Published Patent Application No. H11-097379

15 SUMMARY OF THE INVENTION
[0007]

in the case where a single crystal semiconductor layer is formed by such a
method as disclosed in Patent Document 1, CMP treatment and/or heat treatment at high
temperature is needed; therefore, it is difficult to provide an inexpensive large-sized

20 semiconductor substrate (SOI substrate}. As an example of a practical option for
realizing a large-sized semiconductor substrate (SOI substrate), a glass substrate should
be used as a substrate to which a single crystal semiconductor layer is attached.
However, a glass substrate does not satisfy the above requirement in terms of its heat
resistance.  In addition, CMP treatment is surface-polishing treatment, which has high

25 difficulty in performing uniform treatment on a large area.
f0008]

In view of the above problems, an object is to manufacture a single crystal
semiconductor layer with favorable characteristics, without performing CMP treatment
and/or heat treatment at high temperature.  Another object is to provide a

30 semiconductor substrate (or an SOI substrate) including such a single crystal
semiconductor layer.

[0009]



sem conductor |ayer. [0009] Further, in the case where a silicon
wafer is reused by such a nethod as disclosed in Patent Docunent 2, the
silicon wafer is polished by CVWP treatnent in every peeling/transferring
step; therefore, the thickness of the silicon wafer is reduced gradually,
so that the silicon wafer cannot be reprocessed. 5[0010] In view of
t he above probl ens, another object is to increase the nunber of tinmes of
reprocessi ng a sem conductor substrate to inprove the productivity. [0011]
A manuf act uri ng nﬁﬂhodnﬁhﬁehQSﬁdﬂém ﬁh?& @@%ﬁﬁik&@&i@ﬂsﬁ?z@1H&hﬂpéfin whi ch
10 vapor-phase epi taxi a romh is perfor by using a first single
crystal se Sﬁ%ﬁﬂu@ﬂ%?mﬁéngmﬁg:éts%é w@hygﬁ?‘&ﬁ@?%%Q%ﬁ‘Q@@dﬁﬂnﬁ@ﬁg?e
crystal seai&opedItib@antfayial sich; forRd 19y 8fickhbBe Jrithstinsdnngher &MY&lal

sem conductor, | ayer, and separation is perforned at an interface of the

both | ayer &aduglly; 1 tRatihesiliconpigrsemnat hekeptocarsed separ at ed from each ot her
usi ng hsghrmQopressi ve stress of the second single crystal sem conductor

| ayer to tLle ggfi rst single crystal sem conductor |ayer. [0012] In
addi tion, the filpstiewiohgheakavygreltiensmeberdeleddris lajsreass ther nuiesr above
separ at | ONjygg §H@{n%84599g5Qen\(i@&%léinﬁﬁ)?traﬁgloti%'r@e twé}%&tiggﬁ' n and reused as
a seed layer. Inthis case, the tirst single crystal sem conductor |ayer is
pref erabl y[®dbj ected to a | aser 20process. [0013] A net hod for

manuf acturi ng a 1 _ r . di scl d.n.this cifi.cation
i ncl udes the foI/I§g{v%ﬁ%&g#g%&ﬁhg’ggdﬁsté:%)%%(fmp{rh ?)Svslpg‘?iﬁaatgnf’? ?s“tqeﬂiéodﬁﬁ'l Vc‘:’\ll”@?yst al
seni cohlucvapor-peaseepicaxent geowth issperSubsat batdng @ fist eipgleferpradvimicagiuatos econd

single crystal 25 m conduct or | ayer. over e first single.crystal
seni conducfa ¥ Zfsa&ﬂ/%ere’aﬁ@yeé W eﬁcgjty _fbﬁ%?gé?glﬁglfﬁl(%q S&'PWE‘#"FP(EQ%’(?B 18 g’r@f’@p of
attachi ng t¥ee the fistt shighs tiyake samdorRiuses Mydr, Smbskpaiteont B Raoinal Bein Wi th an

insul ating. | ayer interposed therebetween so that the first single crystal
seni conduct6taFy etBe gﬂg?q}’ﬁ@- SB(EHHH“@FT}E‘F ROtR faygisqre ?@ﬁﬁaﬁéﬁ@@b?%g ofhgyer are

provi ded bgdivegigh b@pfdsdied stfdd st iRt RcAHAG TN c:Saa0ashi SIS RTSer @ 5L P Of
separating_the 30 first substrate and the second substrate from each ot her

at an ht efsbdeelpevnebsmieoadygiordeyesi ngl e crystal sem conduct or | ayer and
t he second[og'”]gl e crystal sem conductor layer so that the first single

crystal sem conductor layer is provided over the first substrate, and
In addition, the first single crystal semiconductor layer after the above

separation is subjected fo vapor-phase epitaxial growth again and reused as a seed layer.

In this case, the first single crystal semiconductor layer is preferably subjected to a laser
20 process.

[0013]

A method for manufacturing a semiconductor substrate disclosed in this
specification includes the following steps: a step of providing a first single crystal
semiconductor layer over a first substrate; a step of providing a second single crystal

25 semiconductor layer over the first single crystal semiconductor layer by a vapor-phase
epitaxial growth method; a step of attaching the first substrate and a second substrate to
each other with an insulating layer interposed therebetween so that the first single
crystal semiconductor layer and the second single crystal semiconductor layer are
provided between the first substrate and the second substrate; a step of separating the

30 first substrate and the second substrate from each other at an interface between the first
single crystal semiconductor layer and the second single crystal semiconductor layer so

that the first single crystal semiconductor layer is provided over the first substrate, and

(S



so that the second single crystal sem conductor |ayer is provided over the
second substrate; and a step of irradiating the first single crystal

sem conductor |ayer with |aser light. [0014] 5A nethod for manufacturing a
sem conductor substrate disclosed in this specification includes the
followi ng steps: a step of attaching a first substrate and a single crystal
sem conduct or substrate in which an enbrittlenent |layer is forned at a
predet erm ned depth, to each other with an insulating |ayer interposed

t her ebet ween;tha st e;pccmf:i ﬁﬂparce‘g&iahge:hhemﬁicfw|leydihyﬁir@hdéﬁefﬁf&(lﬂémﬁédﬂﬂ
Substrate an‘}j E: rst rate from, éOthe embrittl enent | ayer so that
a first singf e aaff“’ps rf{ré PO A sy FCW§‘%?WF‘H@H°‘8’§/@V@&W8* Bperst
substrate; lahstep of providing a second single crystal sem conductor |ayer
over the fl{)(ﬁt single crystal sem conductor |ayer by a vapor-phase

epi t axi al é h nmethod; a step of attaching the first substrate and a

second substrat eat &eﬁ@@h‘optlﬂﬁlizfa\é!uhh 3&“5&1{?%91'1&170!0?95115?%% dﬁﬁio@&p%qgls
t her ebetween so that the first si ng%e crystal sem conduct or 5 layer and

t he second SBicHgrREOR: ipliday thedpilpwingéapsr a sigp exf asfpehing @\ﬂr@tewbsiemm@dwat he
first substy, gfeecr?s!'ﬂﬂ stenh%oﬁcﬁﬁ%qm%'ﬁ@&t ihalifich & §t§aﬁﬁtlg%et§tqgﬁa”r% kheliRE LT 1 T St
substrate and the second substrate from each other at ah interface between
the first ¢$redgicaniped depdl. te errhcslimg wothoan inayletingdaykr titferpsedchaelsitmedneacr yst al
sem conduc ' . tor layer is
provi ded oégé Okﬁ%&% th%rg%st#gstt% Séﬁ%oidg@%g%b%{rﬁé g{iag%ﬁn&m ﬁgﬁage P‘ﬁﬁ crystal
seni conducther emlaytéﬂrmm& Iémeow disdl aofimst single csy-tstfd) emBubdictont!gyer a:ndroauﬁti ep of

irradiatin crystal,. sem co er ser light.
toozsy v B Sl TP St Bk § R e B e R osed | n
t hi s speci bigathe dsti S’n@glude)staﬂ Bemicohduowir Ngyes thBPS vagorgiher fitaRlapicitRg a
single cryst 25 sem . over fi substrate; a step of
provi di ng 3“%1?8’(%&?%8{%1? ﬁ eiﬁ@l Sb'ﬁmfaéﬁ/@‘rd ao??é?nd{%‘g“éql‘f‘l@l qach plhet with

seni conduct®inshiager lafy mma@arthd@&meeeﬁ@b traxinlfirg st eri®i Raficomisioep of
provi di ng first condu tive layer over the photoelectric conversion |ayer;

a step'of ¥t ithﬁs‘%cﬁé inglecrisiph sepisprslugion laafeg@r@dmw@qsib@,eﬂwwéh@ drssach
other wi t hgapiri®am ﬁE's&QmJi %‘s{mthrﬁﬁém%% rsth@r[ﬁ@ﬁismﬁ,@traeaﬁm% S&J&ﬁd singl e
crystal sem conductor |ayer, 30 oel ectric conversion |ayer, and
the first bndiefiovecachpder ara 1pﬁed"@¢ﬁd*&ﬂW%@tﬂMe§rsttSilnelefqr)rS@tl seulosnduatoe and t he
second subg; r d the,second
substrate f%‘f’)ﬁnge{tg S&%ﬁé)sag |lﬁstglhe]!b g%Jel? E%){/\etso %@?%ﬁﬁﬁ ngi sfaél

semi conduc&emrlcmdy@or ket rlsh:eoxpdimitmr dhet firscsubsmate asd emtﬂaay}erses@ncl fiagle t he

si ngl e,cr con cto er .i Bro ded over .the first substrate and
s:) '?ha &tﬁé&gfi]rg iy C(%f |i§)/ég’rl%§é?w%%jd Y%\é{hﬁﬁ&%‘\él Sibpirytes (a:'?fﬁ\?e?é? &h 1 ayer

are provi deddavisg the iestsimgngyssalbahicatdacton Rterawisit RPer0f:hr ovi di ng a second
conduct i vewOI er over the photoelectric conversion |ayer. [0016] A
met hod for! ufacturing a sem conductor device disclosed in this

speci fication incluersd tibe halbewng &t &RScorRusbeRiePfce PEQMbLAE NG aifi r st
single crystal sem conductor |ayer over a first substrate; a step of

provi di ng” ¥epfiettival Betidee o rf@'é‘?"é'ilé nSiERsy e SBY POMMIGNE & i cayshg| e
crystats sehiQndiGsOhydrav&ra ﬂ@t@uﬂﬂraﬁf‘% sfeB RAMGL i ?ho%&fécg'f?:%o 1Gerkibl

rd
single crystal sem conductor | ayer is intrins ourt’#] singl e
crystal se‘ﬁi’%dm‘}u(‘:}teof?m&lafé)r‘?t%é@lhﬁgﬂ‘éﬁ%dpﬂg|hryea coprdirdbicvétiixinly pevitlo t he one

conduct i vi ﬁaé’ih&y REd g'rlo§1d9{§)c(j{2:" ﬁl S?%glidﬁﬁ:lh\?e fa_‘g&%ve? 'lhfegph%to%l’%&%caton\%ersm?rc onduct or

| ayer by a vap por-p aseelt rovi
conduct i veEaYcayaaiiteio)v‘éaftlaLih‘ieg predirsciubgtatd mldmverdssubstrduagoeaﬂach thSxt eph of

attachi ng Q?’lt;n'gri%gcr %H(?r%gsre%tipcrgb ((jwcen soqpaq(%hc single crystal semiconductor layer,

30 the photoelectric conversion layer, and the first conductive layer are provided between
the first substrate and the second substrate; a step of separating the first substrate and

the second substrate from each other at an interface between the single crystal



15 substrate to each other wwth an insulating filminterposed therebetween
so that the first single crystal sem conductor |ayer, the photoelectric
conversion layer, and the first conductive |ayer are provided between the
first substrate and the second substrate; a step of separating the first
substrate and the second substrate fromeach other at an interface between
the first single crystal sem conductor |ayer and the second single 20
crystal sem conductor |layer so that the first single crystal sem conductor

layer is prsevicdathcoyedyet bed fHer Slotcalebgicr @heursiamthyeO sé Ak it andik effstal
conductive | ayer and the photoel ectric conversion |ayer are provi ded over
t he second S§NI58FGU5108 Javahig Provaded 9Vvet the fisy sdhsHalc and ée 8ty thedHetuonivaive ay er

over the phalpalest phodQRVEIohli@Roh BYEI are bRV bvdaNotot @k st 4e;hg case
where a single crystal silicon |layer is forned as the second single crystal

seni conductistercApEyidingpiseangrrasdiclps ustioner the BoLIscFiqosvarianiayeper f or ned
in which inmdge source gas, a flowrate of hydrogen is greater than or

equal to 4tines and |l ess than or equal to JOtinmes (preferably greater
than or equal toA5methagstosngandassuringan eamieepdastor gleyice i disdysed hat té a

si |l ane bas A5 : ool ddi ti.o l ass &ub t

pr ef er abl y‘gﬂesC ggag%ég{ggﬁé%#let I;?ieloﬂnlgsgteepgugss%dp a{t;]ﬁeprg)ﬁgi"{%hg {E%{cg%gsc uybssat?r at e.

[ 0019] semicomjutiof hgérevver y/Bitsadubstiate; ebsiep of pevidingcaphorelaveansneergipyst al i n
whi ch, when -taikn cr l. axis js.focused the direction of the crysta
i o1 sor vyl BETAME S UBNE B eBelal RN Son o B Lk Mng Vi o
has nol@ér ystpal a ¢riall sindlo arysdial seascdndtiteehyarwisitialisintridsicNatda tthath difplé hi s
specificationf the.siqglenfrgstal.includes.a crﬁital.in whi ch the direction
of crystal “A¥85 FRIGATTLY mays dBXEE; BedrBiFe ARTRRINE HY PG sonditg P88 n
boundar i es cendaniwdyeipd in ilcbideiesven (ks Vi alngledrogdl Rmicndeng! ang Bond.

[0020] A "sem conduct or, subfééate" Bﬁ thL% spe%ificatiqn i ncl udes a
substrate MHPURNSH ePiptial BEPRGSE PieR G RRYIERE A TSt SORBRHVEMAE QY4 HPf si ngl e

crystal sephaoneiusd ebnveAYR 120 @ SUPST LAl ideNhehfieh s@Ruh@siabiaf kagngubstrate
is provided with a thin single crystal sem conductor |ayer. [0021] A

"seni cbhdugibsiratg &y pask othen withiag ingeting ifdmtinterpoprsiadhercbativedtesy bashafirseh are
P S b A R e T
al | i ncl udeshdi¢tivehaya ate gorided beisem tonfiut sdstrdeand glse second substrate; a
step of separating the first substrate and the second substrate from each other at an
interface between the first single crystal semiconductor layer and the second single
20 crystal semiconductor layer so that the first single crystal semiconductor layer is
provided over the first subsirate, and so that the first conductive layer and the
photoelectric conversion layer are provided over the second substrate; and a step of
providing a second conductive layer over the photoelectric conversion layer.
[0017]
25 Note that in the case where a single crystal silicon layer is formed as the second
single crystal semiconductor layer, vapor-phase epitaxial growth is preferably
performed in which in the source gas, a flow rate of hydrogen is greater than or equal (o
4 times and less than or equal to 10 times (preferably greater than or equal to 5 times
and less than or equal to 7 times) that of a sifane based gas.
3¢ [0018]
in addition, a glass substrate is preferably used as each of the first substrate and

the second substrate.



[ 0022] A "photoel ectric conversion device" in this specification
means all devices 20whi ch convert light energy to electrical energy and
convert electrical energy to Iight energy, for exanple, a solar cell and
the like. [0023] A "display device" in this specification includes a
light-emtting device and a liquid crystal display device. The
light-emtting device includes a |light-emtting 25 elenent, and the liquid
crystal display device includes a liquid crystal elenent. The |ight

em tting elggpent includes, in its scope, an elenent whose |umnance is
controlled by a current or a voltage, and specifically includes an

i norgani ¢ el ect r 81 HiglaessBhtin HEL jreailiepiontmeagha epgihincvieeh, sthepgsertaiand t he
like. [0024],30T0ei586R0H 1} NALEoLEMEL BlysBEAELRIARSES S hXShe ifeSBRar at ed
fromthe first single crystal sem conduCtor layer utilizing conpressive
stress of thanskedndols wgipke adypdiiel] hasawicesid getipboundggs Heorarndrisielsa

vapor - phas i I : : ST o] N 1 | .Joes not
occur i% tﬁﬁ%ggﬁgﬁﬂﬁiﬂﬁgﬁﬁ&g?gﬁ%gﬁgﬁéﬁggﬁﬁﬁﬁﬁggiaﬁg?éﬁ“?@gﬁP%?#§ﬁ§$eby heat
treat ment af ciybighaxee ippenifatu e desripot aboee detiwhich hasldi igraon potnderisseomd si ngl e

crystal seq% gn%Hﬁhﬁgakﬁg@{%%%%gﬂigﬁggﬂg&gggrated has hi gh planarity;

therefore, planarizatio as CWP treatnent is not needed.
Accor di ngl ¥30201 becones 5easy to realize a | arge-sized sem conduct or

substrate (SO sphstrate). [0025] .. . Furt her nmet hod for separating
the first singléHc$?¥ggﬁL§8%$@§ﬁ%ﬂdPéwsF%?gﬁm%ﬁHmPW§“§%%@ﬂH“%Vhﬁﬁ‘Ecrystal
sem congluch wuld sjiesn whicchs p®vided reth HyhiR sigRotryphiaseiefidiaxt flyeigsoxm h
met hod from each other is used. Thus, the first single crystal 10

ﬁigh glaﬁtr9

sem conductBFIGy8, WhEh Al sl skbigicals BrovKed Vil e hihibtedbyrsté
ef fici encys@ficéhdu@prRg@ssing treatment is increased and the productivity of
seniconduch%glfubstrates (SA substrates) can be inproved.
A “semiconductor device” in this specification means all devices which are
15  capable of functioning by utilizing semiconductor characteristics, and electro-optical
devices, semiconductor circuits, and electronic devices are all included in the category
of semiconductor devices.
[0022]
A “photoelectric conversion device” in this specification means all devices
20  which convert light energy to electrical energy and convert electrical energy to light
energy, for example, a solar cell and the like.
[0023]
A “display device” in this specification includes a light-emitting device and a
liquid crystal display device. The light-emitting device includes a light-emitting
25  element, and the liquid crystal display device includes a liquid crystal element. The
light emitting element includes, in its scope, an clement whose luminance is controlled
by a current or a vollage, and specifically includes an inorganic electroluminescent (EL)
element, an organic EL element, and the like.
[0024]
30 The second single crystal semiconductor layer is separated from the first single
crystal semiconductor layer utilizing compressive stress of the second single crystal

semiconductor layer formed by a vapor-phase epitaxial growth method. Thus, a defect



BRI EF DESCRI PTI ON OF THE DRAW NGS 15[ 0026] FIGS. IAto 1E illustrate
an exanple of a nmethod for manufacturing a sem conductor substrate.

FIGS. 2A to 2E illustrate an exanple of a nethod for nmanufacturing a single
crystal sem conductor layer. 20FIGS. 3Ato 3E illustrate an exanple of a
met hod for manufacturing a sem conductor device. FI GS. 4A and 4B
illustrate an exanple of a nmethod for manufacturing a sem conductor device.
FIGS. 5A to 511 illustrate el ectronic devices using sem conductor devices.

25FI GS. 6A d¢rah®Gki | dous hoab@uelieehd eqtbed @ﬁgleC@%thlSkdlgc@ﬂUh@DM}@Eﬁt@é’if devi ces.

FIG 7 is a TEMIi mage showi n separation stat GS. 8A to 8F
i |1 ustrat e "ETEXIFAT Beadpery f’r‘r&‘fﬁ’ob“rﬁ’S‘rﬂi%hﬁjF%dieﬁg‘?dﬂg Iy ag‘é‘h‘?‘i’ C‘Bﬁéﬁ@%r

substrate. sHIREFMMERMINRERITThIN «Gkr Jdilke ééﬂyﬁwﬁh@é‘hﬁ@p&z&ar@hﬁ%wt s of

the i nvention dlsclosedlnthlsseC|f|cat|on wi Il be described w't

ref erence PHNAEEHADHRYIEY sUrhathi (Y8 renipreat it Raftneedrd. i Avesrdingly: tﬁllbéféﬂi%ed in

this speci fehé%ﬂb'r&ﬂzé’\é lakgebs@zeagagﬂc&ydueﬂapg&@ﬂrﬁé BO1YbihRse skilled in the art
t hat vari ous hanges and nodifications are possible wthout departing from

the spirit [¥#dlthe scope of the present invention. Therefore, the invention

di sclosed in thi Fmﬁa@?%‘nfxéﬂ?tﬂtf?%ﬁ %‘He RRY sm@ Qﬁ{o{ameﬁﬁlp(gn%?lagr %?ert?aﬁh ng

limted to the description o odi ment
drawi ngs f dre ekssund isbigheg ciybie! esrhioctidwetet dayer hehigane fporti gns mpopphatseons

havi ng the f r enot ed hy. t S r fer nce nuner
the descri p??agﬁal H‘Q\%ﬁl &Qﬁwﬁl ﬁ%ﬁj 2k o(?hoe?lls u@gd a’?ﬁus,? Tst smgr?e crys%1
10 semiconductor layer is used repeatedly as a seed layu, whereby the efficiency of a
reprocessing treatment is increased and the productivity of semiconductor substrates

{SOI substrates) can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS
15 [0026]
FIGS. 1A to IE illustrate an example of a method for manufacturing a
semiconductor substrate.
FIGS. 2A to 2E illustrate an example of a method for manufacturing a single
crystal semiconductor layer.
20 FIGS. 3A to 3E illustrate an example of a method for manufacturing a
semiconductor device.
FIGS. 4A and 4B illustrate an example of a method for manufacturing a
semiconductor device.
FIGS. 5A to 5H illustrate electronic devices using semiconductor devices.
25 FIGS. 6A to 6C illustrate electronic devices using semiconductor devices.
FIG. 7 is a TEM image showing a separation state.
FIGS. 8A to 8F illustrate an example of a method for manufacturing a

semiconductor substrate.

30 DETAILED DESCRIPTION OF THE INVENTION
[0027]

Embodiments of the invention disclosed in this specification will be described



[ 0028] 10( Enbodi nent 1) In this enbodi nent, an exanple of a nethod
for manufacturing a sem conductor substrate (also called an 501 substrate)
is described with reference to drawi ngs. [0029] 15First, a first 501
substrate 100 (also called a seed substrate) is prepared (see FIG I|A).

[ 0030] In the first SIMsubstrate 100, a first single crystal
sem conduct or | ayer 103 (also called a seed | ayer) can be provi ded over a
first substrate 101 with an insul ating 20l ayer 102 interposed therebetween.

[ 0031] with re&é’tetﬁ%amlcﬁ)nwanﬁngﬂfaMst ONot¥afistf @€ tinlchiigh ERSoEdrigtthiSO
Substrate 1001%1| Shown in FIG 8. The first substrate 101 and a single
crystal serPedictie? &l E?lH@??hﬁ@r%@iedsq}dhoséékﬁieg|“} 1S htreriowr dapgspar ed

(see FIGS. @4 nanski@Bins £ pessnd Mih&ﬁﬁi@ﬁarin@%’ﬁrﬁm 1RO sHPB ah$ tﬂceosrcgﬁ'éjof MeSuch a
a

manner that a surface of the single cryst sem conduct or substrate 801 is
i rradi at ed DFFSEH TAYENtiBh bB&fﬁf@eszthw*xfaV@h“%d*ﬁ%@fﬁédﬂ §fis prpsificadeesioplted in t he

electrig f 'b%ln‘i’tel pf"é?éjj éshﬁidgq{]ﬁlte"artg tHerHeEcqﬁlM@f?gfﬁg e?an@incQ@ oNoft tﬁételg%ler m ned

depth (see FIG he sin e crystal sem conduct or strate 801 is
attached t d¢hg <ﬂféwmgs & @m@mgatb@mm lwlﬂh thm@memuums|ongo¢t@yeha\m®;2the

i nter posed shy ﬁ@ 'flﬁllaf?&l%?@dén%t%ﬁ bﬁltl%% n%q)ei?r%r 0631 als -Exlﬂﬁ he &?%8%&)5 tré@ nt is

performed to cause separation”at ittlenent ereby t he
first singhvallbeyetiabnlgeniecconduct or | ayer 103 is for ned over the first
substrate %)012 isee FIG 8F). In order to increase the planarity of the
first single crystal sem conductor |ayer 103, laser light irradiation
treat mnt Bmbbddmewfifective. In this nmanner, the first SO substrate 100 is
manuf actured. [ Oglg%kis embodiment, an cxample of a method for manufacturing a
semiconductor substrate {also called an SOI substrate) is described with reference to
drawings,
[6029]
5 First, a first SOI substrate 100 (also called a seed substrate) is prepared (see
FIG. 1A).
[0030]
In the first SOI substrate 100, a first single crystal semiconductor layer 103
(also called a seed layer) can be provided over a first substrate 101 with an insulating
20 layer 102 interposed thercbetween.
[0031]
An example of a method for manufacturing the first SOI substrate 100 is shown
in FIG. 8. The first substrate 101 and a single crystal semiconductor substrate 8§01
such as a silicon wafer are prepared (see FIGS. 8A and 8B).  An embrittlement layer
25 803 is formed in such a manner that a surface of the single crystal semiconductor
substrate 801 is irradiated with an ion beam 802 which is formed of ions accelerated in
the electric field, and the ions are introduced to a region of a predetermined depth (see
FIG 8C). Next the single crystal semiconductor substrate 801 is attached to the first
substrate 101 with the insulating layer 102 interposed therebetween (see FIGS. 8D and

30 8E). Then, heat treatment is performed to cause separation at the embrittlement layer

803, whereby the first single crystal semiconductor layer 103 is formed over the first



S5Here, as the first substrate 101, a substrate nmade of an insulator can be
used. Specifically, a variety of glass substrates that are used in the

el ectronics industry, such as alum nosilicate glass substrates,

al um noborosilicate gl ass substrates, and barium borosilicate gl ass
substrates; quartz substrates; ceram c substrates; and sapphire substrates
can be given. Note that when the above gl ass substrate contains a large 10
anount of boric acid (B203), the heat resistance of glass is inproved; when
it contai NSuBsubk@Arge (s MU M) of inkadd: wineschdand Bakdrict beMe Ped khigRGGhal

mor e-practi cal heat-resistant glass can be obtained. Therefore, it is

pr ef er abl e SEHEPNEICHY dagr d(bs tapdt liehé dntdiationnigeaioere iBabot HEatB203n BRisused.
Besi des, a%natnn&, b msd S@ygﬁats{rﬁE @Od-g%aanﬁfaét'u&g! e cryst al sem conduct or )
substrate &for exanple, a single crystal silicon substrate or the like) may
be used. 1n%0325 this enbodi ment, the case of using a glass substrate as the
first sybstrate 401 1Sudfaarifedc MICH o&sBh @3R8 Whsh Ak fuili B GRTY have a

| arge area and is i hexpensive 1s used as the first substrate 6 , the cost
can be redwpediicallp08@iriehnolagialistsitlentrates that greprsed ar thblelectrévats inthestrsunichce of

t he above fjrst . ate 107 . 2 | eaned. i n advance. . Specitically,
uItrasonicaﬁﬁgéHﬁﬁﬁﬁ%% li%f%%ﬁglsbﬁ%Pﬁ%% Fﬁﬂ%mgdﬁ%?ﬁﬁ gmfg1%&£%ﬁ6“5

hydr ochl or iboroaiticalé hyleksogentrges, oyiate sibxtratese {ekiPhl, subssatbd, uside saghité hydr ogen

peroxi de m xture (SPM, . an nj um hydr oxi de/ hydr ogen per oxi de m xture
Cabvy | i 1 Rty G0 Jor BT ang DH e Abere e R u? GBS 6 RS | o ng
treat neot, abmbentMbbEacLiPIBROGY, tHeeQfredifignct bf glhssssbsiroadde whiliteamaieal npr oved
and abrasiYQ 25§Frtjgle$ |l eft on the surface of the first substrate 101 can
be renoved AgEHEFAYNt of barium axide (BaQ){ban boric qgid) mpwrpraggisal heatsiehigert glagjer of a
silicon oxigepd dbidhed® Thédefdd) iﬂ§ﬁflﬂf(§rﬁblgﬁaaféhms Ab§itdd ERMinhg Moflepdd! m a
silicon nitride oxide film or the |ike, or a stacked |ayer thereof can be
used. Not ethaRdhOabs e c oBesddepnist the diest sistinied0ds & sipgle £rystd] seBigerdctoont ai ns

Tor e 0XyGeR,RAR (R LLAGAR ANRIEARA B NBSRue B QPR Stk AN, 1gnd
hydrogen at concentrations ranging from55 to 65 at.% "1 to 20 at.% 25 to
35 at. % atds cobadiment] Ghatasy ofr sdpeet tlews| substFue thahs fastsiubslodn 1l tisi de

OXI de_ Fi | My A, a.\)\EﬂelnrQ é\llg's%tsuﬁé?%ea\'wﬁ'ﬁh gpx[ﬁa\wat [aPRE Cf;[ Q?dnas(??fé&g?&w%qg .
cont ai ns oxygen, nitrogen, silicon, an ydrogeﬁ’a concéntrati‘ons rangi ng
from 15 t ou2d aathe%rst20bstratc3B 1 atic 8hst 24 HeoedBbedit . %9 and 15 to 25 at. %
respectiveB% 3‘6}10035] Note that the single crystal sem conductor
substrate 1 ich is separated fromthe first SOL substrate is subjected

to CVP treat mentinaadition, ih8airefefadRt thRNhe airfdat ghtilcebper AisuE®sane 105 bysed
repeat edly, whereby a pIuraL%t of the first 501 substrates 100 can be
manuf a¢? ur elgence i VP@&roéB@%’%éyﬂﬂ%%?%%ﬁkﬁﬁﬁgFH@”EVW@VE”E?9§%a#““me

seni conduci@®r LQsubstifatoehibsc Calid/Behragdnl Metoxl@PHASARST (MPM) €At fBftic Pr ocess.
acid/hydrogen peroxide mixture (SPM), an ammonium hydroxide/hydrogen peroxide
mixture (APM), diluted hydrogen fluoride (DHF), or the like. Through such cleaning
treatment, the surface planarity of the first substrate 101 can be improved and abrasive
25 particles left on the surface of the first substrate 101 can be removed.
[0034]
As the insulating layer 102, a single layer of a silicon oxide film, a silicon
oxynitride film, a silicon nitride film, a silicon nitride oxide film, or the like, or a
stacked layer thereof can be used. Note that a silicon oxynitride film refers to a film
30 that contains more oxygen than nitrogen and contains oxygen, nitrogen, silicon, and

hydrogen at concentrations ranging from 55 to 65 at.%, 1 to 20 at.%, 25 to 35 at.%, and



[ 0036] Next, a second single crystal sem conductor |ayer 104 is
formed over the first single crystal sem conductor |ayer 103 by a
vapor - phase epitaxial growmh nethod (see FIG 1B). 15[0037] The
second single crystal sem conductor |ayer 104 may be forned using a
material simlar to that of the first single crystal sem conductor |ayer
103. For exanple, in the case where a single crystal silicon layer is
formed, a vapor-phase growh nmethod (including a CVD nethod or the |ike)

can be enplooyedio kivsMsgddiitelyl XReth8as @fcon Hride Skid@mambasad Oasn ¢ 9as
contai ning a hydrogen conpound of silicon, typically nonosilane or

di si | ane) &ﬁ@aﬁﬁdF%QéH“W§“u$@ﬂ‘a§g§‘§6@ﬂé@mgﬁsowﬁﬁm38¥m8@1 silicon] png he
source gas py&efed A o R&nRRRANE n%rﬁ@nngogalai%'z@' %@5%@ 2580 BkQpes ate

rati o of hydrogen to a sil ane- ase gas is preferabl to be gréater
than or eqaad 11® 2 at2§ raspepdiseland | ess than or equal to 10 tines, nore
prefera?ly o@keater than or equal to 5 times and |l ess than or equal to 7
tinmes. éthe words, the dilution ratio of hydrogen to the sil ane-based
gas (hydrogen/si Natneh&jeth@dmgasqrysl@ $emcoaducaorrarbstmt@801gmémhets sepamedr equal

to 4 times fr%ﬂ1d111xla ??s%ébrgu%sg%tﬁ?saslﬂgjecteg tg &Mﬁl" tR%? ?enPEEJ/grr %Q 1¥e gt giégltéhan or

equal to 5 tinmes an ess equa e SI d gas is
typi fi ed byengielaure anBBalste rd;bamed/lgl \yhercdiyw plaréity( & BH6)st GO) tsbmﬂatekeoa an be

used. Further added to the.source gas. 003 As
o asma oo e oS Y sPRe e e et Bien T G SHeR AU sgRCPYBhEncy (R
pl asn'a]GlVDsuﬂﬁﬂabadddHedM fiRt @ProetRk tlegmPav@bedss.equency of greater than or
equal to 1? NPE and |l ess than or equal to 200 MHz, typically of 13.56 M1z
or 60 MHz, 5 m crowave plasnma CVD apparatus with an el ectric power

frequency of gr Qﬁéx@ra &&é\{a Qhgleatalal ephidonShcthZl a?é}d10|46§$orln@§'av9rth@ﬁl%@| to S
GHz, typically of 2.45 GHz, or the like can be used. [0040] A condition for

t he epit ax‘ﬁlag]e@r)@iﬁtl Iaemfawd@etowb@r Mi3nfasda asmwbmmml@t!@l grmﬂwnelhfl@(seﬁanpl e of
t he condit i, g m xed gas of silane and hydrogen nay be used as a source
gas, and t fP wrate (sccm of silane and hydrogen may be SiE14:H2 is 25
(sccn)liSO(KB¢pn), t he tenperature of the substrate 280 C; the output

el ectric power t he hj gh-frequ sourc nd the electric
power frequencyQéW %F&Ff% 8@ éﬁﬁ ‘@“Er?gFa §Bﬁi priefiedorsingayer 104

which is faaee WRHRF b RBatdHOUR first single crystal semiconductor layer 103. For

example, in the case where a single crystal silicon layer is formed, a vapor-phase growth

method (including a CVI) method or the like) can be employed, in which a mixed gas of

20 a silane-based gas (a gas containing a hydrogen compound of silicon, typically
monosilane or disilane) and hydrogen is used as a source gas.

10038]

in the source gas used in the above vapor-phase epitaxial growth, a flow rate

ratio of hydrogen to a silane-based gas is preferably set to be greater than or equal to 4

25 times and less than or equal to 10 times, more preferably, greater than or equal to 5

times and less than or equal to 7 times.  In other words, the dilution ratio of hydrogen

to the silane-based gas (hydrogen/silane-based gas) is set at a ratio of greater than or

equal to 4 times and less than or equal {0 10 times, preferably greater than or equal to 5

times and less than or equal to 7 times. The silane-based gas is typified by silane;

30 alternatively, disilane (SixHg) or the like can be used.  Further, a rare gas may be added

to the source gas.

10



15 conditions (especially with the above flow rate rati o) has high
conpressive stress and easy to be separated at an interface with the first
single crystal sem conductor layer 103. Note that in the case where the
tenperature of the substrate at the time of filmdeposition is about 200 C
to 300 'V, the second single crystal sem conductor |ayer 104 can be
obtained to be favorable and with a small nunber of defects. In addition,
time 20 taken for the fil mdeposition can be reduced and the crystallinity
t her eof camodse]i nproved by increasing the total flom1rate of the source
gas. [0041] TQe tqggéness of the second single crystal semn conductor
[ayer 104 may be8&(P'FRaKeVy WWBUAUE "B Ok NssPilakishBaih. Hlichfieawrekness of
t he second (BFYGA:@iaT VS bigparai@by SEaH @Qcﬁhdcblﬁrtvﬂﬁ flea¥@ky d0dchidr hiCHQAe0s 1t
becones easi er toﬁferforn1se parati on at interface between the first

singl e crystaftsai Eonltee Pordrapet00ds2 aWH‘CFIHéO% EL oM orghteMétry ot a1

seni con§uc1;~fﬁc£ro¢vmﬂasla@4cb§%ymu§ ﬂ@thca‘ﬂrﬂ?erc?r?o%dbﬁ:r %E;@ééy b?gféﬁlcl‘- Ehah%r
i ncreased. For exanﬁ second single crystal semconductor |ayer 104

may be for f@H! ol Fhlzang lﬂtsmf@mé%uaéfoé wmailmf £45 {¥z et ted[koe42] Not e
that beforg.fi@um ng the second single crystal sem conductor |ayer 104 by
the epitaxial growh, it is preferable to renbve a native oxide filmor the
like fornmed0bker the surface of the first single crystal seniconductor

| ayer 103. Thi S A otmm%fthmﬁpax@' lgpcﬂ/tg%ar( bfl: Hgt?rrmrt’mpieas alpprfggateStis g‘?)l tg)e(l al

surface of the first single sem conduc t he
gr owt hl@oesxamgic fpfrtbce@dilimda urhmd@als afaxiqno%d bidrbgan m5y bdhededtab@ source

Getr oased. PR 0k ey PHE TR B dny B ety RECHEAR P ReelRta ni ng

fl uori nat edcan), dhe SpRRifineadfl fre dubQALITRRE TRYhDGuPEI EREWE howet NG (he
fluorinated acid (or dilute hydrofluoric acid) until the surface of the

first singhghdiegeaay PRWs: YUFELX Wr andiherclactrlc BRMirUTageney Vil MHzr efbt | ent
property. Nebgi thgle blysthis sd?ﬁ:@&ﬁ{ru@tm Qa)tepaltoﬁlt Bich U BRELlin ?é?elhti' finte single

crystal 10 sem conductor |ayer 3 be cleaned using a sulfuric
aci d/ hiddr ogditigar Epeséalli withuthe d{asmvﬂow arie aativo ey highycdmoxdseied hyas egen

per oxi dedi”@[aé% W 5 s(:éf Med a h}{féf %m/?mé ﬂ?s(f'sfyg[}yc(#yﬁ?ag%Ql}?ﬁﬂ%loﬁj?&y fhur e

(14PN, ed hydrogen I uori renovi ng
cont am nat Ne. lh{HOIMBie dBNextere dre lan'smtaatrcng thaysebst®05 ai shef omeed” Biver t he

The i nsul s aPouaBlcER B Ko RUY Wikl ARS8 SeonMssrng 14 acked

layers of @R venstdiabitmge h”@/)ﬁ%'bl&hh@hwﬁﬁa andl hhige oP¥bE8s ] i lhMddos] dheon
oxynitride film a silicon 20nitride film a silicon nitride oxide film or

the |i¥e. tq-l,;pélsg)rfllhp i Me d5PopEOR FEREY Epylu%f:d and the crystallinity thereof can be

improved by increasing the total flow rate of the source gas.
[0041]
The thickness of the second single crystal semiconductor layer 104 may be set
to be a needed thickness. However, as the thickness of the second single crystal
25 semiconductor layer 104 is increased, it becomes easier to perform separation at an
interface between the first single crystal semiconductor layer 103 and the second single
crystal semiconductor layer 104 because the compressive stress tends to be increased.
For example, the second single crystal semiconductor layer 104 may be formed to have
a thickness of about 100 nm to 10 pem.
30 [0042]

Note that before forming the second single crystal semiconductor layer 104 by



t hermal oxidation nmethod, a CVD nethod, a sputtering nethod, or the |iKke.

[ 0045] In this specification, silicon oxynitride refers to the one
that contains nore oxygen than nitrogen and for exanple, silicon oxynitride
i ncl udes oxygen, nitrogen, 25 silicon, and hydrogen at concentrations
ranging fromgreater than or equal to 50 atom c% and | ess than or equal to
70 atom c% greater than or equal to 0.5 atom c% and | ess than or equal to
15 atom c% greater than or equal to 25 atom c% and | ess than or equal to
35 at om c%thappitgtat @tesh tihamn:eferabRualrethevels datbl @R UIANG hesike rhanrdor equal
to 10 atom c% res ectiv,l¥.‘Fur her, siljicon nitride oxide refers to the
one t hat cdﬁ?&#ﬁ§”f§@(ﬁﬂﬁ%’ﬁﬂﬁW&Géﬁy¥ﬂ§W“EQVB§WFéN@rﬂB? eXdm kecawe| i con

nitride oXiwen AcloNdRSi@XYgaRs HttHQELBn Gkl dufRe oANRk MYEr 9980 sl
concentrations rggg;;g@fronlgreater than or equal to 5 atom c% and | ess

than or equ&miB il Goahc gpigariad eravyia Aoss mokkyaedcd pad toreds appskilikid | ess

than or sequads thOcrpRaBLIATBCHE sQLRALIREIC LRARI ittt Bydo @LoRLGAand | ess
t han or equal tougSaaﬁ§h1096sand dr%gtgé thgy or gauar t%ﬁfggg?g%?£96and

| ess than cmuckdiiab¥i¢o 15D ot togovedspidEtd velbion Kpttainingafluarheted acid.

above- descrg JIRNGEST 1Skl ) : Ll Silicon
nitride oxﬁ%ﬁﬁg%g@heasu?gg“%??ﬁ%ﬁgggﬁéﬁ?gpgéhéhgggﬁgﬁ%ﬁ%g%% g“?@%& rometry
(RBS) or hydidpyetd ticonplageh ! dleafirsionin ghgcrspd stinsreductor (4486) 03 dxhibaddivtaieon, t he

total for r afl .t Ltuent ele s .does not exceed 100
atom i oo [OOET itk b ol BrFRRt sk B A BN FPEFRe B0 "
second l1§ubstmatelut08 lace 181 bached: d wirk0e adhiret dved/hywirddent feenxiidismbati:ng | ayer
105 interp t her ebetween (see FI.G D). The insulating |ayer 105

funct i ons: sl amRE Sy B G HsstieiomitancBin GFMa Bieranc

sem conducteit/hlydpetn dddkidandixulre (SR IuEd b toaéeNdOfc DHERGR uat nerin [ 0047]

As the second sybstrate 106, g substrate simlar to the first substrate 101
may 15 be'd¥ag: CMRViNEiceNAREGEY ent, the case of using a glass substrate as
the second|mubptrate 106 is described. Wen a glass substrate which can

have a_|large area and is inexpensive is used as the second substrate 106,
the cod? can be Yedugednsuatingr faxere [18F it nermel oner disbstoond esingds arestal

pref erabl y &) ieapmeobfi a9 0d (Ry@i@akhori c acid/ hydrogen peroxide m xture
(HPM), a sulfuric acid/hydrogen peroxide mxture (SPM, an 20 anmoni um

hydr oxi de/ Hdflbgen peroxi de nixture (APM, diluted hydrogen fluoride (DEW
simlarly tot heI“Hce' Efls%tlatﬁgt?agfef %Seca%q)%'formed to have a single layer or stacked layers

of an insulating layer such as a silicon oxide film, a silicon oxynitride film, a silicon
20 nitride film, a silicon nitride oxide film, or the like. These films can be formed by a
thermal oxidation method, a CVD method, a sputtering method, or the like.
[0045]
In this specification, silicon oxynitride refers to the one that contains more
oxygen than nitrogen and for example, silicon oxynitride includes oxygen, nitrogen,
25  silicon, and hydrogen at concentrations ranging from greater than or equal to 50
atomic% and less than or equal 10 70 atomic%, greater than or equal 10 0.5 atomic% and
less than or equal to 135 atomic%, greater than or equal to 25 atomic% and less than or
equal to 35 atomic%, and greater than or equal to 0.1 atomic% and less than or equal to
10 atomic%, respectively. Further, silicon nitride oxide refers to the one that contains
30 more nitrogen than oxygen and for example, silicon nitride oxide includes oxygen,
nitrogen, silicon, and hydrogen at concentrations ranging from greater than or equal to 5

atomic% and less than or equal to 30 atomic%, greater than or equal to 20 atomic% and

12



[ 0048] Note that surface treatnent may be performed on the

i nsul ating |ayer 105 before attaching the first substrate 101 and the
second substrate 106 to each other. As 25 the surface treatnent, plasm
treatment, ozone treatnent, negasonic cleaning, or two-fluid cleaning (a
met hod for spraying functional water such as pure water or

hydr ogen-contai ning water wwth a carrier gas such as nitrogen), or a

conbi nati on thereof is performed, whereby dust such as an organi c substance

on the surfigeen@for el knsuk@inidg gr@ey@nhaho& e@am 005 Lheinvednands ihe sur f ace
of the insulating |ayer 105 can he nade dI’OE)hI|IC As a result, the

bondi ng stPéWﬁﬁ%g%@Pﬂﬁéﬁ5?ﬁé“?$t§ﬁ“§ﬂﬁ§@tétg)@@Tméhﬂ“tﬁﬁlgﬁb@ﬁwu§dﬁstrate
106 can be shnpdo¥ed respneay.al iyte vha tleSaRlé-ackiiva Iraggégea'i‘é We%n%@nﬁten
treatnent, megasonic cleaning, two-fluid cleaning, or Ke on the
surface of S”ic%uPﬁt“i”HéCIﬁWerS”lf@B aflfige pridsneret ﬂléfatqt%tuﬁf@ p'ét*tfl@ﬂﬂwéd on the
surfacesof LEh&cdiatY GebBindBYRBSTOPhyd:- 004 Al &hiat

ni t rogen- cont a? ni nhjé’ﬁ)tae ern %,.(Q. , }an )lfn(gg’u lat ng % Péir d\%/nsﬁkﬁ%mn%trg (H

ni trogen sdthdchgoratsq tOIaécSW the tham@m ritid off e cansituenceameits ldD@encmmmtedf | | m
may be forgggmg%gﬁéthe second substrate 106 before attaching the first
substrate the second substrate 106 to each other. The

ni t rogen- cOHHa] ni ng | ayer functions as a barrier Iayer for preventing an

el ement cont ai ne secon suc fro i.ffusing
into the second gﬁﬁglé'gF’§F§t9E%#tcé F“WQ*@?“' 4}&£%% 51%60

t r eat medit , cahonleertwidathosm) atm’gg@somxmedrﬁ&&ﬂ ttgrebt:tm:eiﬁ (4¢e @F1G| HANI NYe oOr the
like is perfo d, on 3. ﬁurface of Q |tro en- cont |n|n Iayer in_a manner
similar to'H8 %@ﬁ?r 0P ARPqtigYess abpppdn ihpontly 8|S‘FFQ fﬂtﬂ&‘ﬁg‘m%et ween
the first sdfiséddater LOdr mndndtmesé@ﬁ@mbsﬁubsnt &t @c Bfecan be inproved.

[ 0050] 15Alterﬂatively, heat treatnment nay be perfornmed in order to

i ncrease t H94 nding strength after attaching the first substrate and the
second substrat exd dcResRdLb&he W6CPBEHstrh@Rirkih & BR # Wubgﬁzﬁ@tl%ﬂt% can be
determ ned as appropriate; however, it needs to be noted that en” heat
treat mkht basussdr f brifiegmbedinicgh theeaiscafasie e glaspsubsteaterps e striogherbstritan or
equal to 608 &) j.adhesi ofLbst r i hgl r uct or

| ayer 20 103 ana t he secoEﬁE§§%§i§D§$%%t§ mgé%gcg% u%ﬁ&gtﬁgagkgggg

i ncreased awtheseiparsatsedns tt senond mttsiritad 86,bke crvesandief kilwat t Amudﬁm&ﬁcases.
The above heat e £ n_be or,ned using, fur.nace such as a
reS|stancepﬁ &Kigfﬁyﬁgé@gandxagﬁg fﬁg?gﬁlF"%na§§Q“5B¢QgﬁﬁCWH@P%%P

anneal i ng pd?&ﬁﬁ)ie apparat@PMa aiseifovaveidigdieny Rppadatniguror(SPhe, khke.

25[ 0 st substrate 101 e second substrate 106
are se%(iir at“B’blO‘F‘r”?frrf 3@5%’?‘18%{’ PEeg: PG AYEpECy @]‘g}e ‘{;Ué'léﬂ ygisogen rilyoride gl e
crystal semEOndntdbroliayeet sL83radhhit he second single crystal sem conductor
| ayer 104, mhereby the first single crystal sem conductor |ayer 103 is
provi ded o8k he first substrate 101 and the second single 30 crystal

seni conductor | ayg¢ R4utigc LM hER0mAY BE I;ett%nﬁ eﬁl%éttgﬁta{; Gf‘aeytpﬁoﬁsee FIG
1E). In this case, the conpre55|ve stress of second sin crystal
senlconduc@%@fWéyémmn@ﬂft%Stﬁ@ﬁﬁlﬁé@néﬂwgpgﬁﬂﬁwbﬁakigénpcmﬁdubvorABayer 103

I's hi gf')" V\l{ﬂgrs%pﬁ{cé%ﬁ'ﬁ%tlt, O]ﬂas(ﬁ?an trpﬁment, ozone ftreatment, megasonic cleaning, or

two-fluid cleaning (a method for spraying functional water such as pure water or
hydrogen-containing water with a carrier gas such as nitrogen), or a combination thereof
is performed, whereby dust such as an organic substance on the surface of the insulating
layer 105 can be removed and the surface of the insulating layer 105 can be made
30 hydrophilic. As a result, the bonding strength between the first substrate 101 and the
second substrate 106 can be improved. Especially, it is effective to perform ozone

treatment, megasonic cleaning, two-fluid cleaning, or the like on the surface of
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easily perfornmed. [0052] As the above separation nethod, a dynamc
nmet hod (a nmethod for peeling easily) by a substrate separation apparatus or
the li ke can be enployed. Further, for 5 exanple, a nmethod in which
treatment of pronoting separation is perfornmed at the interface between the
first single crystal sem conductor |ayer 103 and the second single crystal
sem conduct or | ayer 104, such as water-jetting, may be enpl oyed. [0053]
Furthernore, treatnent for thinning the second single crystal sem conduct or
10 layer 1Q4s@kink 18af MMk Phsthd i MGEnt i TR RYIhET ol {H% serfé?dE%rf WteYinBAinR e
performed. As the above-described treatnent, one of dry etching and wet
etching, ora@féfing in which dry etching and wet etching are conbined can
be enployeq 0499054] Through t he above steps, the sem conductor
substrate (a second 501 substrate 15107) can be manufactured. [0055]

In this enbodl mefiternaiivslss ec offcbesi-ngltenoey byel (senisooimduetior flhayehich04 is
S o PRt DBkt SonaRh SHARLTALE bl by Beibllh Bl L0SuR) HESHOT e
second S|ngle cry sto&" i e dn Iayer 16415 d

epi t axi al gbmwﬁhﬁﬁeﬂhauwmdzmbﬁhus1m%b@b¢emmcmmgﬂhd%hnh@mdme$0heMiﬂmcur in

t he second i ngl S sem,c uct.Qr yer 104.1.ts
treatnent a coﬁg %b?qgﬁpg?gati%re%% &nn{)t Hﬁ‘%e‘ﬁe&“lmmaﬂ%g{ |a(3/ﬁ'1 f‘f'ﬁgogs ﬁ%ﬁd single
crystal semaeenduet dor bayating Gh dEMem_hﬁuﬁgﬁsmpaea&aﬂmha&mﬂughmmhaﬂar|ty

ci ther . AcSBT ARG B Meie QA R ER AR SCP RPN RECHGE T TSR
enmbodi ment treamhs e¥osO nduaicnr, HeRsdiatRatihflerseaendc&@ngs ubshe ale 07) with
favorable characteristics and a Large area cap be provided. [0056]
performe g g lay am a
insulating layer 105, whereby the bonding strength between the first substrate 10] and
the second substrate 106 can be improved.
[0050]
15 Alternatively, heat treatment may be performed in order to increase the bonding
strength after attaching the first substrate and the second substrate to each other. A
condition for the heat treatment can be determined as appropriate; however, it needs to
be noted that when heat {reatment is performed at high temperature (for example, higher
than or equal to 600 °C), adhesion between the first single crystal semiconductor layer
20 103 and the second single crystal semiconductor layer 104 is increased and separation at
an interface becomes difficult in some cases. The above heat treatment can be
performed using a heating furnace such as a resistance heating furnace and a diffusion
furnace, a rapid thermal annealing (RTA) apparatus, a microwave heating apparatus, or
the like.
25 [0051]

Next, the first substrate 101 and the second substrate 106 are separated from
each other at the interface between the first single crystal semiconductor layer 103 and
the second single crystal semiconductor layer 104, whereby the first single crystal
semiconductor layer 103 is provided over the first substrate 101 and the second single

30 crystal semiconductor layer 104 is provided over the second substrate 106 (see FIG. 1E).
In this case, the compressive stress of the second single crystal semiconductor layer 104

to the first single crystal semiconductor Jayer 103 is high, whereby separation can be
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Then, using the obtained sem conductor substrate (the second SO substrate
107), a sem conductor device such as a thin filmtransistor with favorabl e
characteristics 30 and a |large area can be manufactured. In the case where
athin filmtransistor is manufactured, an island-1ike sem conductor | ayer
may be formed using the second single crystal sem conductor |ayer 104, and
a gate insulating filmand a gate electrode may be fornmed. An interl ayer
insulating film an electrode, and the like are forned and their shapes are
adj ust ed as,pheEEALRd. I N the case where an n-type thin filmtransistor or a
p-type thin filmtransistor is manufactured, an el enent inparting
conduct i vi {45fhy be added to the island-1ike seniconductor |ayer. 5[0057]
In this enmbodi nmegt i " - i . \ 1 he
interface betmeéﬂgyﬁgmgﬁégﬁggfﬁaﬁgagg§§fa a?%%?%g# JgﬁégﬂFgggra%ﬁégand t he
second si ngisdykthy 8 sabstig@rrepppithucirprraiuaye thel Bid gani ehemgoYedy mEdrtipy, &

vapor - phase,.epi ' I i S I Vi . flrs ingle
crystalyse§¥% ﬁ%ﬁﬁkﬁﬁoggﬁﬁﬁﬁﬁggkgﬁﬁmgﬁ"ﬁgggﬂmﬁg@¥%%§§g35$§b%%%g$g@%d | ayer
because t haterhice ketevssn bf firtieinglercsysta isergicenduicips laykr EBrindamdsecoat sihdyer 103
is not red d. .. Th S h ond 5 substrate 107, can be manufactured
using the i&?%VW§e?%gﬁig§%§ éaﬁgﬁmfgﬁgér‘%ﬁv;g?y§eggggwg bstrate, whereby

t he producfdoésty of sem conductor substrates can be significantly inproved.
Thi s reprocessi reatment of the first SO sybstrate 100 is called a
second reprocesggW%aTgY?ég?H5WfﬁH%@8@§¥fhfdﬁ%% single crys éﬂ“?ﬁ&gg@ﬁond
reprocessi ngert ro@at-neatmdit 06 €8shdr Smpek fn@rth@plandrh@ nfayrtpesiongdde  syint al

sem conductor | aye %QOS may be subjected to |aser light jrradiation

treat ment . alwefiﬁ%“[} BrPFYRene ¢ daypighing And welgdshieg of aicbing it hich gy ngl e
crystal SeéfblﬁQ%QNF&Qretdhﬁﬁg%rre ddbincdQak BRehpl&duced and the surface

pl anarity can be increased. Laser light irradiation treatnment can shorten
process tiM3tonpared with CWP treatment and/or heat treatment at high
tenperature, an i , i ) d i j of the
first single cr?gﬁg hggﬁggﬁggﬁ§§2@9‘?ﬁ%?h%gga%?ggﬁp“b§£§%§§??&%§&%§rforning
t he setbndl{7parolceseivtggtiuredat ment process repeatedly using the first 501
substrate %ﬁgsas the seed substrate is concerned, deterioration of the seed
| ayer can be drevented by using the second 501 substrate 107 as the seed
substrate and pénftbisnemigpdapditattic afecgrdovimble byryusli sgnitdndusec tydr 30004 e

R M VR IR R T e D ML
above- descéryhgidsehii¢cdtiudi@P e s®i Ngmkd &3t dMRRAlor-phle di@LUr biowh Yn&ij. be
L pr vaod Thus, a defect or the like does not occur in the second single crystal semiconductor
layer 104 itself, whereby heat treatment at high temperature is not needed.  In addition,
the second single crystal semiconductor layer 104 afier being separated has high
planarity; therefore, planarization treatment such as CMP treatment is not needed either.
Accordingly, by employing the manufacturing method in this embodiment, a
25  semiconductor substrate (the second SOI substrate 107) with favorable characteristics

and a large area can be provided,

[0056]

Then, using the obtained semiconductor substrate (the second SOI substrate

107), a semiconductor device such as a thin film transistor with favorable characteristics

30 and a large arca can be manufactured. In the case where a thin film transistor is

manufactured, an island-like semiconductor layer may be formed using the second

single crystal semiconductor layer 104, and a gate insulating film and a gate electrode

15



synergi stically and the nunber of obtained sem conductor substrates can be
I ncreased drastically. [0061] The structure described in this
enbodi ment can be used in conbination with 5any of the structures described
in the other enbodi ments or exanple of this specification, as appropriate.
[ 0062] (Enbodi nent 2) In this enbodi nent, an exanple of a

nmet hod for manufacturing a single crystal 10sem conductor |ayer is
described with reference to drawings. [0063] First, an SO substrate 200

(al so cal | gghyabespeded ubst madrRYeri ;ﬁmmﬁ@aﬂﬂda& %@axﬁeGanceﬁs)a 1ide0P64)rmkaThe 501
substrate 200 may be manufactured in manner simlar to the first SO
substrate £09 ﬂb“é’séf?aipﬁ%arcl HUIERGoR ﬁ’“é‘ﬁ?”*i Iarihe wasF WAYE & stynscthily 8lvhere a

first singl@ngsysbala §Qﬁﬂc¢%ﬁjqﬂﬁ10(rarlls§’s1/&r is2@3nfrAd$ed,C ah | Gn &t S.ﬁ]%ﬁimlngyer) i's
provi ded over a substrate 201 with an insulating |ayer 202 interpoSed

t her ebet weAMUEBOBE Y rmadded foghe igkapd-like seniendegter leysjst al  seni conduct or
substrate gshyfansferred to the

In this embodiment, a method in which separation is performed at the interface
between the first single crystal semiconductor fayer 103 and the second single crystal
semiconductor layer 104 which is formed by a vapor-phase epitaxial growth method is
employed. Thus, the first single crystal semiconductor layer 103 can be used

10 repeatedly as a seed layer because the thickness of the first single crystal semiconductor
layer 103 is not reduced. That is, the second SOI substrate 107 can be manufactured
using the first SOI substrate 100 repeatedly as a seed substrate, whereby the
productivity of semiconductor substrates can be significantly improved.  This
reprocessing treatment of the first SOI substrate 100 is called a second reprocessing

15 treatment process.

[6058]

When the second reprocessing treatment process is performed, the first single
crystal semiconductor layer 103 may be subjected to laser light irradiation treatment.
By the laser light irradiation, a defect in the first single crystal semiconductor layer 103

20 can be reduced and the surface planarity can be increased. Laser light irradiation
treatment can shorten process time compared with CMP treatment and/or heat treatment
at high temperature, and yield can be improved.

[0059]

When deterioration of the {first single crystal semiconductor layer 103 (seed

25  layer) by performing the second reprocessing treatment process repeatedly using the
first SOI substrate 100 as the seed substrate is concerned, deterioration of the seed layer
can be prevented by using the second SOI substrate 107 as the seed substrate and
performing epitaxial growth by using the second single crystal semiconductor layer 104
as the seed layer.

30 [0060]

Further, by employing both of the second reprocessing treatment and the

above-described first reprocessing treatment, the productivity can be improved
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substrate 201, whereby a first single crystal sem conductor |ayer 203 can
be formed. The single crystal sem conductor substrate used here can be used
repeatedly by performng the first reprocessing treatnent process in a
manner simlar to Enbodi nent 1. 25[0066] Next, a second single
crystal sem conductor |ayer 204 is fornmed over the first single crystal

sem conduct or | ayer 203 using a vapor-phase epitaxial growmh nmethod in a
manner simlar to Enbodinent 1 (see FIG 213). [0067] 30Then, the 501
substrate 20Qr@aaliendeeHnchbel @fg&ﬁa]ﬁ&yﬁirﬁéona@&bICQz'BQ%éSOJan|lﬁ%ﬁérc%@éf are

heat ed, and while a predeterm ned tenperature is kept, a materi al

cont ai ni ng depstigailyl i s applied (or screen-printed) to the second single
crystal semggepductor |ayer 204. Thus, a netal |ayer 205 is forned (see
FIG 2C). There is no particul ar limtation on the heating tenperature as

| ong as the heat Thgsttuetwpredeseiiped ipghia einbadicat eanebeawsedtin epmbinationewith | ayer
205 cansbe,fordreg, th%tJFPst %leschﬂéleer , 24 gtﬂ k%bf)@hgglg H!SIEQ% ;?1]{;”81; qlqlsal such
as al um num-or copper. he neta I'ayer of med a
S5sputteri ngaqq@"tchtefdu@?awmnlaieke [ 0068] After t hat t he SO1 subst rate
200 and thﬁ} gfond single crystal sem conductor |ayer 204 are separated
fromeach other at an interface between the first single crystal

sem conducftlonbddayer 2203 and t he second single crystal seniconductor | ayer
204 by 10 cooling,..the, 501 substrat si.n Ie crysta

seni conduct or I£9g@35ﬁ2m9?ﬁﬂ ?hmm fa%%wﬁyéﬁﬁgﬁgm"&ﬁgpg ﬁ“%?é@ﬁgﬁ | ayer
struct ud e bodyordd&ookydriedaretisd wityrefereaObtoahglvihfe second single crysta
seniconduc(% 3Iayer 204 is fornmed (see FIG 2D). There is no particular
limitation Gk he cooling tenperature; for exanple, the tenperature can be
set at about roagmstefmEIatbdiRec MNoaElseeslidd SBY sutfshfef R réfised @OPEIAL Ure may
be 15l ower than roomtenperature. [0069] The second single crysta
seni conductdr | ayer 204 can be separated fromthe SQ. substrate 200 by the
above net hg@ghpecause the single crystal sem conductor material and the
metal material” have |largely different thermal expansion coefficients. 20
By thi &5 princi pllée St@ieﬂgﬁféﬁé@ 890 miap bdimdrafasheed et waenertsirailardaples &tsur e when
the netal é Kﬁfbsg'gé lb§ dIfs%F g&fjmafggbc;ﬂﬁ ;ﬁqggﬁ’d' Flég.}lg\jeazfx El%ci&rpgvh(épeoé L9 I's, the

more preferably separation can rear
single crystal semiconductor layer 203 (also called a seed layer) is provided over a

substrate 201 with an insulating layer 202 interposed therebetween.
[0065]

20 That s, part of a single crystal semiconductor substrate is transferred to the
substrate 201, whereby a first single crystal semiconductor layer 203 can be formed.
The single crystal semiconductor substrate used here can be used repeatedly by
performing the first reprocessing treatment process in a manner similar to Embodiment
I.

25 [0066]

Nexi, a second single crystal semiconductor layer 204 is formed over the first

single crystal semiconductor layer 203 using a vapor-phase epitaxial growth method in a
manner similar to Embodiment 1 (see FIG. 213).
[0067]

30 Then, the SOI substrate 200 and the second single crystal semiconductor layer
204 arc heated, and while a predetermined temperature is kept, a material containing a

metal is applied (or screen-printed) to the second single crystal semiconductor layer 204,
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After that, by renoving the netal |ayer 205, the second single crystal
25sem conduct or | ayer 204 (self-supported film can be forned (see FIG

2E) . [0071] Al t hough the structure where the netal |ayer 205 is
finally renoved is enployed in this enbodinent, this enbodi nent is not
limted thereto. For exanple, in the case where the netal |ayer 205 is used
for an electrode or the like, a structure where 30the netal l|ayer 205 is
not renoved rmay be enpl oyed. [0072] Alternatively, the second single

crystal semi,gondy&hohydrayehs 1%9606"’(&@?!@ s0yf OF;EE'?QistaP@cu%%ﬁ?aﬁoﬁ §n or the

second single crystal” sem conductor |ayer 204 attached to a substrate may
be used. [ OT7BRtiNoE@penare asilpng sehabelies tewerdre d slepasatirost, whactdyman c
met hod (a : . ' ash,| , .at i qn ar at us
o the 11 ke el Bhs ORER IHERHO Aoty SU5ShY B B ReRRHEL M ERRS! “or
the |ike mayhbe enpiroyed copreoniatatihaonhe pRET43yer 205 mayThe fseednigy si ngl e

crystal cseni uctor | ayer., 204 which is obtained may be subjected to | aser
| i ght i?ragkggpg ﬁ%&@%?ﬁ%ﬁpkéThus, a defect in the second single crystal

10 semi cond8br | ayer 204 is reduced and the second single crystal
sermconductor | oyt R0 WAGRR YIS, RUARRLLON, ol RGNS E00%, o,
may be subjset 2eh 40 sheaded fr@ateatnbihsattdndbteifie [deleatthda: biagkeguesd.
[0075] semiconductor layer 203 and the second single crystal semiconductor layer 204 by
10 cooling the SOI substrate 200, the second single crystal semiconductor layer 204, and
the metal layer 205, whereby a stacked-layer structure body 206 of the metal layer 205
and the second single crystal semiconductor layer 204 is formed (see FIG. 2D). There
is no particular limitation on the cooling temperature; for example, the temperature can
be set at about room temperature. Needless to say, the cooling temperature may be
15 lower than room temperature,
[0069]

The second single crystal semiconductor layer 204 can be separated from the
SOl substrate 200 by the above method because the single crystal semiconductor
material and the metal material have largely different thermal expansion coefficients.

20 By this principle, the greater the difference between the temperature when the metal
layer 205 is formed and the temperature affer the cooling is, the more preferably
separation can be realized.

[0070]

After that, by removing the metal layer 205, the second single crystal

25 semiconductor layer 204 (self-supported film) can be formed (see FIG. 2E).

[0071]

Although the structure where the metal layer 205 is finally removed is
employed in this embodiment, this embodiment is not limited thereto.  For example, in
the case where the metal layer 205 is used for an clectrode or the like, a structure where

30 the metal layer 205 is not removed may be employed.
[0072}

Alternatively, the second single crystal semiconductor layer 204 which is
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15Further, treatnment for thinning the second single crystal sem conductor
| ayer 204 or treatnent for further inproving the planarity may be
performed. As the above-described treatnent, one of dry etching and wet
etching, or etching in which dry etching and wet etching are conbi ned can
be enpl oyed. [0076] 20l n this enbodi nent, the second single crystal

sem conduct or | ayer 204 is separated fromthe SOL substrate 200 by
utilizing the stress of the second single crystal sem conductor |ayer 204

formed by an¥aRahaPRARE: fALIEH Al Bl TRt RN R R IPEECh R Ne | 1 ke

hardly occurs in the second single cry em conduct or “l'ayer itself,
wher eby hede asulstiptrery batusdd. gh tenperature is not needed. In addition, the
25 second %'?ghe crystal sem conductor |ayer 204 after being separated has
hi gh planarity; therefore, planarization treatnment such as CVP treatnent is
not needed ei t heNoteAbgomdhagbove-doyeribag bappiatign,tchdy nemiufhatbbdifd mgtho@gttdrod i n
this e odigqq}%mglﬁhp Iqmgngstal Eenicoqﬂuctog yg%er %%%$ffavorable

char act &ri ST EE ERG’ 271V GE5F EREHRD BRPRF G\ d8Y K388 OF promoling, ¢ he

ot her hand,sefidngiod@iclsashatiargétdn® @0 thedike ey bs ethploepé bt @eHbynatisn.t he seed
substrate ?g,ﬁ?rforning the second reprocessing treatnment process, in a
manner sim %r to Enbodi nent 1, whereby the productivity of single crystal

seni conduct or | ayr# seceadsigle ichalad ¥@ficol QOB Jaykri Lo @hich Y oBERLO ViR DOt h Of
t he second reprocessing@treatnent and the ove-descri bed first

] h 5 ab C
repr ocessi AGIEFEREREE e erditisadetinert y Touh asferiip sasarsyelvisttilcal | y
and t hgonurbeicoffuc@PliRlcneoh i B8lRd Ghy feBdecsHRINIGAN Y GhOLenli@HBLS0CRYeDE
i ncreased draStlcallé@ [0079] = . The structurfe described in"this
enbodi nent 284nhees sgEge inpnabirbs napioved win be ebaingd.of AldreativelyuBrereeand

descri bed iholdyRhiehi IR TR 209 S A RbR-RE bR AR Lo Ak gL as
PProp defect may be reduced.

[0G75]

15 Further, treatment for thinning the second single crystal semiconductor layer
204 or treatment for further improving the planarity may be performed. As the
above-described treatment, one of dry etching and wet etching, or etching in which dry
etching and wet etching are combined can be employed.

[0076]

20 In this embodiment, the second single crystal semiconductor layer 204 is
separated from the SOI substrate 200 by utilizing the stress of the second single crystal
semiconductor layer 204 formed by a vapor-phase epitaxial growth method. Thus, a
defect or the like hardly occurs in the second single crystal semiconductor layer 204
itself, whereby heat treatment at high temperature is not needed. In addition, the

25  second single erystal semiconductor layer 204 after being separated has high planarity;
therefore, planarization treatment such as CMP ftreatment is not needed either.
Accordingly, by employing the manufacturing method in this embodiment, a singie
crystal semiconductor layer with favorable characteristics and a large area can be
provided.

36 [0077]

On the other hand, the SOI substrate 200 can be used repeatedly as the seed

substrate by performing the second reprocessing treatment process, in a manner similar
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[ 0080] (Enbodi nment 3) In this enbodi nent, a nethod for

manuf acturing a photoel ectric conversion 15device as an exanple of a nethod
for manufacturing a sem conductor device is described with reference to
drawi ngs. [0081] First, an SOl substrate 300 (also called a seed substrate)
is prepared (see FIG 3A). 20[0082] The 501 substrate 300 may be
manuf actured in a manner simlar to the first 501 substrate 100 descri bed

i n Enbodi nent 1, and may have a structure where a first single crystal

sem CondUCt1@an'll%MﬁﬁenB@&vﬁ@!:iﬁQhQ@}ddﬁgn@tysﬁ%ﬁiﬂrl@é{%a[ sblﬁacgﬁﬂ}élcﬁiqgegv@ﬁ] a first
substrate 301 with an insulating |ayer”3 i'nterposed therebet'ween.

25[ 0083] beimproppgt is, part of a si ngle crystal sem conductor substrate
is transfer @ﬁgto the first substrate 301, whereby the first single crystal
sem conductor Iayer 303 can be fornmed. The single crystal sem conductor
substrate used hé&pghasaby sepipyed b@beﬁﬁft@dlwcw perdeersmigngedthentf mndsthe

reprocessi ng lLeaLr gt Psliot%gz%‘ées'sﬂ {RNAG! tﬁé [ﬁ:{)ﬁfcug? c%ﬁngg Lmé)r?ved

[ 0084] Next, a second si ngl sem cond ormed over
he first ssncng?lstéﬁaﬁyyasd dle rsﬁmecoﬁoﬂmmcﬁ sahgiyerys&ﬂ)se:(xsmejuEﬂoGJayBB)can'Bhe second

single crysiggcmlS fdragilcagy(:t or layer 304 is, for exanple, fornmed using a
vapor - phase epitaxi a owt h net hod.
[0079]

The structure described in this embodiment can be used in combination with
10 any of the structures described in the other embodiments or example of this
specification, as appropriate.
[0080]
(Embodiment 3)
In this embodiment, a method for manufacturing a photoelectric conversion
15 device as an example of a method for manufacturing a semiconductor device is
described with reference to drawings.
[0081]

First, an SOI substrate 300 (also called a seed substrate) is prepared (see FIG.

3A).
20 f0082]

The SOI substrate 300 may be manufactured in a manner similar to the first
SOI substrate 100 described in Embodiment 1, and may have a structure where a first
single crystal semiconductor layer 303 (also called a seed layer) is provided over a first
substrate 301 with an insulating layer 302 interposed therebetween.

25  [0083]

That is, part of a single crystal semiconductor substrate is transferred to the
first substrate 301, whereby the first single crystal semiconductor layer 303 can be
formed. The single crystal semiconductor substrate used here can be used repeatedly
by performing the first reprocessing treatment process in a manner similar to

30 Embodiment 1.
[0084]

Next, a second single crystal semiconductor layer 304 is formed over the first
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[ 0085] 5The second single crystal sem conductor layer 304 is a

sem conduct or | ayer which is influenced by the crystallinity of the first
single crystal sem conductor |ayer 303 used as the seed |ayer. [0086] When
a silicon layer is formed as the second single crystal sem conductor | ayer
10 304, a vapor-phase growt h nmethod (including a CVD nethod or the |ike)
can be enployed, in which a m xed gas of a silane-based gas (a gas
cont ai ni ng a hydrogen conpound of silicon, typically nonosil ane or

di silane) amdichygls@gamiaiduaodasecant ki NG, B el eRBREcdnAPAdIE RGPt YPE
conductivity (e.g., diborane) is used as a source gas. Thus, the second
singl e cry§?@Pm§gHPEBW8U%HdP»@é?@?mé®4méﬁﬁlﬁ@gd‘ﬁm@yﬁém%FWF@E%gEBﬂhyer and
can be a pwdeyeg. sem conductor |ayer of the photoelectric conversion device.
[ 0087] A flowrate ratio of hydrogen to a sil ane-based gas is
preferabl y[@8f]to be greater than or equal to 4 tines and | ess than or

equal te 10 tineg,. ek AR&E %Fy?ol] ¥%JRQ5I%E§JF 14,2 @09@5\/\?%&%[03%&0%@% s and

| ess than or equal to 7 timres ‘for e epitaxial gro er words,
t he dil uti shichas iflughcedylir bgerystalinitieofshd Hrse sipakedy g seiprpudwsieriigr | ane
based gas) 145,884 10 e ater than or equal to 4 tines and | ess than or
equal to 18 tinmes, preferably greater than or equal to 5 tinmes and | ess
than or eqU#B6to 7 tines. The silane-based gas is typified by silane;
alternatively, disilan i2H6).or the like can be used. .Further, a rare
Gas my be.added T EHECTARE Bhed Bl isne M Sy RS pid i oD

appar alis 88&£G vagorphsscegbivaxinathogr@whhiingaa i gb- hewesenaye (RE) & asma CVD
apparatus with an electric power frequency of greater than or equal to 10
Mtz and | e88Piokgth bvhidunmixed oo MHelane-Disied #k$ ya efs atabEna/piZydroeed MHz, or
a m crowav : . . i I riC r. frequency of
aroater ¢ ne IR AL AR kAT & FRGLE PR IR AR S W oF S

typi cal | y cint@nidp aGelzmentintpheink ipkepcandbaivitg €dg., dibOBBY)]is used as a sodkceondi ti on
for the epitax

(50 Lhe epianigl, §Lou b,es, 06, dof LIS 80 SR RLL AL, fo. oD, crael € of
gas, aml thgerfdn@var Bd epfygreshicohdustor &¥er MKk FHOFRGET dMBYerfien S, 112 is 25
(sccn):lSOmogﬂ
A flow rate ratio of hydrogen to a silane-based gas is preferably set to be
greater than or equal to 4 times and less than or equal to 10 times, more preferably,
greater than or equal to 5 times and less than or equal to 7 times for the epitaxial growth.
20 In other words, the dilution ratio of hydrogen to the silane-based gas (hydrogen/silane
based gas) is set to be greater than or equal to 4 times and less than or equal to 10 times,
preferably greater than or equal to 5 times and less than or equal to 7 times. The
silanc-based gas is typified by silane; alternatively, disilane (SioHg) or the like can be
used. Further, a rare gas may be added to the source gas,
25 [0088]
As a plasma CVD apparatus used for the epitaxial growth, a high-frequency
(RF) plasma CVD apparatus with an electric power frequency of greater than or equal to
10 MHz and less than or equal to 200 MHz, typically of 13.56 MHz or 60 MHz, or a
microwave plasma CVD apparatus with an electric power frequency of greater than or
30 equal to 1 GHz and less than or equal to 5 GHz, typically of 2.45 GHz, or the like can

be used.
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5 (seem; the tenperature of the substrate 280 C, the output of the

hi gh-frequency power source 30 W and the electric power frequency 27 Miz.
The second single crystal sem conductor |ayer 304 which is formed under the
above conditions (especially with the above flow rate ratio) has high
conpressive stress and separation can be easily perforned at an interface
with the first single crystal sem conductor |ayer 303. Note 10 that in the
case where the tenperature of the substrate at the time of film deposition
is about 20Qfhgg; to 300 C, the second single crystal sem conductor |ayer 304
can be obt ai ned to be favorable and with a small nunber of defects. In

addi tion, tine takerditiorior e ditirinldepudioan &a delarmined rerprewdiagnd As e

crystalli n'c&é’nﬁl@%f?’lgfcgﬁflpmp% rhiftBy Qs st aIsask ARL00mENG. LRk o dofilerate of

t he source gas e secon e crystal sem conduct or
| ayer 304 Ay ab@“fsd‘rcrvedﬂ&t Gednave sdaltehﬁndlhyémexofnaatbg@uimHnmEtqumo 146
(prefer ] t form t he
second éﬁccmzbicwe [temlpe é{enrrﬁ %f&ﬁ% ﬁ@n?rate I[Zgé;g(? t (beUtB'ilt Oq%e [Pﬁb%gbliefl%yx? c‘:ggr ow h,
it is pr ef eswabd 0 tvo Jxﬂntavezeatrmaidwee fieyiaiey 27 |vHar 1[Iitesdcb1lﬁ:es:fa@lérw¢sta@ver t he

surface of the fjrst sin o duct ayer 303. . This. |s
bocause haiEmiRBUSE el B RrRE Tede? Btn endl G daweidly vb >t ¢ ot
singl e crysfcakbose Tohoneu e oy hhﬁM%ﬁ G%prrcshh@rsﬁeslssana ReEsHdA tdnt be thay the
epi taxial growh does not proceed and the crystallinity of the second

single cry8EdPmsdat adiutreihaye rsééwglescfz%ﬁéemfag@moré%ﬁ 34%h oXetde film

can bepenmpyesh ﬂié'cﬁ& Ve ePOIhW tid B%br & L it ﬂz@sﬁdié’@tr th@%kﬁq)f@ﬁﬁaq}e $ORR2L Next, a
third single crystal sem conductor |ayer 305 is formed over Fhe second

si ngl e crysbailt 288nicondifctorthy &y@nd%@% Sé’@iﬁFB@HB‘B)C uctThdayehiBp4 cei gl e
crystal SOseuERuAHe ROt bRAGH 300 hial QIR or U0k APL IR e VARR! - Phace
0

epi t axi al growt eh A SiTiesn Fayer )t HBd as t he
third singlfe the fil dd:posmml canikucticred|aay dre crystallinity thex eof can be improved by

increasing the total flow rate of the source gas.
15 [0090]
The second single crystal semiconductor layer 304 may be formed to have a
thickness of about I nm to100 nm (preferably, about 10 nm to 80 nm).
{00691}
Note that before forming the second single crystal semiconductor layer 304 by
20  the epitaxial growth, it is preferably to remove a native oxide film or the like formed
over the surface of the first single crystal semiconductor layer 303. This is because
when an oxide film or the like exists on the surface of the first single crystal
semiconductor layer 303, there is a possibility that the epitaxial growth does not
proceed and the crystallinity of the second single crystal semiconductor layer 304 is
25  decreased. Such an oxide film can be removed using a solution containing fluorinated
acid.
[0092]
Next, a third single crystal semiconductor layer 305 is formed over the second
single crystal semiconductor layer 304 (see FIG. 3B). The third single crystal
30  semiconductor layer 305 is formed, for example, by a vapor-phase epitaxial growth

method.
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305, a vapor-phase growm h nethod (including a CVD nethod or the like) can
be enpl oyed, in which a m xed gas of a silane-based gas (a gas containing a
hydrogen 5 conpound of silicon, typically nonosilane or disilane) and
hydrogen is used as a source gas. Thus, the third single crystal

sem conductor | ayer 305 can be an intrinsic silicon |layer and can be an
intrinsic sem conductor |ayer of the photoel ectric conversion device.

[ 0094] The third single crystal sem conductor |ayer 305 may be
formed to F@(}l)@ a 10t hi ckness of about 0.1 mor nore (preferably, about 1 gm
or nore). [0095] Note that the intrinsic sem conductor |ayer

nmenti oned here r&fhen g stlisor layenisdomudcsdhe thid singlencriitlctemicondutenityeat i on of

an inpurit herel n_j.opart.in eTIYAQ) resty, [ hne3.0r lower, a
concentr at igggn’ %fvg%(g)}ﬁ?g% g‘tr?%mﬁinfé}]{)oéeﬁmg?de"pge%cﬁggx%8!{18&(]O%ég?:ﬁﬂlrkﬁ) o Ib8vver, and
of whi ch acpbblyeddndudth wintiyed gaslfi00silantbased gdank geooghudhiny iat Wy dasgeAor €.
Further,_ in this sge.?,i fication, an intrinsic sem conductor |ayer is also
cal |l ed gn iCQ‘P%Lléldé’ A IEYh SRetady “’l%?%*aile P@@@E‘]’C) and hydrogen iys@ asHa0UIEES Or €

form ng theud hithds ShOBE@ sGip)St-adial SEMTGRNEANE ter B&Y BIn R0, iﬁ%':@Qtsﬂﬁcoﬁp' taxi al
growh, it is preferable to renpve a native oxide filmor the I'ike formed
over the slaveadd can be HeingEsisramisondiceor dpgseidhe pvdetiueneersivayleric304.

[ 0097] 00941\lext, a fourth single crystal sem conductor |ayer 306 is

f ormed ove|[ the third single crystal sem conductor |ayer 305 (see FIG 3B).
The fourth singlBhecthydtsingl@syestal somdociuotor layeB0306yi I faommbdy hbor aexanpl e,

R A I L S
[0095]

Note that the intrinsic semiconductor layer mentioned here refers 1o a
semiconductor layer in which a concentration of an impurity therein imparting p-type or
n-type is 1x10%% cm™ or lower, a concentration of oxygen and nitrogen are each 9x10'?

15 cem” or lower, and of which a photoconductivity is 1000 times a dark conductivity or
more. Further, in this specification, an intrinsic semiconductor layer is also called an
i-type semiconductor layer.

{0096}

Note that before forming the third single crystal semiconductor layer 305 by

20 the epitaxial growth, it is preferable to remove a native oxide film or the like formed
over the surface of the second single crystal semiconductor layer 304,

[0097]

Next, a fourth single crystal semiconductor layer 306 is formed over the third
single crystal semiconductor layer 305 (see FIG. 3B). The fourth single crystal

25 semiconductor layer 306 is formed, for example, by a vapor-phase epitaxial growth
method.

[0098]

When a silicon layer is formed as the fourth single crystal semiconductor layer
306, a vapor-phase growth method (including a CVD method or the like) can be

30 employed, in which a mixed gas of a silane-based gas (a gas containing a hydrogen

compound of silicon, typically monosilane or disilane) and hydrogen, and a gas
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306, a vapor-phase growm h nethod (including a CVD nethod or the |like) can
be 30enpl oyed, in which a m xed gas of a sil ane-based gas (a gas contai ni ng
a hydrogen conpound of silicon, typically nonosilane or disilane) and
hydrogen, and a gas containing an elenment inparting an n-type conductivity
are used as a source gas. Thus, the fourth single crystal sem conductor

| ayer 306 can becone an n-type silicon |ayer and can be an n-type

sem conductor | ayer of the photoel ectric conversion device. [0099] 5The

fourth si nglogubhysiadicSens ﬁh@cgrnq Y ETduSPEyTRY uRE af 1 haye a
t hi ckness OP gb&ut 1 ﬁn1t8 %ﬁ (%&efergblyy ab %utalggﬂﬁgiég @M%3

[0100] the fourfyptingle ﬁrafﬁtabmﬁmdfl@@rrﬁamg 10¢ecandgeerie 8 ngles sitigat Rber
sem conduct.gp c.!ir%(cez[n 13%6 Qéfn&&ﬁiga?gra%aﬁ'lhe hOWER tg'ctco:'w%rs% £igiabl e to renove

a native oxide filmor the ver t surface of the third
single crydf@9seni conductor |ayer 305. [0101] Through t he above

Seuroe BaPn0t 0oL 9L T caMME LRI AN MR 0L SOCHROL GRS ) Buganver S o

device (a p-type semcon ayer, an |- ctor @ and an
n-type semikiokiducoigbolidyien jo wnume)rcffmahieohboﬁﬁl[mﬁ)ﬁi 80 nm) Al t hough t he
second sin kﬁxﬁrystal sem conductor |ayer 304 is a p-type sem conduct or
layer and t ourth single crystal sem conductor |ayer 306 is an n-type

sem conduct or | ayete that Heﬁirs f@nﬂh(gjﬂhaﬁmtmh dirkpge myasEﬁhuédM@cn&xi l@ﬁeriﬁ)G net
limted to this stm sem c tor r304na be
on e type. 4Rl EedE G THFEPRARTHE § BN s g ormed

sem CondUCToOErthﬁM&fac@@ﬁhMﬂrdQﬁagﬂ:cﬁysﬁéﬁ@@nﬁ@tﬂﬂu@@ﬂdﬂ#@ﬁﬂﬁ. | ayer. The second
single crys%&} sem conductor |ayer 304 and the fourth single crystal

sem conduct Iayer 306 are set so that the second single crystal

sem conduct or | ayRbugdP4n@ntholded,uiat Bhsbdge Cd'o}{%rﬁbn @f@rc@@ﬂ%ﬁ{ A | ayer
306 have opE05|te conductivity types to each other.
otoeleciric conversion device (a p-type semiconductor layer an 1-type semwonductor

layer, and an n-type semiconductor layer) can be formed,
15 [0102]

Although the second single crystal semiconductor layer 304 is a p-type
semiconductor layer and the fourth single crystal semiconductor layer 306 is an n-type
semiconductor layer in this embodiment, the present invention is not limited to this.
The second single crystal semiconductor layer 304 may be an n-type semiconductor

20 layer and the fourth single crystal semiconductor layer 306 may be a p-type
semiconductor Jayer. The second single crystal semiconductor layer 304 and the
fourth single crystal semiconductor layer 306 are set so that the second single crystal
semiconductor layer 304 and the fourth single crystal semiconductor layer 306 have
opposite conductivity types to cach other.

25 [0103}

Next, a first conductive layer 308 to be a first electrode of the photoelectric
conversion device is formed over the fourth single crystal semiconductor layer 306 (see
FIG. 3C).

[0104]

30 The first conductive layer 308 can be formed using an element selected from

aluminum, silver, titanium, tantalum, tungsten, molybdenum, or copper, or an alloy

material or compound material mainly containing any of these elements. Alernatively,
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Next, a first conductive layer 308 to be a first electrode of the
phot oel ectric conversion device is fornmed over the fourth single crystal
sem conductor |ayer 306 (see FIG 3C). [0104] 30The first conductive |ayer
308 can be forned using an el enent selected fromalum num silver,
titanium tantalum tungsten, nolybdenum or copper, or an alloy materi al
or conpound material mainly containing any of these el enents.
Alternatively, a stack including any of these materials may be used. In

thi s enmbodi MRl ingb &k BMHMNLER L AWiHIEShebANGE. ARl Wik@tient SiltsHREm and a
structure is _enployed in which titaniumnitride is provided on a top
surface andvidh [pot teeipagrand dey efst Erised- and Agmdtery e emaipyesnin ovhidi dipiide i s

provi ded befuRens \ASiGQULE  RhNGkEL LS LaboRATLGARIUE B aliRln 3. 5and t he
al um num | ayer, whereby al um num can be prevente rom bel ng di f using into
t he fourth Slapgnenigideds atovisedibeviscudiedpurtiasiegle 806l jdiioGiductor layer }6xt , an

i nsul ati:ng .S, far vVer... i nductive. | ayer. 308 (see FIG
30y 10{ o106 e ciinmulpte) R b She R SEmE Rl Con
oxi de, sil itbofourthsinglderyssi bandomdoxyminyari3de, al um num oxi de, or the like by
a thernalnﬁﬁggﬁéion met hod, a CVD nethod, a sputtering nethod, or the Ilike.
In this enbodi'nment, the insulating |ayer 309 is forned using al um num

oxi de. Thus, theNekt si incalaghgclhyer 809 ayfermal8eathd firfieodhicnsaiagssi g (kayer 309
can be sucqﬁéggyely formed by a sputtering nmethod. [0107] After that, the
first substrdt®’301 and the second substrate 310 are attached to each ot her
with the insweating | ayer 309 interposed therebetween (see FIG 3D). The

i nsul ating layer_309 functions_as a bonding | ayer which bonds the

phot oel ectri ¢ The nsulating layer 309 can be formeg using silicon oxide, silicon nitride,
silicon oxynitride, aluminum oxide, or the like by a thermal oxidation method, a CVD
method, a sputtering method, or the like. In this embodiment, the insulating layer 309
is formed using aluminum oxide. Thus, the first conductive layer 308 and the
15 insulating layer 309 can be successively formed by a sputtering method.
[0107]

After that, the first substrate 301 and the second substrate 310 are attached to
each other with the insulating layer 309 interposed therebetween (see FIG. 3D). The
insulating layer 309 functions as a bonding layer which bonds the photoelectric

20 conversion layer 307 and the second substrate 310 to each other.
[0108]

Since titanium nitride is provided between the insulating layer 309 and the
aluminum layer, even in the case where oxygen is contained in the insulating layer 309
such as aluminum oxide, oxidation of aluminum can be prevented.

25 [0109]

Note that it is preferable that surface treatment be performed on the insulating
layer 309 before the first substrate 301 and the second substrate 310 are bonded to each
other. As the surface treatment, plasma treatment, ozone treatment, megasonic
cleaning, two-fluid cleaning (a method of spraying functional water such as pure water

30 or hydrogen-containing water with a carrier gas such as nitrogen), or combination
thereof can be employed, whereby dust such as an organic substance on a surface of the

insulating layer 309 can be removed and the surface of the insulating layer 309 can be
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20conversion | ayer 307 and the second substrate 310 to each other. [0108]
Since titaniumnitride is provided between the insulating |ayer 309 and the
al umi num | ayer, even in the case where oxygen is contained in the

i nsul ating | ayer 309 such as al um num oxi de, oxidation of alum num can be
prevented. 25[0109] Note that it is preferable that surface
treatnent be perfornmed on the insulating | ayer 309 before the first
substrate 301 and the second substrate 310 are bonded to each other. As the
surface tr %@atdg%”ﬁ:’oppllllés r@s %rrgﬁl lnﬁﬂt bon@ﬁlg Q?’crﬁg,tl?%%‘mae@ﬁ ’therrﬁl%?@!ﬁﬂkglc%b?am ng,
two-fluid cleanlng (a sprayin uncti onal ter such as pure

wat er 30 @nd hlycdmg%s&&@mtaﬂﬁﬂ rfgn Watieereased. h fspearthi dr is gdisciswrcthaasfier
nitrogen), Mom&ARRAEH! OGO GRY ARG BeChou MRS B0Y: dYSt pogh as an
organi ¢ substance on a s ace o e I nsul ating Tayer e "Femoved
and the sunmaoenbhmghenRNEQMagnwgihay@cwﬁﬂyomanhbempmwdawhydroph|I|c. As a
resul t hg @ Edlng strength between the first substrate 301 and the second
substraée q an be increased. Especially, it is effective that after

pl asma treat nent Alte namref:,ormdmgan-bdnﬂa:smgf Egﬁ Qaf g1 e m@lﬁuﬁ@t |f‘mg lvapgr 309,
ozone treatnent C cleqnln ean] e like is

per for med. Bo gfroten Suer s GtaY g iy gt € siiganoeatk ot 0% Wy (8. g

an insul at |snfrg~rf)lnhamdribmhbdmext Ak B&ond ELR)@Q:QEI?aEOJBéfox@S‘att@c}ﬁﬂQ h Bt Bitlstrhide Tilm
or a silicgn nitride oxide film &not hown) 'épbe formed over the second
tH %Wﬁ%t r

substrat e Qbfﬁgf@Féw&FFaSHFHGe {9 cagh e g ERItAINEE J8¥Snd

substrabe J4Rib0 RaChir@rNBler fobpRevBhlinOSede QN a3k RinADin tﬁy%conéguﬁsuaketl ons as
a barrier layer for preventing an el enment contained in the second substrate

310, such &80.$8eh tmjodiwpdion diflysing ity eocemd sitetoriystal ssaiendygyert layer
sem conductgy, |@Y&l: 30fmedff! 4308 t%ﬁ%‘h%asoﬂ@&%&ﬁge%mgd 01%91?%%' c

cleaning, two-fluid cl eani ng, I's perforimed on a surface of the
ni t r ogen- c &gt ke s prgformgeen § wr&cmﬂhemt@gm -tetainiog fdyer inagudrati sigilbrayer 309,

whereby th CQR{IHA@%%&%H t\l?hel? &%?gor;c{?@ %lf}ﬁ?]ﬁ , ubsh I%Af{sggt?bsﬂgt%%ﬂlt he

second subs can e I mprove |ver, afte
at t achilfig tiktht sgcond subbosate at kcadOt impobvedhe second substrate 310 to each
ot her, heak”ggFatnent may be perforned in order to increase the bonding
strength. ndition for the heat treatnent can be determ ned as

appropri ate; howeN@nativeBD afidr amaeldﬁg tiﬁ: ﬁet nokede toatanignsdesad sivsgatment is
per f or med i h|%P t enper at ure % gFer than or equal to 600 O,
adhesi on b RUIGE, 18t reamgmay fs Paforaetie Ot Siopasy B bendingnd t he

second si ngte@l Y 3 @hdBi6AGANAGE @auha) @fin @@Ajetérﬁmﬁéaca'é %ﬁ%@&@@%%@@r ation
at the interface beconmes difficult in sone cases. The above heat treatnent

can be2{er fioraddolsi mriechthaebeth et tcateat §uz,€ﬁf0a§echatr légip sraifeBuRdai- ng
furnace angh, igfler thah &'y liSh 86 t@f RA&Sion BekAP fic L @{g&g%}nh[wﬁﬂ@

appar at us, m crowave heating apparatus, or t
layer 303 and the second smg!e uystdl semlconductor layer 304 is increased and

separation at the interface becomes difficult in some cases. The above heat treatment
can be performed using a heating furnace such as a resistance heating furnace and a
25  diffusion furnace, a rapid thermal annealing (RTA) apparatus, a microwave heating
apparatus, or the like.
[0112]
Next, the first substrate 301 and the second substrate 310 are separated from
each other at an interface between the first single crystal semiconductor fayer 303 and
30 the second single crystal semiconductor layer 304, whereby the first single crystal
semiconductor layer 303 is provided over the first substrate 301 and the photoelectric

conversion Jayer 307 is provided over the second substrate 310 (see FIG. 3E).  In this
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Next, the first substrate 301 and the second substrate 310 are separated
fromeach other at an interface between the first single crystal

sem conductor |ayer 303 and 30 the second single crystal sem conductor

| ayer 304, whereby the first single crystal sem conductor |ayer 303 is
provi ded over the first substrate 301 and the photoel ectric conversion

| ayer 307 is provided over the second substrate 310 (see FIG 3E). In this
case, the conpressive stress of the second single crystal seniconductor

layer 304 to.lhe cﬁh@%mﬁe‘ RAEGhY &E&#d SEI EQng&gféogldéé{&f 33%9330!1 o h

wher eby separation easl |y tion,

substrate 309 snu,lfﬁecrpmitaaeallc@oqutmr l@M\B@B g% bighl ahearbBeparaand carhbe tasnist
conductive Iggg{ 308 may be cool ed by the nethod described in Enbodi nent 2.
The first dhctlve | ayer 308 can obtain an effect simlar to that of the
met al IayeﬂOBOB i n Enbodi nent 2 and separation is pronDted [0 | 14] 10As

t he aboye separa i easily)
by o subet o e ol AR BR e Sop SSRE P IR PRt RN b a8 B cher T
met hod in wikd forke doraaamnreraye:@fommayrmtdomgd sgsﬁ&r;ﬂéthmmssnu@eﬁﬁ Bmbtedimahbt 2.he
interface en the first con uctor | ayer 3 and the
bocond o nd e 1T Dottt ol Gesih 45 btos S B W Bt e Ol ey
be enpl oyegh Ehbidhin]2 and separatiohhd pragildtetine above steps, a stacked-|ayer
structure body 311 in which the first conductive |ayer 308 and the

photoelectﬁ@é konversi on | ayer 307 are provided over the second substrate

310 cangbe obtai Rede 5&%&%@&%&&%% S£ QPR E FNAMEE [& BrclhdY §br f}pe]rmFS forned

as a second el ectrode of the photoel ectric conversi on device over
second sin ga%ly t lby it %ubstW%r%re& tagparkiyy ef ﬂ@ohk@( giwebE P@ﬂoﬁﬂé Fprbersecond

conductive i 9r1n491ilncf1%%mu9{'s Oﬁlolihggf:par:ﬁﬁ)ﬁ' N |5T¥]$IHEJ A Gy 1rﬁ§ltl cgd.e | ayer

of the photoe ectric conversion device 011 7] 2 e second conductive
| ayer 401 bsinvepre thedirtedngls crygtabsdniginductonlisen 143 ang the second single crystal

semiconductor layer 304, such as water-jetting, may be emploved.

15  [0115]

Through the above steps, a stacked-layer structure body 311 in which the first
conductive layer 308 and the photoelectric conversion layer 307 are provided over the
second substrate 310 can be obtained.

[0116]

20 Next, a second conductive layer 401 is formed as a second electrode of the
photoelectric conversion device over the second single crystal semiconductor layer 304
{see FIG. 4A). The second conductive layer 401 functions as a light-receiving surface
electrode layer of the photoelectric conversion device.

[0117]

25 The second conductive layer 401 can be formed using a light-transmitting
conductive film. A metal oxide film such as an indium tin oxide (ITO) alloy film, an
indium oxide—zine oxide alloy film, a zinc oxide film, or a tin oxide film may be used.
The second conductive tayer 401 can be formed by a sputtering method or a vacuum
evaporation method.

30 (0118}

Next, the second conductive layer 401 and the photoelectric conversion layer

307 are etched to expose part of the first conductive layer 308 (see FIG. 4B).
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conductive film A netal oxide filmsuch as an indiumtin oxide (1 TO alloy
film an indiumoxide-zinc oxide alloy film a zinc oxide film or a tin
oxide filmmay be used. The second conductive |ayer 401 can be fornmed by a
sputtering nmethod or a vacuum evaporation nmethod. 30[01 I 8] Next ,
t he second conductive |ayer 401 and the photoel ectric conversion | ayer 307
are etched to expose part of the first conductive |ayer 308 (see FIG 413).
[0119] The etching can be performed by |aser light irradiation
treatment. (Byousing laser light, there is no need to additionally provide a
mask. Alternatively, the second conductive |ayer 401 may be sel ectively
formed and nay bﬁﬁeﬂ@h@ﬁCﬁshhg%ﬁMQe@éE@ﬁdrhﬁﬂcomﬂMGﬂuW@thVerBﬂ®$ngs a
mask. In t rys§r ek %E’Eher[a hselﬁ]c? née‘?i t@la&atl&% EQE%L (ﬁcoa ﬁ%g! t I/QQ:% at1¥ei§ t%?lsgc%ng mask.
It is needlesséio say for i
i nsul at i ngchrapetivealn }d?l‘t‘iﬁé reetyclm wgacrmqiy lf@“npérahdnmd)e @t@ibﬁO}smgnhelsectohat a
third ceond r,.40 a f.0 co ductlve Iayer 10 f or med
as a flgst H%Ld%?{%c %‘9 Al(ﬁ % %Sk gﬁlgelcazoh $ouk rary "erhi ?%C@Iéon
respectlvebywuﬁhen&mrsuaaumﬂkwakym@hénufmdﬁxhaxaiéﬁmedaahgyr&mm@eaﬁed to
the first con 9¥1 (% qﬁthe second auxiliary electrode is
electrlcalfrﬂfu W%33?§8 S <t g@ég%r PEBMfScti ve | ayer 401 (see FIG 413).
[0121] 15Tpm20hird conductive |ayer 402 and the fourth conductive |ayer 403
can be fornmed by, scr rinting w silver ink. The faqurth conductive
| ayer 403 (on arf* E‘ﬁ g ‘@t‘i"BG‘gﬂ@? 53"@')3r #Q g5l iyt sonductive et 03 238 i d shape
(or a ¢@Mbfdrinke a5 hapet @[xxaﬁa;@&%dtx@@é @néRaR8dnd A%%glé!&hme He@eal‘mpel ectric
conversion_|layer 307 can be irradiated with enough |Iight and

absor pt i onTk§ FIIt ReHEYY Clasirpde isrpicicatly coppeoed s the first com#mtwedwer H@S above
steps, t hea,{zhmeQ@&o%@tarukﬁlagoaya;o%b qpegetvlbag %ﬂea@d Rt BGhUr @daudi0d 23] In

t hi s enbodi nent, 8 hot oel ectric conver  ayer 307 1s separated from
layer 401 (see FIG. 4B).
[0121]
15 The third conductive layer 402 and the fourth conductive layer 403 can be

formed by screen printing with silver ink. The fourth conductive layer 403 (on an
upper electrode side) is formed so as to have a grid shape (or a comb-like shape or a
pectinate shape). Accordingly, the photoelectric conversion layer 307 can be irradiated
with enough light and light absorption efficiency can be improved.
20 [0122]
Through the above steps, the photoeleciric conversion device can be
manufactured.
[0123]
In this embodiment, the photoelectric conversion layer 307 is separated from
25 the SOI substrate 300 by utilizing the stress of the second single crystal semiconductor
layer 304 formed by a vapor-phase epitaxial growth method. Thus, a defect or the like
does not occur in the photoelectric conversion device 307 itself, whereby heat treatment
at high temperature is not nceded. In addition, the second single crystal semiconductor
layer 304 after being separated has high planarity; therefore, planarization treatment
30 such as CMP treatment is not needed. Accordingly, by employing the manufacturing
method in this embodiment, a photoelectric conversion device having a single crystal

semiconductor layer with favorable characteristics and a large area can be provided.
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25 the SO substrate 300 by utilizing the stress of the second single
crystal sem conductor |ayer 304 forned by a vapor-phase epitaxial growh
met hod. Thus, a defect or the like does not occur in the photoelectric
conversion device 307 itself, whereby heat treatnent at high tenperature is
not needed. In addition, the second single crystal sem conductor |ayer 304
after being separated has high planarity; therefore, planarization
treatment 30 such as CM) treatnent is not needed. Accordingly, by

enpl oyi ng tmpzzﬂranuf acturing method in this enbodi nent, a photoelectric
conversion device having a single crystal sem conductor |ayer with

favor abl e char acPerthepihes hanl tae PQF gebstinte B08amn e wedverdewdly 4s01240 On t he

other hand,,idj&e3 eﬁ%h%%%eese&% -E&Bcégﬁn%ﬁ@éim%&%@ée‘iﬂ'm/ 2 AnRerS§iG dar.
substrate by performng the second reproceéssing treatrnent process, in a
manner si mitd Embodimenol, Briivodiyrtenprodyuctinkie o€ byotediectyyr oxhyertsionideyices can be

phot oel gctr.j.c. I S devi ces can be 5significantly inproved. [0125]
Further,g b?lg&ff:&?flﬁylﬁ%l%gh of the second reprocessing treatnent and the
above-desci@¥éd first reprocessing treatnent, the productivity can be

i nproved synergi st j,cal ind. th unber of obtai ned .sem conduct qr
substrates can bE"ﬁ‘hﬁ&ré%s“ %’ZTédgoégt?qigﬁ’lel fcngf%fcessmg treatmqnd, andr thet ur e
descri bed iabovehdescribab oflisieaprocatinpetret®@cht) Nhe oirbduraivicpncani bl ot t he

structures described in.the other enbodi nents or exanple of this

speci fi cat FYIfEHED %B?JSBV% gpiber i%?‘ﬁi’?eﬁf SERPKHFTHE APSYytes can be incegsedpy;
enbodi nent dranclyect roni c device using the sem conductor device

manuf act ured according to any of the above-described enbodi nents,
particul ar I[?/n@%i ng a display device will be described with reference to

FIGS. 5A to 511 apdsRlGR d68RvibQ ROhRGmbodiment can be used in combination with

any of the structures described in the other embodiments or example of this
specification, as appropriate.
s [0127}
(Embodiment 4)
In this embodiment, an electronic device using the semiconductor device
manufactured according to any of the above-described embodiments, particularly using
a display device will be described with reference to FIGS. 5A to SH and FIGS. 6A to
20 eC.
[0128]
As electronic devices manufactured using a semiconductor device (particularly
a display device), the following can be given: cameras such as a video camera and a
digital camera, goggle-type displays (head-mounted displays). navigation systems,
25  audio reproducing devices (such as car audio components), computers, game machines,
portable information terminals (such as a mobile computer, a mobile phone, a portable
game machine, and an e-book reader), and image reproducing devices provided with a
recording medium (specifically, a device provided with a display device that can
reproduce a recording medium such as a digital versatile disc (DVD) and display the
30 image), and the like.
[0129]

FIG. 5A illustrates a television set or a monitor of a personal computer. The
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[0128] As el ectronic devices manufactured using a sem conduct or
device (particularly a display device), the follow ng can be given: caneras
such as a video camera and a digital canera, goggle-type displays
(head-nmount ed di splays), navigation systens, 25 audio reproducing devices
(such as car audi o conponents), conputers, gane nmachi nes, portable
information termnals (such as a nobile conmputer, a nobile phone, a
portabl e game machine, and an e-book reader), and image reproduci ng devices

provided with,@f @&%%&gomi g@é@&gp&nﬁpﬁ@él ieludls s dR4LGS P@(H"%g&;po"i” a

di spl ay device t can rep rod a recor Pum'such as’a
versatile ditad IQSDMB)dlamT Imr@qzml Wltﬂneai@ﬂpmage:)1GOéLijtihembutklermt[aﬂ]jzef} FI G 5A

illustrat s, tf]eel % 5['119@(31?1%51181 %o? dgpgé Bg&oﬁ%f lﬁtlri)igréée%r}ac:ati 3] 1 use “h@ﬁSI ng

tel evi si on set Ine
1601, a suppqﬂafmtamdlmBOZByahdsamb@ngomﬂmmmcmﬁmﬁmdsmeakammﬁmﬁmmpms 1604,

a video |np al 1605, a the li,ke. The semc r devi
i scl osdd THerEL Seh Bt er vodtoran + oGenty Birete GBIy U EoRLEEE. By the
sem conductperfothemnie eantiepedvadddit low priics speci fication, a 5Stel evision set or

a nonitor 3@H§)personal conputer with high reliability and high performance
can be pro 4 at | ow price. [0130] FIG 5B illustrates a digita

canera. An i magerI®@CcsH VilRGatpoat digital 1hdral S ARr Q:Vdg@&@cdlﬂné heridnomgissisde of a
mai n body 1611 and a shutter button 1616 is 10 the upper

portion of Prevadeden theirny siglg 92 maindiodyiiaf). Bb‘?’%?*&ﬁ“&%‘l@“ Iéﬂ)@l*sdtrp‘dﬁe%@ys 1614,
and an gxt %@@Jpe@rﬁ{m&%mﬁamwrﬂoa}@éﬁ a%edsﬁ{@/;bcﬁﬁ& pémt&?erﬁ%ﬁlke J fg40f the

mai n body 1611 sem conduct or devi ce sclosed in this speC|f|cat|on is
used in thé“@@@ﬁﬁ@ymbGWFﬁﬁﬁmﬂET2“5 Byar¢ pevisiediat Bigchack side g\ madi lpalyosed in

this specifli;¢at 'ﬁe,seafcqhgjggo@'dea@maowdtm tih%?@zfggt%ﬁ&p]sldsgé'uﬁquﬂg%p

per f or mance can be provi ow price
I |1 ustrat epodionalst dp Petisosralicapdngot ésviceAlisriosad hiodlyis 382 1ificagopraodigidd with a

keyboard 108 ANSHBCLNALNS INOBGH O 0N R38R BRI g devi ce

1626. A hoUSifAg ng a i V%" Sched to the
mai n bady I®231} The sem conduct or deV|ce dlsclosed in thls specification is

b0, I LN O DY POLL O, 2RARES Bl PR S LS T e
hi gh per f oRRNCE:yGadErd G2 Pr BVixde skl @bnhcomor pbi€ 8624, Q482 pointing device 1626.
A housing 1622 including a display portion 1623 is attached to the main body 1621.
The semiconductor device disclosed in this specification is used in the display portion
20 1623. By the semiconductor device disclosed in this specification, a laptop personal
computer with high reliability and high performance can be provided at low price.
[0132]}
F1G. 5D illustrates a mobile computer, which includes a main body 1631, a
display portion 1632, a switch 1633, operation keys 1634, an infrared port 1635, and the
25  like. An active matrix display device is provided in the display portion 1632. The
semiconductor device disclosed in this specification is used in the display portion 1632.
By the semiconductor device disclosed in this specification, a mobile computer with
high reliability and high performance can be provided at low price.
[0133]
30 FIG. 5E illustrates an image reproducing device. A main body 1641 is
provided with a display portion 1644, a recording medium reading portion 1645, and

operation keys 1646.  Further, a housing 1642 that includes speaker portions 1647 and
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FIG 5l illustrates a nobile conmputer, which includes a main body 1631, a
di splay portion 1632, a switch 1633, operation keys 1634, an infrared port
1635, and the 25 like. An active matrix display device is provided in the
di splay portion 1632. The sem conductor device disclosed in this
specification is used in the display portion 1632. By the sem conductor
device disclosed in this specification, a nobile conputer with high
reliability and high performance can be provided at |ow price. [0133]

30FI G SE i kusty Qérﬁén LK) :Er%&&h&?{%r tﬂ@"d%‘iaﬂgoo‘?el‘éh?e TH %ﬁliébngﬁ’ bft dfftt 1S

provi ded mnt a’'display portion 1644, a record medi um readi ng portion
1645, and ofiwstaed onthisespscifigaion lFumdhereacPaofhwesil y1Buons g3 |andliéélfbs

speaker por}gljh%sscm(%%d & dé%l%eﬁlg&g% S19A0 Is %a&ﬁéﬁlohi al i@ %J'?(%r& cﬁlhe mai n

body 1641 e sem con ctor Vi ce |sc In this spetifica off is used
in each ofckheedﬂbbkﬁydpwﬂnymﬁ§nﬁﬁﬁaﬁandm¢©ambeEWVthmﬁenmuonductor devi ce
dISC|OS%d is specification, an inmage reproducing device with high
rellablllt and high performance can be provided at | ow price. 5[0134]

FIG 5F illustraFEs Sﬁrnneﬂextﬁsranrrﬂ@nb@mlhool& Mainmibodyy 1681isi gopdaliwited W t h

TP i ooy esey e s b st Bl B ecR BT o il Sy 1©

speC|f|catneﬂLlSﬂmseﬂmmnmkhﬁcﬂbﬁahawoﬂﬂnhhmmsﬁﬁﬁ?mﬁ&Wshh&jBﬁMb@%ﬁdthor

device disclosed in this eC|f|c i on, Oel ectroni.c book wi th high
reliabilityoHid Fﬁ%h p%Y (B rvemice Qi b‘ée"bctﬂog}i‘ﬁ‘@i?daf“ "R Speitieationo 3]

FIG 5Goi | leustisiat BSokaw i l@%@uﬁ@bﬁﬂf%nd/ﬁxéﬁ%ef‘foﬁ%&e&eﬁﬁﬂeﬁr@vn@é&%ﬂkﬂ@ﬁ: i th an
external connection port 1664, a renote control receiving portion 1665, an

i mage receil¥i3y portion 1666, a battery 1667, an audio input portion 1668,
and oper at ion keyg; 5&35111%19@965 ﬁwla%l%ﬂ&a16)@%13111%1)&50“1&9 ] ﬁbﬁ@é@%uﬂ%ﬁt I on

1662 is attached to the nain body 1661. The sem conductor device di scl osed
in this spegifictaginsatidns pers dgod.na trﬁeotdw@plr@!y YN g arpri@6 266 Byant heage

sem conduot of ARGl B! 28R el PuBREGLL! SR Mhes 2l eRuGRRELA i Lh

hi gh reli abi mance can rov [ 0136]
20FI G 15H |15t159,|st/¥ b.d)LeslgalG@bﬁﬂdlteilmmdepiay\,{pbﬂhnl1662 wd:estclwdrtalthn tnmdlybo]:iﬁ?l a
housi ng 16?

hout 1810782 0380 Ba B el ST LBl Y RO B3 Sh 0 2000
an ant ennapdié, 16and Byrehd sdﬁeconﬁhaosem;@aodndusiedrmdemi@wﬂtcﬁ@hose@tlebn this
Sp e Do) L BAARRLSL e BT 15 SR conduetor
{0136]
20 FIG. 5H illustrates a mobile phone, which includes a main body 1671, a
housing 1672, a display portion 1673, an audio input portion 1674, an audio output
portion 1675, operation keys 1676, an external connection port 1677, an antenna 1678,
and the like. The semiconductor device disclosed in this specification is used in the
display portion 1673. By the semiconductor device disclosed in this specification, a
25  mobile phone with high reliability and high performance can be provided at fow price.
[0137]
FIGS. 6A to 6C illustrate a structural example of a portable electronic device
1700 having functions as a ielephone and an information terminal.  FIG. GA is a front
view, FIG. 6B is a back view, and FIG. 6C is a developed view. The portable electronic
30 device 1700 has functions as both a telephone and an information terminal and is an
electronic device so-called a smartphone which is capable of a variety of data

processing in addition to voice call.
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25nobi |l e phone wth high reliability and high performance can be provided
at low price. [0137] FIGS, 6Ato 6Cillustrate a structural exanple
of a portable electronic device 1700 having functions as a tel ephone and an
information termnal. FIG 6Ais a front view, FIG 6B is a back view, and
FIG 6C is a devel oped view. The portable electronic 30 device 1700 has
functions as both a tel ephone and an information termnal and is an

el ectroni c device so-called a smart phone which is capable of a variety of
dat a proce%gt&‘ in addition to voice call. [0138] The portable

el ectroni c "devrce 1700 includes housings 1701 and 1702. The housing 1701 is
provi ded with a dhspbeaplpdediiooin dbvitd, 1780 speakehoitik?,17al mmd i H@hofdde 1713,

operation keys 1 , i 8 POi Nt evice 1715, canera Jl.ens 1716, an
oternar Sotgnd Lath 5PN P F5EbS DahBhaR, £ RERRG I RoR B0, 1
provi ded wiit7h3,aopkeyiboéegs 17121a pamtiex idevioall 7 ife aoayesd Bhs 1702 anaxeamer a | ens
1723, a_light 1724, an rphone termnal 1725 nd the, like. In addition,
2 ant efina POFHELFRERA 24T Tisd LRy ng 170 S pher BT 4 b pee

abOVﬁ- dlejsclzrmbﬁctm;dxw@atmmo@ sw'é ne{lﬁﬁgakr@rei?agi g%S},SanﬁéHt lS‘iZt_li,_ﬁanW&lﬁiﬂ{d_ ol)ie devi ce,
or the |I1ke can Il ncorporated t r.eln. )9 |, lne display
portion 171%1111%13%1%@“%@@ ég‘m dBrid %rand@v%m}é I§iRcerResatef imtherogsing

speci ficatijom. AR Aip@ee ispliayedescand dhewdl hewhkéien INcMp £Bmkiegi L mage i s
di splayed) in the display portion 1711 variously changes depending on the

usage node MEMOETEeYisr prAhe Bketas be insaineras\iheein1 700.  Moreover, since the

di spl ayyporgign 1711 and the 15 canera lens 1716 are provided on the sane
pl ane, voice call with inmages (so-called video calling) is possible. Note
t hat the speakerThezdigplanportine 17 icinoipAonge samBohintopdevisediseiotedon|this f or

voi ce call -akso f.ar. I NGOy, r i Eathe: | It case
where a stf@#hF%%QE éﬁhmgﬁﬁg§ﬁﬁ§%ﬁﬁﬁggm§@§&§ﬂg?“@?*Uggﬁg&%ﬁ%dﬁgﬁégﬁ | ens
1723 (and ftrhéel dighty pa@idn 17t hearmtusiy ehangordepondiig/ ¢l ths usrgednals & the nder .

The operation ke 1714 ar.e used far operati.on of inconng and outgoing
ol | oF TRt VR RVt b1 R BE BRI 1P oM T Gy o1 P ng
of a s¢f eeBam@RNaRri MBtaroprovied ohhie bike plah 54e call with imddee (hotgieigs 1701
and 1702 overlapping with each other (FlIG o be slid be devel oped
as illustr gy Cfﬁﬁf@ﬁ@% ?eso&{ghf “_“t”i‘F‘eS(ﬁS?J?"f éﬁ@eﬂn@ﬁ‘g@cwa?ﬂhe%m’&&én 00 can
25 be usedy@q MlodIPFAIREICAN bh@N BRdecoriet RpHIEASE or HROREN BARE 8dskon Wi th
the keyboard 1721 and the pointing device 1715 can be perfornmed. 'The

external cohfEctsHEimeaa s fanovingImaga AresioicysBetaucansralinnE Zddapt & or a
variety of ;cahhes %Eo*?slpgag dﬁmﬁéﬁB] B Gocd WOETRAY:. t e BOLARR 1RyEh ?fztthirg”' ¢

device 17007 can be cha ~or can performdata communi cati oh w
conput 8¢ onsedhter | dpkestiontrfemveningbandi netgeing nglla siewtr diferpaBonedpuinfornt o t he

moved. i aganrinrfhor e SubMBEEs FER bRl RE S8R onor "W rel ess

{0140}

The housings 1701 and 1702 overlapping with each other (FIG. 6A) can be slid

to be developed as illustrated in FIG. 6C, so that the portable electronic device 1700 can

25  be used as an information terminal. In this case, smooth operation with the keyboard

1721 and the pointing device 1715 can be performed. The external connection

terminal 1717 can be connected to an AC adapter or a variety of cables such as a USB

cable, whereby the portable electronic device 1700 can be charged or can perform data

communication with a computer or the like. Moreover, by inserting a recording

30 medium into the external memory slot 1722, a larger amount of data can be stored and

moved. In addition to the above-described functions, a funclion of wireless

communication by using electromagnetic waves such as infrared rays, a television
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comuni cation by using el ectromagnetic waves such as infrared rays, a
television receiver function, and the |like can be included. By the

sem conduct or device disclosed in this specification, a portable electronic
device with high reliability and high performance can be provided at | ow
price. [0141] 5As described above, the application range of the

sem conduct or device disclosed in this specification is extrenely w de and
the present invention can be used for electronic devices in a variety of

fields. Thlr@c&@ﬂﬁbf@ﬂhn@ﬁ@ iREcArIRAnd I8 OB, Uﬁtsh&fbo%!}clibr%@yc@ﬁ135]9&%(1Ot her
enbodi nent s or exanp, as appropriate. (Exanple 1) 10[0142] Thi s

exanpl e shdsthis §1eé'tﬁéat\’/9|*?e rde PAItELlG slechpiig tdexice Witk Rigls éélé)ﬁ’dlis uinslt bighe are

separ at ed flaameRAch.MAtRefoddedaioWlREf ace between a first single crystal
sem conduct or Iayer and ‘a second single crystal sem conductor |ayer is

shown. A sdffilé was manufactured using a silicon |layer as each of the first

single grystal sggn 2 Gt Qovk AUET ap gﬁ]rl%at%d E{T\EF SeaRNd. S &glu&of%%%'

sem conductor |ayer. e second sindle crys sem con ayer was
formed by aliggloa tijaammw urﬁd&ﬁmtimmﬁ@brhd)\)wnogescmndvmuomowmm esctthe flow

rate (seem n n dr 2 0 t he
terrperaturgOI{)?FCEtﬂ%lqa;lﬁlgglf‘?sa eawgas’fmZ/VSB?g%ﬂjtshe o]hst enl} Oollmm ﬁan f&gﬁdgncy
power sour@emhmatuBONWarasztitehehqm@modlmamusoeeialrrfpﬂmem:gpwp&&teZ7 MHz. 20[ 0143]
Furt her, EE fi nsi ) single crystal sem conductor |ayer is subjected to | aser
light irra El |8)n treatnment while being sprayed with nitrogen before the
first qobst¢liee and the second substrate are attached to each other. The

irradi ation energy. density of the | ht was 794 mi/cnR, 25[0144]
F G 75 h or o s EERTOR I i SIS AthsBe SHONF G TG BEH 6| on

state. |t vesr&@nfroheeh binat atp@shicNBccerdénl NiiRL AgR c?;@éxi Q@rﬁ%ﬁ(ﬂ:cﬁ)rf Irst
single crystal sem conductor |layer 701 and a second single crystal

seni conduct®er RaY & sepond shiglsr piadtak penicpsluglep dmar i ribows. par fasihe dvas
favorably. m%g{nigéltﬂl@]i u?'ﬂ? aSHCHE Y2 d8S I RERsl ndibLS s EXRMRL R aGRE IRRused in

conbi nation with an
15  and the second single crystal semiconductor layer. The second single crystal

semiconductor layer was formed by a plasma CVD method under the folowing
condition where the flow rate (scom) ratio of silane and hydrogen was SiHg:Hy = 25:150
(sccm), the temperature of the substrate was 280 °C, the output of a high-frequency
power source was 30 W, and the power source frequency was 27 MHz.

20 [0143]

Further, the first single crystal semiconductor layer is subjected to laser light
irradiation treatment while being sprayed with nitrogen before the first substrate and the
second substrate are attached to each other.  The irradiation energy density of the laser
light was 794 mlem®.

25 [0144]

FIG. 7 is a cross-sectional view of 2 TEM image showing the separation state.
It was confirmed that peeling at an interface 703 between a first single crystal
semiconductor fayer 701 and a second single crystal semiconductor layer 702 occurred
and the separation was performed favorably.

30 [0145]

The structure described in this example can be used in combination with any of
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the structures described in the enbodi nents of this specification, as
appropri ate. This application is based on Japanese Patent
Application serial No. 2008-302169 filed with Japan Patent O fice on
Novenber 27, 2008, the entire contents 5of which are hereby incorporated by

reference. WHAT IS CLAIMED I S: 1. A nethod for manufacturing a
sem conduct or substrate, conprising: providing a first single crystal
sem conductor |ayer over a first substrate; removing a native oxide

filmfrom ansyrbace @fcrbBfinfthd é%bcﬁiihﬂ&!t?ofqﬁ%%\%&'iﬁc%ﬁm,%95}%’&&%{@. llayer before
provi ding a second single crystal sem conductor |ayer; provi di ng the

second single crystal sem conductor |ayer over the first single crystal

sem conduct or | aygx par - e..epi Lal et.hod, | -

attaching the fi?gf gﬁﬁ%ﬁ%@tggan gi %ﬁd%hﬁééﬁg§?%§?%ﬂ?%ﬁégﬁh“%? é?amjth an
i nsul at i ng 2003-A93 6P diios el Japhe Peloet Wlien os dVoviraberte2608; 8t esiinglosteotsy st al
sem conduct _ . [ Ssinale crystal sem conductor |ayer are
provideg bé?&ggﬁ%ﬁﬁggggH%?ﬁ§ﬁﬁgfgg?§§§%ﬁ'the second substrate; and
separating the first substrate and the second substrate from each other at
an interface between the first single crystal sem conductor |ayer and the
second single crystal sem conductor |ayer so that the first single crystal
sem conductor |ayer is provided over the first substrate, and so that the
second single crystal sem conductor |ayer is provided over the second
substrate. 2. The nethod for manufacturing a sem conduct or
substrate, according to claim1, wherein the second single crystal

sem conductor |ayer is formed using a source gas containing a silane-based
gas and hydrogen, and as for the source gas, a flow rate of hydrogen is
greater than or equal to 4 tinmes and |less than or equal to 10 tinmes that of
a silane based gas. 3. The nmethod for manufacturing a sem conductor
substrate, according to claim1l1l, wherein the first substrate and the second
substrate are glass substrates. 4. A method for manufacturing a

sem conductor substrate, conpri sing: attaching a first substrate and
a single crystal sem conductor substrate in which an enbrittlenent |ayer is
formed at a predeterm ned depth, to each other with a first insulating film
i nt erposed between the first substrate and the single crystal sem conductor
substrat e; separating the single crystal sem conductor substrate and
the first substrate fromthe enbrittlenent |ayer so that a first single
crystal sem conductor |ayer is provided over the first substrate;

renoving a native oxide filmfroma surface of the first single crystal

sem conductor | ayer before providing a second single crystal sem conduct or

| ayer;
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~providing the second single crystal sem conductor |ayer over the first
single crystal sem conductor |ayer by a vapor-phase epitaxial growth

nmet hod,; attaching the first substrate and a second substrate to each
other with a second insulating filminterposed therebetween so that the
first svpgalrasqrysthaknsem conductor | ayer and the second single crystal

sem conduct or | ayer are provided between the first substrate and the second
substrate; and separating the first substrate and the second
substrate a f fi n st.al sem conduct or

| ayer and ttrllegg%éégélog{og?%%fﬁ% u‘{y%?é &g%)rrﬁﬁ lé%t%laué)tb%‘r“% wnyr““d’ that the first

single cryspaiwdaegmf@sndutglcocrryitalysernl¢cs1dpttor/]acg}exob\@verﬁrithabg‘ttalt@t substrate,
and so that the second si n%I e crystal sem conductor |ayer provi ded over
the second &iBRtiRgE&ative oxide fm figim appriaegiof die fﬁﬁhﬁ%l@tcwsrfa%gcr&wonductor

sem CO[H}EFIB(—Q& B3t ec&ﬁics%g*: @%sga@s&‘lluﬁbﬁﬂu%tor\ﬁl}% [€in the second single
crystal "sem co ucto ayer ed using a source gas containing a
si | ane- basedrayaEngatict pedndgmgle amtahs;exmomnduhmrsimyﬂrweg&& fiat kingiv ¢rastel of

hydrogen is grea han or ual to. less than or equal to 10
times ?‘Wéﬁm‘b‘g" E’ g‘i‘}feéi ¥ 2YARY PSS epitaxia gm"t‘)t a.g %ethod for manufacturing a

sem conduct gfiachHRStHeat8s sﬁﬁﬁ@t&fﬂnﬁ% §Qofd 3UBBtAte WSS &hérh@ﬁﬁ'ah%sﬁém% rate
and the second substrate are gl ass substrates. hod f
manuf aﬁtmnnhag:meé dhireltewt op thl@vﬁheeﬁrswmgh giysigh smmvnciuqttg hysn ot ehc
crystal sem conduct o e irst s /
hot oaresaty o HORRL PRI ik aleT bo®ies cog Fie FEIHA PSR ayer
by a vanond pitasetcepid axi al growth nmethod; providing a first conductive
| ayer over the phot oel ectric conversion | ayer; attaching the first
substrate aftPagtwedhnérssheimag ed e saemdouheratofiom eashioteer s deleffagem
interp Le S t e st.al , the
phot oepgﬁlﬁi Eﬁco?\%&e\;\gﬁ 5 %a%/gh?, Sé(;]l]r}l.lli Olﬁ%@%i }agyc%l?iid i :g\?ggrpg;ggég?érée&%glow ded
bet weegerienductodtiaygu bstth:ﬁttﬁe &ingd siripte s8e@Ncksiebsducairdayer is providdarat itivg t he
first substrate and the second suybstrate from each other at an jnterface
bet weeH's AaPsiRtfgPad &¢ {et Hic cerdBneigcrTal sapionardon lngerih proafeeyer ghe
converﬁé 9?(1 LaMeLSO that the single crystal sem conductor |ayer is provided
irst substrate, and so that the first conductive layer and the
phot oel ectric conversion | ayer are pr ovi ded over the second substrate; and
providing a s%gond Ceﬂg¥Ctlv over. the photoel ectric conversion

| ayer . e Tgilo fHBEf“fefeﬁtu A SR H@toa subsiafeo RETLE WL QiR |

accor diyhgrehP (54 aeBnd: IR %l‘ﬁtdti hwlwlﬁahc@y ba{&ate rgneddt DengesaRd subsi rate
are gl ass substrates. for” manufacturing a sem conduct or
devi cecordainmei &istigne-passdi gﬁSn@lChthanan satmﬂg he for yist apursergagondior antel afyer

over ah{fcirg)gén i g,aeatter%flaﬂ or equal to 4 times and less than or equal to 10 times that of a silane

based gas.

3. The method for manufacturing a semiconductor substrate, according to claim 1,

wherein the first substrate and the second substrate are glass substrates.

4. A method for manufacturing a semiconductor substrate, comprising:

attaching a first substrate and a single crystal semiconductor substrate in which an
embrittlement layer is formed at a predetermined depth, to each other with a first insulating
film interposed between the first substrate and the single crystal semiconductor substrate;

separating the single crystal semiconductor substrate and the first substrate from the
embrittlement layer so that a first single crystal semiconductor layer is provided over the first

substrate;
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provi ding a photoelectric conversion |layer by formng a second single
crystal sem conductor |ayer having one conductivity type, a third single
crystal sem conductor layer which is intrinsic, and a fourth single crystal
sem conductor |ayer having an opposite conductivity type to the one

conduct i Vi t Yerh ARGy h Batitd SxiQE G AULR dubBcd bl Ble HhNGh8e GFysed abmrAHGIRdUCT Or
| ayer by a vapor-phase epitaxial growh nethod; providing a first
conduclaveebdiprearovdmg a sseorphongle custal panicomvstailayer] ayer ; attachi ng

the first substrate and a,second substrate.to gach other wmith an insul ating
O3 Er SR G SRERGH R SO ey TGl " i AL B Mt o

fiImintersze

| ayer, sémhicohRt?edRe by aGapOnMers esitixiayedwthandhédie first conductive |ayer
are provided between the first substrate and the second substrate;
separating ffching de Spbhsupsifae #ad 2 KecopdcHRgiralg st pasheotherowiBag rseetider  at

an | N SELRSES RHIGRRLIAE bl L0 Bfre Rl SR AN SEALhANeE, AYd e

second si ng sem conduct or layer so t irst sing rystal
sem comttuttieaecdndywarglé arypmbsandedhdovier ldyeeakipratidsistveat éye fastdusaratdhatd t he
first conducti| vg | ayer .and the photoel ectric conversion |ayer are provided
over t HE See8ny %‘E?éétalngte; and providing a second conductive |ayer over the

phot oel ect r L&, ,CAMYERS AR shiRY@le and the secoh sulR@td R el Ak FRMMERGUELNT 2
sem conduct or device, according to claim9, wherein the second single

cr yst abinglenirgsaldeotiomdhetpe tayes afdthesdcasi nigela cswtnl cemgmadiodont lapyer sogthat

si |l ane-,based .gas and, hydr ogen nd as for, the source s, .a fl,ow rate of
oy oo IR e e B RUAGHE By die B moptarte gt B S TR aho Sl 1o
times thahd 9hgk Sldtanemhasgec®@Byer is provideliloverd the sb®indadbdtake Manuf acturing a
sem conduct or device, according to claim9, wherein the first substrate and

the second substrate are gl ass substrates.

5. The method for manufacturing a semiconductor substrate, according to claim 4,
wherein the second single crystal semiconductor layer is formed using a source gas
containing a silane-based gas and hydrogen, and as for the source gas, a flow rate of
hydrogen is greater than or equal to 4 times and less than or equal to 10 times that of a silane

based gas,

6. The method for manufacturing a semiconductor substrate, according to claim 4,

wherein the first substrate and the second substrate are glass substrates.

7. A method for manufacturing a semiconductor device, comprising:

providing a single crystal semiconductor layer over a first substrate;

providing a photoelectric conversion layer over the single crystal semiconductor layer
by a vapor-phase epitaxial growth method;

providing a first conductive layer over the photoeleciric conversion layer;

attaching the first substrate and a second substrate to each other with an insulating
film interposed therebetween so that the single crystal semiconductor layer, the photoelectric
conversion layer, and the first conductive layer are provided between the first substrate and
the second substrate;

separating the first substrate and the second substrate from each other at an interface
between the single crystal semiconductor Jayer and the photoelectric conversion layer so that

the single crystal semiconductor layer is provided over the first substrate, and so that the first
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conductive layer and the photoelectric conversion layer are provided over the second
substrate; and

providing a second conductive layer over the photoelectric conversion layer.

8. The method for manufacturing a semiconductor device, according to claim 7,

wherein the first substrate and the second substrate are glass substrates.

9. A method for manufacturing a semiconductor device, comprising;:

providing a first single crystal semiconductor layer over a first substrate;

providing a photoelectric conversion layer by forming a second single crystal
semiconductor layer having one conductivity type, a third single crystal semiconductor layer
which is intrinsic, and a fourth single crystal semiconductor layer having an opposite
conductivity type to the one conductivity type in this order over the first single crystal
semiconductor layer by a vapor-phase epitaxial growth method;

providing a first conductive layer over the photoelectric conversion layer;

attaching the first substrate and a second substrate to each other with an insulating
film interposed thercbetween so that the first single crystal semiconductor layer, the
photoelectric conversion layer, and the first conductive layer are provided between the first
substrate and the second substrate;

separating the first substrate and the second substrate from each other at an interface
between the first single crystal semiconductor layer and the second single crystal
semiconductor layer so that the first single crystal semiconductor layer is provided over the
first substrate, and so that the first conductive layer and the photoclectric conversion layer are
provided over the second substrate; and

providing a second conductive layer over the photoelectric conversion layer.

10. The method for manufacturing a semiconductor device, according to claim 9,
wherein the second single crystal semiconductor layer is formed using a source gas
containing a silane-based gas and hydrogen, and as for the source gas, a flow rate of
hydrogen is greater than or equal to 4 times and less than or equal to 10 times that of a silane

based gas.

11. The method for manufacturing a semiconductor device, according to claim 9,

wherein the first substrate and the second substrate are glass substrates,
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