METHOD FOR MANUFACTURI NG SEM CONDUCTOR SUBSTRATE AND METHOD FOR
"MANUFACTURI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE INVENTION 5 1. Field
of the Invention [0001] The present invention relates to a nethod for
manuf acturing a single crystal sem conductor layer. In addition, the
present invention relates to a nethod for 10 manufacturing a sem conduct or
substrate including a single crystal sem conductor film and a nethod for
reprocessi ng a sem conductor substrate. 2. Description of the Related Art
[0002] 15 Integrated circuits using an SO substrate where a thin single
crystal sem conductor layer is formed on an insulating surface, instead of

a bul k si | iMETHRP JFOR UBEYG| YMICONRUGEQROSUBRTRATESANE: r at e can
reduce par%ﬁﬁ' ﬁﬁfoﬁ%@ﬁGMBW A CPERIRENEMAFGNDUTOR DiARESt or and a
substrate; thus, SO substrates are attracting attention for their ability
to inprove performance of sem conductor integrated circuits. 20 [0003] A

Smart Cut nethod is knowngy Egﬁgoﬂf,w kﬁﬁf m#f acturing an SO
substrate (e.g., see Pa}tMe.'If;ffﬁé cumen %‘ n[%‘g]?% ne met hod for

manuf actsuri ng an SO substrate by a Smart Cut nethod is described bel ow
Hydr ogen iol”?ie? eﬂf’jenﬁlvgnt ed into a silicon wafer to forma m crobubble

| ayer at a pre et erm nenémaepth fromthe surface. 25 The silicon wafer into

whi ch hydr gg@&t]i ons have been inplanted is bonded to another silicon wafer

with a silicon oxjde filminter ed therebetween. .After that, b

perform ng heat ﬂ%&‘i‘“’ﬁ@ﬁt‘ﬂ"e‘ﬁtﬁ’é ‘Jr%ﬁ%sc}%ﬁ‘b‘ﬂ?tgoﬁiﬁ?a"i“gacpgn%é‘ Sé\“géff %gtﬁ'ge pl ane,
and the watmlcohdictor Wayegh [rhadditie, age rprésems inetion "Rkt &dai Geeelfed in a
thin filmstate. A Snart t method is ,also called a "hydrqgen ion

i mpl antit i &%Pnggﬁ%}rlas P SFMicRadysigr subsisate ng) ,sipgle eryptabgsativheAtcter filmn or der

to inprove ah@dg nRRBFEH kprossifdBschtEdAGRothubith®. Singl e crystal silicon
| ayer and repair a defect in the single crystal silicon |layer, CVP 1
2. Description of the Related Art
[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, SOI 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 (¢.g., see Patent Document 1). An outline method for manufacturing an SOI
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 treatment, the microbubble fayer 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)
is perforned after the single crystal silicon layer is fornmed. [0005]
Further, a nethod for reusing the silicon wafer after a single crystal
silicon 5 layer is peeled off and transferred froma silicon wafer by a
Smart Cut nethod is known (e.g., see Patent Docunent 2). In Patent
Docunent 2, after the single crystal silicon layer is peeled off fromthe
silicon wafer, the silicon wafer is planarized by CVP treatnent or the

| i ke. [References] 10 [Patent Docunents] [0006] [Patent Docunent 1]
Japanese Published Patent Application No. 2003-017671 [Patent Docunent 21
Japanese Putshinghtdnd’art beai tigaphdnt at ihigh Noperdiure (o7 3200 SCSuVMIRY) GF THE

| NVENTI ON [0QQQ7] .l n the .case Le. a.si.ngl ystal sem conductor |ayer is
formed by éﬁgﬁﬂkdaﬁgpﬂ%gnqgcg%@@ﬂggg&nﬁﬂgﬁgy%%t Docunent 1, -CVP treat nment
and/ or heat[o@osg¢at mrent at high tenperature is needed; therefore, it is

difficult to pro&%ﬂs an iﬁe Qensive ar e-siz%d 0 sem cond c#og substrate
(SO substrate) . K% B Pr‘?;l%r ol PR Bt 1HA YW “PER 727Ny a
| ar ge- siszedayzeipecladloff bad traisfesited 8bm A sHdon Swalks by atSeart Gut gledtd iskiosinr at e

should be used as a substrate to which a single crystal seni cqpductor
layer is atf-8ch® .at_e"@}ae\va?ﬁt 2 glpaf?gen%ﬁﬁ%"tl?e&f g ?ﬁ?ééﬁl%%'t‘glgﬁlfyﬁ@??ﬂ?%e above

requi r ementjgyeR id gEIGH OfF frdn$ titeaticon’ Rafes R Gificod WaRedi plagivize@N¥y Chpat nent is
surface-polishing treatnment, which has high 25 difficulty in performng

uni f or m t r &&eEtSAtordke ke ar ge area. [0008] In view of the above problenms, an
object is qﬁk@ﬁﬂa£ cture a single crystal sem conductor |ayer with
favorabl e characteristics, without performng CVMP treatnment and/or heat
treat mdfAt 4Patentlocyraensdr at ure. Anot her object is to provide a 30
seniconducg@ﬁmiubstrate (or an SO substrate) including such a single

mc

crystal s nductor |ayer. [0009]
[Patent Document 1] Japanese Published Patent Application No. 2003-017671

[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 (SOl 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 substratc 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.

[0008]

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

[0009]



2 Further, in the case where a silicon wafer is reused by such a nethod as
di scl osed in Patent Docunent 2, the silicon wafer is polished by CW
treatment 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 the above probl ens, another object is
to increase the nunber of tines of reprocessing a sem conductor substrate
to inprove the productivity. [0011] A manufacturing nethod disclosed in
this specification is a method in which 10 vapor-phase epitaxial growh is
performed by using a first single crystal sem conductor |ayer as a seed

| ayer, whereby aFwdebria the ngieeVeary ot dlicogewrienifdtrescdr by aycdra methodrated  over

the first %1'. k& &ryé%]rﬁl%o%ﬁﬂhftofd&&h‘%od a«ger is B&]Qh&?ﬁf‘@&?% thenPfr f Or med

at an |nter ace of t ayers e both ayers are
separ at ed fevempeeldly/tsnifering sspnietsfogh tl@ﬂ)rhmke@s jof éhessilicen svagar is Frduerdc ond

single cry }a%h?@ier g?g%%fy lvba?éf bélt%slioﬁé5§?fl rst single crystal

sem conduc |on Irst single crystal
sem conduct@r10] ayer after t he above separatron is subjected to vapor-phase

epi taxial growt h nﬁal n doéo%léj)rgblgﬁs angtﬁ r ob %o?/ ?s to ncrea%ewgé l‘lﬁl%%gr 15I he first

single crystal 'S pre 078 1 Gser 20
process. [@&ksbfﬁmNEﬁhmga%ﬂﬁwmmmmbammunnm@1mp&ﬂaﬂmqmdhwmnnfsubstrate

di scl osed I6hﬁf specification includes the follow ng steps: a step of
provi di ng 044} s¢ single crystal sem conductor |ayer over a first
substrate; a stef rﬁlafnuﬁb@)rihgj infR¢hod cﬁ@ﬁ@mmsmgdpanﬁcrayisﬁ & a aktmam edRtuct or

| ayer over the first SI ryst sem condugt or, | ayer a vapor - phase
epi t axildl grmmphaﬁrepﬁw ‘%tlcl ‘r%naﬂ IR HHESIRglP 598@% SR a

second subsgfyeahea k&ed | thEr&?y"a Wcbid ﬁﬂglb RepstalbérionRYOF 1dyBt RIfBRsRd
t her ebetween so that the first single ystal sem conductor |ayer and the

second si ngve tbe igrtafrmgemvéeha%wrdurtayéaweraad spRagtionds PeHPRReE At taie fi r st

substrate angdcBerHEeaMdaRrdS W ¥ifiimd B 6h Rlye2 @RAHIrhRI fibRadPothé: St
substrate and the second 'substrate from each other at an interface between
the first using high compressive stress of the second single crystal semiconductor layer to the

15  first single crystal semiconductor layer.
[0012]

In addition, the first single crystal semiconductor layer after the above
separation is subjected to 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 orystal 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



single crystal sem conductor |ayer and the second single crystal

sem conductor |layer so that the first single crystal sem conductor | ayer
is provided over the first substrate, and 3 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 |layer with |aser
light. [0014] 5 A nethod for nmanufacturing a sem conductor substrate
disclosed in this specification includes the following steps: a step of
attaching a first substrate and a single crystal sem conductor substrate
in which an enbrittlenment layer is forned at a predeterm ned depth, to
each ot her sqith#f e seepnd| sngle grystal sgmiconduetpo daver ishaiogided Waemthegsecagdep of
separating L nol . ' 4 st

Subat  at o f oo S Gl i SR RRCHEA L SNSRI ET SR I 1o
sem conductlight.| ayer is provided over the first substrate; a step of

provi di ng 3 §ﬂ$ond single crystal sem conductor |ayer over the first
single cry ?a sem conductor | ayer by a vapor-phase epitaxial growh

net hod; 5 A method for manufacturing a semiconductor substrate disclosed in this

-a-step-of-attachi ng-the-first-substrate-and-a-second.substrate-to-each-oth
orwi o e Rlyr e ST ShsbE o S RD P L AR FER DSt SRR AR B 1ot

si ngl e crysingle gl cemnitundustor bstratg dén whitth dnhentsddamnat fiyagls dotiedsit al

semi conduct or. | ayer @r provbd d between the 5irst sub @éa e and the
second sub@figteaningd '?:Pgb tyfac @@%ﬁf&‘c" g PHEUPS [P WIARASFLIET IR ¢ hE second
substrate fsicpf epanting ihekingle caytal KngtdrAasobRbyReNaridNRe fifst SibstpdtGb@ cryst al
sem conduct or I%ﬁer and the second single crystal sem conductor, |ayer so

that tHE filiesemiyfitement dgygs soy that & difptotngin epsipl pemieqndpconlaysr iadiovidadr "t he

first substiétiRe ARHsEHU4EA stdp 6 FOGANE a SEREH Single cFysisb bedhicHRITEBPRGYCT Or
| ayer is provided over the second substrate; and a step of irradiating the

first singlowercthydirsl| siagoriceysiel sermisendugioe daygi by A ¥aperphaseepitaxiql Ga%th A net hod

for manuf agfy eidﬂgst@p—5?ﬁa@ﬁlﬂg—ﬁﬁt—fﬂEt——sqﬁ%jaféeangja—%ﬁé0913—%90sitereItg'—ieaceh—e?ﬁé‘?Wﬁ{hi cati.on
i ncl udes the.foiLomnng_steps: a step of providing a single crysta 25
sem conduceninshiaijeg layay dnterpoged therebsinesn pathat thefiest sipsle trypielsemikionductor

oot e BN ShRN T SRS L8 M ETSEPIR |
conduct i ve sitatrete and/the s¢dopd pliotrael aatdpraf sepotime thesi fost subsiprand shesseemdof
attaching tsu %tr:]:ltie rﬁ%%n & %%h'éla gteanaiIthr aceso%l%(v)e%g tklscutli)rgg gil?é[ltse c}ygtales%&ri]co%}i&]c Jr W th an
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 second single
20  crystal semiconductor layer is provided over the second substrate; and a step of
irradiating the first single crystal semiconductor layer with laser light.
[0015]
A method for manufacturing a semiconductor device disclosed in this
specification includes the following steps: a step of providing a single crystal
25  semiconductor layer over a first substrate; a step of providing a photoelectric conversion
layer over the single crystal semiconductor layer by a vapor-phase epitaxial growth
method; a step of providing a first conductive layer over the photoelectric conversion
layer; a step of attaching the first substrate and a second substrate to each other with an
insulating layer interposed therebetween so that the 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



insulating layer interposed therebetween so that the single crystal

sem conduct or | ayer, 30 the photoelectric conversion |ayer, and the first
conductive |l ayer 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 4

sem conduct or | ayer and the photoelectric conversion |ayer so that the
single crystal sem conductor |layer is provided over the first substrate
and so that the first conductive |ayer and the photoel ectric conversion

| ayer are provided over the second substrate;, and a step of providing a
second conde@iconducionyarer ek thet phetogleelris cpevaryiomn: layemnspethal &a singleeerystsl [ 0016] A
met hod for A Maleh ] ' ' j '

peci i cat i e hAFkh HBP BT SRE TR SUBIAE Gnd P BORERrt Qo

si ngl e crydaysk andstberphaerdestricogoniearsion layeraare provided oves theseeantd subsiract g of

provi di ng iy [+ r ] single
crystal se%isc%%gg%!tv gﬁ% das%cé&%%é\ﬁﬁu%{gl%glﬁ%ér?ﬁ%&%%%ogoﬁega r@%"?"fﬁ%@%‘“hi rd single
crystal 5serfd@lohduct or | ayer which is intrinsic, and a fourth single

crystal sem condyctap l.ayer hawi ng.an_opposite conductiyi ype.to the one
conductivity typg Pﬁ{hf)ﬂl T oPde acg%gllg fihge%}lforng'twt%ri ﬁgY“ée cdr1 C‘s%‘é‘{ 'Eetmsconduct or
| ayer by a spatéfiratierp eidee et fallowing nesdplaoa;step ot pviding pr Gt dingly @ydtalr st
conductive | ayer over the otoel ectric conversion,|layer:. a step of

et achi ng. SRBIPERT Byt pod BLRRS achRat RevemsamhapEeye Soh Biner wi th
an insul at ii8@r by ermint @Ed@@ﬁﬁ@ln%lb@ﬁ@ﬁﬁﬁéﬁﬂ&fhdﬁ@oﬁ hodr Habidg foné Sbndustivigl €
crystal sem conductqr |ayer, the photoel ectric, conversign | ayer, and the

first lOondYRer prd sinale ceysial spmicanducionlaysradlc isdnirinsicy "“é‘u?ogoﬂl%/ﬂéts’é‘g@nd t he

second subgiysal Siemcondic@i? lyes aRMNA b Soppbitel bbiduc®HBS Rt € and &fre second
substrate fromeach other at an interface between the first single crystal

seni conducterducliyibr tyandn thieoleoyr the Al single @ysjl samicerdiicios st by | ayer so
that the figst. hsggé&)ﬁaﬁﬁlyﬁhﬁl)d;s@ Bef VPG iR laOpSE céxﬁiuctWeol‘éjééiiqgfeP%r the

first substrate, and so that the first conductive Ia)éer and the
phot oel ect whetodenine cenvgrsidnalaper; ar depebeitatbingothe firsthabsteto Aol sudseandat e; and

a step,qf i.qj i . ric
conver don Tk % Py uRe SR RANAEE ot KBl WAL IS ROBRP RN Ui
silicon | apmglei gydtdr seedcondudtdrelagec tredphotictegirie @nyssiah lseni gdndedirgr | ayer,
vapor - phas Gt ulcgivaexlla?ér e Sl\*lc\)'tvﬂied %cﬂt\)w'r’egﬁ ?tll’ea&!sy substrate and the 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 substrate, 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 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) that of a silane based gas.

30 [0018]

In addition, a glass substrate is preferably used as each of the first substrate and

the second substrate.



performed in which in the source gas, a flow rate of hydrogen is greater
than or equal to 4 times and less than or equal to 10 tinmes (preferably
greater than or equal to 5 tinmes and less than or equal to 7 times) that
of a silane based gas. 30 [0018] In addition, a glass substrate is
preferably used as each of the first substrate and the second substrate. 5
[0019] A "single crystal” in this specification neans a crystal in which,
when a certain crystal axis is focused, the direction of the crystal axis
is oriented in the sanme direction in any portion of a sanple and which has
no crystal grain boundaries between crystals. 5 Note that in this

speci ficatilH9lthe single crystal includes a crystal in which the direction

of crystal axes j \AEH%U&[%@I”Qﬁ @?%%En'ﬁpﬁfén%‘a%{ e?rggal‘m%'&hh@ﬁe ce% |n

boundari es even I nc a crystal ct or dangl i
[0020] A " sersaterisisdbowsed tipsdireatiat'ofithe erititl agjsde prignisst in e Samldmg@na

Subst Tt e il Wilhon 3% B draSifoR0 nRLSE bR ﬁgbwea]@?m.n single

crystal sefi str an I nsul ating
substrate iNotgthatin desispatitivatimnt the single ny/stal mclydttsail crym i &hbicbl tl'cctdnmtioay er.

[0.021] A" frgnrygtg %%%téso%?%?rﬁ:ﬁiggfsgﬁ%%l QJS %F(F vancfn ﬁ%t Illoonaﬁeb (l]xﬁd ries e\ge%w ces

whi ch are I'ZI Ng 'Semi con
CharaCteriSﬂkﬁ&lmﬂmﬁseb@®mhﬂﬁmpmuu&mgn¢ﬂmn¢es, sem conduct or C|rcuits, and
el ectronic &gé ces are all included in the category of sem conductor

devi ces. i A "photoel ectric conversion device" in this specification

means al | deVI ces “softlcoMd&or ﬁ@ﬁb&&!”tm ItﬁigbﬁecmnarowndlmeeIa&ﬁlbstﬂatéah whivhr gy and
convert electrical energy to @9? for exanp a solar cell and

the |i K8, pdedgpiligon gaihisproy h g Hwe ﬁ%glesfﬁm f%ﬂ@&@flwqrdexewéé a
l'i ght - em t tinaadem RicRN ﬂ]sul'ain‘igv"sﬁi:sﬁ’hﬁéﬁs%ro@ﬂ@@'vﬂth d eirC SingiEh&rystal

light-emtting device includes a light-emtting
semiconductor layer.
[0021]
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 element whose luminance is controlled
by a current or a voitage, 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



25 elenent, and the liquid crystal display device includes a liquid crystal
elenment. The light emtting elenent includes, in its scope, an el enent
whose lum nance is controlled by a current or a voltage, and specifically
i ncl udes an inorganic electrolum nescent (EL) elenent, an organic EL

el ement, and the like. [0024] 30 The second single crystal sem conductor

| ayer is separated fromthe first single crystal sem conductor |ayer
utilizing conpressive stress of the second single crystal sem conductor

| ayer fornmed by a vapor-phase epitaxial growth method. Thus, a defect 6 or
the |ike does not occur in the second single crystal sem conductor |ayer
itself, \Amrtb@ylkhesz@s npicecten thet saspsh singlpraysial emicondustr Iavesdesell, | n

addi U1 on, RS SR e thORLE K BhBlra BV RRIUERE! 1 OURRUGAL LT oD

separated has anarlty, ore, anari zation treatnment such as
CWVP t r eat nesimigld @yﬂdtsemwdéubtorﬂmwoaﬂcrri@hqg separaibéd;lw@sh phnertyy theteforeal | ze a

|20 ge- oi zed e ERHUELaL SUPBICED Rl ol SHRTHALS) ackBRERL iFEie .

met hod for para Irst”single crystal sem'con ayer and the
second i n@hg/ torrgemtzeai [agersized Bdmcmrmlnctbagubstramﬂsm sutstritey. ned by a vapor - phase
epi t axi al %é h nmethod from each other is used. Thus, the first single
crystal conductor layer is used repeatedly as a seed |ayer, whereby
the effi CI ency OFurﬁler hefsteaassdepgatingahd iBNdingls cﬂyﬁtelrsemmddla:ﬂﬂ ldyleeand

producti vit duc r substrat str es) can bhe |nproved.
BRI EF DES C@‘{f? FiRiegndugtgr F%’z %”rl—"l or ﬁ‘?tb %E’aP‘?fr ¥rate an

exanmpl e of 1té¥@51h96wﬁlohleﬂﬁﬂlﬂ<ﬂﬁtddéh REhed is SBE. corlﬁycu@rﬁ@u@mgreaé@stafl GS 2A
to 2E |IIustrate an exanple of a nethod for nmanufacturing a .single crystal

sem cor@uctsepicpadustor laysr 1y essd raxatedlysas 3 peddpyent ‘éhea?PYeBbﬁr?&-‘%e“GY 05 et hod
for manuf a%ﬂl‘!’)éegﬁngatrea'iﬁ@ﬂtQQ MECEQ aflf e GRodctitiS: oft nishddBor bbysitésat e an

exarrpl e of a method manuf acturing a sem conductor device.
g
(SOI substrates) can be 1mpr0ved

BRIEF DESCRIPTION OF THE DRAWINGS
15 [0026] | N
FIGS. 1A to 1E 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



FIGS. 5A to S5Hillustrate electronic devices using sem conductor devices.

25 FIGS. 6Ato 6Cillustrate electronic devices using sem conductor

devices. FIG 7 is a TEMinage show ng a separation state. FIGS. 8A to 8F
illustrate an exanple of a nmethod for manufacturing a sem conductor
substrate. 30 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0027] Enbodi nents of
the invention disclosed in this specification will be described 7 with

ref erence to acconpanyi ng drawi ngs. Note that the invention disclosed in
this specification will be readily appreciated by those skilled in the art
that various changes and nodifications are possible w thout departing from
the spirit vetidrefdrencs dopeconipanyieg dppwingant Notavkahtthoinvenfiqardifcinsed in His

| nventi on Sg%‘ﬁt%ﬁ?rﬁ“ﬁlpbé R iS4 ﬁ/tsl fé'cfa eﬁ%};'tﬂ&e skequl g t?@?m ﬁnaP@ari&&E %ﬁa‘ﬁ%&t ed as

being Iim e descri eenbowrens all the
draw ngs f and desidfidationsgare heSSEwtmwhmldmsimngh@ors ahr:esnumfmddh@ srmpe @bl ons

havi ng t he i b | s, and
the desor: BB eTsdih: HieRire, HE AR st SEs BAAR REuAEARE SpatTRe" 20 1)
I n this 5enbeditamprdted arbemgampted t@fheaiesueﬂphmdoﬁtbe embanlirherds. uriVotg that in all

sem conductor ,subst r.at caII substrate scribed with
ref erence tlg dr TV U\RP ﬁ éF %@ %O%ﬂl easaﬂerpg‘ftlogffl)%%ﬁ%rlsﬁ@pgg (al so
call ed a segde ﬁulbﬁdirfsa{i‘eedenbﬁd lby dpasamnd rc{fBzéﬁ!ce ifuhfErald, A)d the @Oeiptidntheraer f i r st
SO substratﬁ 100, a first single crystal sem conductor |ayer 103 (also
called a sé¥ bFHV@??“EBWEbe provi ded over a first substrate 101 with an

i nsul ating [o@@)| ayer 102 interposed therebetween. [0031] An exanple of a

met hod for manufacturing the first SO substrate 100 i s shown
10  (Embodiment 1)

In this embodiment, an example of a method for manufacturing a
semiconductor substrate (also called an SOl substrate) is described with reference to
drawings.

[0029]

15 “First, a first SOI substrate 100 (also called a seed substrate) is prepared (see
FIG 1A).
f0030]

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 therebetween.
[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 801
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



in FIG 8. The first substrate 101 and a single crystal sem conductor
substrate 801 such as a silicon wafer are prepared (see FIGS. 8A and 8B).
An enbrittlenment |ayer 25 803 is fornmed in such a manner that a surface of
the single crystal sem conductor substrate 801 is irradiated with an ion
beam 802 which is fornmed of ions accelerated in the electric field, and
the ions are introduced to a region of a predeterm ned depth (see FIG 8C).
Next the single crystal sem conductor substrate 801 is attached to the
first substrate 101 with the insulating |ayer 102 interposed therebetween
(see FIGS. 8D and 30 8E). Then, heat treatnent is perforned to cause

separ at i on seltstretad 0k (roe FI(IL ISE)re rin Ot@y@rincr%g theptesadityyol theclinst single syl e
crystal seni cond ctor for i substrate 101
(sve F1 G CBreORNEGP TayeP Y6, Y Jafe PR JEmehy i Blteqfe o EHI! ¢
crystal semngandefitsoSOl apsratd OB, is hms&factdmeght irradiation treatnment is al so
effective. '[@ his manner, the first SO substrate 100 is manufactured.

[ 0032] 3 as the first substrate 101, a substrate nade of an

i nsul at gr can beHesedd. the Smeeiws'tra:allby,,a Qubwtedtd Riaye Gﬂ‘arginaﬂstoscdnsﬁeh&b@s t hat
are used in th Iectronl cs i ndys suchtuFf_gtalgé um nosj | i cat e

subst r at es SpeRifiglksHEIsY; qfiglags sv %ﬂlgttﬂfg © SPOp%s i“lfniﬂ‘?trybg‘fc silicate

gl ass substh§ ahlsinosiliéatet dass tﬂasgura&a LHlmERHAIifcasd! l”gﬁf&sf aﬁlﬁﬁates’glraﬂd LRERki re
substrates can_be given. Note that when the above g| ass substrate contains

a large 10bamsiifate oglassovubsirates; qluemp ubsiraiese cRieRYc rségﬁt@feasnéé oPPRIEss s

i mproved; WiRRated o&OB %iv@ﬁ ANotk T S¥hed TRU Eﬁov@fglag@rshﬁéﬁhﬁﬂoﬁﬁm@ %a@get han
boric acid, nore- gractl cal heat-resistant gl as can be obt ai ned

Ther ef dPe, aimpuntof perisasici.0s) aheas resisipnge Fsdﬂ’@f%’éﬁtvéleﬁlltr@nﬁmsé BaO
than B2CB E’a‘?géf%ﬁlg% t%‘?ﬁérﬂf\? x1§§ Eﬁp anbdfic §&@%Jr@%ﬁcﬁ&i-hca@ Lristal Sagr yst al

sem conduct © strate a single crystal silicon substrate
or the likejn lufaqbtd:)medusé"ljerefom, 1t55 plhf%abéfrﬂlhm ghenstsubsirhte contaipingfmarg Bag a gl ass

substrate ag,tig, fl Lok SHRML Ak B LburHESEL I GHke YUGH BniloRifuubst r at e

whi ch can arge ar nexpensi vé 1's
substrat e $ukktrate lffor emmc;amme meyshabﬂticon[smﬁﬁﬁ}e cbrrthadikh)tmaynbe used. sIn

preferable_that the surface of.the abgve f subst b 20 cl eaned
T advance MSgERpPE 107 Se ot & haaniigts & 0% FBF Settes THe ) ¢ st
substrate ddddibedsi NM¢hed aylaks Gabdtatel whielc bal/ Hmy;elradgga a,mranxllsjmexpenmwa (HPM, a

sulfuric uséd as the first substrate 101, the cost can be reduced.
[0033]
In addition, it is preferable that the surface of the above first substrate 101 be
20 cleaned in advance. Specifically, ultrasonic cleaning is performed on the first substrate
101 using a hydrochloric acid/hydrogen peroxide mixture (HPM), a sulfuric
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 fiim

30 that contains more oxygen than nitrogen and contains oxygen, nitrogen, silicon, and

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



aci d/ hydrogen peroxi de m xture (SPM, an amoni um hydr oxi de/ hydr ogen
peroxide mxture (APM, diluted hydrogen fluoride (DHF), or the liKke.
Through such cleaning treatnent, the surface planarity of the first
substrate 101 can be inproved and abrasive 25 particles left on the
surface of the first substrate 101 can be renoved. [0034] As the insul ating
| ayer 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 | ayer thereof can be used. Note that a silicon oxynitride film
refers to a film30 that contains nore oxygen than nitrogen and contains
oxygen, ni tG bg:th atYol raspastiveind Fukthety @gﬁi@ommitddmg?eim fifm inpgags lad'rigi thet from 55
t065at% at. % 25 to 35 at % an at

respecti velS§ y aﬁgr?ﬁm mtm & FYCoRATt “%/eco%t)%ﬁ e%(fyg‘? M%% Slhf:m? rr?"tdhat

cont ai ns nﬂ1ydrdgezt atO@ﬁmntrMS oangirenirand s co A0 at.vs 201y Beat %Nk toodfeat,%,si | i con,
and hydro e %on%entrac%i qos ranging from15 to 30 at % 20 to 35 at %
25 to 35 atn TS "EBEHEC Yt o respectively. 5 [0035] Note that the
single GryS[O@BS]sem conductor substrate 801 which is separated fromthe

first SO substrate s subjected to CMP treatnent eat treatnent at
hi gh tenperatur Orﬁn‘h 'tge lﬁb@@ e Seie ‘S“C\tz%esf" tey (ﬂl WL‘& it yePafatidhe first
SO subst r Fo@sthd @dst smm@@atmbﬁ%wfmmmehemmg@@lm@anreh@am@nt of the
single crystal sem conductor 10 substrate is ca first reprocessing

treatnent peaReEAdre angiispd sepggtedly, whesdy@ révrﬁgiiYé)féhlf‘yﬁlts'aSO& absededot or | ayer

104 is for ngdpOMRhuthdifed.| rﬁ-ﬁs reﬁfo@&ki% GreXifcRY oﬁmlﬁél@géf%pfen‘h&)\ﬁ@ﬁct&()?’ by a
vapor - phase epitaxial growth nethod (see FIG 1B) [ 0037] The second

si ngl e 10r y subralsénialleshal litst wprocesyias regmeninyodsss-f or med using a materi al
simlar torghaay of the first single crystal sem conductor |ayer 103. For
exanple, in the case where a single crystal silicon layer is fornmed, a
vapor - phase gr owNgxt, mmsiéglﬂeﬂyﬁd] Wi@nmmdndm oy forrhed dvek de fosin be

erpl oved. Ml e SR AR R Bl | At ShloR BB BRI Bl oliRaSER 21 11 10 2
FIG. 1B).
15 [0037]

The second single crystal semiconductor layer 104 may be formed using a
material similar to that of the 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 CVD 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 disilan¢) and hydrogen is used as a source gas.
[0038]
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 to 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 (Si;Hg) or the like can be used. Further, a rare gas may be added

to the source gas.
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nonosi | ane or disilane) and hydrogen is used as a source gas. [0038] In the
source gas used in the above vapor-phase epitaxial gromh, a flowrate
rati o 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 tines, nore
preferably, greater than or equal to 5 tinmes and | ess than or equal to 7
tinmes. In other words, the dilution ratio of hydrogen to the silane-based
gas (hydrogen/sil ane-based gas) is set at a ratio of greater than or equal
to 4 tinmes and less than or equal to 10 tines, preferably greater than or
equal to 5 tines and less than or equal to 7 tinmes. The sil ane-based gas
i's typifiedﬂ%@]silane 30 alternatively, disilane (Si2H6) or the like can

be used. Further, HidhE &9 %ﬁﬁ?ﬁsu&%ﬁ@mh& 1t5>ﬂ§1 hc‘ahhg%ﬁfr?cfu £0039] As

a plasma CvD appar at us used f e epitaxia gro ency
(RF) plas nt(RE)/[ﬁammﬁVBtapmrwatwﬂam déaic paver frequencyt mf@mmdy&n@r egrab@mt er t han

or ,S3ual 19 ki M 180 fah 85 S LA A WEIGicR SO0 M Y Rt Yool 13. 50

MHz or aratus wt eetric power
fr equen6y Ghicmaed ﬂasxﬁdﬂﬁmDmppatemu alithtan electeidzposved fieqeacyt diiég‘realer tegiual to 5

For t ha ep B 181 AT & Mhis H o AEREabaie B 55 Phped e Bs Sy "

exanpl e of vehsedcondition, a m xed gas of silane and hydrogen may be used as
a source % and the flowrate (sccm of silane and hydrogen may be
SSHA:H2 is @934 seen) 150 (sccn); the tenperature of the substrate 280 C;

the output el ect Aicendiiefor He cplidkial Rk@ith CAEBMENEIIRAWE pSioptiie I M/ and the
el ectric power frequen The second, single crystal sem conductor

| ayer 164 wrsrepic PgthFﬁP‘Pﬁé'éPmﬁd!@?‘edtWéoﬁmé and; Y,‘B?&ﬁntm%’ﬁt@ ysed AR pardey wit h
the above flow,d ﬁ{eqlowateo(zcéa@%f@ma aﬁ@g?&rﬁée?l' ME 6 S5 3,385 (Lasy1500 be

separ at ed § an interface wwth the fir singl e crystal sem conductor | ayer
103. Not e (schmd; tha temperatarseofnthersubsttate 28hB3ET sheupwipwf elediric pawyet phthe at t he -

L o B Lia0RPl P A IBeREoT ) s oot
nunber of defoadtsingld rrya@tistmoonpdutiomdayer 104 which is formed under the above
15  conditions (especially with the above flow rate ratio} has high compressive stress and
easy to be separated at an interface with the first single crystal semiconductor layer 103.
Note that in the case where the temperature of the substrate at the time of film
deposition is about 200 °C to 300 °C, the second single crystal semiconductor layer 104
can be obtained to be favorable and with a small number of defects. In addition, time
20 taken for the film deposition can be reduced and the crystallinity therecof 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 um,
30 [0042]

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

11



20 taken for the filmdeposition can be reduced and the crystallinity

t hereof can be inproved by increasing the total flow rate of the source
gas. [00411 The thickness of the second single crystal sem conductor |ayer
104 may be set to be a needed thickness. However, as the thickness of the
second single crystal 25 sem conductor |layer 104 is increased, it becones
easier to performseparation at an interface between the first single
crystal sem conductor |ayer 103 and the second single crystal

sem conductor |ayer 104 because the conpressive stress tends to be
increased. For exanple, the second single crystal sem conductor |ayer 104
may be for relepinxiahgrowtn itt inipeierable tofematyp atnativooxide fin pothe lilkedome@42] Not e
that before, [opmNg,L %tﬁeeﬁgpgn%w sfil S0 RicSPIVEONALCHRE it BRlscl O DY
11 the epltaX|aF gr om I'S era rermeanatlve oxl de filmor
the |ike foreedan omele fillne os dlef dike esistst bre thid swifacsi ofgthe sty single estilconduct or

| ayer 103. This beca i on the
surface of sFngo?c}u'cgotr ?ag?rn ofhg Fg}gaf‘a?rgr%senﬁ% g%lﬁé(’]t?c? sed {}'g déérrg%(?%g6 @?lle Yepi t axi al
growt h goeshditlie @yalieic) dlithe idoendesingle &ypt@ls&mhnohdﬁoyorﬂa}teham tshbcma&dt allinity
of the secaond singl. stal, sem copduct or 4 ds ecr Such an
oxi de fil ms@glh C%?&T@%cfaﬁﬁenﬁmgv e c?nsoélﬂa)[ﬁ]tnaf% yng | 8’?‘5‘ 8‘8‘1 aci d.
Speci fi cal |S$ec1ﬁ£dﬂ§,ttm&ﬁedﬂ&béylbe pﬁﬂ'diﬁm&meﬂglﬂﬁbﬂ@tédlatmqmaﬂﬁd hadrofludriar di | ut e
hydrof luoric —acid) until the surf?ce of the fjrst sin stal

seni conducid) P@Qé‘fe Sﬂfi’s‘”é&f fhedirstsinglagrystal semig upt@ﬁ{aycg é&’r‘kt‘ Wﬁ‘t‘é‘ that it
is prefer a@é&u&ﬁiéﬁoﬁen? SN6tE A ltqi plch@atfld thad ths isiiice of enestirad sirkdde &gshiconduct or

| ayer 103 be cl eaned usi ng a sul furic acid/ hydrogen peroxide m xture
4 e

(SPM, 18n anmisandnsionjarenPdiby ﬁ&?meég@wgpabplawa@c fifpeen papiple mixture
hydr ochl or @chéndétﬁ%gﬁﬁlﬁl%dﬂﬁﬁ&ﬁiﬁﬁ)g@ﬁ pidk e (it (b £y fydnagen

fluoride ( ke I1n ternms of renovi cont am natlon [0043] 15

Next, an i rsdhatiogen peagpdde mogure §1FM), wifuted brgrog L@éé@)ﬁféHE)i pgthe like {ist al

sem conductt(gr so?‘yeﬂ{ovi]n%%oétﬁﬁﬁlal%e 1C). [0044] The insulating |layer 105 can
be formed to0 have si'ngl e T'ayer or stacked | ayers

[0043]
15 Next, an insulating layer 105 is formed over the second single crystal
semiconductor layer 104 (see FIG. 1C).
[0044]
The insulating layer 105 can be 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 to 70 atomic%, greater than or equal to 0.5 atomic% and
less than or equal to 15 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
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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

| i ke. These filns can be fornmed by a thernmal oxidation nmethod, a CVD

nmet hod, a sputtering nethod, or the like. [0045] In this specification,
silicon oxynitride refers to the one that contains nore oxygen than
nitrogen and for exanple, silicon oxynitride includes 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 atomc%and I|ess than or equal to 15 atom c% greater than or equal
to 25 at onilesolandrieaun ta fhpomic, eiratdr thag ogsaual m#fi:@@mmg(dmg# legptthan @than or
equal to O. l1at tively.
Further oo RS GERRE and BRalel n O oGih 9, 10'abmic U T, il of ESAEES 12

ni trogen t B@mt@m‘ﬁaemsmmwﬂw Téwaﬂpr the abpyd-deseribeid traede awgxhel eangescwrte s
oxygen, nit e C h t n ti from
greater t har%{cg'%l quy }-lh% 8@ ® ?:om )({:lg)rl d'[gﬁl&eaessal hgﬁ&g{eﬁeﬁ@? [}gbfg%t om c%
gr eat er 5t haaclacatetjpgbpettoor2dryaRBiS) of’/hsalmgen f(ﬁwhldsszlttehagn symctreqct@i (HR$)55

i % 25 %, I 35
2t om cop ot ooyiat 35 oBL AT o s SO oG Tl B Rl Rt 1o

30 atonic@Mooa&ﬁmﬁ£|vely Not e t hat the above descrlbed ranges are the
ranges when h|ICOn oxynitride and silicon nitride oxide are neasured
usi ng Rut hé?448l d 5 backscattering spectronmetry (RBS) or hydrogen forward

scattering spect aaseibly tHeHRS) substdle a0i0bid @Becohd sutisahte! 106 Qe hikRhedmt ent
ratio of the constituent elenments does not exceed 100 atom c% *0046]

After tiflat caghnerherwidh the insuiafing daygn 105 firrposehibgreheraspsrars 108 af% att ached
to 10 eac rhsﬁfah%la%lt mtfhk%ubﬂsswaaﬁdnaﬁ%llaé&%hé%oﬁd@ttﬁé Re&RMsiA dgl@e&aﬁt ween
In

(see FIG 1D i nsul atin ayer functions as a bon g |l ayer which
bonds t he §@E@ﬂ@h§Wﬁ5W@1@ﬁy§@gFSﬂ%@ﬁf@%ﬁ@ﬁéQQ#”*@y@hm104 and the second
substrate b&g7;o each other. [0047] As the second substrate 106, a
substrate simifiar to the first substrate 101 may 15 be used. In this
embodi ment, the 8&a8w sefondsibairate Poas subsups similae tathe tfineg sulstraiedt 04 eyt r at e

106 i's 4esgLibad. rMHRRmodhATS tRIStIralif WRiS Bk e @bl MsiAkea and is

106 is described. When a glass substrate which can have a large area and is

inexpensive is used as the second substrate 106, the cost can be reduced. A surface of
the second substrate 106 is preferably cleaned using a hydrochloric acid/hydrogen
peroxide mixture (HPM), a sulfuric acid/hydrogen peroxide mixture (SPM), an
20 ammonium hydroxide/hydrogen peroxide mixture (APM), diluted hydrogen fluoride
(DHF) similarly to the first substrate 101.
[0048]
Note that surface treatment may be performed on the insulating layer 105
before attaching the first substrate 101 and the second substrate 106 to each other. As
25  the surface treatment, plasma treatment, ozone treatment, 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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i nexpensive is used as the second substrate 106, the cost can be reduced. A
surface of the second substrate 106 is preferably cleaned using a
hydrochl ori ¢ aci d/ hydrogen peroxide m xture (HPM, a sulfuric

aci d/ hydrogen peroxide m xture (SPM, an 20 anmoni um hydr oxi de/ hydr ogen
peroxi de m xture (APM, diluted hydrogen fluoride (DHF) simlarly to the
first substrate 101. [0048] Note that surface treatnent nmay be perfornmed on
the insulating |layer 105 before attaching the first substrate 101 and the
second substrate 106 to each other. As 25 the surface treatnent, plasnma
treatnment, ozone treatnent, negasonic cleanin or two-fluid cleanlng (a
met hod for isylatipi hayer W efteoplasma desatment isaigrfarned ondhexariage fithe insulating

hydr ogen- cq%{ﬁ ng water with a carrier gas such as nitrogen), or a

conbi nati on ereo is perfornmed, whereby dust such as an organic

subst ance d{pf04%he surface of the insulating |ayer 105 can be renoved and

the surface of t atln be ma r aphi As a
result, the bond?‘ﬁ&ma fveé'hgat H%@%ymggenrﬁa}?ﬁ%q% @g§ u%%tl'fsgl att}}{got?& Wlé‘ lct?'h
second s$u bs:bntaine nitfdgere auwh e aisiffron nittdde fEperca ailicon nmﬁda axideef fiilen) thayebet 0

perforn1oz trea ean ui.d cI or the
e ke o © ndogedyBE g second SERGRRIIS 1ol ing ehO sk Bitkyele AT PR aecr 1
performed gBconbesubitfatedc® of ehdheothersulTat Inﬁtgageﬂl-a(yr&dimlhgaaye[r&ﬂﬂ(ﬁions as a

Al ternati vel ni tr ogen- contala | ayer nsulatl %:flln1mh|ch

5 cont ai ns PATeF deyish fyPigvepding ag cqpiaine é“q?@l FﬁCBP Suksfraies §¥hndSt r i de

oxi de fil MsodiBy, HEm difRISIHHE Gntd MR seddhE shEQntal Sddsit drdh@orli@fern04.0rMasatat achi ng
the first substrate 101 and the second substrate 106 to each ot her. The

ni t r ogel- c eI rREOR FeHMENn dRaeaInRicagleaning, Appiitd (clepRIPS.f o sy Wkeeit i ng an

el ement confghMRd dia et eFARE nikdpeh-tatfning ngﬁr 38 a ﬁ%ﬂ!eﬂ@imlfaf %nﬂcy ffusing
into the second single crystal semconductor layer 104. Plasma

treat ment , iesplsting laveratGFerherebrethia dondias strangthi hetyveon s ﬁ‘lshﬂt&”t&t%é@ﬂi %ngl or the
like is *JQE&B@u a@l%@%%ﬁ&ﬁ ;V%@e nitrogen-containing layer in a
ar to at.ﬁ??

manner sim i nsu ayer 105, whereby the bonding strength
bet ween t hg¢0850t st substrate 101 and the second substrate 106 can be

' Tpr Ovelg' [0050] 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 treatment 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. LE).
In this case, the compressive stress of the second single crystal semiconductor layer 104

to the first single crystal semiconductor layer 103 is high, whereby separation can be
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15 Alternatively, heat treatnment nay be perforned in order to increase the
bonding strength after attaching the first substrate and the second
substrate to each other. A condition for the heat treatnment can be
determ ned as appropriate; however, it needs to be noted that when heat
treatnment is perforned at high tenperature (for exanple, higher than or
equal to 600 C), adhesion between the first single crystal sem conductor

| ayer 20 103 and the second single crystal sem conductor |ayer 104 is

i ncreased and separation at an interface beconmes difficult in sonme cases.
The above heat treatnent can be perforned using a heating furnace such as
a resi st ancesilyagtipmgdf ur nace and a diffusion furnace, a rapid thermal
anneal i ng ([55%1 apparatus, a mcrowave heating apparatus, or the like. 25
[ 0051] Next’, the first substrate 101 and the second substrate 106 are
separated from Aadie gitoverseparationemethods raf dynemize mathed (2 meetliadr for pselingl e

crystal senig uct o Y, ee i y
sem conductegs}lg?g érsuﬁﬁJﬁ% s\%haér%tgquyaap{ﬂ %rg.tu% P’r?gfe 1gl%ng chrérg‘1 ‘i;:iyg{i S[ilglr}r’lﬂ rc‘,(g(ﬁ'ﬁrduct or
| ayer 163 icgamylava dechod\ierwiiitie treatmstt cfufremptdge sepdrhtiands péréormed anchesi ngl e 30

crystal senicanductor |ayer 104 is_ provided over t second sybstrate 106
(see FIG ["ET ace:ﬂ’ﬁtwteﬁ‘? ﬁ-eﬁgggng{erfgy S&%ﬁ%?'@% ugier %F ?relrsbg aggﬁ}el‘?gcoél EORS single
crystal seriveansidémdudtayeyer 104} sudhais Whaeerfdttit may bgb@pleyedst al seni conduct or
| ayer 103 i s high, whereby separation can be 14 easily perfornmed. [0052]
As the abo&@sébpar ation nethod, a dynam c nethod (a nethod for peeling

easily) by a subBiriRifors cRalmdnt F6r MR Edh Seddnd tshifgld tlygalCamibpdeng oyed.
Further, for 5 exanple, a nethod in which treatnent of pronotin

separ atl0on layer p¥ roFsrispeng fortTHher improy Mg dhg BRgssh Mk e peamed; ndf decr yst al
sem conduct,givel RY&Ibed BatARE, Sl rIBF QBKInS hoWe: egglgrg bRdtciRssinComenator | ayer

104, such as water jetting, may be enployed. Furt hernore, treatnent
for thi nni sighingand elgtiching argPankingdaan e saporeshduct or 10 | ayer 104 or

t r eat ment f6tE4Lurther i nproving the planarity may be performed. As the
above-deSCt[l et treatnment, one of dry etching and wet etching, or etching
in which dry et Throwgh thadbavetsteps,dhé segnieandudiomivbsivat (@asacdsd SEHsubsirate.

15 107) can be manufactured.
[0055]

In this embodiment, the second single crystal semiconductor layer 104 is
separated from the first SOI substrate 100 by utilizing the stress of the second single
crystal semiconductor layer 104 formed by a vapor-phase epitaxial growth method.

20 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 after 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 area 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
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[ 0054] Through the above steps, the sem conductor substrate (a second SO
substrate 15 107) can be manufactured. [0055] In this enbodi nent, the
second single crystal sem conductor |ayer 104 is separated fromthe first
SO substrate 100 by utilizing the stress of the second single crystal

sem conductor |ayer 104 fornmed by a vapor-phase epitaxial growth nethod. 20
Thus, a defect or the |ike does not occur in the second single crystal

sem conductor layer 104 itself, whereby heat treatnment at high tenperature
is not needed. In addition, the second single crystal sem conductor |ayer
104 after being separated has high planarity; therefore, planarization
treat ment sushbafrios tArciterierer insilatiog fiedeelectiadpend thadiko peti fegnsd by

cubst ate (TRSTBEUAE! U Al Rofehbyl, 17, GRS an e T8 SR "
and a lar geraamaar oare pdynsr thin déu. tr{lrcstssﬁ] is Themfactgédigant kismehtt anpeeiing
sem conductcgﬁdlﬁﬂp &1%;5 #ﬁgfm%ﬁ;ec ?or weﬁh&’?‘&&&érq }07) a sem conduct or

devi ce such™as a rransis avorapl e characteristics 30
and a | argqoei7¢a can be manufactured. In the case where a thin film

formed us ng. t hePSERameagienGR aediegas 4Pt SreaRn qogr e A eI g o gat e
i nsu: a{i ng bf%w;baan anedfirat gﬁ?glecglstabiehﬁdﬁducl&' 1Eyef los a?mlﬂr&sgconﬁmmgm enyktalyﬁr
insulating film . an el ectrode, e are fornmed an r . shapes
are adj ust SEMEENECIOR{AYES] 04|‘ﬁh‘f“1h fd'&%%%%f?e?“’é’%?nhaﬁc ERif3xiat Bot FIF'E‘P di% ansi st or
or a p-typenmphiydd.f i st tRNFirgt Shgle Scrifidl Uepfidontiedor Bieeli0fBRh bR | Ng
conductivity may be added to the jsland-like seniconductor l.ayer. 5 [0057]

I'n t hi d%ntserspiedies a seeddaienbecapse ks tickasspat e fist single sesbiemiepndyctom o

interface Rl WeER ﬂoh?edﬁéeﬁStTﬁdtriQ'ﬂ?e &:F:Nzﬁitg’(bl @Eﬂa@@mﬁlc&e g3 and the
second singl’e crystal sem conductor |ayer 104 whi is formed b

vapor - phasasiapi thaxfist S§Hoswbiraiet drapsatedysoy ewped Tﬂﬂbgrat% h‘éhq‘rf:hys%t/hey ngl e
LYo, TEOMPRYGLOT LR, S R UERERe dhlngsy s S660 |
reprocessing treatment of the first SOI substrate 100 is called a second reprocessing
15 treatment process.
[0058]
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 ifradiation, 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 seced 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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| ayer 103 is not reduced. That is, the second SO substrate 107 can be
manuf actured wusing the first SO substrate 100 repeatedly as a seed
substrate, whereby the productivity of sem conductor substrates can be
significantly inproved. This reprocessing treatnent of the first SO
substrate 100 is called a second reprocessing 15 treatnment process. [0058]
When the second reprocessing treatnent process is perforned, the first
single crystal sem conductor |ayer 103 may be subjected to |aser |ight
irradiation treatment. By the laser light irradiation, a defect in the
first single crystal sem conductor |ayer 103 20 can be reduced and the
surface pl apergisticaldnandothe innmberacfeabtainedssemidondyistor ispbstrdieacabe incregsednent can
shorten pr%gagﬁgan&i me conpared with CVP treatnent and/or heat treatnent at
hi gh tenperature; and yield can be inproved. [0059] Wen deterioration of
the first ¢$006dle crystal sem conductor |ayer 103 (seed 25 |ayer) by

perform ng the second yreprocessi.ng .treatnent process, repeatedly using the
first SO subst rﬁeeg%éreggesfrﬁe? &Y §ﬁ§%¥$15?te°% %ecu(g?"ldc@r‘fqoggj,mag’gggvr@or ation
of the seedny afethe starube deevibal éd thy adrngmbdiémanc andexaflples wisthisat e 107
as the seed sL%bstrate and . performng epitaxial growh by using the second
si ngl e crySPSeiicaion: ALHRIPIBY- | ayer 104 as the seed |ayer. 30 [0060]
Further, byoomsapl oyi ng both of the second reprocessing treatnment and the
above-described first reprocessing treatnment, the productivity can be

i nproved {BMBSABEY24t i cal |y and the nunber of obtained seniconduct or

substrates can bg thidemBafment, &l pfedf laYmethdA0Bd hariFRnf inUChtEerd@acr i bed in
this enbodi ment can be used in conbination with 5 any of the structures

descri B8d pemicprdugionlayerdnerseribee Wik refereaselpgraviegs- t hi s specification, as
appropri at %06&?062] (Embodi nent 2)
First, an SOI substrate 200 (also called a seed substrate) is prepared (see FIG.
2A).
[0064]

15 - The SOI substrate 200 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 203 (also called a seed layer) is provided over a
substrate 201 with an insulating layer 202 interposed therebetween.

[0065]

20 That is, 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
1.

25 [0066]

Next, 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. 2B).
[0067]

30 Then, the SOI substrate 200 and the second single crystal semiconductor layer
204 are 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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In this enbodi nent, an exanple of a nethod for manufacturing a single
crystal 10 sem conductor |ayer is described with reference to draw ngs.
[0063] First, an SO substrate 200 (also called a seed substrate) is
prepared (see FIG 2A). [0064] 15 The SO substrate 200 may be
manufactured in a manner simlar to the first SO substrate 100 descri bed
in Enbodi nent 1, and may have a structure where a first single crystal

sem conductor |ayer 203 (also called a seed layer) is provided over a
substrate 201 with an insulating |ayer 202 interposed therebetween. [0065]
20 That is, part of a single crystal sem conductor substrate is transferred
to the sulSws.a metzblayer\zﬁgrlsef@ym@d €sbe BIG. 3Chg | Theteriy sp aprtisular Boieirotasr | ayer

203 oan be fORARH: nPlaN A%bE ANOAASRIEARME S AL LRLAicTR] hor e

can be used repeate ormn rst reprocessing treat ment
process i n metatdmyee 205 can beaformed. Efﬂhgmem ityer 205 o HeOdBBd Mangt 3 matesielcond

o1 gl e T YLl 1 SILARRIYE LBk 2XGHe RO oLl TBE: 9EEl IS iRl by o 10l €

crystal senicon € 3°using a vapor taX| Wt h met hod
in a rrﬁnnspuimrurrghmhotioriﬁahhdl ment 1 (see FIG ZB) [0067] 30 Then, the
SO SUbStr%(gqif 00 and the second single crystal sem conductor |ayer 204
are heated whil e a predeterm ned tenperature is kept, a nateri al
containing a neaabr ﬂhSt &ﬁFﬁOI@ﬂbs{tﬁf& HOrmdnhdsecoridcedglé oryslabseafemaaktsd ngl e

crystal se nduct or 204 7 Thus, t al 205 is formed (see
FIG 20. [pﬁf 38'4' %reﬁBPaﬁa& e'mea?h ?tﬁ?ﬁ%t&fll"zf?f?%?g%e‘t"‘ﬁ&“ ﬁéafr it nelethsdtlat ure as
| ong as t heehRrRahduder IARPQDRtaHE &hd Secand SIABIET GRS Seicowilictdd lhyee 2008dyal | ayer
205 can be formed. The netal |ayer 205 can be fornmed using a naterjal such

as al urﬁﬂnuﬁp‘e}rngc%ﬁ@i subsisate 2phatbe sxcantrilngle cnalpeForemdnelgr Byt dtntd by a 5
sputteri ng (EhLBadafs 205 ewhddts-a dRRE&Bayer 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
SOI 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 after the cooling is, the more preferably
separation can be realized.
f0070]

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 electrode 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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After that, the SO substrate 200 and the second single crystal

sem conductor |ayer 204 are separated from each other at an interface
between the first single crystal sem conductor |ayer 203 and the second
single crystal sem conductor |ayer 204 by 10 cooling the SO substrate 200,
the second single crystal sem conductor |ayer 204, and the netal |ayer

205, whereby a stacked-layer structure body 206 of the netal |ayer 205 and
t he second single crystal sem conductor |layer 204 is fornmed (see FIG 2D)
There is no particular limtation on the cooling tenperature; for exanple,

the tenperature can be set at about roomtenperature. Needl ess to say, the
cool i ng t enfosnestogebetisgd #5dis, of thel sgopnd singlererysésd pamiegndueter by 204 etwbed The
second sin Leonduct or | ayer 204 can be separated fromthe

SO substrg#gsgg%é%éhyﬁg%gﬁgve met hod because the single crystal

sem conduct[6673]mat eri al and the netal material have largely different
thermal expansi o fic . . LS. Qri.ncinl. r re 1 he

di fference betmegﬁ&ﬁﬁ%’kghﬁgéi?ﬁ%%mﬁﬁg%g@%g8%3?§+£hlgv%?%ég ?gﬁ#%%ned and
t he t enpger gievlirg @bilyrbytaheibstoand separation apphmtuser ¢heplikef 2 nelilod foisgpmpéng on can
be realized. [0070] After that, by renpvi t he tal J.ayer 205, the second
o nate or yseataesttinElorlhs, o he JET AL B htlPyh Somb B Ty can be
formed (seqoft4p 2E). [0071] Although the structure where the netal |ayer

205 is finally r ved s .enployed .in this enmbgdi t, this enbodinment is
not limted ther iF%.S“P S‘B&IBEBIS ?S?Iﬂco‘ldﬂ‘éto‘b%@ "me"ﬁ‘ql ﬁeotbFPérfegl mayP%r 205 is
used for anygkasd loasker Beht irkidtiok Greate! I TRiis| 4 cfedtai the sadnd Kiggloeiyatal | ayer
205 is not repoved ma enpl oyed. [0072] Alternatively, the second single

[ y be €l !
cryst al 10s e fPmisABIHSIS ayen y &t iszeduicegh pachthe secong single fEystalgpmisenqision layer i s or

the second isnGRe GhrYRE ffsllanﬁﬁc?i i§ AFAGEPEan! RYSUtaindt AlfeAGRRDy, thds@ombbstrate
may be used. [0073] Note that, in the above-described separation, a dynamc

met hod (a ré ery§te)rsemiconductor layer 204 may be subjected to heat treatment so that the
defect may be reduced.
[0075]
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
itsclf, whereby heat treatment at high temperature is not needed. In addition, the

25  second single crystal semiconductor layer 204 after 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 single
crystal semiconductor layer with favorable characteristics and a large area can be
provided.

30 [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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5 peeling easily) by a substrate separation apparatus or the |like, a nethod
for pronoting separation such as water jetting, or the |ike may be

enpl oyed i n conbination. [0074] The second single crystal sem conductor

| ayer 204 which is obtained may be subjected to laser |light irradiation
treatnment. Thus, a defect in the second single crystal 10 sem conduct or

| ayer 204 is reduced and the second single crystal sem conductor |ayer 204
whose surface planarity is inproved can be obtained. Alternatively, the
second single crystal sem conductor |ayer 204 nay be subjected to heat
treatnment so that the defect may be reduced. [0075] @15 Further, treatnent
f or thi nni rig Enthedisesnb howhsirehy| the prioguctizity sbringle atystel spmicqpgugior lagers egn

t r eat ment ﬁ%qm®g&&per i mproving the planarity may be performed. As the
above-described treatnent, one of dry etching and wet etching, or etching

i n which dr[p078t chi ng and wet etching are conbined can be enpl oyed. [0076]

20 In this enbodinent, . th i t I er 204 is
separ at ed fron1th§%§%lm@3%@?&%@2Q§%6§%b§3%%¥§f?%g&g éf%?%ggépg?ltc% second
si ngl e & ysdbale-dsaitied ofidt ceprocdssiye rtré6dent,o thee grdulpctivitya par -tghasproepl t axi al
growt h met hod. .Thu a, . defect or the like hardly occurs in the second
single crys¥Y ﬁffrglété‘i‘?ﬁ% Bﬁ%ﬂ’ftlwp%fi%}f;?bteﬂbcf S“il@es éﬁyftg‘ her e Sl/&(ﬁrelg ©r$ rgaéla “rent at

hi gh t enperiadrédsed d@stizally. needed. I n addition, the 25 second single crystal
sem conduct or_ | ayer 204 after being separated has high planarity;
therefore,[quﬂarization treatnment such as CWP treatnent is not needed

ei ther. Accordi mad Mruchive 8880 iAGhik RMbBEIRIEhB& W wrgd ifetdipsindtidn twiths
enbodi ment, a single crystal sem conductor |layer with favorable .

char act'ér i so¥ cel Md stuqtureg slesaribed Janthg cotheyy gppedirenis oo g¥rmle & thie ot her

hand, the iﬁédﬁgg§&@§h$n%9gmgan be used repeatedly as the seed substrate
by perform nhg the second reprocessing treatnent process, in a manner

simlar 19088]Enbodi nent 1, whereby the productivity of single crysta
seniconduc%gﬁmbﬁxgﬁ%)can be i nproved.

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 [0082]

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 subsirate 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

20



[0078] Further, by enploying both of the second reprocessing treatnent and
the 5 above-described first reprocessing treatnent, the productivity can
be inmproved synergistically and the nunber of obtained single crystal

sem conductor |ayers can be increased drastically. [0079] The structure
described in this enbodi mrent can be used in conbination with 10 any of the
structures described in the other enbodi nents or exanple of this
specification, as appropriate. [0080] (Enmbodinment 3) In this enbodi nent, a
met hod for manufacturing a photoelectric conversion 15 device as an
exanpl e of a nethod for manufacturing a sem conductor device is described

wi th ref er eingle eosidh awnipgusluctpobee] 364 e, Figh 3801 Thehseond eingBocysrso cal | ed
a seed SUbssE&%ﬁéuctcﬁ 1‘%9&% £t S8fMIH For usin%gt\[ﬁg%se-réb%ggg %‘ﬁ trate

300 may be manutact ur In a manner simlar t first strate 100
descri bed imetEwbodi nent 1, and may have a structure where a first single
crystal Seﬁ@ﬁﬁidUCtor | ayer 303 (also called a seed |ayer) is provided over
a first substrate 301 with an insulating |ayer 302 interposed

t her ebetsween. 25ThE884)d Jingle crwtal panicomfuctr $ayagBed sray sémaikorsientor tayeuct or

substrate i s.transferr to the . first. supstrate 301, where the first

St ol e or ysthigh BaREBRGCit Ge Rapapid BhARLERLE sty SAERRGl Mer 15!
sem conduct3QB usddls tHeak®! lugeed here can be used repeatedly by performng the
first repr ng treatment process in a manner simlar to 30 Enbodi nent

essi
1. [0084] I %ﬁ? a second single crystal sem conductor |ayer 304 is forned
over the first ffen asilicon layer is formed as the second single crystal semiconductor layer

10 304, a vapor-phase growth method (including a CVD method or the like) can be
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
containing an element imparting p-type conductivity (c.g., diborane) is used as a source
gas. Thus, the second single crystal semiconductor layer 304 can be a p-type silicon

15 layer and can be a p-type semiconductor layer of the photoelectric conversion device.
[0087]

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/silanc
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
silane-based gas is typified by silane; alternatively, disilane (Si;Hg) 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.

21



single crystal sem conductor |ayer 303 (see FIG 3B). The second single
crystal sem conductor |ayer 304 is, for exanple, forned using a
vapor - phase epitaxial gromh nethod. [0085] 5 The second single crystal
sem conductor |ayer 304 is a sem conductor |layer which is influenced by
the crystallinity of the first single crystal sem conductor |ayer 303 used
as the seed layer. [0086] Wen a silicon layer is forned as the second
single crystal sem conductor |ayer 10 304, a vapor-phase growth nethod
(including a CvD nethod or the |ike) can be enployed, in which a m xed gas
of a silane-based gas (a gas containing a hydrogen conpound of silicon,
typically nevARi | ane or disilane) and hydrogen and a gas containing an

el ement inparti “Qo%n &Ffo?% %:hé{l' Ywthallbe Qrbnlilﬂﬁé%lrh%)a ‘;r%g%a}@d A ;P‘ Source

gas. Thus, the second si ngle cryst a sgnlcon uct or can
p-type si | icxample®f Heycenditiord aguinedgasaf pilanggad bﬁmwmﬂmbmsed aglesome t he

phot oel oot Ijee FAMEAG! Bk AE 08 1k QB TLaell AU bR IRLL 95 leayflipgen Lo a

si | ane- baséd> gas 1's pre y se reater an ‘or 4 tines
and | ess t Qaen)ythe gpupleratude d0thé suteBate BRY &C; pmeeaprmbf the h@r:fe@hemytpbafar or equal

to 5 tinmes and | n ual t 7 ti r the e |tax| romﬁh 20
I n ot her mﬁ?ﬂfe3ﬁ§§ ﬂ?ﬁ@? %ﬁ“&dﬁW@r nﬁg@%ﬁ% rﬂﬁéwg %lgas

(hydr ogen/ skhadgducRR$8er 9@SWhich lssﬁirméd)umr SHemb s céddﬁi@n@(esﬁéﬁhfﬂb( with 4 times
and less than or equal to 10 tinmes, preferably greater, than or equal to 5

times and I3 qvmﬂ%rﬂ%%@ hﬁ%hfzhtqomesswwresg .apéﬁ@%@@dﬁa@(% ‘iaé' by ypl fied

by silane; alibeidaak 'aH‘l“ﬂt&fac@ lvﬁthl tﬁ@%rs& Singfdhyoit selhﬁoﬁdu&%r ?agr@r
Further, arare gas ma ded to theé source 88] As a Iasna

CVD appr atthat inghedascow qr%@eéwnma&mofgheos»bﬁrateaatﬁh@ﬁm pé h@ﬁ@gpmtlew% pI asma
CcvD apparaapéut"!ofofbcafb SdESE! | hS sQ 2‘8 i {%%&Q%nﬁ% ngﬁ&?rt %& %ﬁ'm@r pequal to

10 MHz and Tess than or eqda typlca or 60 MHz,
or a m cr e@airedpd bs fvoGYD amppaﬂ'aa sraall/\nmdﬂaearmf dtfedt.r ilo a[:ldmem timee@kancy of

? ;S?ES{ | ;hg'(?r tger: Eég&e_eé) %81[;1 c?rhé Ted&ce% élg% the céys aEIaIthotfnere&u can be 1mpr0\géz 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 1 nm to100 nm (preferably, about 10 nm to 80 nm).
[0091]
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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21 [0089] A condition for the epitaxial growh can be determ ned as
appropriate. As an exanple of the condition, a m xed gas of silane and
hydrogen nmay be used as a source gas, and the flowrate (sccn) of silane
and hydrogen may be SiH4:H2 is 25 (sccnm): 150 5 (sccm); the tenperature of
the substrate 280 C, the output of the high-frequency power source 30 W
and the electric power frequency 27 MHz. The second single crystal

sem conductor |ayer 304 which is forned 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

si ngl e cry4é@B] sem conductor | ayer 303. Note 10 that in the case where the

tenperature of t i N e i out 200 C
to 500 G the sonbritNaf et bRl IR Bra b oARRP Mok Bihul e nf3
obt ai ned t gohea fvapasphldeegranth wicthbd Jirehmding a2 medfoddef éet kke) loan detdi ti on,

time taken for the filmdepositign ¢can be reduced and the c tallinity
t her eof casMBEOYPHpPR SN Hipixed gas é’gﬁ Sﬁ]@n‘?‘g?ée‘{ 885,42 g9 SRripLNg %W‘ﬁﬂ%@nsour ce

gas. 155[0 i | lgi ) GRINEMES RN i R¥Shs SQrddRY De
formed tso %gl\%ough%tfE‘?gﬁgggjag?hgg%m{gl&r?ﬁ%a100%%&ef_er_asl_)l y,_rabout 10
nmto 80 ngps. [[H091he tNotd einglearyskne femicorfdyetat lagen W6 cer bo Ar indtinsy wlicony st al
sem conduct Q Vi 4. . [ i TR rably to
amove . ndbPy RS 2B s S0k R 1 BN Roik bol SR PRE" Y
first singl@9%tystal sem conductor |ayer 303. This is because when an

oxide filmor t | ke exists the surface of..th Lr ingl e crystal
seni conduct or | ay&r {hggssm %gplét%in%eme{mﬁ%g%?rb% Tt 3{,05,[ ‘ﬁ%ﬁ be k@}mee%i ttog%v%% growt h

does nap migeReDrapsht DN e biyisbral(prefidbly, sout hgmseawne). si ngl e cryst al
sem conductor |ayer 304 is 25 decreased. Such an oxide filmcan be renoved
using a soll%bn” cont ai ni ng fluorinated acid. [0092] Next, a third single

crystal semi condyghOfhal aeintdRie isSmicOndRebr OMGEr MBficneE ORee réfeRULE aCr yst al
sem conductor | ayer 304 (see FIG 3B). The third single crystal 30

seni conducsenicendygior BpE in whichapeacentrgionf apjprurithiheein paiting RAXRe ¥pi t axi al
~growth n-type is 1x10%° cm™ or lower, a concentration of oxygen and nitrogen are each 9x10"
- 15  cm” 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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met hod. 22 [0093] When a silicon layer is fornmed as the third single
crystal sem conductor |ayer 305, a vapor-phase growmh nmethod (including a
CVvD nmethod or the |ike) can be enployed, in which a m xed gas of a

si | ane- 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
phot oel ectric conversion device. [0094] The third single crystal

sem conductor |ayer 305 may be fornmed to have a 10 thickness of about 0.1
m or nore (qon@indtesisl ejemeabispartingen artypeogoayluctivitpasjusedrasa serrae £2he Tk r i nsi ¢

sem conductl u%esrinogg]@fgpéta%ﬂﬁ&ﬁa&tagq%ﬁ 305 Qarbecd ! HHIRHE Sfifcod BYEF 1N

whi ch a concentrati an 1 npuri erein 1nparting p-type or” n-type is
1 x 1020 crand3ambe dnoweyps senicmdudornt layer pbihe photeslgeiréacoaretsipn dewiegen are each 9x
1019 15 cn1-&¥ﬁr | oner, and of which a photoconductivity is 1000 tinmes a
dar k conduép Fty or nore. Further, in this specification, an intrinsic
sem conduct or | affbe fousthadirpde crybthlegndeondicidrylpyeer SO noynickufroed kcabave.a [ 0096]

Note that before form t hi r i nql e, crystal m_conduct or | ayer 305
by 20 the tgﬁﬁeéi?%l%o'&pgw {‘]fmlblnnﬁ @reg?rgtﬁ%rag%t}téﬁ Iélt(r)zrﬁ}f)l{’/l' a native oxide film
or the likgofemned over the surface of the second single crystal

sem conductor |ayer 304. [0Q97 Xt., fourth single crystal i conduct or
| ayer 306 is for %@H’ tgi‘fg’fef(’%%g’"?‘ grl\tlge %Qé‘ftﬁﬁf“giécm?ﬁé?‘%?%‘ﬁl&%’ﬁh& g‘ﬁﬁfyayer 305
(see FIG 3R epithhRl kowit, it Biphgb@ble iy $éndve a2tive Bkide fithd Gk @lie lildyRImaD6 i s
formed, for exanple, by a vapor-phase epitaxial gr Bﬂh met hod. [ 0098] Wen
a silicén oygethe pustace plibethid St“B@Wqulg?‘}aﬁ‘ﬂ?térlél’?g Al seni conductor |ayer

306, a vapc[m(g@ase grow h method (including a CVD nethod or the |ike) can
e

b
Through the above steps, a photoelectric conversion layer 307 of the

photoelectric conversion device (a p-type semiconductor layer, an i-type semiconductor
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 layer. 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 each 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 uwsing 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. Alternatively,
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30 enployed, in which a m xed gas of a silane-based gas (a gas containing a
hydr ogen conpound of silicon, typically nonosilane or disilane) and
hydrogen, and a gas 23 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 layer and can be an
n-type sem conductor |ayer of the photoelectric conversion device. [0099]

5 The fourth single crystal sem conductor |ayer 306 may be forned to have a
thi ckness of about 1 nmto 100 nm (preferably, about 10 nmto 80 nnm.

[0100] Note that before formng the fourth single crystal sem conductor

| ayer 306 tﬂystaqkheclécbng arvi of thege pfarialsineay; be yspdf dp A5 embeimepEmERat | ve

oxide film. g\?reglktgr?ce Rl R0costl uQéﬂeﬁncf D@rtkd ﬁ%ﬁlpﬁjye& bewhibh ﬁﬁnﬁﬁnﬂgl e

crystal senlcon ctor layer 305. 01] Through the &above st eps,
phot oel ect riitide gapepvidednon aytep SBtf%YCBo4n hé)ottgnoquo@%@f eh calyrninyar ‘m’@n devi ce

(a p-type c f an

ot ype. o DORGH KL profBL beBflrl it ¥y SSRGS Ao hEKE lave 105 20 o
single & ysﬁndlthesaéummomda;@t ovhetehy elunGin ca ke previeyisd frogebringodifudagintd ayer and
the-fourtht§$ﬁﬁ§§5?g %%% l¥mu%%&g%xq er3(#‘ﬁyer 306 is an n-type

sem conduct e present invention is not
limted to [0hdy. The second single crystal seniconductor | ayer 304 may be

an n-type sem conduct or | gyer he .fourth SI e cr
sem conduct or | ay&it §b@ﬂﬁﬂy%3émé3@yFJ%3wd§8ﬂﬂ% it P“ﬁgygﬁrg%%@esecond
singl e crystial 3mem conductor layer 304 and the fourth single crystal

sem conduct or Iayer 306 are set so that the second single crystal
senlcothct@F‘iayer 304 and the fourth single crystal sem conductor |ayer

306 have opposi trRe %ﬂﬁuﬁégla‘jzbﬂ Y09 YHeBe FRmERGEinStslIRbn oZfle] SMi€ha] nibdaiel , a
first conductive |ayer 3 to be a first electrode of the ?hotoelectrlc

conver si on silispn egynigide.plyraigumaside; prethe bk by 2 dhergpicoxidaion methodnd E¥Muct or
llayer 306 (3&Rod, B'sfatterfd 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 fayer 307 and the second substrate 310 to each other.
[0108]

Since titanjum 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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[0104] 30 The first conductive |layer 308 can be formed using an el enent
selected from alum num silver, titanium tantalum tungsten, nolybdenum
or copper, or an alloy material or conpound material mainly containing any
of these elenents. Alternatively, 24 a stack including any of these
materials may be used. In this enbodinent, alum num wth |ow resistance
and | ow cost is used, and a structure is enployed in which titanium
nitride is provided on a top surface and a bottom surface of an al um num
layer. Titaniumnitride is provided between the fourth single crystal

sem conductor |ayer 306 5 and the al um num | ayer, whereby al um num can be
prevent ed fmaskn Hydrophilidi f Asigiregylti thedonding s'rr@ngﬁbc hetymgwé fuptysybgirate 301

sem conduct g 4 ay& m?Q@ostrLtP%%lcaggg uzcr@z@ed n agupgn i@ ﬁ‘&ﬁ?%ﬁﬁ%ﬁapr med

over the fiTst conductive Tayer e insul ating
| ayer 309 qdasmietréatmertdis um'ﬁogn@h b glon Sty)faCdeof @Ipl ingdating keydrd@09, ogpmd con

oxynitride, tion nethod, a
ovD net hod" g“%%ﬁ#%@%?%gﬁﬁ%gﬁégg (iﬁﬁkp%iﬁgﬁgﬁéq?h?g%g yodi nent , t he
|nsulat5ng[bmw¢r 309 is forned using al um num oxi de. Thus, the first
conductive | ayer ,308 an ul.ating | yer 30 b ssively
formed by a sput f\ i‘?ﬁ“ﬁt@’ ﬁ‘et%&&mg%i@%mlﬂgtl@%rtﬁﬁ R n gsuﬁi tﬁlénuﬁﬁ}&ate 301
and t he secondins Wisdgeatsact3da allRomtniteidd €ith tod a e wtrider oxidet filni)h@ot
insulating layer 309 |nterposed therebetwe ee FI i nsul ati ng
| ayer - 300 AU BRSCeOEE DR o) SSuas £ dsdaeiehive JRbsErBeEd o 20
conver si on JpRygid & 7seabl bitRtraeCOdios vitht bt 310 tiftogAciin@iniey layk0108]
Since titaniumnitride is praqvided between the insu at'n I%ﬁﬁg 309 and the
al umi nu® | diprstioneisehbartiertper &4 é’ée%fé}gea"o%f@“é‘ﬁ coriaip fh QonersupHEte

i nsul ating 3|1G>’§&h §Q%dn§yqun@alfﬁklugmyme%dika,su@w Gdid] QBmRbndlctoRiayM can be
prevented. 25 09] Note that it is preferable that surface treatnent be

per formed &84t h@la$mpst§pq;mprﬁgozone treatment, megasonic cleaning, two-fluid cleaning, or

the like is performed on a surface of the nitrogen-containing layer in a manner similar to

the insulating layer 309, whereby the bonding strength between the first substrate 301
15  and the second substrate 310 can be improved.
[0111]
Alternatively, after attaching the first substrate 301 and the second substrate
310 to each other, heat treatment may be performed in order to increase the bonding
strength. A condition for the heat treatment can be determined as appropriate; however,
20 it needs to be noted that when heat treatment is performed at high temperature (e.g.,
higher than or equal to 600 °C), adhesion between the first single crystal semiconductor
layer 303 and the second single crystal semiconductor 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 layer 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 layer 307 is provided over the second substrate 310 (see FIG. 3E). In this
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| ayer 309 before the first substrate 301 and the second substrate 310 are
bonded to each other. As the surface treatnent, plasm treatnent, ozone
treatment, nmegasonic cleaning, two-fluid cleaning (a nethod of spraying
functional water such as pure water 30 or hydrogen-containing water with a
carrier gas such as nitrogen), or conbination thereof can be enpl oyed,
wher eby dust such as an organi c substance on a surface of the insulating

| ayer 309 can be renoved and the surface of the insulating |ayer 309 can be
25 made hydrophilic. As a result, the bonding strength between the first
substrate 301 and the second substrate 310 can be increased. Especially,

it is effecepsyEergmpressiveesirespeidbersecondungle sty stplsemicondictas daysh3@44e thaur f ace of

the insul at'l@[gﬁ-lll - hi& hieh e ggrgng Ig,!(fna[gyn  eakiyo- f 1 Ui d

cl eani ng, 3? tléﬂ?ﬁég§€§mg§%@gﬁﬁég§ gﬁﬁg€1§f’Aﬁ?e ngﬁ?vé Y, gﬂzaﬁmp

ni t rogen- cawrfainddng | ayer (e.g., an insulating filmwhich contains

nitrogen s s asilicon nitride filmor a silicon nitride oxide filmnm
i

(not sho y be forned over the second substrate 310 before attaching
the first substr &talditBd]thaSd] tshistrste 30H0he phavaletre: hlersion dyeh3 @t sl . The

ni trogen-caqptaiping lLayer functio s.a barrier layer-for.preyenting an
ol et corlbar TR TetE R Peets i dnsPBa BE o atod Gl B HemPife Eorm

di ffusi ng iMiedirittendetandysidng e aitais a bffse sindlantithdt of tHeayedl 1ay@d205 Pl asma
treatnment, ,ozone treatnent, megasonic c¢leaning, two-fluid cleaning, or the
like is perlpﬁmﬂf"}fﬁ%awl?aé@@%d?prf’ﬁlgteﬁi trogen-containing layer in a manner
simlar toj[otl¢ insulating |ayer 309, whereby the bonding strength between

the first substrate 301 15 and the, second sybstrate 310, c be j.nproved.
[0111] R ternati ¢8Ile a‘aqVPe%ep%eteogcmﬁh@&t%Bywwgfn%s&aﬂaﬁeocggx RERUNG he

second subshiifh @y SBdhfbstAle eafathtioh RBparatie 3k tHe! BRL CARNe MploRA. PRI Ed i N

order to increase the bondi n(% strength. A condition for the heat treatnent
can be det engthgdedn Rdichpeatpent sefepro Spparagignjis negfedacd: o He Wisriaer t hat

when heat t.RANRIM fidsBsiRAE LRKIAE brRtorlAL&Br LSRR BLH R {Loflt singlOLQRGI than or
equal to 600 C), adhesion béetween the first single crystal sem ¢onduct or

| ayer 303 apsiiconductosbypnf0di svgh as watgsiettingsrami bommelestedr | ayer 304 is
i ncr easgd ﬁ@ﬁﬂseparati on at the interface becones difficult in sone cases.
The above heat-"treatnent can be perforned using a heating furnace such as
a resi stance heal’knoygh teabove stapd, @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—zinc oxide alloy film, a zinc oxide film, or a tin oxide film may be used.
The second conductive layer 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).

27



25 diffusion furnace, a rapid thermal annealing (RTA) apparatus, a

m crowave 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 sem conductor |ayer 303 and 30
the second single crystal sem conductor |ayer 304, whereby the first single
crystal sem conductor |ayer 303 is provided over the first substrate 301
and the photoelectric conversion |ayer 307 is provided over the second
substrate 310 (see FIG 3E). In this 26 case, the conpressive stress of
the second single crystal sem conductor layer 304 to the first single
crystal sed?d8hductor |ayer 303 is high, mhereby separation can be easily

per { or med. [ 0113}ye et BeiChd barmbd'Sy SL AP HHaRkBn Hhehtr® pahatigel ectri c

conversion layer 307, and the st con |ve ayer 308 may "be cool ed by
t he net hod luershﬂht,tib@te iisnEndsd do additiomlly prltm;iefa mask. c Sliemetivelie theagpeqnd308 can

obtain an ffeeky Sl '4%‘1 nﬁ t{ eﬁiﬁel} g&%@mﬁa ma %@retcfﬁ@?umh tHROglgment 2

and separation Is pronot ove separa ion method, a
dynam cSnetcbmbicie lapervdd zfsar rqaéel ilm ghis em; thede ilsyilm lsuwmtataddmemmyat i on

apparatus or vtlc{]e a mftslf(e ftalgnge%l s% Sa ¥“3E1S?at gr asi(her beaforirrlr;'T%tus riger

t reat nent SF)pronn i hg separa I on orne ace’*ﬁetmeen
the first $mnghqghygsmaﬂw$&mngom@quBﬁmhﬁyer 303 and the second single
crystal s%ﬁkgﬁnductor | ayer 304, such as water jetting, may be enpl oyed.
15 [0115] gh the above steps, a stacked-l|ayer structure body 311 in
which the first Afa@nbumci thid doadietive B§erdit dnlie fohdli oeidactivel 1gyee a0V BfeSi On

| ayer 307 re rovi ded over the econd substrate 310 can be obht ai ned.
[0116] ! as g g@&&ﬁﬂﬁ%ﬁg@&rpﬁ%@ ayssrondoaliany glepiErgieq espectisddyng

el ectr ode Q"hc E‘Ps@ auﬂh&&%cﬁ‘@dé s GleRRMBY §¢1ﬁh€ctélﬂ6 he fR¥ ondRBvS REGIHSI ngl e
crystal sem cqgonductor |ayer 304 (see FIG 4A). The second conductive | ayer

401 funct i 8wk thgssegond; ayriliapyeelestipdp ds elgetrigally connected to the second conductive
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 photoelectric 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 needed. 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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el ectrode | ayer of the photoelectric conversion device. [0117] 25 The
second conductive |layer 401 can be forned using a light-transmtting
conductive film A netal oxide filmsuch as an indiumtin oxide (ITO alloy
film an indiumoxide-zinc oxide alloy film a zinc oxide film or atin
oxide filmmay be used. The second conductive |ayer 401 can be forned by a
sputtering nethod or a vacuum evaporation nethod. 30 [0118] Next, the
second conductive | ayer 401 and the photoel ectric conversion |layer 307 are
etched to expose part of the first conductive |layer 308 (see FIG 4B). 27
[0119] The etching can be performed by laser light irradiation treatnent.
By using {83 light, there is no need to additionally provide a nask.

Alternativel y, thg RESRE a0 BIUEAT UbakAY by 401 bileRpSELACL Yaky Tor med

and may be etched using e Second nductive [ayer
this case, subsme byspesfosuing therseauid trepracteiing westthény prqgessyindemannensitnilal t i s

needl ess tQ that S 0 i resi . jnsul ati ng
"ayer and thEAbeERn Tl oy TP e St Bt oty B0 pod

conduct isve signyfivandOizhpandda fourth conductive |ayer 403 are 10 fornmed as a
first auxil] el ectrode and a second auxiliary el ectrode, respectively.
The first 48ﬁ%ﬁiary el ectrode is electrically connected to the first

conductive | ayer Fa@fr, ayditilibiag SReprd b xdebdrdll yepedcessingo deatimgnte @t ttiid cal | y
connected to Hgiasecgng conductive %ﬁger 401 (see.Fl G 4B).. %ngl 15 The
third condiepysdestrihpdr fiush XoRfReFstine iRy disn IRIUFPAD) §3brbea PN pe
forned by sSGh@SBtdANY Bhd B kdbbr & bbtfihed StknicohBRtdrOMbithtes VAR bE ihcr@isépyer 403
(on an uppéer €electrode side) is forned so as to have a grid shape (or a

conb- | i10e Smgpeallyr a pectinate shape). Accordingly, the photoelectric
conversion[nggr 307 can be irradiated wth enough light and |ight
fi

absorption ‘e ci ency can be inproved. 20 [0122]
The structure described in this embodiment can be used in combination with

any of the structures described in the other embodiments or example of this
specification, as appropriate.
15 [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 5H and FIGS. 6A to
20 o6C.
[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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Through the above steps, the photoel ectric conversion device can be

manuf actured. [0123] In this enbodi nent, the photoelectric conversion |ayer
307 is separated from 25 the SO substrate 300 by utilizing the stress of
t he second single crystal sem conductor |ayer 304 forned by a vapor-phase
epi taxial growth nmethod. Thus, a defect or the |like does not occur in the
phot oel ectric conversion device 307 itself, whereby heat treatnent at high
tenperature is not needed. In addition, the second single crystal

sem conductor layer 304 after being separated has high planarity;
therefore, planarization treatnment 30 such as CWP treatnment is not needed.
Accor di ngl yielehiyion sl cn fhicrmontitee ohmprrsaek aoniphigr inebdpronhousing Hi68Lerypeiirirent , a

phot oel ectrj r r ctor
Payer wi th FEaR0K R AR R0 R el ArideddloBs SR Supu RERVEPIOME 3 06
[0124] On tdnd the hler. Hhndemichlugor devidrsdisdesed mmlxaqqcllﬁeatmed usedpedbedl y as a

seed | SUbSLERLS RHGCLAR! Tt D5iSFA0S, SORERERSLIR BLeBLARANGRIoESS. 11

a manner ctiv
photoelentnthvsmmufrsr@nmdmunaﬁsi@ammbeco&pmmgmmm|MgmnbMﬂannmddﬂga[0125]
Furt her, |I|2| e second reprocessing treatnent and the

above- descﬂF 88“@?? éﬁ?@%@§£ﬂﬁ&“FFeatnent the productivity can be

i mproved gymw|gistically and the nunber of obtained sem conductor

substrates can be incre 10.drasticall 0126] The str.uct descri bed
in this enbodi mehtSchhl E@U@FE%G q'ﬁtaic?ﬁﬁ'l:‘i*?at r lcemg B‘me’%el%%fr‘%ct ures

descri bed igodill& i@tkekone 8l0 &f ARBinDoRY 16K R @smhertﬁunan 1616 pfdveRtiiapn, as
appropriate. 15 [0127] Enbodi nent_ 4) In this enbodi ment, an electronlc

devi ce s ribe wnmer putipnofiempimbode e AfISHAYROMANS 1 2peiatipmkeys d0khy of the
above-descrihed KRR CHRRL N RAT 1616 YWk@plo¥iddd ae back side of the main body

1611. The semiconductor device disclosed in this specification is used in the display
portion 1612. By the semiconductor device disclosed in this specification, a digital
camera with high reliability and high performance can be provided at low price.
15 [0131] o
FIG. 5C illustrates a laptop personal computer. A main body 1621 is provided
with a keyboard 1624, an external connection port 1625, and a 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]
FIG. 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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a display device will be described with reference to FIGS. 5A to 5H and
FIGS. 6Ato 20 6C. [0128] As electronic devices manufactured using a

sem conductor device (particularly a display device), the follow ng can be
gi ven: cameras such as a video canera and a digital camera, goggle-type

di spl ays (head-rnmounted di splays), navigation systens, 25 audi o reproducing
devi ces (such as car audi o conponents), conputers, gane machi nes, portable
information termnals (such as a nobile conputer, a nobile phone, a
portable game nmachine, and an e-book reader), and inmage reproducing
devices provided with a recording medium (specifically, a device provided
with a di sp displeenarien {643tis eashed wfho matebody A&t br dibggemisandisios deficas a

di gi tal Ver(ﬁ%k!slecf frfjfhg’scs @Qf{@tloﬂr?fu%siﬂ |83 (thiﬂe d%glaﬂr(r?ﬂﬁ)}ls lgtpdal{dhﬁidlh' ke.

[0129] FIG ustrates a tel evision set a personal
conput er. TBe thep@nieindydter deviesediselosed He this rﬁpcqsﬁca@ﬂn aarpenasg@rmpmdwmt er

i ncl udes a rtion 1603,
speaker porc{%?lgﬁgﬂ%gé%%iglb@} eo0 |%ﬁ%er§) ermn g%%lpé%g?éd anogy?rﬁcg' | i ke. The

sem conduct[0t34devi ce disclosed in this specification is used in the

di splay portion By the se Q r Io I

speci fication, %EQ%Elﬁéﬁgﬁﬁﬁm g%%gn a %@n.toﬁ“‘?‘g §e9§§%ﬁwugg§33{er wth
hi gh rel i ahjpetatiyn keyd 1653h Apiefahtyrdfmlinphyqnamobelqsrzoyatdiehbdatb theamaipbodye. [ 0130]
FIG 5Billy es a,di e receiving.portian 1613 is

bt ovi ded 1 rithe PiegeiSndhiskderh i dondy WEPeeigiitnt SRRl Sdon 1616
i's providegogion 1654 hijdQH@rseﬁ%ﬁdl@fbrodevidaedlﬁfﬂbs&dbﬁdﬂusléﬁéclﬁoétl@h sgl ay
portlon 16 2 operation keys 16 é , 8nd an external conne |on ort 1615 are
provi deld atelichenipheqk withyich reliphlityaan Highpaformpgde can bl oWREr  devi ce
di scl osed ijp13si s specification is used in the display portlon 1612. By

t he senlconduc or device disclosed in this speC|f|cat|on a digital canera

with high reliabFIGO@ Hidragsghvides pansianch mashbedy Hods geyidsd ng\/\iﬂbrl ce. 15
[0131] FI GeyRfnal Ichiibic ot AcbRPE QnRE ARG reC QMR tdFion 14881 Bn RREYe 1621 i's

provi ded
receiving portion 1666, a battery 1667, an audio input portion 1668, and operation keys

I5 1669. A housing 1663 including a display portion 1662 is attached to the main body
1661. The semiconductor device disclosed in this specification is used in the display
portion 1662. By the semiconductor device disclosed in this specification, a video
camera with high reliability and high performance can be provided at low price.

[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 low price.
[0137]

FIGS. 6A to 6C illustrate a structural example of a portable electronic device
1700 having functions as a telephone and an information terminal. FIG. 6A 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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wi th a keyboard 1624, an external connection port 1625, and a pointing
device 1626. A housing 1622 including a display portion 1623 is attached
to the main body 1621. The semi conductor device disclosed in this
specification is used in the display portion 20 1623. By the sem conduct or
device disclosed in this specification, a | aptop personal conputer with
high reliability and hi gh performance can be provided at |ow price. [0132]
FIG 5D illustrates a nobile conputer, 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 spl ay por0138h 1632. The sem conductor device disclosed in this

specification is B it canduct or
devi ce d|scIosedTﬁ%S@ﬁ%ﬂ:%Q%g?¥§%g??éﬁﬂf&hﬂﬁS%?%gm %pugégﬁ&??%]’ﬂﬁ
reliabilityhoasiog lh?(ghsmmvﬁdﬂdmmﬂce display lpertpndﬂilueldspa@ker W D lwél‘op[lQIIESS] 30
FIG S5E ill rate i N d

provi ded WlltL}Ei 2 PGh gﬁ? gyysn@aﬂ %R g%%.ﬁéﬁ&r gﬁé‘r %améaq%} ulnﬁrgeébl ng portl on
1645, and cemﬁacactn ©eimikayg 17, GddtheFile.t HBre hoasmg)lmzngpﬂ)ﬁﬂad witht keytohwdde s
speaker por 47 and 30 pl ay po 16 ttache to the
mai n body 1%‘% ﬁfger'éaérﬁ’%ﬂﬁl??(ﬂi% \é}gt% % ﬁh&sgg fl ﬁ% ”fe’l cation

is used in tﬁ'ﬁﬁl’ﬁhl a3, mﬂddhes nkay Imﬂaluemanlaﬁxﬂe&narmmm@émteday thehhousmg
sem conduct or devi cg di scl os th| S ecification, .an.inmge, re rodum ng
i B o

devi ce wi t H78}-gHn additighite #Ieya 8?‘1‘?:1 PO AR AC M AP eFeat | ow

price. 5 [ Qdedtry fdvize, Sfthd hﬂ:élcﬁth'bé-'itﬁﬁrpﬁﬁtﬁ'tﬁ&élhonl c book. A main body 1651 is
provi ded with operatl on keys 1653. A plurality of display portions 1652 is

attachd® t d0t3¢ main body 1651. The semi conductor device disclosed in this

speci fication i STHSEd,hM pbiicn %ﬁpineMdesQﬁé %éxﬁeorﬂdﬁétar dB¥cct gisedicapduct or
device disclosed in thi's specification, an 10 electronic book w th high

reliabil it ypesifirationh Aseinfage displexedcard the dieesion de whigh theolipage isctisplaypdn3s] FI G
5Gillustrajgs @SMh)dEQrtﬁﬂ@g?val% (ghaQéEQYdegvéﬁin o &n HeOYhge thott b RN

ext ernal connec ort te control recelving portion 1665, an
i mge recegoitabig epoirtriodevigt6700a bioreayey singéThe displaxia@pwion gt apdihe on 1668,

and. OPELAL i ONKGYR 1716 are provided on the same plane, voice call with images (so-called

video calling) is possible. Note that the speaker 1712 and the microphone 1713 can be

used not only for voice call but also for recording, reproducing, or the like. In the case

where a still image and a moving image are shot by using the camera lens 1723 (and the

light 1724), the display portion 1711 is used as a finder. The operation keys 1714 are

20 used for operation of incoming and outgoing calls, simple information input for
electronic mail or the like, scrolling of a screen, cursor motion, and the like.

[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 function of wireless

communication by using electromagnetic waves such as infrared rays, a television
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15 1669. A housing 1663 including a display portion 1662 is attached to the
mai n body 1661. The sem conductor device disclosed in this specification
is used in the display portion 1662. By the sem conductor device discl osed
in this specification, a video canera with high reliability and high
performance can be provided at low price. [0136] 20 FIG S5Hillustrates a
nobi | e phone, which includes a main body 1671, a housing 1672, a display
portion 1673, an audio input portion 1674, an audi o output portion 1675,
operation keys 1676, an external connection port 1677, an antenna 1678,

and the |ike. The sem conductor device disclosed in thls specification is

used in theveceiNes fingfonpand the ke gmde ipjudehe et sonigerdusior daidedisclgset| osed in
this speci fi g gﬂéclfﬁatglﬁ rEDBbljta%lleo RRBE M td'@wFé %ﬂi %Hhamhabﬂdﬁ' %ﬁ'cfl m h
perfornance can rovi ded at |ow price GS. to | ustrate
a structurawﬂbﬂmmpt€m¢bpaprﬂmabMEH§bectron|c device 1700 haV|ng functions
as a telepgﬁﬂﬁ and an information termnal. FIG 6Ais a front view, FIG
6B is a ba vﬂemn and FIG 6C is a developed view. The portable electronic
30 devi e 1700 has dlascrﬂieiioatb;we,stﬂaoaﬂpliaattoal eapg@n:é tin dseanicandfgomelevion

term nal an el ectropic. deyi smartp hone

capabl e of Heelird By sPefRor e GikaS 3ar e BRpRaR TSR G e ' 3
[0138] The fporelcaiddriic eleeicdsr dniacvalieni of mumao Thiz| erdleslithent séanglse Lyl imand 1702.
The housin 701 is provided with a.dis tion 1711 a speaker 1712,

& or ophorbmbiates Wigbumat o pihs B e S o GaPale HAPREOTES: 1718 a caner a

| ens 1716, (gﬂmgmégynal 5 connection termnal 1717, and the |ike. The

housi ng 1702 is provided with a keyboard 1721, an external nmenory sl ot
1722, aOcardBtgliens 1723, a light 1724, an earphone terninal 1725, and the

like. I'n additiofpis@ § QWA 4 Statk BARFDOTAL Qibsirdte e a REURH BebstrdZQde | N _
addition to the above-described structure, a wireless IC chip, a small size

menory deviseraratedt fromeearh Rieiarantater fagedrepwieatactirst ﬁé&l'éﬁﬁ’s‘ia&éﬁﬂlflmg‘}wl‘rhe
di spl ay porl%‘e?rbn&l;l%edoﬂg' (?hgfé oyl ?&%&%%Ptlﬂfer G€\h&fn. d'&%hﬂﬁl%dwhéq this

specificati An 1 mage pl aye and the direction in which the image is
di spl ayed) manufactured using a silicon layer as each of the first single crystal semiconductor layer

p——

15 and the second single crystal semiconductor layer. The second single crystal
semiconductor layer was formed by a plasma CVD method under the following
condition where the flow rate (sccm) ratio of silane and hydrogen was SiHy:H; = 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 mJ/cm?.

25 [0144]

FIG. 7 is a cross-sectional view of a TEM image showing the separation state.
It was confirmed that peeling at an interface 703 between a first single crystal
semiconductor layer 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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in the display portion 1711 variously changes dependi ng on the usage node
of the portable electronic device 1700. Mreover, since the display
portion 1711 and the 15 camera lens 1716 are provi ded on the sane pl ane,
voice call with inmages (so-called video calling) is possible. Note that

t he speaker 1712 and the m crophone 1713 can be wused not only for voice
call but also for recording, reproducing, or the like. In the case where a
still image and a noving i mage are shot by using the canera lens 1723 (and
the light 1724), the display portion 1711 is used as a finder. The
operation keys 1714 are 20 used for operation of incom ng and out going

cal | s, si nphestrustugsfgscribed indlsambodiments of this enepification) as@Priopdatei ke, scrol | i ng
of a screen, cursor notion, and the |ike. [0140] The housings 1701 and 1702
overl apping with each other (FIG 6A) can be slid to be devel oped as
illustrated in FlHs e@licstiont hatbastie quordapdntss &etent rApplicatipaviserial 11800 can 25
be used as I i \ . i t j with the
keyboard 1%@Q&gndﬁ?ﬁﬁ%ﬁ@ﬂ%%ﬁ%ﬁb§§§#¥§&i§?§§¥%ﬁﬁﬁ%13@?=g@a§§&£ Igggaternal
connect ison oftwiaki analerdby Incogamnatixebycreferenct.ed t o an AC adapter or a variety of
cables such as a USB cable, whereby the portable el ectronic device 1700
can be charged or can performdata communication with a conputer or the

| i ke. Moreover, by inserting a recording 30 nediuminto the external nenory
slot 1722, a |arger amount of data can be stored and noved. In addition to
t he above-described functions, a function of wireless conmunication by
usi ng el ectromagneti c waves such as infrared rays, a television 32
receiver function, and the |i ke 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]
5 As described above, the application range of the sem conductor device
disclosed in this specification is extrenely wi de and the present invention
can be used for electronic devices in a variety of fields. This enbodi nent
can be used in conbination with any of the other enbodi nents or exanpl e,
as appropriate. (Exanple 1) 10 [0142]
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Thi s exanple shows a state where a first substrate and a second substrate
are separated fromeach other at an interface between a first single
crystal sem conductor |ayer and a second single crystal sem conductor

| ayer is shown. A sanple was manufactured using a silicon |ayer as each of
the first single crystal sem conductor |ayer 15 and the second single
crystal sem conductor |ayer. The second single crystal sem conductor |ayer
was formed by a plasma CVD net hod under the following condition where the
flowrate (sccm ratio of silane and hydrogen was Si H4: H2 = 25:150 (sccm),
the tenperature of the substrate was 280 C, the output of a high-frequency
power sour cWHAAISSEAMELNS:t he power source frequency was 27 MHz. 20 [0143]
Further, the first single crystal sem conductor |ayer is subjected to | aser
light irradiation treatnent while being sprayed with nitrogen before the
first substrate andimethed faremonticigring? semicondneionubsitkredomprisingch ot her. The

irradi ati on ener j i GIR.. 25 [0144]
FIG 7 is a cr osg%gecﬁdo%réﬁ S%{;’yilée%/y%%l%gﬁ[Fm%C%g%gX@nggﬁrﬁ%e séparation
state. 5t was cprividinged stdvatl siestd crystabsengiporidntter faxereov@Ihd drstesngla fir st
single crystal ., sem conductor |ayer 701 and. econd . si.ngl e crystal

sem conduct%’fﬂapg%lf’o“f@gt%%% rrb? & p%ﬁgg%ehegﬂ%xé%gfoa‘ﬁ ﬁgir?thv?/gs per f or med
favorably. 30 [ Oawkkhinghhe Firstugibstrate deb ar sebad bubstrdie 3o exetimpther edth fre used in
conbi nati on w th of 33 the structures _descri.bed in the .enbodi nents of
Chi's spec ARG T Btemsss BERLEEEN I Loh 5| st P Pah U Shpanase
Pat ent  Applihatahd theSe¢dnd|sin¥e. crystdl G8mizOrdiRdr fidyer she WrdvideddeewecPalicefifst OF f i ce
on Novenber 27, 2008, the entire contents 5 of which are hereby

i ncor po¥at stibsipteraad desrcqnd sebptrgigperd) s CLAIMED IS 1. A nethod for

manuf acturing a seRI.GRNARCHRN sibuPAs bid the LOTHAM uBLtRES froml Q¥h QR allad i 1 St
single crystal sem conductor | ayer over a first substrate; 5 providing a

second si ngnterfeeybatweenstbeifeyridnge ewstphyapicondustor lger ndsthe seeppdesingle
crystal semiconductor layer so that the first single crystal semiconductor layer is

provided over the first substrate, and so that the second single crystal semiconductor

15 layer is provided over the second substrate.

2. 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 an
20 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;
25 providing a second single crystal semiconductor layer over the first single
crystal semiconductor layer by a vapor-phase epitaxial growth method;
attaching the first substrate and a second substrate to each other with an
insulating film interposed therebetween so that the first single crystal semiconductor
layer and the second single crystal semiconductor layer are provided between the first
30  substrate and the second substrate; and
separating the first substrate and the second substrate at an interface between

the first single crystal semiconductor layer and the second single crystal semiconductor
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crystal sem conductor |ayer by a vapor-phase epitaxial growh neéthod;
attaching the first substrate and a second substrate to each other with an
insulating filminterposed therebetween so that the first single crystal
sem conductor layer and the second single crystal sem conductor |ayer are
provi ded between the first 10 substrate and the second substrate; and
separating the first substrate and the second substrate from each ot her at
an interface between the first single crystal sem conductor |ayer and the
second single crystal sem conductor |layer so that the first single crystal
sem conductor |layer is _provided over the first substrate, and so that the
second si ngp¥er spyibatathe fissf dnglelebtstt semisondygler 1avsr iy pipvided ayerethet first second
substrate. guodeTid\Q@dndt e LB FHoldir Rl sﬁn§§ﬁﬂu€ﬁ8pﬁ?&1i9f)m§lﬁl@§ bl&lige
conprising: attaching a tfirst substrate and a single crystal sem conductor
substrat e isacondisebstratgn enbrittl ement |ayer is formed at a predeternined
depth, to each other with an 20 insulating filminterposed between the
first substrate and the single crystal sem conductor substrate; separating
t he sindl e cryst 3l Tizemtwifdunamifacturing tarsemnisondvdtor hebstrate.siccading ta deim  from
the enbrittl] enent | r . tha fir. in (oY al, sem_cond or |ayer
is provi deld wg\%/reeﬁn 'ihgégcfolné g?él}séucﬁ?'ss arl 5?%1?3@@:81?% FdP )r%r%ngdél g@ r?cf’ggricﬁ %Se crystal
sem conducteontalninged sitmebadcti gad andshydsogen) ad srigsthalsosresriganadiost aite bayer by a
vapor - phas i taxial growth nmethod:. attachi the firs ubstrate and a
sebond” sundumEE 1 eReg B R Sah R hiimes MR dtgaydtid Rgs ot

t her ebet weeaflaskeabdiaias.t he first single crystal sem conductor |ayer and the
second single crystal sem conductor |ayer are provided between the first

30 subs¥rate and the second substrate; and separating the first substrate

and the second subsiemadiifdabr AihufathembAGEMRBAMRRR subshate fdcEling kd\@hif Cryst al
sem conduct or | ayer and the second single créstal sem conductor 35 |ayer

so that the- Mherstn ¢ seoad einglsoprstal ssmiceiueiet Byen iajamed ysipg §PeEt Stver t he
first subgbr@ingg AAAnSBadeldhs &ﬁlﬁhﬁf?&géﬂ,daéﬁgdg‘}il)_ﬁthﬁrskﬁ%@ asS §dwPReGE or | ayer

is provided over the second substrate. : e nethod for manufacturing a
sem conducthyfrogerbiseregtes thag o equsl gt tigetamlass than or equal to 10 times that of a

15  silane based gas.

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

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

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

2, 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;
25 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 photoelectric 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,
30 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
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1, wherein the second single crystal sem conductor |layer is formed using a
source gas containing a silane-based gas and hydrogen, and as for the
source gas, a flowrate of hydrogen is greater than or equal to 4 tines
and less than or equal to 10 tinmes that of a silane based gas. 10 4. The
met hod for manufacturing a sem conductor substrate, according to claim 2,
wherein the second single crystal sem conductor |ayer is forned using a
source gas containing a silane-based gas and hydrogen, and as for the
source gas, a flowrate of hydrogen is greater than or equal to 4 tines

and less than or equal to 10 times that of a 15 silane based gas. 5. The
net hod for iighasadenreengthe segle cortdlc sopicangnader daver adc HiediPhgfoslest@s ai m 1,

wherein t hecoﬁlbérgab? gayasgort t SheAdRth1d gl‘?stﬁ%gﬁﬂgmﬁ\g{%? ﬁ%g.tig pgmaee ldasmeHRpt rates.

20 6. The netho manuf acturing”a sem conduct ubstrate, according to
claim 2, whbstets andeo fhiat the fostimondustive el anddhe peaserdectrisoermiversien daver gl ass

substrat es.argBrﬁmg%g%efsggonm&%t#ﬁi ng a sem conductor devi ce,

conpri si ng: roviding a single crystal sem conductor |ayer over a first
substrat®e; 25 pr pwvilimge scphicioodictet laya ocventhepisitateciraycenvepsian laydre si ngl e
crystal sem conductor |ayer by a vapor-phase epitaxial growh nethod;
providing a first conductive |ayer over the photoelectric conversion |ayer;
attachi ng the fi 8sA ngthod tforahaufantiriag s eainshdsctbsdavak scotmprigiagh ot her with an

insulating filminterposed therebetween s hat the sipngle crystal

semi conduct or | af BN e BT S R PRSI PP OR [ SPSHia  he 111 st
conductive | ayer pasviliny #phdiedlednd sp@ersioh Mef by Sdrminghs bdcandsiaglel ctyigl second
substrate; separati nq?th first substrate and the second substrate from

t
each ot Her s§micopductes layst Baving eneropduetivity frae.& thigt ainglereysial semigendyeiatict or

layer and tjherRRASIOY REdrsicC and AMORFAE isi3ld ay@hl SmibdhdbctbRy& REAiMy & Yst al
sem conduct or |l ayer is provided over the first, substrate, and so that the

first condurPPPsiE cpadrervilyipg iedhspnsrcondustivity e s osden Aver dheatirst sivede pr ovi ded

over the second sSHLSIdudbLiay& a¥ bl dafladal SRGRRthelRduct i ve | ayer over
t he phot oel ectrisc conver sia)c;n aayg?(.;rodﬁ& éR met hod for manufacturing a

sen conduct or depmyigi,ing(g)ﬁmtrqogﬁwgye layer over the photoelectric conversion layer;
15 ~ attaching the first substrate and a second substrate to cach other with an

insulating film interposed therebetween 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
20  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
photoelectric conversion layer are provided over the second substrate; and
providing a second conductive layer over the photoelectric conversion layer.
25
9. The method for manufacturing a semiconductor device, according to claim §,
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

30 silane based gas.

10. The method for manufacturing a semiconductor device, according to claim
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providing a first single crystal sem conductor |ayer over a first
substrate; providing a photoelectric conversion |ayer by formng a second
single crystal 10 sem conductor |ayer having one conductivity type, a third
single crystal sem conductor |ayer which is intrinsic, and a fourth single
crystal sem conductor |ayer having an opposite conductivity type to the
one conductivity type in this order over the first single crystal

sem conductor | ayer by a vapor-phase epitaxial growth nethod; providing a
first conductive | ayer over the photoel ectric conversion |ayer; 15
attaching the first substrate and a second substrate to each other with an
i nsul ati ng % wheseindhe Aisbabsiraihanddheteprne fubraterg glagssubsiralgs. si ngl e cryst al
sem conductor |ayer, the photoelectric conversion |ayer, and the first
conductive |layer are provided between the first substrate and the second
substrate; separ at.iThg metwdffor manuadyingt ssmigegducks dewied macosding ta daim f r om
each ot her SaTv\/h?r@in tﬁgﬁfsgﬁlt%ﬁtﬁé:&dt?ﬁ%%&ﬁ sf.lps?ra{e' a'i'esélaﬁsﬁ‘lgsltrﬁteg.r ystal

sem conduct or Tayer an e second single crystal sem conductor |ayer so
that the first single crystal sem conductor layer is provided over the
first substrate, and so that the first conductive |ayer and the
phot oel ectric conversion | ayer are provided over the second substrate; and
provi ding a second conductive |ayer over the photoel ectric conversion

| ayer. 25 9. The nethod for manufacturing a sem conductor device,
according to claim8, wherein the second single crystal sem conductor

| ayer is fornmed using a source gas containing a silane-based gas and
hydrogen, and as for the source gas, a flowrate of hydrogen is greater
than or equal to 4 tinmes and less than or equal to 10 tinmes that of a 30
sil ane based gas. 10. The nethod for manufacturing a sem conductor devi ce,
according to claim 37 7, wherein the first substrate and the second
substrate are glass substrates. 11. The method for manufacturing a

sem conductor device, according to claim 8, wherein the first substrate
and the second substrate are gl ass substrates. 5 38
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