METHOD FOR MANUFACTURI NG SO SUBSTRATE BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5[0001] The present invention relates to a nethod
for manufacturing a substrate over which a sem conductor |ayer is provided
with an insulating filminterposed therebetween. In particular, the present
invention relates to a nethod for manufacturing an SO (silicon on

i nsul ator) substrate. In addition, the present 10 invention relates to a
nmet hod for nmanufacturing a sem conductor device using a substrate over

whi ch a sem conductor |ayer is provided with an insulating filminterposed
t her ebetween. 2. Description of the Related Art [0002] 15In recent years,

an integrated circuMETIHODTOR VENUFACTURANGSO1 SEBERRATE substrate in
which a thin single crystal sem conductor layer is formed on an insul ating

surface, instead of a bulk silicon wafer has been devel oped. Since

parasitic capacitance betpRefkRGURDOPTLHA VERGSAOr and a substrate is
reduced by using the SO substrate, the SO substrate has attracted

attention asFigfAef thaprsiiony perf or mance of 20 senmi conductor integrated
circuits. [ ] One of known nethods for manufacturing SO
substrates ' 1s a hydrogen ion inplantation separation nmethod (for exanple,
see Pat ent Docuniwmtpresgnt inventiphoclattoto armeibd dorumamdgacaningGl subsipge oedre usi ng a

hydr ogen i gn. i mpl ati at_i et h i - | ef descri hed bel ow.
vty i, S8t 3R 2ls, S Oty B B ARSRER
i mpl ant at i tharehetveod t dn f particwdari the opradsnt einvayyion edlates poedebethodnéd dept h

fromthe surf .. Then, . the.silicon fer into which the hydrogen ions are

i npl ante ano STTi t 0] ilm

ol ant ea PenigTring #b SOl filion o5 bl ey h 18 "o Hh B 1)

i nt er po edinvhigioebelaween. a Thelod By Mhemifadnirert ABemicohiietdr devidaubdie al ayer

serves as a,cl avagreé‘gllw%ne and a ?rt of the si]icon waf er into which
b i 1

hydr ogen i SHETH%PX ﬁpﬁegﬁ‘foé‘ﬁ‘?‘i & YA 15, Prayider] with 3Iﬁ%n inspletings fie  al ong
the m cr obikdppRed dy@betwéacor dingly, a single crystal silicon filmcan be
formed over the, ot her bagnded silicon wafer. [0004]

2. Description of the Related Art

[6002]

15 In recent years, an integrated circuit using an SOI (silicon on insulator)
substrate in which a thin single crystal semiconductor layer is formed on an insulating
surface, instead of a bulk silicon wafer has been developed. Since parasitic
capacitance between a drain of a transistor and a substrate is reduced by using the SOI
substrate, the SOI substrate has attracted attention as one improving performance of

20  semiconductor integrated circuits.

[0003]

One of known methods for manufacturing SOI substrates is a hydrogen ion
implantation separation method (for example, see Patent Document 1). A method for
manufacturing an SOI substrate using a hydrogen ion implantation separation method is

25  briefly described below. First, hydrogen ions are implanted into a silicon wafer by an
ion implantation method to form a microbubble layer at a predetermined depth from the
surface. Then, the silicon wafer into which the hydrogen ions are implanted is bonded
to another silicon wafer with a silicon oxide film interposed therebetween. Then, by
heat treatment, the microbubble layer serves as a cleavage plane and a part of the silicon

30  wafer into which hydrogen ions have been implanted is separated in a thin film shape

along the microbubble layer. Accordingly, a single crystal silicon film can be formed

over the other bonded silicon wafer.



A method for formng a single crystal silicon | ayer over a base substrate
made of gl ass by using such a hydrogen ion inplantation nmethod as descri bed
above has been proposed (for exanple, see Patent Docunment 2). Since a gl ass
substrate can easily 5S5have a larger area and is | ess expensive than a
silicon wafer, when a glass substrate is used as a base substrate, an

i nexpensi ve | arge-area SO substrate can be manufactured. [0005]

Further, as the area of the SO substrate is increased, inprovenment in
productivity beconmes an inportant object. In manufacturing an SO

substrate, cost 10 reduction by inprovenent in productivity or the like is
i nport ant E@@quse a single crystal silicon substrate used is expensive.
[CGtation List] [Patent Docunent] %0006 15[ Pat ent Docunent 1] Japanese

Publ i shed Pat entA mgihpd Eutfprarngus singlomoystab sibioon fapeioyat a brse suestrateanatlgpanese

Publ | shed gy A0RL LR8N 1R 85 AR SHOERL T o MENTON (0007

20However , ve hydrogen 1on I nplantation separation d, since
a mass- seppropesed ffor gpamplarse Matedi Botwnent2).h ctingean glash subssite semedstli met hod)

by Whi ch 3nRkla G0 I Bl & Sesh ELAALTL Gln W Sifboh WTer Wil BE. ABARESR A from a
sour ce gas and aFeé su ] ec ed to nuss Separation, a rangg of an aréa in

whi ch t he wiell kedbasemftstrate, aniinaxaehisatedalgavatelh SOh subistoats cansbesnaiufactmatl. i t i1 S
difficult ﬁ@ ghorten processing time. In particular, as the 25 silicon
wafer is i P ased, a problem of processing tine becones renarkabl e.

Therefore, in omugher] @s ithprapsse of the BMpwibstratt #s Sinekfsed] iiniproveémérg eina

non- mass-separatjon type ian irradiatjon nmethod (.an i dopi .ng net hod) by
Wbt oh s o; PRIV PEOMES o manif Qe ¢ i ML BHATIER o SOIGERSF: 81 o o
sour cej@asrediflion sy MprovehiRheht fAJLRIVITASE tBEPRE & irfportadObA@R] a single On the
ot her hand, in the case where a non-nass-separation type ion irradiation

met hod is S SlsPR sHRSEHE BRASUGRERMYS s significantly inproved as conpared
to the casgitation List]

[Patent Document]
{0006]

15 [Patent Document 1] Japanese Published Patent Application No. 2000-124092
[Patent Document 2] Japanese Published Patent Application No. 2004-87606

SUMMARY OF THE INVENTION
[0007]

20 However, in the above hydrogen ion implantation separation method, since a
mass-separation type ion irradiation method (an ion implantation method) by which a
silicon wafer is irradiated with ions which are generated from a source gas and are
subjected to mass separation, a range of an area in which the silicon wafer is irradiated
with the ions is small and it is difficult to shorten processing time. In particular, as the

25 silicon wafer is increased, a problem of processing time becomes remarkable.
Therefore, in order to improve throughput, it is effective to use a non-mass-separation
type ion irradiation method (an ion doping method) by which a silicon wafer is
irradiated with ions which are generated from a source gas and are not subjected to mass
separation.

30  [0008]}

' On the other hand, in the case where a non-mass-separation type ion irradiation

method is used, although throughput is significantly improved as compared to the case



where a mass-separation type ion irradiation nethod is used, a problem
arises in that tenperature increase is larger in accordance with ion
irradiation as conpared to the case where an ion inplantation nethod is
used because a |l arge area of a substrate can be irradiated at a tinme. Such
tenperature increase of the substrate pronotes thermal 5 diffusion of an

el enment derived fromadded ions in the substrate and becones a factor which
broadens distribution of the ions in a depth direction. In addition, the
tenperature increase of the substrate pronotes desorption of the el enent
derived fromthe ions added to and existing in the substrate. [0009] 10An

i on dopi nguapRaA ﬁ&ﬁ%e;&dﬂ&iold(if& Bn GhAIREA hdhothisGReBR RHhIe6tarks ahfr ocessed
i s disposed, an ion source Tor generating desired ions, and an extraction

accel er at i SmprBEHRICEACTidlargse eiceqrdence wibrion iidiatietrsicomppted futharcrssn
ther ew t h. wﬁér@%rigggg@af\h}mago#a%agwgl (8 bedllsd NFarfiit@GH b AosfERRIAMRT T ON

mechani sm are pro ] urality of openings or slits, through which
i ons that bradiatpdnetr aitiey- f Betly tehpctabie drpgase ohthke Jubstraie peonagtey thermather ef or e,

a probl gm éifféuagﬁ oggn a@ag teqeﬁwpﬁ&n%@t ia+15 RER SRRIUC LA paURSL k3G S ot
uniformy rrradiated w % € |1 ons. n this case, tenperature increase
| ocal | y ocwetich bmadehe distrilgitien cofy gitealons eimi & aledihc tlwectisnbs i afldifiomnthet her mal -

di ffusion of an.el ement ived fromth i | I ccurs;
therefore, %mPS'EaF‘F% U6y ‘%ﬁﬁ? E@Sté R mr[ffon?esnd%géjrgﬁejoﬁlt (ﬁﬂg? ?lglg’ 'i'todr%%ia‘l;s(J (rngadened,
and beconege s \added to amd dxisting @nthakbutdiratect i on. 20[ 0010] As descri bed
above, if {%ﬁ di stribution of the elenent derived fromthe added ions is
broadened,(% % s difficult to separate the sem conductor substrate
favorapyy. This Amioh@esits eppatitusispiadeticBamiak il Whick enblgen thisd erocessddstrate i s
caused in rggions at .a plurality of dgﬁths. Further, since the separation

of the seniScHBIPHG: 8 IQUHVIGeLIOE Eonsraiing desied ians RBd AR SXEIFIPA AFCHIETEHON: he

el ement depkMadish’ BfaidRrd(i8A Sf #HdQ8d ek ivadiatHl Skied@hi NElfitodss MataRAUCt OF
substrate, if the desorption of the elepent is proppted, as a result, the

sem conducingluded, s theagxdragticagaccelgragan i“?fich@]isé‘_@ Qe Wioviledoyith 2 d’_r%%r?l'tﬂﬂfs ,
t hroughput 0By, -0 & A6, GRBEEh “mﬁhiﬂ%}jls ffiga;:\rhre Hief&hre@ T tRTRANLSBEY a@f the

di scl osed Inventionis, in a ne for manufacturing an SO substrate, to
i mpr ovES pl enseletateg. ofTharefare.f & quoljemaarises g ethely ¢ stingle sayiad owmirondicioray er

af ter sepagald. o0 ;Oyor L ANGLAP fadRRRPH R HRGiofs. SR UEs Cds¥ SkRAberadRiMncRAZUCT OF

substrate even 1 n the case ere a non-mass-separation type ion Irradi ation
met hod i s les@ly. octumstiththe siigleaxystad Semisordviviod syhsiate.cind thpemal; difusiereef annvent i on

ot B RO e S R B RIS P L)
as to inpreemees in hdeulgthpastion is broadened, and becomes uneven in a horizontal direction.
20  [0010]
As described above, if the distribution of the element derived from the added
ions is broadened, it is difficult to separate the semiconductor substrate favorably.
This is because the separation of the semiconductor substrate is caused in regions at a
plurality of depths. Further, since the separation of the semiconductor substrate
25  depends on the concentration of the element derived from the ions added to and existing
in the semiconductor substrate, if the desorption of the element is promoted, as a result,
the semiconductor substrate needs to be irradiated with more ions. Thus, throughput
may be decreased.
[0011]
30 An object of an embodiment of the disclosed invention is, in a method for
manufacturing an SOI substrate, to improve planarity of a surface of a single crystal

semiconductor layer after separation by favorably separating a singe crystal



[ 0012] An enbodi nent of the disclosed inventionis, in a nethod for
manuf acturing an 501 substrate, to cool a single crystal sem conductor
substrate when an enbrittled region having a danaged crystal structure is
formed in the single crystal sem conductor 10 substrate by irradiating the
single crystal sem conductor substrate with accelerated ions using an ion
dopi ng nethod. Further, the single crystal sem conductor substrate nay be
swung while the single crystal sem conductor substrate is cooled. [0013] An
enbodi nent of the disclosed invention includes the steps of: irradiating a
15 single crystal sem conductor substrate with accelerated ions to form an

enbrittl edscrn‘ﬁ%rfaﬂcl:tbp sﬁ&ﬁ'aéij%heincf%séa@& WIRM GORGMlaS sepatB®dn’ &fpR; idaondi ng

the single crystal sem conductor substrate and a base substrate with an

i nsul at i ngirtasdiption i methodydss @ied: heknothst wbiagt ohran smpedimentngt thsedistlagpde cryst al
sem conduct Qr t. 1359, ﬁgﬁgi td A, 5800 Dk Sidrgl e
crystal seh&ggﬁﬁﬁgf%? gggr ov%?ﬁ?%e é@ékgugstrgielz rmﬁ?ﬁhﬁﬁz I nsul ati ng
| ayer i nt esyrfsedf & sagkbaysig eamicondugtnr déyet hiersiepaghtéoncasywelhbs weimipcarduct or
substrate g%%i%é%diated with the ions by an ion doping nethod while the

single Try im conduct or substrate is cooled. Further, the single

crystal sefogepnhductor substrate may be swung while the single crystal

sem conductor supstrate i ol.ed. 25[0014]. An e di ;rent _of the disclosed
i nvention incl udg%e‘f‘ﬁ%i"g?"zﬁg&Bfi!sgﬁoﬁ%d% G ‘?"LS’ 3 as"f’n%@?de{ggmré‘&%ﬁmglgrﬁnconduct or
substrate DI Runtar| & atcdth kiagls drpstdl GemicdRdeddr subittagd wheg s renibfitldde Si ngl e
crystal sem conduct or substrat?; bondi n t%f.sén Iq cr séal.segiconductor
Subst rat o EEPAREE dapAUR oA SIS AR BAfggI Tl KISBORE 30

t her ebgg Wegibstratd 8y eIt iRk HRGidd e crs Gk Michdiikda|subsk@icomtidaetiomteaubst r at e

al ong the enbritt?ed region to forma sjingle crystal sem conductor |ayer

over the busieg ayinsidopng mgthad. ¢ Furthersitie sngligrysia) ssmicardueiop SR &&¥bet ween,

in which t hesaiddaltle oSl crySAbARBAMCIPEuHRS I @bRdl s Trradiated with the
ions throu a plurality of Steps by an ion doping nethod. Further, when

t he singleﬁ@ﬂ&htal semi conductor substrate is irradiated with the ions
through a pl ural i ¥meddiRb@RsF thd BE1SA HRnfidny AbRliesSRELEMIGR GrAamphst rat e
may be cool ed after tie n-th ?n Is a naturéy nunber of 1 or nore?

i rradi & i osingladristdl memidonductor substrate with accelerated ions to form an embrittled
region in the single crystal semiconductor substrate; bonding the single crystal
semiconductor substrate and a basc substrate with an insulating layer interposed
therebetween; and separating the single crystal semiconductor substrate along the
embrittled region to form a single crystal semiconductor layer over the base substrate

20 with the insulating layer interposed therebetween, in which the single crystal
semiconductor substrate is irradiated with the ions by an ion doping method while the
single crystal semiconductor substrate is cooled.  Further, the single crystal
semiconductor substrate may be swung while the single crystal semiconductor substrate
is cooled.

25  [0014]

An embodiment of the disclosed invention includes the steps of: irradiating a
single crystal semiconductor substrate with accelerated ions to form an embrittled
region in the single crystal semiconductor substrate; bonding the single crystal
semiconductor substrate and a base substrate with an insulating layer interposed

30 therebetween; and separating the single crystal semiconductor substrate along the
embrittled region to form a single crystal semiconductor layer over the base substrate

with the insulating layer interposed therebetween, in which the single crystal



5 (n+l)-th irradiation. Further, the single crystal sem conductor substrate
may be swung while the single crystal sem conductor substrate is cool ed.

[ 0015] In an enbodi ment of the disclosed invention, since

non- mass-separation type ion irradiation is used, a |large area can be
processed at a tinme as conpared to the case of 10 using mass-separation
type ion irradiation. On the other hand, an adverse effect due to the
tenperature increase of the substrate has to be taken into consideration as
conpared to the case where local ion irradiation is performed using
mass-separation type ion irradiation. As described above, in the case where

t he t enper @i aqudiG sG8eRteqs irfddRicaWhe thalofs tvolghragfturalify OF btes ¥ andin el ement
derived from added ions is broadened in the 5 single crystal

seni conducdapingsnyhed: atferthernwhandde single $oistab sqrrgoqseBf BIpLrate, iSde_a@ﬁ‘B‘?) di nent of
the discl ovgﬁgﬂ;e VS rﬁﬁrbg@, ayﬁﬁﬁﬁg‘%}%@&, e sRHeRS drl a1 QémRBn RLBFBRMbtrdt&may dept h
a single ctrysta

direction 0 sem conductor substrate is suppressed by
suppr essi ng toetedafiat e e-th G isasaturef nunther 9fibot mard inalidiondnd geipre e f i ci ent
ion irradiation.is,achi exe ' : j ] conduct or
substrate @%i)r%v‘g?%%r"y ' p}eélr"%lc? F E@@&ﬁé‘% ggg&ag%myt}g?gdé%ggﬁst%{eﬁ g ees'é\@r st al

seni conducikite thayiagle afysal sead@adatorenbstrate ibecohmide pl anar. [ 0016] Not e
that a sem ductor device in this specification generally indicates a
devi ce ca&bgf of functioning by utilizing sem conductor characteristics,
and el ect r o- opt iIf afl @mbedifentsEthe aiclosd dnveniios, sirtes ,noaehsebepetationiype devi ces
are all 25 sem conducto gevices. [0011% d ..In additi?n inthis

speci f i catiPBHTadiptign ésd’rsﬁ‘it adargr @ga PAeRIEsSEd P AP AT PIRAHY TG iCRE %And a

i qui dyer Vs mabk-S&apitiofl B)pe G6h irrhBi@tidi. 9T terbihbi ig@d Cemvideerse effdctidieso a
light-emtting element, and the liqujd crystal, dis Iﬁg devi ce includes a

i quid crythe Empeneura eraase of tae subgirate Rasite P%/ e‘é}“é%‘ﬁ'ﬁl TAEPN AFOmPRIgd ¢ g

scope, an gleaent. WS Sodal N BRARLbS i€ pétiorakd &6inp ndteéRrikioR typeobokage, and
specifically 1 ncludes an inorganic el ectrolum nescent (EL) el egfnetrll]tg, an
nmb

organi ¢ ELireflishemt Asadrgerited abpye in theyeasg where the temperafugy Higrepss odi ment
of the di sgigsed isi,\lﬁlg@,nfujoﬂ% of dh edlEit HRAvdOroMBRNE PRI I RdadtedSMltheubst r at e,
re

even in the case ‘@ non-nmass-separation type ion irradiation nethod is
used, k5 siswgle ayyalt simicandiieion gulstiate. sUBspidgt do cehvepdher puedleiib| i 38epar at ed

and pl anareintn%d enfof *ﬁrefcﬁs%gssgc[ Blgﬁ_xgioﬂ%rgad%mﬁﬁtcﬁlprﬁﬁ%ﬁﬁ}pg%élﬁrin Laygsh after

separation’can be I nprove ] )
direction of a single crystal semiconductor substrate is suppressed by suppressing

temperature increase of the substrate. Accordingly, efficient ion irradiation is achieved,
separation of the single crystal semiconductor substrate is favorably performed, and a

20  surface of a single crystal semiconductor layer after separation can be made planar.
[0016]

Note that a semiconductor device in this specification generally indicates a
device capable of functioning by utilizing semiconductor characteristics, and
electro-optic devices, semiconductor circuits, and electronic devices are all

25  semiconductor devices.
[0017]

In addition, in this specification, a display device includes a light-emitting
device and a liquid crystal display device. The light-emitting device includes a
light-emitting element, and the liquid crystal display device includes a liquid crystal

30 element. A light-emitting element includes, in its scope, an element whose luminance
is controlled by current or voltage, and specifically includes an inorganic

electroluminescent (EL) element, an organic EL element, and the like.



According to an enbodi nent of the disclosed invention, in a nmethod for
manuf acturing an SOT substrate, throughput can be inproved and planarity of
a surface 10 of a single crystal sem conductor |ayer after separation can

be i nproved. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0020] FI GS.
1A-1 to 1A-3, 18, IC, and 1D are diagrans illustrating an exanple of a 15
nmet hod for manufacturing an SO substrate. FIG 2 is a diagram
illustrating an exanple of an ion doping apparatus applicable to a nethod
for manufacturing an SOT substrate. FIGS. 3A-1 to 3A-3, 3B-1 and
3B-2, 3C, and 3D are diagrans illustrating an exanple of a nethod for

manuf act ur jopggpn SO substrate. 20FIGS. 4A to 4D are diagranms illustrating
an exanpl e of a nmethod for manufacturing an SOl substrate. FI GS. 5A

to 5C are di agr #RsOidme s prembgdigisniohis disdpsed if¥snHen Fof matkadk £t uring an

SO substr ghfufacturing an SOI subditafe, BvénSn ﬂledﬁaﬁgtbl?é?éhhbﬁlﬁlta§sa§e})£}gti(ﬁlrtyﬁé(ﬁﬁp! e of a
semi conduct or devi ce using an 25S0O substrate. FIG 7 is a diagram

i |1 ustrati Wgdigtonxgiher ds gseda a siglec gtigielceprcondustar subsifairgcanrbesarorablst r at e.
FIGS. 8A a ' i ratJ | devi ce
4\ S%aﬁﬁdﬁnﬂaﬂg@%g élS.Lllrgléé ot dd Qiﬂgl@”cr?sﬁﬁ”&hﬁcdﬁﬁuﬁlﬁla & Wer

using an substrate A and 9B are” di agrans | strating an
exanpl e of scpamdiigptaaypedomiorsl- usi ng an SO substrate. FIGS. 10A to 10C are
di agr anms itdo&'ﬁ”ati ng an exanple of a usage node in

According to an embodiment of the disclosed invention, in a method for
manufacturing an SOI substrate, throughput can be improved and planarity of a surface

10  of asingle crystal semiconductor layer after separation can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]
FIGS. 1A-1 to 1A-3, 1B, 1C, and 1D are diagrams illustrating an example of a
15  method for manufacturing an SOI substrate.
FIG. 2 is a diagram illustrating an example of an ion doping apparatus
applicable to a method for manufacturing an SOI substrate.
FIGS. 3A-1 to 3A-3, 3B-1 and 3B-2, 3C, and 3D are diagrams illustrating an
example of a method for manufacturing an SOI substrate.
20 FIGS. 4A to 4D are diagrams illustrating an example of a method for
manufacturing an SOT substrate.
FIGS. 5A to 5C are diagrams illustrating an example of a method for
manufacturing an SOI substrate.
FIG. 6 is a diagram illustrating an example of a semiconductor device using an
25  SOI substrate.
FIG. 7 is a diagram illustrating an example of a semiconductor device using an
SOI substrate.
FIGS. 8A and 8B are diagrams illustréting an example of a display device
using an SOI substrate.
30 FIGS. 9A and 9B are diagrams illustrating an example of a display device
using an SOI substrate.

FIGS. 10A to 10C are diagrams illustrating an example of a usage mode in



whi ch an SOT substrate is used. FIGS. 11A and 11B are graphs show ng
nmeasurenment results of hydrogen concentrations in a single crystal

sem conductor substrate in the case where the nunber of tinmes of ion
irradiation is changed. 5FIG 12 is a diagramillustrating an exanple of an
i on dopi ng apparatus applicable to a nethod for manufacturing an SO
substrate. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0021] 1OHerei nafter,
enbodi ments and an exanple of the present invention will be described with
reference to the drawi ngs. However, the present invention can be carried
out in many different nodes, and it is easily understood by those skilled
in the art ghgdetail can be variously changed wi t hout
departing ‘?romt%e g@%&t@gng scope of the present invention. Therefore,
the present invEKES. oHAu snuchdiB iamt grapheskaving nzegsusereny esults tddhydogehe

fol | 0w 19 JESSIARGL A, OB EFBOOLIRNGS: S0 LXRRL Gus NALE dd\ilnet 1 211 Che

draw ngs Or exp N exa t he sane port| ons or
portions M\mmgoflloalrsealmoﬁwmhngwds are denot ed by the sane reference

nurreral and t scription there 022] 20
(Empodiment 1) TG 25 3 Rigebln ofliuihe. A, aiBie e fr 0 HoBE SoRtats o
manuf acturapp@caant&%embﬁmdrﬁfamdrﬂnglaesoemmed with reference to
drawi ngs. [0023] First, a single crystal sem conductor substrate 100 is
prepared (see FIG 1A-1). 25[0024] As the single crystal sem conductor
substrate 100, a si NghETAINED PESCRIFTIONIUE [THE BMENTIONe for med using an

el enrent bel onging to G oup 14, such as a
[002 l?

10 Hereinafier, embodiments and an example of the present invention will be
described with reference to the drawings. However, the present invention can be
carried out in many different modes, and it is easily understood by those skilled in the
art that the mode and detail can be variously changed without departing from the spirit
and scope of the present invention. Therefore, the present invention is not interpreted

15  as being limited to the following description of the embodiments and example. Note
that, in all the drawings for explaining the embodiments and example, the same portions
or portions having the same functions are denoted by the same reference numerals, and
the description thereof will be made only once.

{0022]

20 (Embodiment 1)

In this embodiment, an example of a method for manufacturing an SOI
substrate will be described with reference to drawings.

[0023]

First, a single crystal semiconductor substrate 100 is prepared (see FIG. 1A-1).

25  [0024]

As the single crystal semiconductor substrate 100, a single crystal
semiconductor substrate formed using an element belonging to Group 14, such as a
single crystal silicon substrate, a single crystal germanium substrate, or a single crystal
silicon germanium substrate, can be used. Alternatively, a compound semiconductor

30  substrate formed of gallium arsenide, indium phosphide, or the like may be used. The
size of a commercial silicon substrate is typically 5 inches (125 mm) in diameter, 6

inches (150 mm) in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in



single crystal silicon substrate, a single crystal germanium substrate, or
a single crystal silicon germanium substrate, can be used. Alternatively, a
conmpound sem conductor 30 substrate formed of gallium arsenide, indium
phosphi de, or the |ike my be used. The size of a commercial silicon
substrate is typically 5 inches (125 mm in dianeter, 6 inches (150 m in
di aneter, 8 inches (200 mm in dianmeter, 12 inches (300 nm in dianeter
and 16 inches (400 mm) in diameter, and a typical shape thereof is a
circular shape. Note that the shape of the single crystal sem conductor
substrate 100 is not limted to a circular shape, and a single crystal

sem Conduc&%etéﬂlgﬁ r@ﬁlehe@ r(mﬁﬁﬁﬁ% Hiaketed ah@ 6 itdid@ill bipe Seap€ i citdakr | | ke can
al so be used. 55{ an |nsulat|n | ayer 102 |s fornmed on a

surface ofshepee cﬁgﬂ@t theysheng ARy R Seguft?gfiv%?res%tﬂt@( S8 A 1A-2) .
[0026] As {H{%ﬁed @%%kr@ﬁlamaéeaxxﬁfasm%ae cAsial é&ﬁﬁ&hhé’d{&*suf)dtﬂaf@&I)ce@seﬁ'iﬂtb gon oxi de

film a silicon oxynltrl m "a silicon nitride film a silicon
nitride oxicctenguldrshapeor thiadike panealsodie usgedst acked- 1 ayer filmthereof can be
used. FbeS@ :plns can be forned by a thernmal oxidation nethod, a CVD

met hod,”™ a sputtering nethod, or the like. [0027] In this spe0|f|cat|on
silicon oxynltrmﬁmtcmnmaHMHgnbﬁﬂ Ry geformétann @i surBgenf thosiagld drystalhe case

wher e neasur?negg%ngHﬁmﬁ%gr %&9%(&%‘“& Rut herford backscattering

spect r onet 13 ormard scattering (HFS), silicon
oxynitrideﬂmzaferably cont ai ns oxygen nltrogen silicon, and hydrogen at

concentrations ran ! rg]%trpilXSFgllgf aﬁd}g?%g me ofa Slll;lf.‘agn %}tﬂd!{h] 25 t (;O%5 at .

and 0.1 to 10 atSo¥ eV‘ Mt e R O e B e contalns
nmore nigr Oggzﬂnthdfeamn@xa/ gi¢ion aindde filnh,he sma&e nittidy exidd fimastithentéet sr ar e

conduct ed us nd HFS, silico oxi de preferably contains
oxygen, n|$W$SgHWméﬁ dagreol 678 s, B gethﬁF Wﬁé@ﬂﬁFa‘PBﬁi% é%g\ﬂﬁﬂfron15 to
30 at. % 2&kidMioR mefod% CED h@hah a sputiain@i@thdl drehedtkeat . % respectively.
Not e t hat Fercentages of nitrogen, oxygen, silicon, and hydrogen fal

wi thin the &ﬂges gi ven above, where the total number of atoms contained in
the silicon oxyn tgil AfecHicalifle sficbh @RPnigRR! dontaftd A dxybén theh niggeds 100

A% 15 and in the case where measurements are conducted using Rutherford backscattering
spectrometry (RBS) and hydrogen forward scattering (HES), silicon oxynitride
preferably contains oxygen, nitrogen, silicon, and hydrogen at concentrations ranging
from 50 to 70 at.%, 0.5 to 15 at.%, 25 to 35 at.%, and 0.1 to 10 at.%, respectively.
Further, silicon nitride oxide contains more nitrogen than oxygen, and in the case where

20 measurements are conducted using RBS and HFS, silicon nitride oxide preferably
contains oxygen, nitrogen, silicon, and hydrogen at concentrations ranging from 5 to 30
at.%, 20 to 55 at.%, 25 to 35 at.%, and 10 to 30 at.%, respectively. Note that
percentages of nitrogen, oxygen, silicon, and hydrogen fall within the ranges given
above, where the total number of atoms contained in the silicon oxynitride or the silicon

25  nitride oxide is defined as 100 at.%.

[0028]

Next, the single crystal semiconductor substrate 100 is irradiated with ions
having kinetic energy to form an embrittled region 104 having a damaged crystal
structure at a predetermined depth in the single crystal semiconductor substrate 100 (see

30 FIG. 1A-3). As illustrated in FIG. 1A-3, by irradiation of the single crystal
semiconductor substrate 100 with accelerated ions 103 through the insulating layer 102,

an element derived from the ions 103 is added to a region at a predetermined depth from



[ 0028] Next, the single crystal sem conductor substrate 100 is
irradiated with ions having kinetic energy to forman enbrittled region 104
havi ng a danaged crystal structure at a predeternined depth in the single
crystal sem conductor substrate 100 (see 30 FIG 1A-3). As illustrated in
FIG A3, by irradiation of the single crystal sem conductor substrate 100
with accel erated ions 103 through the insulating |ayer 102, an el enent
derived fromthe ions 103 is added to a region at a predeterm ned depth
from the surface of the single crystal sem conductor substrate 100,
whereby the enbrittled region 104 can be forned. [0029] In this enbodi nent,
the enbri t&%%ﬁrfﬁ&%ﬂﬂe e sfa@"sé@i@oﬂéﬁtbt@g sr?oséat@qm BBt emaleabtiaRdt ype ion
irradi ation et (an 10n dopi ng nmet hod) by which an object is irradiated
with ions wigiooHOhean kgdnmiedt ed from a source gas and are not subjected to
mass separf&)z%]n Therefore, the ions 103 are obtained as follows: a process
gas i s exc to generate plasma, and all kinds of ions included in this
pl asma are extrdat dds f embradinvet,pltis namtaitti¢cheregiot i P ofs afornekiemsimigcafi eld and
are then accel erated 0030]. .. .. The, i on_dgpi.n

er for nbd G aReis R riaenanoe b S L, SR A

non- mass- S&ﬁadtahluﬁﬁuiitycpev@pmr athich ﬁ:@rgdneraa:dr %mrzgscamm)mseaﬁd wiei oh i S

di sposed in a chamber with a lﬁj{ i Qns Wr ch r Lﬂ"’d by pl asma
excitati onS‘@Iec’é%dpthE%%sse@aégtm&‘nd Freton tth%d‘i‘ﬂs eﬁ‘et é‘ﬂ at fon.

15[ 0031] process g 5Ok Q%R0 Eenel'd% ﬁlﬁérﬁa, end enl kinas bf loarnmmaedimmlmgﬂaamaar at us
|IIustrated in IG 2 can

e used 0032] The Qpi n r at
i |1 ust r at etreiextracted foom the plasrag bxarhelasﬁrprgqf&rebctzleéie%ndzﬁ tg‘%‘rfgrf:"j?‘?'i‘? i ons and
a treajgre g) d;]anber 220 for performng ion irradiation on an object.
Further e 1'on source 200 includes a plasma generating chanmber 202 for
generating pl asie iemdapingometherbeandh Hesformshising anign grrisgapragiysas An
i ntroducti tion
accel erati on BBk sEpBal Ol 4 Rl ARGy A AmA oy Rl B LGRY. | 2o
and accel ewhichdndigfosehin 4 drrgnbep 8fith g8 Hinds "o fons which pee generated Soeldma f or

t I
B g 11 equEg L aRsiebrs T B 508G 8RR RRARINE POUL07 e

ext ract3 onfoaatlel er atr on mechani sm 208 includes an extraction el ectrode

2083, an accel enal LoghiSLSEI 00N, & SHBRIRE B ARRIAMLRTS PRES 2

gr ound electrod
can be used.

[0032]
The ion doping apparatus illustrated in FIG. 2 includes an ion source 200 for
20  generating ions and a treatment chamber 220 for performing ion irradiation on an object.
Further, the ion source 200 inciudes a plasma generating chamber 202 for generating
plasma, an electrode 204 for generating plasma, a gas introduction port 206 for
introducing a process gas, and an extraction acceleration mechanism 208 for extracting
ions from the generated plasma and acceleration of the ions.
25 [0033]

As the electrode 204 for generating plasma, a filament electrode, a capacitive
coupling high-frequency discharging electrode, or the like can be used. The extraction
acceleration mechanism 208 includes an extraction electrode 208a, an accelerating
electrode 208b, a suppression electrode 208c, a ground electrode 208d, a power supply

30  for supplying power to these electrodes, and the like. These electrodes that are
included in the extraction acceleration mechanism are provided with a plurality of

openings or slits, through which ions that are generated from the ion source 200 are



30 for supplying power to these electrodes, and the |ike. These el ectrodes
that are included in the extraction accel erati on nmechani smare provided
with a plurality of openings or slits, through which ions that are
generated fromthe ion source 200 are accelerated. [0034] The
treatment chanber 220 includes a substrate supporting base 222 for hol ding
a substrate and a cooling unit 224 for cooling the substrate. In addition,
the 5 treatnment chanber 220 is provided with a gas exhaust port 226. [0035]
Hereinafter, an ion irradiation nmethod in the case of using the apparatus
in FIG 2 is specifically described. In the follow ng description, the case
wher e thezakagkédprystal sem conduct or substrate 100 is irradiated with
hydrogen ions 1s described. 10[ 0036] First, a process gas is

i ntroduced0d3#t]o the plasma generating chanber 202, and the process gas is

excited by applying a highzfr o e el r 04 and
the extraction é%%c %%Fé@éﬁﬁgﬁgaﬁ@r%%@B%fg§%g&$§:ggﬁgﬁg éﬁgéﬁggegﬁanple, in
the case Whadige a shystihiegmd a(ddBlingasit 22t fonppdlingdhasubistige.prioeddisiogabs i on
species (H+, H2+9 1 +). whi ch,at enerat ed t he hydrogen gas are
gener at5ed.tre§HB¢§1é&W§ﬁi"{gz,&B§mé{ﬁ%ﬁi Wtﬁa%@%?’ih%sgp?%ﬁ?@e el ectrodes which are
provi ded HPoyﬂe extraction accel erati on nmechani sm 208, ions are extracted
fromthe plasma_and accel erated, . and th ingle crystal sem con tor
substrate 100 pr&iAHEEs 8hQHE2 %ﬂ?é‘t'?ﬁ%‘@e‘gilﬂfp‘%ﬁ ?ﬁﬁynﬁégeeap?ﬁn}"is "1 adi at ed

wi th the ipRsspediligiIBONestiRde TR thet foR6lving JleSuniplifd the chserwie tROsibHO37]

In FIG 2, ions are accelerated_ by the extraction el ectrode. 208a to which
ext ract i orPrysilsemisonractoppbsEric A0fhis indiat ‘@‘%’é‘l‘%@l“?g’?@ s dx4esgihedo08b to which
acceleﬁptug@uﬂoltage is applied. The suppression el ectrode 208c catches and

gathers scattering ions to increase directivity of the ion flow 25[0038]
Further, in thi Sirsirpotsicessiges isipeadured intn he plasmaveensrating chasmer 203 and

per f or med, ' g QNI RhueatP WA RWAR thecle@rlied. The
single cryﬂsl%gﬁcg%:%gggsn%%té%?ys?ﬁ@?tngat eg‘%ooﬁuca%bge cool ed by Esi ng the
cool i ng ur¢ a2d 4heitiattiangsigstrods 208d. Wherelhplagumisteengrated.y Jios example.Hhse 222.
30[ 0039]

t enper at urﬂele FREre @gléeéahﬁlp 90%%%@5 ﬁg%qestsgir?@é? gf th%?ﬁ?bg%shﬁggé?tg?ﬁ@giﬁﬁgﬂ % é 100 in
per f oryfi ngHi'y mddtihasre qrenevateth frdme thohpdré@® gas are generated. Subsequently, by
applying voltage to the electrodes which are provided in the extraction acceleration
mechanism 208, ions are extracted from the plasma and accelerated, and the single
crystal semiconductor substrate 100 provided on the substrate supporting base 222 is
irradiated with the ions, whereby the embrittled region 104 is formed.
20 [0037]

In FIG 2, ions are accelerated by the extraction electrode 208a to which
extraction voltage is applied and the accelerating electrode 208b to which acceleration
voltage is applied. The suppression electrode 208c catches and gathers scattering ions
to increase directivity of the ion flow.

25  [0038]

Further, in this embodiment, when irradiation with the ions 103 is performed,
the single crystal semiconductor substrate 100 is cooled. The single crystal
semiconductor substrate 100 can be cooled by using the cooling unit 224 which is
provided for the substrate supporting base 222.

30 (00391
As the cooling unit 224, a structure in which the temperature increase of the

single crystal semiconductor substrate 100 in performing irradiation with the ions 103

10



can be suppressed may be enpl oyed, and for exanple, a structure in which
cold water is nade to flow in the substrate supporting base 222 can be

enpl oyed. Alternatively, a structure in which a Peltier elenment or the |ike
is used may be enpl oyed. [0040] 5As the substrate supporting base 222, an
el ectrostatic chuck can be used. The electrostatic chuck is a nechanismin
which a dielectric layer is provided on a surface of the substrate
supporting base, voltage is applied between the substrate supporting base
and a single crystal sem conductor substrate, and the single crystal

sem conductor substrate sticks to the substrate supporting base by force

gener ated hg %@gﬁ;@ﬁs&%@ b%hégﬁ)gy@&,eané WRROLAHIES é&ﬂétﬁre%? %hﬁéﬂ?oﬁii WlSs crystal

sem conduct or ectrostatic chuck is forned using a materia
havi ng hi ghadettefloml indbnshibstrate stpportmg dases223ra@vibd etpldyed hhlggmativelyi g
capability, FEurt.her. i rder | ' t the single crystal
senicondu6?39“%U%§?Fgfg?ﬁr?gFgé%f%gggﬁggqpﬁg@ngg%gwgﬁg"forned on a
surface, t[oo4hi ch the single crystal sem conductor substrate sticks, of the

el ectrqstatic chuck, so 15 that. a, ga | ow pat h.i s, faqorned. 04

Phon | 3 ol bt 1 oRE Bl b tind uR 220 af FisP i ek R B bl Ty

sem conducli@fro§atitsdhbéld i€ a hARhamym heviswmndicleditie laybnig bevitiey oh alsuwesio€ onduct or
substrate 100 can be swung by using a swpgin nit 228 which i s provided
for the 20h% ﬂﬁ’é&rqfsﬁwpgﬁwgg’m ] t"’@ﬁg%a@%\éé E%&B‘gﬁﬂés‘ibﬁ'f“elsf‘?%?&‘im&t ‘?’iﬁ% with the
ions is pehfiof sRgleWH e dehficontingbesubbiyfit,adndS@B1 el Uslsl seiRsidudloe 100 is
swung, whereby irradi ation unevenness, due to the openings or the slits

provi ded isHbstigle &aks det the subetel vpporting base rbynfars Zoreraish bsBvestighs essed.

Furthel, hyndneakulRREr BAr Snd MY QASR @fystah QemiddgiiRidt! Mibkiddie.SeThgonduct or
substrate 100, thernmal "di ffusion of the elenent derived fromthe 25 added
i ons in t retecpsigticechuek ist farmesaysingchmeterighakiy highgthermpb condyctisiigyprndds ed,

di stri but i oR;sREYA i M8 théNinbri2hd &NLA] ullidrBfiHeeingan be
suppresseag&gn Q%roaggﬁrﬁ%gggﬁ#ﬂ§@Qi§tr?ﬁﬁtfcn Ina de%th dﬁiéct?on can be
reduced. [sD@EXrystal serisonduciog bubgtrate it is 2ffective that ¢ sliftisfosmphommpurface.ie si ngl e

crystal SEHLGORIUGA o la Bl Ror AR AR sREs BUAE et Uil %o .
irradiation w e 1 0ns may be enployed.” For exanple, a structure in
whi ch 15he tkdt agheflew pathad fosperl. conduct or substrate 100 is noved in one axis
direction[@%ﬂ? structure in which the single crystal sem conductor
substrate is nmoved in two axis directions may be enployed. It is
needl ess to sayWheat ireadiskiot witpathee ik /i ingpdrfoemedbsiter atngla rryatahor e
conpli cat esgmlr(rzgrrl](?u%tror(ssu gtpatea 81050;[11%5 ! l%n stangt. hel"t?eu g%tg(eagr?%taf: asenm{%(em&ljl%t%g'
substrate 100 can be swung by using a swinging unit 228 which is provided for the
20  substrate supporting base 222 (see FIG. 12). Irradiation with the ions is performed
while the single crystal semiconductor substrate 100 is swung, whereby irradiation
unevenness due to the openings or the slits provided in the extraction acceleration
mechanism 208 can be suppressed. Further, by local temperature increase of the single
crystal semiconductor substrate 100, thermal diffusion of the element derived from the
25 added ions in the single crystal semiconductor substrate 100 is suppressed, distribution
unevenness of the element in a horizontal direction can be suppressed, and broadening
of the distribution in a depth direction can be reduced.
[0042]
As the swinging unit 228, a structure in which the single crystal semiconductor
30 substrate 100 can be moved in performing irradiation with the ions 103 may be
employed. For example, a structure in which the single crystal semiconductor

substrate 100 is moved in one axis direction or a structure in which the single crystal

11



[0043] 5In-a structure illustrated in FIG 12, the case where a horizontal
novi ng mechani sm 228a and a vertical noving nmechani sm 228b are provi ded and
the single crystal sem conductor substrate 100 can be noved in vertical and
hori zontal directions is described. It is needless to say that, in the
structure in FIG 12, one of the horizontal noving nechani sm 228a and the
vertical noving nmechani sm 228b may be provi ded. 10[ 0044] Furt her

in the case where a plurality of openings are regularly provided in the

el ectrode, the single crystal sem conductor substrate 100 is preferably
swng in a direction that is slightly deviated froma direction of regular

al i gnm?ntseﬂ'ftc&n'ﬂ@ct&pﬁlﬁétfh%slod:@rm&é@@tﬁo am@dtétao&saﬁ%z BhehpIV e @PgNi ngs are
regularly aligned along an a axis and axis,” the single crystal

sem conduedlesss by tatea 1010 qasabéwvgﬁglqvmgath@hsu@@'@tedn ey cothplicatdilr ect i ons
al ong t he,a,axtsscifRdot:is &tﬁ%uﬁstrﬁ@%gﬁ gingky, irradiation unevenness due to

a regul ar pattern of openings can be reduced. [0045] Note that, in addition
to the caf@4¥here the single crystal sem conductor 20 substrate 100 is

swung,s a potent ngrated i,n a_direction rallel to
t he si ngl e cr ysﬁ'aal Stgdé;ﬁhﬁgo %%%&egﬁxslﬁg‘sg?a & ‘09 Vshgrea qto&zglgﬁlt P18 "8 direction
of irradimtehamismi 228a bhe aivorgall@8ving tieckdnisth 228bears ipm},hc&dcany shébingle

senlconduct subst rragdi at ed t hat the
comt o Tt SHRBRARICE SRl pb BRET PRl i YerisR e et 1y o
conbi ned iwidtderiban. ngt ioheddies ®i sagtiet, G s ts@hetsie it EIR d]ll,Q‘in@ bf thidmstizankg 100.

25[ 0046] Furt her atlon with the ioqns is performed, the

si ngl e crSYaf %W@@&&ﬁ %ﬁfffg?arl gtoé{mﬁé’@?chﬂwf% dB‘tYel?? R t he single

crysta s@oiqqonduct or substrate 100 i s swung. The single crystal
sem conduct or substrate 100 can be cool ed y using the cooling unit
224 which is pryuhded thegass Wéersauéwam@fga@wtarmgwa@ep@med 80104 7]

I n such &|dmBag! the IsidzRAbg5thl0 Senibddaubthe shidftae LB isSproRFbRT SRche M Le the
single crystal sem conductor substrate 100 is cool ed, thus é%e tenperature
i ncr ease dectiqngthat is slightly deviated from a direction of regular alignment of the openings.
For example, in the case where the openings are regularly aligned along an ¢ axis and a
15 b axis, the single crystal semiconductor substrate 100 is swung in a direction other than
directions along the a axis and the b axis. Accordingly, irradiation unevenness due to a
regular pattern of openings can be reduced.
[0045]
Note that, in addition to the case where the single crystal semiconductor
20  substrate 100 is swung, a potential difference may be generated in a direction parallel to
the single crystal semiconductor substrate 100 so as to control a direction of irradiation
with the ions 103 with which the single crystal semiconductor substrate 100 is irradiated.
It is needless to say that the controlling of the direction of the irradiation with the ions
103 may be combined with swing of the single crystal semiconductor substrate 100.
25  [0046]

Further, when irradiation with the ions 103 is performed, the single crystal
semiconductor substrate 100 may be cooled while the single crystal semiconductor
substrate 100 is swung. The single crystal semiconductor substrate 100 can be cooled
by using the cooling unit 224 which is provided for the substrate supporting base 222.

30 [o047]
In such a manner, irradiation with the ions 103 is performed while the single

crystal semiconductor substrate 100 is cooled; thus, the temperature increase of the

12



single crystal sem conductor substrate 100 can be suppressed even in the
case where a large area of the single crystal sem conductor substrate 100
isirradiated with the ions at a tinme. As a result, thermal diffusion of
the ions used for irradiation can be suppressed, and broadeni ng of
distribution of the added ions in a depth direction can be reduced. 5
Further, irradiation with the ions 103 is perforned while the single
crystal sem conductor substrate 100 is swung, whereby the tenperature

i ncrease of the single crystal sem conductor substrate 100 can be
suppressed and irradiation unevenness due to the openings or the slits
whi ch are vid th

suppr essed i §anomﬁm&% ﬁ@%ﬁkgﬂo%&E g%@%%%@éﬁagnﬁﬂhgﬁ%gﬂ£er%ture

i ncrease Qirgé blea sf thg Ismgkercysstaabememduandwbstmte s@fbis iradiated1@th the adnsate of

hydrogen which i s added sin sta t.or ate 100
can be redU¥RY. ‘5&(?68?“39 T’V‘tlg{ %ane PEaaT o?grﬁad\%??ﬁgﬁhb% %ugﬂlg£§%3 can be
short ened ;a0 Gréddefing bpuﬁtsmeaﬂbrb@f tha'[a&dlbdeldns ih54 aqmgplrecuon can Bheedutidckness of
a single crystal sem condyct er se ed frgmt es1n|ec st al
seni cofdudivgifers yiadintiane ‘Tgb tﬁ% {’% rﬁgcpcf maeélcc‘)’ﬁlﬂ %t h at

whi ch the pRendltorannuadded.is k\ﬂuﬂghmeﬁﬁjﬂﬂﬁl tﬁﬁﬁératufchlﬁcréﬁﬁtdﬂ thad smglds ch the
enbrittled region 104 is formed is adjusted so that .the thickness of this

si ngl e cr yesysil serpigprdypign eybstrate é%:carzbe suppgsedranf 1riaflog uneYRInesS 8 10 nm and
| ess than Qe Q%Uﬁhgé&tﬁ@ﬂ:t%lcﬁﬁﬁfﬁ%\ﬁ@dﬁnﬂ{eﬁﬂ,@&zﬁétlohli@&l@étloﬁ%b%harﬁ@n 50 nm and
| ess than or e to 200 nm The depth at which the enbrittled region 104
i s fornmed canye bwwpedjedst ed by kinetic energy, mass, incident angle of the

i ons 3, (864 he like. Note that the kinetic energy can be adjusted by
accel eration vol tage, dose, or the |ike. 25[0050] Further, in this
embodi ment, in theheabb)veumgasmbeﬁjtheowrnnera&m dn¢regse rﬁtﬁ@oﬁrn&l%@rsﬁ%pom on

of H3+ ions wth t Ot ME%H BeSHEHL S5olEld ga42+ H3+)
gener at ed FPEIFIE CEO? r?r%.teeﬁ]()ggéiealgé)&%(ﬁ qﬁhl%grag pref er g@f" h% % or

hi gher . Tmemdoﬁduimena;ubﬂ-ateow mrbebeda@dedAcwr@nglmﬂ@ewfmaﬂe@iatﬂthéh to the
sane depth,in_t & S l.e 30c t en ubstrate 100 by

i rradiatidh W‘fﬂ |%H§gﬁlaciﬁéﬁ%&qv"ﬁe 1S an%gq‘f‘é%&i‘f In order to formthe
enbri tisl eqoo4sgi on 104 in a shal | ow regl on, generally, the acceleration

y0| tage of the h@ga—% 03 g%%g iad agalcfnh&gtog Eagtér See\%ateg ﬁ-&%stﬁe m&%e H3+

ions are used, gl on” as®conpar ed
to the Caﬁﬁ%ﬂm@éﬁxcbﬂdmﬁﬂsulﬁfrﬁeueeﬁk dt@minel]l ih hecoadnaed \emaandthuowmge are the

same in bo cases ThISI because t intoits
const i t uerthe iangAgHhess addgd. ag(?%?’%“t ‘g‘ %FWEI%EV‘&I etﬂ'ﬁ@?d T&80bstrat e
100, and 31%445 fo%eﬁ fs adjquned Lscb ﬂﬁi thé tRERESYofdlis Siage c@‘sﬁnﬁﬁilcdnﬁbictbrslaﬁom
one-third as %1 as that of H3+ ions, That is, i ncr {) t he

pr opor2di oris efeaﬂs an o $q¥ah 19 AR nm adrigss therPoyeal B O, DFFIFAC A ent | y

added to g,5hg Lc@ foegoﬁa #ld kk@mﬁﬁ egleeuagrtmbelmﬁemhemaauca%:Mstrate
100. On the oth hand, the mass of "ion.is three tines as |arge as

t hat of amnrhrlmlqdneglamél()‘! i f‘?lﬁ@dé%’é’e@fil"é@é ¥ inglie eRsgn e, WEYHE 28let he sane
depth, the ag ﬁ]eﬂ)%@r Yl%l tigge ﬁ{;tet gt B kinec SRQYY Gahenet Rdjsted bYES as

hi gh as that of erefore, when the accCel erati on vol t age of
i ons can bxecalmmcaaeﬁdge tibss, onythe Bka.i me of an ion irradiation step can be
short [p 0the case of adding the hydrogen atons to the sane depth, and
pr oduct’ vi gSAnd t hroughput can be inproved. 15[ 0052]

Further, in this embodiment, in the above-described ion irradiation method, the

proportion of Hs" ions with respect to the total number of ion species (H', Hy", Hs")

generated from the hydrogen gas is 50 % or higher, preferably, 70 % or higher. This is

because ions can be added in a concentrated manner to the same depth in the single
30  crystal semiconductor substrate 100 by irradiation with ions having the same mass.

[0051]
In order to form the embrittled region 104 in a shallow region, generally, the

13



In the case where the hydrogen gas is used as a process gas, the proportion
of H3+ ions in the plasma is increased and a | arge area of the single
crystal sem conductor substrate 100 is irradiated with the ions 103 at a

ti me, whereby throughput can be inproved. In addition, the single crystal
sem conductor substrate 100 is irradiated 20 with the ions 103 while the
single crystal sem conductor substrate 100 is cool ed, whereby the
tenperature increase of the single crystal sem conductor substrate 100 can
be suppressed and a width of a region where the enbrittled region 104 is
formed in a depth direction can be reduced. [0053] 25Further, in the above
descripti %celgrhﬁ&wcqta od BEHEESR t@ﬁqteedstth%ehmr OB CHAS tHieScalS Rlerd$l;A Pr 0CESS
gas i s descri t he process gas that can be applied to this enbodinent is
not |imtednsdre mdohyd:@en @msmreaddad Fied PhalPPrictPEiga s eamPawl @dticass t he

PY OCESS 9ag, rt.S'I-ﬁqgns Ptus&{ edelGif | 'tl%nacéa L@r? vOIEE Y the BMmB G HolNEhsbie! 1 UM ar e
He, the S|n e crysta sentconductor strate 100 can be irradiated with
He as mai rﬂ‘hmmsprctbablm beGiuse Hn iprorarcieppit myb eednsdiuer elgmicets (hhinghesngle ation is
not perforne ln th 4 S.ca | yst al

seni corductd 15ﬂB§P§§F@r ﬁm?gg?a9§?%9‘gh?%ﬁékggnﬁ%ﬁI qggg%%hgnﬁﬁbrlttled
regi on 104H)ss szomrmtd-tmachasbage eihatad Hs[ tons.s Treed) lasmcneamrmiw plogortiblB+ i ons

and He ions nbi nation _f | se,
surface ro‘tfd'gﬁi‘g@ “bt 3‘&"%8? {ng °§%ﬁ?80n cht' %&deﬁgo 3fﬁ%lt§§' %%ﬁguppr essed
wi t hout i negmtR@sihglg ci}’@ﬁi Euﬂibﬁfduaf)r sibstpge 16(. 0@bvihe other hand\ldteemasls&tf anin this
enbodi nent, a structure of the ion gopl ngoaﬁrgjar us is.n i ited to the
struct ure 4" Il%tsrﬂéﬁe%H“‘ieﬁaﬁﬂla@eZ‘SQ?tP oy AR 1t @Faéeeft@t‘%ﬁ Y& onduct or
substrgie f90 %ﬁ] Bt%efﬂe 'a&ei%?zft&)ﬂrvmtz{[kg o'ffhreqﬂ* fnl SBBuIbE ﬁtréeocfh%s agnd a

can 10

structure as nee e enpl oyed Further, although the
case wher ehigthes thanof thedi'yiohal TMfDmomdiuctt@racgdbemratf@taz@@f|l(818|Caltl &di at ed

with the accel er i,0ns nsul tin e IS cdescri bed
in this enBYsHE 'ﬁ“" Ct’ﬂﬁqt"}?sﬂ‘ig%’t “I%Qg?h Q cﬁﬁ% hg?eonre%{relﬁi ﬂz%t %e? %he singl e
crystal sefidmenrtEjdisgen shmis @ihe 52@95 depthi, laﬂcadtoattc&dutwatxdh tHréneghpatrean b 3.

15[ 0056] Subsequently, a base substrate 120 is prepared (see FIG
1B), and tAWr¥ethgl e crystal semiconductor substrate 100 and the base
substrpt e (pgérjare bonded to each other. [0057] As the base substrate 120,
for exarrple a substrate forned using an insul ator an be use

specific, a var lipthy cage wheag thedydogpn #asds o aszi’r*go?ﬁ%ﬁas ethfg’ogtoé ron| cs

i ndustry, gpGhnas Rl ﬁt&&xﬁ% ilckaaddeand laa8Ge SHADE HR Bilc @bl sapRen@Ridi cat e
gl ass substrates, and barium borosilicate gl ass substrates; quartz

subst r at essubsieatea I issimsdiaiedt wish thenions APt pcting pehgrehyeraughpuhcan gy | n
addi ti on, '?'ﬁartwaﬁ %S%dﬁws tﬁeaélﬁglé-%gtsta@ sShRtShfuctr YebbdfateS B0 E;Ot'i‘t‘aﬁﬁfeﬁr

substrate exanpl e single criystal silicon substrate) or

20  with the ions 103 while the single crystal semiconductor substrate 100 is cooled
whereby the temperature increase of the single crystal semiconductor substrate 100 can
be suppressed and a width of a region where the embrittled region 104 is formed in a
depth direction can be reduced.
[0053]

25 Further, in the above description, although the case where the hydrogen gas is
used as a process gas is described, the process gas that can be applied to this
embodiment is not limited thereto. For example, a helium (He) gas can be used as the

process gas. Since most of the ion species produced by exciting helium are He", the

single crystal semiconductor substrate 100 can be irradiated with He" as main ions even

Lo
(S

in an ion doping method in which mass separation is not performed. In this case, in a

depth direction of the single crystal semiconductor substrate 100, the width of the
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25 pol ycrystalline sem conductor substrate (for exanple, a polycrystalline
silicon substrate) nmay be used. [0058] In this enbodi nent, a gl ass
substrate is preferably used as the base substrate 120. Wen a gl ass
substrate that can have a large area and is inexpensive is used as 30t he
base substrate 120, cost reduction can be achieved. In particular, when a
not her gl ass substrate having a | arge area, such as a so-called sixth
generation (1500 mmx 1850 mrm), a so-called seventh generation (1870 mm X
2200 mm), or a so-called eighth generation (2200 nm x 2400 mm) is used, for
exanpl e, as the base substrate 120, a plurality of single crystal

sem Conducltegfon%me&ttﬁ@érﬁmﬁé@r RAdeq id PrhdiecaBE hefuica b3t ik atRdkowmpuf act ure
an SOl substrate. Thus, the SDI substrate can have a _| arge area. 5[ 0059]

Next, the @Gt donsandthie” igemmanhelueaddn combingtion for Tuerliation. + MethisL£88e. subst r at e
120 are b Oﬂﬁiﬁ? }oﬂg@]%gﬁ?f% Qﬁ'&é:@‘otf B Qﬁnédﬁawt@l—t ihiA3 claﬁ%@rsuﬂﬁ?gsséd"@vﬁﬁtﬂx@sed

t her ebet ween (see the single crystal sem conductor substrate
100 and t hincleasee thehehbapéstdB0 are di sposed to face each other, and a
sur f ace_ of hgﬁ insulating |ayer 102 and a surface of 10 the base substrate
120 arésbow to each other. [0060] Next, the single crysta

sem conduct or sNasé¢ that, én ﬁﬁﬂenﬁlbocﬁmparaisubﬂab@tﬁ@etm dopingiappdraids rsegiton 104 by

or ovi ded oafed b getad Bt ot s A 90 i SRAGHS Fhony Seilraldis

i nt er posedsybbirdtide0® ket veevoles ¢ pEifésmind) irrdd®Mi6d Jwith ions, aMherstmdnm eat
treatnent is perf r med, %ﬂg el enrent added is separated out into m crovoids
whi ch are 1EATEIN ﬁe¥%EW rittled region 104 by tenperature increase, and
i nterngj p¥@§ﬂure of the mcrovoids is increased. By increasing the
pressure, the 20 mcrovoids in the enprittled re |on %04 are ch ed in

vol une and a cr derhercalibayely the gase wheterthe single prvpip 'Eﬁﬁorfﬂﬁma? t he

si ngl e crygtgldiseiR BRULLOEraRY Rtk 188 ehrddih the 1@@9&5@&?& 1ab NGestriiRd
enbrittled region 104. Because the insulating lLayer 102 is bonded to the

base substingths enptpdimeng the dppulatipg ;l%rallo%Wé@n@ﬂ&%?ﬁqréy%ﬁmgww chis
separat ed fpg nggk[%%%gsﬁtﬁm%%madﬁfea%&mﬁ@mﬁpﬁms formed over the base

substrate
15 [0056]

Subsequently, a base substrate 120 is prepared (see FIG 1B), and the single
crystal semiconductor substrate 100 and the base substrate 120 are bonded to each other.
[0057]

As the base substrate 120, for example, a substrate formed using an insulator

20 can be used. In specific, a varicty of glass substrates that are used in the electronics
industry, such as aluminosilicate glass substrates, aluminoborosilicate glass substrates,
and barium borosilicate glass substrates; quartz substrates; ceramic substrates; and
sapphire substrates can be used. In addition, as the base substrate 120, a single crystal
semiconductor substrate (for example, a single crystal silicon substrate} or a

25  polycrystalline semiconductor substrate (for example, a polycrystalline silicon
substrate) may be used.

[0058]

In this embodiment, a glass substrate is preferably used as the base substrate

120. When a glass substrate that can have a large area and is inexpensive is used as

30 the base substrate 120, cost reduction can be achieved. In particular, when a mother

glass substrate having a large area, such as a so-called sixth generation (1500 mm x

135



Further, in this enbodi nent, as described above, the wdth of the
enbrittled region 104 which is fornmed in the single crystal sem conductor
substrate 100, in the depth direction, can be reduced. Therefore, the
single crystal sem conductor substrate 100 can be favorably separated.
Further, a surface of the single crystal sem conductor 30l ayer 124 after
separation can be planar. [0063] Note that, for the heat
treatment, a diffusion furnace, a heating furnace such as a resistance
heati ng furnace, a rapid thermal annealing (RTA) apparatus, a m crowave
heating apparatus, or the |like can be used. For exanple, the heat treatment

can be per{ oﬁeg),géhlt@%g%% BRBRKAN K378 efl 9§ | 38, & t%eaaﬂw&gmﬂf greater

t han or equa equa to 73 for a processing
time of grgaicfitioh ZIV0GimeqR4lo mm) Gs bsed) fwte&angaegohslthsbastetmbstmte Bjyal to 60

m nut es. Further here, the te ratur |n the h eat nt . set SO as
not to excBWERIPHef sngleerystalieRtco ng ctt"’ﬁesu 2es é'lffb'%‘tnﬁ%‘{ © ti‘ %bsz'

Through t hg, ARRYLLSE BPSOI @Pstiakd. TURS tHeE M substiatticah hivea ISﬂgagﬂee crystal
10sem conductor |ayer 124 is prOV|ded over the base substrate 120 with the

i nsul at$ ngll049%r 102 interposed therebetween can be nanufactured. [0065]
By enpl oyment ofyd Pfthmtgté BGL seRttohBidaR duikaae o asd ihe bhddl sibsaRogonent ,

even in the case ere non- mass-separati on type ion rradlatlon met hod i s

used, the aebordeddd eﬂcb|0§h§t' with @@Wﬂﬂ@@ﬂ%ﬁﬁtﬂ%ﬁ@@%@%ﬁ & HGvor abl y
separ at ed f M0 G 9 Erybifse BHEJnﬁ&&oPJubgtﬁ?e FO(T"SJth@ BXs%tsﬁi)stﬁFcrﬁzﬁondUCt or

| ayer 124 a er séparat on-“can be 1 nproved 66] te that the
met hod for amnlmpﬁadttmfanmgimmhwmbm@sfap@@feth@im%lﬁﬁlltﬁeléb’qfri0¥ #ds Szld‘a@ftﬂfodl ment

can bet@at %%%%S ég%ﬁqaﬁgr %%H&?ggggﬁﬁﬁﬁds |p anot her enbodi ment |n_th|s

speci f as appropriate nbodi nent 2) In this
enbodi ment [00a0)ret hod for cooling the single crystal sem conductor

Next, the single crystal semiconductor substrate 100 is separated along the
embrittled region 104 by heat treatment, whereby a single crystal semiconductor layer
124 is provided over the base substrate 120 with the insulating layer 102 interposed

15 therebetween (see FIG. 1D).
[0061]

When the heat treatment is performed, the element added is separated out into
microvoids which are formed in the embrittled region 104 by temperature increase, and
internal pressure of the microvoids is increased. By increasing the pressure, the

20  microvoids in the embrittled region 104 are changed in volume and a crack is generated
in the embrittied region 104. Thus, the single crystal semiconductor substrate 100 is
separated along the embrittled region 104. Because the insulating layer 102 is bonded
to the base substrate 120, the single crystal semiconductor layer 124 which is separated
from the semiconductor substrate 100 is formed over the base substrate 120.

25  [0062]

Further, in this embodiment, as described above, the width of the embrittied
region 104 which is formed in the single crystal semiconductor substrate 100, in the
depth dircction, can be reduced. Therefore, the single crystal semiconductor substrate
100 can be favorably separated. Further, a surface of the single crystal semiconductor

30 layer 124 after separation can be planar.

[0063]

I6



25substrate 100 in performng ion irradiation, which is different fromthat
in the above enbodi nent, is described. [0068] As descri bed above, in
the case where an ion doping nmethod is used, a large area is irradi ated
with ions at a tine; therefore, the tenperature of the single crystal 30
sem conductor substrate 100 is increased. Accordingly, as the ion
irradiation tinme increases, the tenperature of the single crystal

sem conductor substrate 100 increases. That is, there is a large difference
bet ween the tenperature of the single crystal sem conductor substrate 100
at the time when ion irradiation is started and the tenperature of the

single crystal sKgk@RdHCHE hedt dRsiteal 8 dERQioA kR, § héRinMAGRadeQcH 45 adi ati on
is conpleted. [0069] 5Therefore, at the time when ion irradiation is

started, tReesianceheqtingifomacss aranid gheapd fonepbipg (RFA X snpARiSCa BRTWaeONS
hardly occygsing {agweg .ordfie likd 88 B¢ L. WedNexaRB1el QRSHRE RERRES: cahNf

t enper at ure of e single crystal sem conductor Substrate 100 1s 1 ncreased,
wher eby t heenfermed juingi gt BhAspparifes of ahesting tepeiabue bf pwateh@amddegial ons occurs

and di s ?5’6 4@ Qn ssttgl]a% o?l ﬁuqi? p&?fOQCafogggﬁoQFg{ngefcfne Ford rea er Blagng)ggﬁeagﬁ eFur t her,

as the enpera ure of t s1ngl e’ cr m con 100
i ncr eases O0dasianget maniesfthinhe eqhz&mmﬂm nﬁiﬁnesveﬂuﬁﬁeameteh&leltaﬁperaddeﬁltHeo and

exi sting i he substr te i S, pronot t hus, duced. Wen
The "t hr ougRbIes P atiTE stes ot fread s e o b RfoeResuati 28 a1 on 11 e i s
i ncreased, [oRB4g] t he terrperature of the si ngl e crystal sem conduct or
substrate 100 is_furth increased. |If the tenperature of the singl e

crystal 15 semi ctoH#fct r”§ﬁﬁs¥ﬂﬁténlﬁﬁlS%“?ﬂ@r%h?@& h 815 pinels, coys@ singl e

crystalg segenﬁémﬁu@tbpra &Ubﬁﬂ 1 3r6vidR0oVER YhddBass SRMratcehodNii Rk ﬁ@lﬁmﬂgon of the
ions. [0070] i.n this enbodinent, the single crystal

senlconduc@%@f%%b@@?%ﬁéﬂfﬁ@ﬂ“@ﬂﬁ#%ﬁﬁ%ﬂ&ﬂ?ﬁM@@]the ions through a plurality

of steps, fmjpebpast two steps. That is, even in 20 the case where a whole
surface of the single crystal senlconductor substrate 100 is irradi ated

with the ions atByacmplrgmeniofdghamanepctering methpd dawabed Inmtbisr eropoidineatitf or each

ol Ural 1y o of e Sug BRGe IR AR bR EH B Whidon AU TR, i1 7
perforhed single ag’lﬁtahsqwcmdmtmyswﬁras@ Eifscant eefawiralyy eererapst ad mMamiiyosfduct or
substrate f{’igosup@é/e QF tl?e%ﬂg]e%:!teﬁ &ﬁ‘llé&d{uﬁ&a%&@ ?94 %ﬁ¥¥' Eéba}aggn ic?n? e [0071]
improved.
[0066]
Note that the method for manufacturing an SOI substrate described in this
20  embodiment can be combined with manufacturing methods in another embodiment in
this specification, as appropriate.
[0067]
(Embodiment 2)
In this embodiment, a method for cooling the single crystal semiconductor
25  substrate 100 in performing ion irradiation, which is different from that in the above
embodiment, is described.
[0068]
As described above, in the case where an ion doping method is used, a large
area is irradiated with ions at a time; therefore, the temperature of the single crystal
30 semiconductor substrate 100 is increased. Accordingly, as the ion irradiation time
increases, the temperature of the single crystal semiconductor substrate 100 increases.

That is, there is a large difference between the temperature of the single crystal
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By shortening the ion irradiation time, the tenperature increase of the
single crystal sem conductor substrate 100 due to the ion irradiation can
be suppressed, and thermal diffusion of the el enent derived fromthe added
ions can be reduced. Further, 30 desorption of the elenent derived fromthe
ions added to and existing in the single crystal sem conductor substrate
100 can be reduced. [0072] Note that the ion irradiation tinme my
be determ ned depending on the tenperature of the single crystal

sem conductor substrate 100 when the ion irradiation is perforned. For
exanple, the tenperature of the single crystal sem conductor substrate 100
uhen the | QbitdiiadbAbisdat S108°4 BeBile | WP RAUIAdiaubl G <Phieh "dnddingt 1 On s
st opped 5 efore the tenperature of -the single crystaf sem conduct or
substrat e koPeriureefitheasiggle dotsal sémicchductp subatrefe e 00t dhdhe émgewhkanuior of t he
single Ccryst. %ﬁgeg%&%ng%gtor substrate 100 is decreased, and the single
crystal seMCORAURCOPPstbst rate 100 is irradiated with the ions agai n. For
exanpl e, ife069r adi ating the single crystal sem conductor substrate 100 with

the ions throu a plurality of steps, t.he te rature of t single
crystal s seni co%%&'ﬁegq’ e’?ﬁ Bhset#lrﬂ‘f gh‘i'bf?%cfgﬁé%éo“dé n?‘éﬁ é@er@f’f‘g‘ﬁuflﬁ% oﬁ&f’ h ( % is a
nat u El al  nugbaént dbrived GronRE @dded lisrRGianlly eueudkbwaetnasirtliatidiwill) tht fons

i rradi ation.

[ Q073] The predeterm ned tenperatur an be set at 200
C " For " exaRarsts i empasatyis o e el RN PP BRGY St pa d0ER s Eends to
be i ncreasgpery HRrhdI&difiiesnBE thkSeledbdtl desiven o thaeadded SorisSodeieraased at
the tenperature_ higher than 200 C._Further, in performng ion irradiation

t hrough a Ppiibatiqn; of dhe slegisat i e dgpthgfligectipn, d¢ diroadepsde o ridtibeo rasstiBst r at e

100 m2Yo beeRAGLiNe] ¥f HOYUER drPstsl REMRARMAuC SubsHARENDiHErBased, dbdfptihng! €
crystal sem conductor substrate 100 when the single crystal sem conductor

subst r at e thoGlemest dasived dom the iensi addeditogndiexisting in thg subdiraig) is promoted;Not e t hat
oh L . . . . . o |
e cool i n&ﬁ%ﬁ%ﬁﬁ% Géqute@dd 'vmlehggéglgggg@ggg&pg@ﬁae PRbicHPdREBRLRY | N

conbi nation Wt e cooling net ] above enbodi nent .

[ 0075] 25Tthairrddétion Hmeds ingieasedsandtthe temperpaonefies vngle oysiel sgmecond@tatan be
cool ed whi | IN S m chguc trat | s.i.Lpadi at ed
with the i%lﬁsé&a?%r@:?g% gﬁ"f)lfe\{ur g'l%lleﬁieﬁbf gt g%s&%é#ﬁ?sgfitﬁ%,l&%}%nc#%lt he case
where B | asegicoadedorofubstiage $0 il iBcrensed ttad meielyi tho nihglet oystalidemicoadustdr00 i s

i rradi at ed g%aQ%L%e%i ﬂb?s‘—ffg%%? eczltql | taid “b&égtgggo%gper ature increase of the

single cr strate an be effectively suppressed.
30l n addi t[ioom] since the tenperature increase of the single crystal

e O S HBRL R i Aol So Sste' G Yen R NpRHRPIGPREY PY e

irradiated with the ions through a plurality of steps, at least two steps. That is, even in

20 the case where a whole surface of the single crystal semiconductor substrate 100 is
irradiated with the ions at a time using an ion doping method, time required for each
irradiation step is shortened and ion irradiation is performed through a plurality of steps.
Note that even in the case where ion irradiation is performed through a plurality of steps,
the single crystal semiconductor substrate 100 may be swung while being irradiated

25  with the ions.
[0071]

By shortening the ion irradiation time, the temperature increase of the single
crystal semiconductor substrate 100 due to the ion irradiation can be suppressed, and
thermal diffusion of the element derived from the added ions can be reduced. Further,

30  desorption of the element derived from the ions added to and existing in the single

crystal semiconductor substrate 100 can be reduced.
[0072] "
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can be prol onged. [0076] Note that the nmethod for manufacturing an
SO substrate described in this enbodi nent can be conbined with

manuf act uri ng nmet hods i n anot her enbodinment in 5this specification, as
appropriate. [0077] (Enbodi nent 3) In this enbodinment, in the

manuf acturi ng net hod described in any of the above enbodi nents, a nethod
for bonding the single crystal sem conductor substrate 100 and 10 the base
substrate 120 is described in detail with reference to the drawi ngs. [0078]
First, the single crystal sem conductor substrate 100 is prepared (see FIG
3A-1). Note that it is preferable that the surface of the single crystal
semi conduct or SHPRT A el A AadEhiBANGHe 352 BRI RREMALE dePerheABE &ndISI NY &
sul furic acid/ hydrogen 15 peroxide m xturée (SPM, an anmonium

hydr oxi de/teyphraigeref fersingleduysidl gemicenquaprpubsaath ot when the ion igediatianyisir ogen

per oxi de ( I r ke in
terns of g}g}r%ﬁeﬁg ngjr\]%xgm ir(leh'!tﬂftj g%n%r? %g?le Sg'#%udtrg%l %%%%dgg{o %ugtrr %téae and
ozone vvat eli00 miysn ble chnsm‘adlatgsdisaietfennmit Bl peapwred; | tharont e digliory lsestqnpyét al

sem CO %t ﬁo ez tg{ggl:[a ufre og éh 1?3}% | semrconddg?étsugﬁ%{emfb(pg m 132 is

for rred on rystal sem con or ~stbstrate 100
(see FIG ?péedé)erm[n@d)&@mpéiﬁtu‘tdﬁethextedﬁetfatdrem af3the ﬁingleemasmll eemaomdun@f e- |l ayer
filmof a sjlicon oxide fil 25.silicon.o n|t I t.he like,
or a stacky tra?ygqo 5 ﬁ‘ir‘far?%‘]:]%'?‘ thgrsiggle d’@@%l S?%bcgg tqzrgf‘]ﬁe 8@0 ¥rmed by a

t her nmal Qﬁhﬁtﬂitb@l’mﬂﬁtthwqpnsa afdth) MEFoh Gkamples ﬁhlt'[n&&iaﬁ@ ﬁ‘ﬁé hﬂ@le Qf'ystahe_ li ke.
I UM T R R I e I
(abbr gy atdrams si stgineiaduct @ sibltRte 190 (Ca-BEBIAdaséSatier ﬂi‘e@f ﬁit(h){s ased as
the oxide 30film 132 in terns of productivity

natural number of 1 or more) irradiation and before thé (n+1)-th irradiation.

[0073]

The predetermined temperature can be set at 200 °C, for example. This is

because the desorption of the added ions tends to be increased while the thermal
15 diffusion of the ions is increased at the temperature higher than 200 °C. Further, in
performing ion irradiation through a plurality of steps, the single crystal semiconductor
substrate 100 may be actively cooled to decrease the temperature of the single crystal
semiconductor substrate 100 when the single crystal semiconductor substrate 100 has
not been irradiated with ions.
20 [0074]

Note that the cooling method described in this embodiment may be
implemented in combination with the cooling method described in the above
embodiment.

[0075]

25 That is, the single crystal semiconductor substrate 100 can be cooled while the
single crystal semiconductor substrate 100 is irradiated with the ions through a plurality
of steps. At this time, even in the case where a large area of the single crystal
semiconductor substrate 100 is irradiated with the ions 103 at a time, the temperature
increase of the single crystal semiconductor substrate 100 can be effectively suppressed.

30 In addition, since the temperature increase of the single crystal semiconductor substrate

100 in the ion irradiation can be suppressed by the cooling unit, the ion irradiation time
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[0081] In this enbodinment, the oxide film132 (here, a SiOx film is formed
by performng thermal oxidation treatnment on the single crystal

sem conductor substrate 100 (see FIG 3A-2). The thermal oxidation treatnent
is preferably perfornmed in an oxidizing atnosphere to which a halogen is
added. [0082] 5For exanple, the single crystal sem conductor substrate 100
is subjected to thermal oxidation treatnent in an oxidizing atnosphere to
which chlorine (C) is added, whereby the oxide film 132 is formed through
chlorine oxidation. In this case, the oxide film 132 contains chlorine
atons. [0083] 10The chlorine atons contained in the oxide film 132 forns

di stortiongy yA9rdodeggul t. absorption of noisture into the oxide film132 is
i mproved ang dlffu5|on rate is increased. That is, when noisture is present
on a surfad87@df the oxide film 132, the noisture present on the surface of

the oxide ™M At AN RemEARY %r%’rerﬁ@.ft?{tﬁg‘% ngrp@o@'sﬁém@ddes&mdtln%ex' de film

132. 15[ 0084] an exa oxi dati on treatnent her mal
oxi dat i on Mdbmenpemf bﬂ: peubined 'amh aanufagturing aethodp mermethgh r»thCbmnmtan ns
hydrog%p emFaﬁ 2a orlaProportlon of 0.5 vol.%to 10 vo

(preferabl msg V. @5 @%I}espect to oxygen at a tenperature of 900 C to
1150 C (tym0¢ally 1000 C). Treatnent time may be set to 20 0.1 to 6 hours,
preferably, 0O % hour. The thickness of an oxide filmto be forned is
set to 10 GW#PSHEB?E nm (preferably, 50 nmto 300 nm), for exanple, 100 nm

[ 0085] | in tHY Emeabedt, ﬁiiiﬂie,mdnhﬁmﬁlﬁﬂgm&tlfoaﬁbmﬁbﬂf inahy of thaeb@atons in
the oxide film132 is co Jro d Hﬁ 1 é 1012 atqms/.cnB t
f)r H %Sln 8

at ons/ cnB. SHNLImeNLs, g meghe crysgheenicpnd Cé“o%‘(‘Bﬂ@tef}qjorﬁ“%SZ is

ef fectiye o bReaNRHhieNI0 GAURSRIFM AL detil With feheerst ROthedesigkal sem conduct or
substrate 100 by trappi ng heavy netal (for exanple, Fe, C, N, or M) that

is an extrifA&Ilc i npurity. [0086]
First, the single crystal semiconductor substrate 100 is prepared (see FIG

3A-1). Note that it is preferable that the surface of the single crystal semiconductor
substrate 100 be cleaned as appropriate in advance using a sulfuric acid/hydrogen
15  peroxide mixture (SPM), an ammonium hydroxide/hydrogen peroxide mixture (APM),
a hydrochloric acid/hydrogen peroxide mixture (HPM), diluted hydrogen fluoride
(DHF), or the like in terms of removing contamination. Further, diluted hydrogen
fluoride and ozone water may be discharged alternately to clean the single crystal
semiconductor substrate 100.
20 [0079]
Next, an oxide film 132 is formed on the surface of the single crystal
semiconductor substrate 100 (see FIG. 3A-2).
[0080]
As the oxide film 132, for example, a single-layer film of a silicon oxide film, a
25  silicon oxynitride film, or the like, or a stacked-layer film thereof can be used. These
films can be formed by a thermal oxidation method, a CVD method, a sputtering
method, or the like. In addition, when the oxide film 132 is formed by a CVD method,
a silicon oxide film formed by using organosilane such as tetraecthoxysilane
(abbreviation: TEOS, chemical formula: Si(OC;Hs)s) is preferably used as the oxide
30 film 132 in terms of productivity.
[0081]
In this embodiment, the oxide film 132 (here, a SiOx film} is formed by

20



When a hal ogen such as chlorine is contained in the oxide film 132 by HC1
30oxidation or the like, the oxide film 132 can serve to getter inpurities
(e.g., novable ions of Na) which adversely affect the single crystal

sem conductor substrate. That is, by heat treatnment which is perforned
after the oxide film132 is fornmed, inpurities included in the single
crystal sem conductor substrate are separated out to the oxide film 132 and
captured by reacting with the hal ogen (e.g., chlorine). Accordingly, the
inmpurities captured in the oxide film 132 can be fixed and prevented from5
contaninating the single crystal sem conductor substrate 100. Further, when

bonded to fe Bl ﬁb&%‘i Bﬁlh%mnt PRt 4a thé bbb 3RystARerhi¢bRducRR sﬁ&tr&tefl I m for
fixing inpurities such Na i ncluded in the glass substrate. [0087] In

parti cul ar 10@ &xe §i(ﬁ|3m‘g2)a Ah¢ dheamalseridetion tepmsnl s @referabl PepRingsd iniadm 132 by
10 HCl oxi gﬁ‘iﬁlz Bhos %ﬁn&e d‘b}ﬁcﬁ§h£{>%&q§5dﬁ@dl n the case where the

sem conductor bstrate 1s not surfficiently cleaned or in renoving
cont am nat [Qﬁ82bf t he sem conductor substrate which is repeatedly reused.

[0088] g\bf)etthgatmohgegorg G, & a{ I Q&gzgfe&%ﬂcd 'auétgres%%g 166 'lm&o?&tar lﬂgﬁi N

limted oxl may contain
at ons. Thetgunilacklatdn trdaeneit ingdreoxidiyisg atmesphrrconwhidt dilorigli€trivadded.00 can be

ot zed vl LT L0%: B SR TR O Bl Uy Sl s

sem conducbgide & $3T @ninkQBloriné sofmydr of | uoric acid or by ther mal oxi dati on
treatnment in an oxidizing atnosphere to which NF3 is added. 20 [0089]

Next, the E?Oﬁé] e crystal sem conductor substrate 100 is irradiated with the
ions 1Q@ havi ng Kicn@ldrine QRmisddontatel i Mhd bidde itk iwz Ec&dlsrdmirﬁmﬂOAshavi ng a

damaged crystal structure at a predeternine singl e crystal
seni conducf%lﬁltssﬁ!?ﬁgt’tﬂ%lt@ni‘ﬂﬁm@s‘@@ thy exidofilpy 192I'H3el HB’F? P’E“;@@’s"?@ 515104 i s

formed in §UERQA MRRASE ‘witdGnSiktoR! i§ p%s&’lﬁt(ﬂll aﬁfaa@em@rwtmtm EiZh@ier ate 100
is irradiated wwth the ions 103 whi Si ngz crystal sem conduct or
€

substrat e wOre prsolterr e syefacsr ‘?fb’élﬂ queam 432 e bé sy ehrsbrdnat s

[ 0090] thEocase where an ion doping nethod is used,
heavy mnet afllﬂeus'l:CHFl{or{ﬁémi)e&l-1 ntroduced; however, by irradiation with ions

t hr oughs t h§0084] de film132 containing 30 chlorine atons, the single crystal
semi conduct or_sUbsLL ahempROF At HLEHRA! FhuhéRMHRAhA GG RRbA RN LI due to

the heavy netal s
performed in an oxidizing atmosphere which contains hydrogen chloride (HCI) at a

proportion of 0.5 vol.% to 10 vol.% (preferably, 3 vol.%) with respect to oxygen at a

temperature of 900 °C to 1150 °C (typically, 1000 °C). Treatment time may be set to
20 0.1 to 6 hours, preferably 0.5 to | hour. The thickness of an oxide film to be formed is

set to 10 nm to 1000 nm (preferably, 50 nm to 300 nm), for example, 100 nm.

[0085]

In this embodiment, the concentration of chlorine atoms in the oxide film 132
is controlled to 1 x 10" atoms/em® to 1 x 10°! atoms/cm’.  The inclusion of chlorine
25  atoms in the oxide film 132 is effective in preventing contamination of the single crystal
semiconductor substrate 100 by trapping heavy metal (for example, Fe, Cr, Ni, or Mo)
that is an extrinsic impurity.

[0086]
When a halogen such as chlorine is contained in the oxide film 132 by HCI

30 oxidation or the like, the oxide film 132 can serve to gefter impurities (e.g., movable

ions of Na) which adversely affect the single crystal semiconductor substrate. That is,
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[ 0091] Next, the base substrate 120 is prepared (see FIG 3B-1). [0092]
Before the base substrate 120 is used, it is preferable that the surface of
t he base substrate 120 be cl eaned in advance. Specifically, the base
substrate 120 is 5 subjected to ultrasonic cleaning using a hydrochloric
aci d/ hydrogen peroxide m xture (HPM, a sulfuric acid/hydrogen peroxide

m xture (SPM, an amoni um hydr oxi de/ hydrogen peroxi de m xture (APM,

di luted hydrofluoric acid (DHF), or the like. For exanple, it is preferable
that the surface of the base substrate 120 be subjected to ultrasonic

cl eani ng using a hydrochl oric aci d/ hydrogen peroxide m xture. 10 By such

¢l eani ng t[)f %E%%Fb%m&?%&'ﬂﬁfs %%ﬁoﬂ{edt%tg r BRSGiGURRY r@j & fotHedampheRl anari zed

and residu rasive particles can renoved. [0093] Next, a
ni t r ogen- cnch@edinthe $1@lecryitallse(rri®ndl@mmsﬁatearﬁ aeneeﬂe*épiltﬁ@ﬂ'ﬁuomﬁe@ﬁmt ai ni ng

ni trogen sx@ﬁgg cg?,t?}ed b%o?ea(%}h %ﬂﬁ tﬁé Sgén aeg %18 Reyni M:éo‘ih%n%? de film is

15formed o ace-o ase su rate e FIG 3 [0094]
In this er’rbmdjrmemqapml‘aﬁ iivi tth@gemdecd'mnaﬂm regn| hg/eﬁxeﬂzamte:rwsteésframl ayer

bondi ). wh bonded f d h
gl e Sry Evaatitecln ek G B et Parutdp s, e JeRURMARS, o1 The

crystal seﬂs @Ql@@twb@;rate 2 okl dimNaY icagfuactonas achilar fps fizing $hpurdtessehi s

provi ded over the se s bstrate | ater, the nitrogen-containing |ayer 121
al so funct?%ﬁ%“ﬁglgfﬁa?? glays sposrale- £ or preventlng impurities such as Na
(sodi um) cpypie ned in the base substrate fron1d|ffu5|ng into the single
crystal sem conductor |ayer. [0095] 25Further, since

ni t rogen- contalHPﬁ@“P&?EFOTET“E§1U@%@“é?daa%BWB?WbmﬂQQQFmean@dp?a%e of the

ni trogeg- C %kiahﬂga SrAUE kel B leflestivRl iR Ry @lab WhErFORé KenkiBdndSeloPa®Stsd &
defective bond Specifically, the nitrogen-containing, |ayer 121 is

formed to n@tvse:ﬂémeaﬂyfcémedmplt R IEMO¥RS rca@témwh?laefetheosawfﬁe@@%F%&?S“@?e 0.50 nm

or |ess an Qyare surface roughness (Rms) of 0.60 nmor |ess,
preferably, an avhragg fg surface roughness of 0.35 nmor less and a

root - nean- g8 e surface roughness of 0.45 nmor |ess. The thickness is

Ermef erably in thg,L aNPRa8ien o Rdntiredln ME oxiRY GnP1H KL A& HniteaGo R t 0 100
15 chlorine atoms. The oxide film 132 may contain fluorine atoms. The surface of the
single crystal semiconductor substrate 100 can be oxidized with fluorine by thermal
oxidation treatment in an oxidizing atmosphere after immersion of the surface of the
single crystal semiconductor substrate 100 into hydrofluoric acid or by thermal
oxidation treatment in an oxidizing atmosphere to which NF3 is added.

20 [0089]
Next, the single crystal semiconductor substrate 100 is irradiated with the ions

103 having kinetic energy to form the embrittled region 104 having a damaged crystal
structure at a predetermined depth in the single crystal semiconductor substrate 100 (see
FIG. 3A-3). The embrittled region 104 is formed in such a manner: the single crystal
75  semiconductor substrate 100 is irradiated with the ions 103 while the single crystal
semiconductor substrate 100 is cooled as described in any of the above embodiments.
[0090]
Further, in the case where an ion doping method is used, heavy metals may also
be introduced; however, by irradiation with ions through the oxide film 132 containing
30 chlorine atoms, the single crystal semiconductor substrate 100 can be prevented from
being contaminated due to the heavy metals.

[0091]
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[ 0096] Next, the surface of the single crystal sem conductor
substrate 100 and the surface of the base substrate 120 are disposed to
face each other, and the surface of the oxide film 132 and the surface of
the nitrogen-containing |layer 121 are bonded to each 5 other (see FIG 30).

[ 0097] Here, after the single crystal sem conductor substrate 100
and the base substrate 120 are di sposed in contact wwth each other with the
oxide film 132 and the nitrogen-containing |ayer 121 interposed

t her ebet ween, a pressure of about 0.1 to 500 10 NcnR, preferably, 1 to 20
Ncnm2 is applied to a part of the single crystal sem conductor substrate

100. Bondi ng beth&grfhetbgge QbétFhee fﬂoh%&éﬁe@@& tige3mulf.r ogen- cont ai ni ng | ayer

121 begins at the pressed portion and then the spontaneous bondi ng proceeds
t hr oughout [08% surface. This bonding step is perforned by the action of van

der Véals Torce il DYl 048 % RAAETNG i80QCRN: BRAPAUIE BB Bl OMihe
y heat t

t enperature w t hout "an treatment. Thus, a substrate having a | ow
al | owabl e bseebsater 20 berictepnesluinhadyence. gBperifioglipsthe drage seuiatbel2lsied as t he

base supstrate 0...[0098 . . . i : st al
seni conﬁ uci"%}ec‘gé%% tu}tlaats%mclklﬁané%uwggttl)lgg}gggé %F @g@g&gé%‘e%e?%ﬁ%oﬁgglgxt o each
ot Be[, Ehe(lpmmoo'}je af idﬁlﬁlrlcsfadidihmdgem? Hehexidsi lrlglngrcrYSEM), 20 s «mﬁmﬁuc'{) or
substrate a e ni trogen-.cont aipi.ng..ayer 0 e e base
Subst r at o DAGEREED PBRYE SRR ARR Sy Fladfiul e bl

Als sur f aceyjltd. eﬁbfr;egamqml mgmr%ﬁ@akn[ﬁmé th]:acmffa& bfgﬂaath:;:snts,ubstmgea_ lsmlibe ]
cleaning, two fluid cleaning.(a net L Sprayjn unctiopal. water suc
as pure watubjectsd t‘?B“ﬁW‘I“@)@‘B%‘-‘%‘I‘&‘% %ﬁﬁ%}f’a}é‘ffﬁ a‘i&%’fﬁ%ﬁ‘*&&?ﬂ" B such as
ni t r ogfn) . BP5uch JRARRL BkhRA, HReuAe oFalit Bee pdsfras MBEcanl be Madtiraindr, after
plasma treatnment is performed on at | east one of the surface of the oxide

film 132 aiseidual@brgsive pasticlesrcap e remavedgen- cont ai ning | ayer 121, ozone

treat ment,[o asonic cleaning, two fluid cleaning, or the like is

per f or med, ereby dust such as organi c substances on the surface of the
oxide film 132 a¥satt meniBogesweniningofiavend2hi (fpogEamplen@ai WEHgMEy®r 121 can

ot engt h BT T B R B s m Syer 121
can bel5 npfoouedion thg &11[&@1: of the base substrate 120 (see FIG 3B-2%.
[0094]
In this embodiment, the nitrogen-containing layer 121 serves as a layer
(bonding layer) which is to be bonded to the oxide film 132 provided on the single
crystal semiconductor substrate 100. In addition, when a single crystal semiconductor
20  layer having a single crystal structure is provided over the base substrate later, the
nitrogen-containing layer 121 also functions as a barrier layer for preventing impurities
such as Na (sodium) contained in the base substrate from diffusing into the single
crystal semiconductor layer.
[0095]
25 Further, since the nitrogen-containing layer 121 is used as a bonding layer, a
surface of the nitrogen-containing layer 121 is preferably smooth for suppressing
defective bonding. Specifically, the nitrogen-containing layer 121 is formed to have a
surface with an average surface roughness (Ra) of 050 nm or less and a
root-mean-square surface roughness (Rms) of 0.60 nm or less, preferably, an average
30 surface roughness of 0.35 nm or less and a root-mean-square surface roughness of 0.45

nm or less. The thickness is preferably in the range of 10 nm to 200 nm, more

preferably, 50 nm to 100 nm.
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Here, an exanpl e of ozone treatnment is described. For exanple, ozone
treatnment can be perforned on a surface of an object by irradiation with
ultraviolet (UV) in an atnosphere contai ning oxygen. Ozone treatnent in
which irradiation with 5 ultraviolet is perforned under an atnosphere
contai ning oxygen is also called UV ozone treatnent, ultraviolet ozone
treatnent, or the like. In an atnosphere containing oxygen, irradiation
with ultraviolet Iight having a wavel ength of |ess than 200 nm and
ultraviolet |light having a wavel ength of greater than or equal to 200 nmis
performed, whereby ozone can be generated and singlet oxygen can be

gener at ed @ Qﬁ]the ozone. 1O0lrradiation with ultraviolet |ight having a
wavel engt h" of "I ess than 180 nmis performed, whereby ozone can be generated
and singl et oxy@@nt diaen susace) ofi dheasingle forystal tshraicendseter splgptigte] 100 and the

Ex I
anpl es of g@;th?qgasse\gﬁusﬁ&éﬁ&g{e &?f}f)ﬁ?eg[tf)%c@e 6tﬁéra:%gathé gﬂfg%ﬁ ¢ ol et

ul travi ol et a wave I'ess t an 2 nm an

| i ght havunqdeaﬁlwalﬂﬁ ad ghdsutfacobdf the ealtogcn-tdlladnmog layquill arob@Gied tmeach an

- at nosphere Bf?rzt alFJg%r},g: oxygen are described. 02 + hv (A4 nm -> 0(P) + O(P)
(1) 0of 02)°03 hv (21/4,2 nm) -> 0(1D) + 02 ' (3) [0102]
20l n the a{b reactlon formula (1), irradi ation with ultraviolet |ight

hi') having a t Xi . n | ess n 0 nmii her e
f:ont ?’;Ii ni ng gxyg 0%39 E ( eorré}?@@ SS‘“&@H%"P ﬁtr%‘?(ﬁagn”glt g‘r‘hnEﬁFP)) ina
ground st astuastraNemo ark ﬂleb&dﬁ@@@ﬂt&d@mﬁhOdaﬁmbﬁle( Qr)th tmmlwmemmmrlw( P)) in
a ground state and oxygen are reacted with each o% &n eﬁgrate
ozone (03)““"q%?érf’omia’r’ﬂ“‘tgh]éyq"el&(]:t‘?tﬁ‘il?o’feé‘rtﬁﬂl"l?ft‘(’?f‘ 2 PFESSHAT St PO 1t

ul travjpl ef/ch? qﬂéfeﬂaw D B MRYLELHPLEE A RO 1Rl sikplea ekl sbRddndictoequal to

200 nmin an atnosphére containing the generated ozone (03). is perfornmed to
gener at e sivhsjrala 1Q9«y Bepding bytwieen @ﬁ oxideiftimdl 3¢ tand ghe nitjogeR-cap Y<&

cont ai ni TOXYGER 2 lrtﬁ@qirégécp:[}emohhad& RV iH! §fontandils b&mq@g fockgiel engt h

of |l ess than nmis perfor enerate ozone while |rrad| ation with

ul travi ol etbrqugw thmutfavg aTb:a\bemcbmﬁtﬁ) ipeeraed by thdetion pf wguder Weals200 nmi s
perf or med oReSF AFEBLA Jﬁh@ﬂé%ﬁd? rffon]qm 86 pfew(%ré BEthGHOAE heat NE OZONE

treat ment as can ormed by irradiation
Wwith IISghttraatmaltl o’l?hl!p,ries!@straée mamrcgﬁ lowt @Ilvp«abht{ltempexasrerimlt Apch-asoglasan) in an

at mosphere qjh ﬂﬁ%qlsg&(é’sgtﬁg?as[e%b%ﬂte 120. I'n addition, exanples of

“reactions ormng 1rradiation with 5u|traV| olet light
havi ng a vyaM]ength of Iess than 180 nmin an atnosphere containi ng

Note that, before the single crystal semiconductor substrate 100 and the base
substrate 120 are bonded to each other, the oxide film 132 formed on the single crystal
20  semiconductor substrate 100 and the nitrogen-containing layer 121 formed over the base
substrate 120 are preferably subjected to surface treatment.
[0099]
As surface treatment, plasma treatment, ozone treatment, megasonic cleaning,
two fluid cleaning (a method for spraying functional water such as pure water or
25  hydrogen-containing water with a carrier gas such as nitrogen), or a combination thereof
can be performed. In particular, after plasma treatment is performed on at least one of
the surface of the oxide film 132 and the surface of the nitrogen-containing layer 121,
ozone ftreatment, megasonic cleaning, two fluid cleaning, or the like is performed,
whereby dust such as organic substances on the surface of the oxide film 132 and the
30 surface of the nitrogen-containing layer 121 can be removed and the surfaces can be
made hydrophilic. As a result, bonding strength between the oxide film 132 and the

nitrogen-containing layer 121 can be improved.
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oxygen are described. 02 + hv (A3 nm -> 0(D) + O(P) - (4) 0(3P) + 02 ->
03 (5 03 hv (%8 nm -> 0(D + 02 - (6) 10[0104] In the above
reaction forrmula (4), irradiation with ultraviolet |ight having a

wavel ength (A3 nm of less than 180 nmin an atnosphere containi ng oxygen
(02) is perforned to generate singlet oxygen O(D) in an excited state and
an oxygen atom (O(P)) in a ground state. Next, in the reaction formula (5),
t he oxygen atom (0O(P)) 15 in a ground state and oxygen (02) are reacted
wi th each other to generate ozone (03). In the reaction fornula (6),
irradiation with ultraviolet |ight having a wavel ength (A 3 nm of |ess
than 180 nmpgy an atmosphere containing the generated ozone (03) is

performed to generate singlet oxygen in an excited state and oxygen. In an
at mospher e cont &lei. rig exaptpdh of jozprgd fraatment i descifiedy alPoCBIMPlegPEONRavi ng a

wavel engt hy, ETé.ﬁ%ﬁn b0 rf&%ea&ﬁl Q@hﬂf&eﬂﬁ%%ﬁ}&@ bS(erQﬁﬁlﬁfnakﬁh %?t&'i}%le@nd to
generate singlet oxyg deconposing the o0zone or oxyge he ozone

treat ment AiV)deso ratnnxeah%mz@ammg) pxygeanpPeone digatneat lﬁé‘r’fﬂ@h W@élabw withadi at i on
wth LNt ghyisiedts %%g?h%ggﬁ AR s{ireboftatnlfy Ak 8aR0 AlARAPBAE

cont ai ni ng oxyge em ca I ng o n organi c substance
attached tmeaanmll,rtﬂmmictfozm todanexnt, orshednlm biy ahiapmspheag condpiningexygeangt h of

| ess Lhan Z0%B il SRl 5 PAARE faSuBBiAgI, AhaB0EH A8ty T ace of

t he obj ect anic's ose bon i'S cut can be
removed bylighk iheeitig ue;vaibelemg’fp@@ igtdan theintdr coparne 200 nsi rsgteeformeq;génregener at ed
by ozone. 3@/ gerform nedtre tment as _descri be (gbé) ” orzédmph' lic
property 3FOUnFPLY € 6?6 o:) sslﬁ'? cBSF tHB BRGNP’ Pﬁc %ed, and
bondi ngy carrabRtibawik altayiope lifarmaeidg a Waiefigth of less thar D80uIm &l pofphed, e

cont ai ni ng ox en, ozone is genperated b erformng irradiation with
ul t ravi ol evheredysirang ?“@Fﬁ%‘l?f%%ga’!dﬁ‘qg %‘;yﬂgn g 'f%ﬂ%?‘@ﬁﬁﬁow W Ence

attached t@igfje surface of the object. In addition, singlet oxygen is also

effective In renmoval of the organic substance att ched to he surface of
t he obj ect as mipmples gf reagians phigh eesemby p‘@f‘lfﬂé"galffa iaion, Wik are

exanpl es qfi {vae‘I’éhﬁﬁHf' 148 t12h 306 nmPdhd 1IevidR& i Fuﬂ{aymg%l \L@élea%hl ve

oxygen. escrl ed W t he above reaction fornullae and the |ike, since
there Hre qf@s@tqrm of pauahiocR0 @ﬂUﬁéﬂ ﬁgncgelpré? eandadning, oxpeRe ptgtdesrgibed- ngl et

oxygen or §ip t s 1§d fromozone, here, such reactions
i ncl udi ng 6a 18!)& egfét ?rQBE‘I) ngI et oxygen contributes are called

ozone tr eadfiEnt Of o5 Ogon@ni ence. [ 0107]
O3 +hv (A2 nm) = O('D) + Oz - - - (3)
[0102]

20 In the above reaction formula (1), irradiation with ultraviolet light (hv) having a
wavelength (A; nm) of less than 200 nm in an atmosphere containing oxygen (Oy) is
performed to generate an oxygen atom (OCP)) in a ground state. Next, in the reaction
formula (2), the oxygen atom (OCP)) in a ground state and oxygen (O,) are reacted with
each other to generate ozone (O3). Then, in the reaction formula (3), irradiation with

25  ultraviolet light having a wavelength (A, nm) of greater than or equal to 200 nm in an
atmosphere containing the generated ozone (O3) is performed to generate singlet oxygen
O('D) in an excited state. In an atmosphere containing oxygen, irradiation with
ultraviolet light having a wavelength of less than 200 nm is performed to generate
ozone while irradiation with ultraviolet light having a wavelength of greater than or

equal to 200 nm is performed to generate singlet oxygen from decomposing the ozone.

(98]
=)

The ozone treatment as described above, for example, can be performed by irradiation
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Note that, after the oxide film 132 and the nitrogen-containing |ayer 121
are bonded to each other, heat treatnent is preferably performed in order
to increase the bonding strength. This heat treatnment is perforned at a
tenperature where a crack is 15 not generated in the enbrittled region 104
and is perfornmed at a tenperature higher than or equal to roomtenperature
and | ower than 400 C, for exanple. The oxide film 132 and the
nitrogen-containing |ayer 121 may be bonded to each other while heating is
performed at a tenperature within the above range. The heat treatnent can
be perfornmed using a diffusion furnace, a heating furnace such as a

resi st anceyReFsh g aaQprwsﬁﬁ&&emaryr@rﬁF e =NEISHR, 23RS AR ¢h 4FAbsphBRar at us, a
m crowave heating apparatus, or the like. [0108] General ly, when
heat treat eaatainipg oxegef.orned at the sane tine as or after bonding the oxide
film 132 aEHO%f]e ni trogen-containing |ayer 121 to each other, 25

dehydrati oh reaction at the bonding interface proceeds and bond is

st rengt hened by Istaddition, ksamplgs of rempidnoybish voeid iby peripraning irragdiation with coval ent
bondi ng. In.order .t ot I t i . gener at ed
at the onglltrﬁ‘éloﬁegl%%}gfhgglggtg Hfag%%ﬁgt?ﬁ)g)’eg%ﬁl%ﬁg? %@ﬁﬁrdg%@??%ﬁérgtﬁgﬁ?ﬂgﬁe renmoved
by heat trealgerat dajcribegh tenperature In other words, when heat treatnent
after bonding.is, perfor at 4 ow tenperature, 30 noisture generated at the
bondi ng inpérgrfhéiz;@'lnll?rﬁlfgﬁ%a'*ééh drdth on reaction cannot be renoved
effectivel @(3p§hll@,_>td]e.q$§1ydr ation reaction does not progress and bondi ng
strength cannot be inproved sufficiently. [0109] On the ot her hand,
in the cas®;whek ram -oXPUR) £ Ok m-dGht ai ni ng chlorine atons or the like is
used af thﬁ) @%(jrde film2132, the oxide film 132 can absorb and diffuse

noi st u % c! di ngly, even when heat treatnent after bonding is perforned
at | ow 5 tenper dhuhe abaveirsictios foramdar &) ettradiatiom evithorlttaviglet hight hamiog at hr ough

t he dehydratiqon reactiqn _can pe sorbed and diffused into the ide film
132 and t Bt QeimBn LdSie ¢ A0 g2 2p AGRSPRSI® SPYFEIEYEE () fhi s case,
even when geifed @Rbederitd Shalet 0:5eBs IO(HDEInSHCEkcRE] Sta! A8 nSaxygéd ab 1S used
as the base substrate 120, the bonding strength between the oxi film 132

and the ni QO 2emuad iy Nayte the 1eaction foanulae) diecivesr AomiRhr AV ed.
Furthefs WRen RLAF Mtelh JkfRAt(OLSarb e84 Wath Likh aRie} W facardinte WOt age,

moi sture can Be effectivel y absorbed and diffused into the oxide film 132
by a mi cr opothe réastine dorimla; (6 iviadintion yithfultrayiolef Jighh baving a trpuelengtiléhsf i | m 132.
Accor di ngl th [ rengt - OX| j e

At rogencli & Heshanfi b Bl AR GhHRe Lokl She eeretd] St bone 1 s
perfor med pdrfdroed tocgrpentisingte! odyek0 il excited state Mukaxygéreatn an atmosphete | s

performed to, cause separat.ion al.ong. the emiritt. i reby the
single cr y%?"gfmlg%r?f‘%%ﬁﬁﬁr@fjg o Xg’tg'rlgqﬁvﬁlf*tsﬁ%rt (%]%H]gg %ag’glreggtﬁjeoqégsss\gﬁ%ubst rate
120 wi péh t hgo mxiidserforhed th3znane ozbre anidtio ggerate singleli miypen byedeeomping

i nterposed _therebetween (see FIG 3D). 20[0111 Wien the heat

treat ment 1P 958G B PGS ¢ ﬁ@’eeng?ree ?Qnélﬁée% (,1?’ C’LbSBa?P%‘{eeé" foeﬁf‘mPGt Fnicr ovoi ds
whi ch are [Qfdimed ib) ifidatmbwith tishdof £HOfkekRd DY IL@FIRS at M ennh)iar #ASe, and
internal pressure of the mcrovoids is increased. By increasing the
pressure, #MESPHErT WRIANIRE ¢Y28he enbrittl ed regi on 104 are changed in vol une
and a cract?ll'b generated 25 in the enbrittled region 104. Thus, the single
crystal sem conductor substrate 100 is cleaved along the enbrittlenent

regi on2304. Becdthemitahborsigre! dnjdrganicasubptendsaifaehgd toa swlcp aban ehigdiy at e 120,
the single_cr ] | I : t he

si i ¢ ar ySay It naGHL £ QROHERRE of PP Thalso Sl dy RO BERp SR
substrat e dt2Bhedhihitis duefate dfiteathjem br ths opganiconbstanca whasetcbapsalondiag ot

exceeding ct:url%m? & BridvEP f::}p é[)xidative decomposition with ozone or singlet oxygen generated

by ozone. By performing ozone treatment as described above, a hydrophilic property
30  and purity of the surface of the object can be increased, and bonding can be favorably

performed.
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300f the base substrate 120. [0112] This heat treatnent can be perforned
using a diffusion furnace, a heating furnace such as a resistance heating
furnace, a rapid thermal annealing (RTA) apparatus, a m crowave heating
apparatus, or the like. For exanple, the heat treatnent can be perforned
usi ng an RTA apparatus at a heating tenperature of 550 Cto 730 Cfor 0.5
mnute to 60 mnutes. 5[0113] Note that, by the heat treatnent of
FI G 3D wi thout the above-described heat treatnment for increasing the
bondi ng strength between the base substrate 120 and the oxide film 132, the
heat treatment step for increasing the bonding strength between the oxide
film132 agﬁogpe nitrogen-containing |layer 121 and the heat treatnent step
for 10 causing separation along the enbrittled region 104 may_be performed
at the sane tindn 0atugsphere contaipfifigo QEYECHN OZeN50 e EYICEYRE Y nPeofMifgpst r at e

in which t [HaTe] =W Ak Sy BlovaiZdk ths o S8dapyer the
base subst tr}gafiga't@g&ﬁ% %lﬁg‘{lﬁ%ﬁ o;%%o;}i mE%Zin:%d “the ni t_rot@)g en-cont ai ni ng

| ayer 121 attechedpostbe surfise of henetiert.c dn additinpnaimgieitaxyean, is pbpfiegive in By
enpl oynent _of th t hod. de i i i i =\ i case
wher e {Tﬁe Ky 8lg‘§ntﬂé§ gﬁagﬁcn%‘ﬁ%gchég?éh?dz&J]%hg SE@%%aﬁ;ﬁgb Sﬁdﬁ? Eréﬁ({ﬁa%/sgir% , bondi ng
st rengt h bgbwetm ddoge.bad3@ns albdingtte@xtRD asnckatples of orglgen wrapsictave state,

sem conductoy |ayer, 12 an. be i nproyed a rel. abili . mroved. As
a result, ﬂ?dg‘f%'tﬂ’ﬁlyo‘iaﬁ?cﬁ%‘ﬁ‘r‘? Pf‘)éggg'i n’%{%g?sﬁ;e}g%‘s@% ﬁlg Iaéb‘%e?/rﬁ%t%gp tE‘(grg{n”%i%onduct or
| ayer 124 for e dke\shice tHee: Has@ctadi waich okddk is apndosedsinpgenastmesingld an SO

substrate in which the base substra ? 120 and the stiln&%lﬁe cr.ﬁﬁt(ﬁl

sem conducPBen &) SMEIFD X '§tgF‘EFﬁﬁf"£/ BB ROF R AR SRS CBHYHRE Por med.
[0116] 14 N Adetidnii@ Whidh¥inRP¥iydeR Gortitutdiate @edonna treithiendol ayiedniare.t he base
substrate 25 side and form ng the oxide filmcontaining a hal ogen such as

chl ori ne o1PRle seni conductor substrate side, a manufacturi ng process can

be sinplified ang:é Aaurdaky Rl KR FNad¥ethe nRkpei-eshtiih@pigrt e2i bg t he
sem conductor substrate before bondi ng the senm conductor substrate and the

base subst bended toeashcathest hrat tregmentys preferpbly pepfprmgpd: iR Ordstite o sasaiicont ai ni ng
o 57 PR PRS0 R i Wi et g n e
encour &§i noetdehyairdgahachbriitledrgiondAd and iS@p%mneg aé%/'@ﬁlmlr;gﬁc higher il
treatment after, DOnAl NG5 RELIPLTEA AL 40P, WS RERBEUT Phe oxide film 132
and the nitrogen—containing' layer 121 may be bonded to each other while heating is
performed at a temperature within the above range. The heat treatment can be
performed using a diffusion furnace, a heating furnace such as a resistance heating
20 furnace, a rapid thermal annealing (RTA) apparatus, a microwave heating apparatus, or
the like.
[0108]
Generally, when heat treatment is performed at the same time as or after
bonding the oxide film 132 and the nitrogen-containing layer 121 to each other,
25  dehydration reaction at the bonding interface proceeds and bond is strengthened by
strengthening of hydrogen bonding and formation of covalent bonding. In order to
promote the dehydration reaction, moisture generated at the bonding interface through
the dehydration reaction should be removed by heat treatment at high temperature. In
other words, when heat treatment after bonding is performed at low temperature,
30  moisture generated at the bonding interface through a dehydration reaction cannot be

removed effectively; thus, the dehydration reaction does not progress and bonding

strength cannot be improved sufficiently.
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[0117] After that, as described in Enbodiment 1, the single crystal
sem conduct or substrate 100 which is separated can be reused in a
manuf act uri ng process of an 501 substrate. 5[0118] Not e that, the
case where the oxide film132 is forned on the single crystal sem conductor
substrate 100 and the nitrogen-containing |layer 121 is fornmed over the base
substrate 120 is described in this enbodi nent; however, an enbodi nent of
the present invention is not limted thereto. For exanple, the oxide film
132 and a 10 nitrogen-containing |layer are stacked over the single crystal
sem conductor substrate 100 in this order, and a surface of the
nitrogen-cgnbﬁlnlng | ayer forned over the oxide film 132 may be bonded to

t he surface of the base substrate 120. In this case, .the

ni t rogen- cont ai ritie phygrhandey theecaseorhpeanegsideeilmgopgining,shlorine atomsins

enbrittledgr qgée i u’lsgcfla# %hefQJEHée‘flﬂm N@beﬂ{eh&ﬁd@ﬂlr@)ﬁ'ﬁ%aﬁ'a|b§8r6faﬁﬂ depRanpl e,

silicon OXI orne over 15 the nitrogen-containing Iayer to bond
a surface mbistune mcadnfglyl, eveanwhanhkeat edtmert afier bprdingiseesfopradradtlew 120,

LOLE01 5 im0 | O VLA, et by ki oL
any probl eracticnhen2@ achsbnbeayand d&ﬁtsed mtqn@d onide fil1133ced thotdehvationo be
D S e GoRRRL AR B i T oL W o (1 122
of the basgqibsudistuchiasa §REs siibytrapeis bsuddedletbasmbmam m;thelbnncting' sreogﬂae a step
Chat e sPRUEELIDE ouEE AT 14 ‘0 REoBSGHTGNE "8 Dec b ool W ch
St ruct yf eSingo@aot h@fhee gre eyl }i@ﬂfa trdatrhdhit $s ﬁeﬁﬁ)@méd bﬁtappmmgasbmamlmgé,l at e.
[0121] (Enbodi nent 4 nthis e
manuf act ur MAKtuge §é‘?nb@o‘1’4ff‘&8‘t"°th‘ a&%"‘t"e*‘% |dﬁg’ 3‘% “Etﬂethgd’“ ugg‘ﬂ légeb)(/\ﬁl chis
manuf act ur gehr&sroforth&Pinlte ABMitPbE thb SurbROYEhe sliad iRt | Accdrinipty, bed. [ 0122]
bonding strength between the oxide film 132 and the nitrogen-containing layer 121 can
be improved even when heat treatment is performed at low temperature.
15 [0110]
Next, heat treatment is performed to cause separation along the embrittled
region 104, whereby the single crystal semiconductor layer 124 is provided over the
base substrate 120 with the oxide film 132 and the nitrogen-containing layer 121
interposed therebetween (see FIG. 3D).
20 [0111}
When the heat treatment is performed, the element added is separated out into
microvoids which are formed in the embrittled region 104 by temperature increase, and
internal pressure of the microvoids is increased. By increasing the pressure, the
microvoids in the embrittled region 104 are changed in volume and a crack is generated
25  in the embrittled region 104. Thus, the single crystal semiconductor substrate 100 is
cleaved along the embrittlement region 104. Because the oxide film 132 is bonded to
the base substrate 120, the single crystal semiconductor layer 124 which is separated
from the single crystal semiconductor substrate 100 is formed over the base substrate
120. This heat treatment is performed at a temperature not exceeding the strain point
30  of the base substrate 120.
[0112]

This heat treatment can be performed using a diffusion furnace, a heating
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First, a nethod for manufacturing an n-channel thin filmtransistor and a
p-channel thin filmtransistor is described with reference to FIGS. 4A to
4D and FIGS. 5A to 5C. Various kinds of sem conductor devices can be forned
by combining a plurality of thin filmtransistors (TFTs). 5[0123] In
this enbodi nent, the case where the SO substrate nmanufactured through the
steps in FIGS. 1A-1 to IA-3, 1B, 1C, and IDis used as an SO substrate is
described. It is needless to say that the SOT substrate nanufactured by the
met hod described in any of the above enbodi ments can al so be used. 10[0124]
FIG 4A is a cross-sectional view of an 501 substrate manufactured using

the net hOdfu%‘E% ﬁjcp%ga WslBnESieafif fhab afFhfiihedl hndRliAAFEA) fpardths, and | D.

[0125] First, e single crystal” sem conductor |ayer 124 is separated into
each el enentnidBwine headhg sppatatust or theddmi cheramremple. ihgheaistrentnpeny can 5o a5

illustrated jn F| G 4B.,-Ihe ] : i o

n- channel ﬂeﬁtfgnn% &S %éq‘n’?p %ﬁa 5%?%?%?%%2?%%@&??&% #é?r%gatgg)% 'gnnel TFT.
[0126] As jnlrutestbbaishtésn FI G 4C, an insulating film 254 is formed over the
20 sem conduct.or layers 251 and 252. Next, a gate electrode 255 is forned
over the s@Mdonduct or | ayer 251 with the insulating film 254 interposed

t her ebet ween, amd)t@thg@bfi 1R R&it hed/eRSd FIG SDwhhdutote mbdveaieseibed bemuct or

| ayer 252 with the jnsulati nq)@f il m254 iEt er%g%eg’?t her eb t\{\?(gn. 0127]
25Not e t hatreatmgnt Spreineiiasing thg bondipg strefieths BeVedn e CPr Y 5‘{/”2? 3q ¥eot ched,
it is prefgrablig 112, alddheatrdafid: el f&t! ifdraRingShCbondngtrefith bedweer thym  or
galliumor an inpurity elenent such as phosphor%‘;rsﬂ&ﬂo;“iE arsenic to the single

crystal seedidofiiudddend thyeritragen-coptapingelaysr d 24 g1 3 EeRIEBSHE PTvol t age
of TFTg F%@ﬁjﬁggéist&%ﬁ%n ABng R Uhblide® LEMRN04 nfay dd derorkRdat megimerimbier e an

n- channel e torned, and an inpuritfy 30 elenent is added to a
regi on whef0dt4d p-channel TFT is to be fornmed. [0128] Next, as illustrated

in FIG 4D, n-t y[@l?odgﬂ\’\ﬂlg O%%@Qtsrfe%g,i M $EPYidstdte ' RIWARR @ single crystal
semiconductor layer 124 is provided over the base substrate 120 with the oxide film 132
and the nitrogen-containing layer 121 interposed therebetween can be manufactured.
15 [0115]

By employment of the method described in this embodiment, even in the case
where the nitrogen-containing layer 121 is used as a bonding layer, bonding strength
between the base substrate 120 and the single crystal semiconductor layer 124 can be
improved and reliability can be improved. As a result, diffusion of impurities into the

20 single crystal semiconductor layer 124 formed over the base substrate 120 can be
suppressed and an SOI substrate in which the base substrate 120 and the single crystal
semiconductor layer 124 are strongly bonded to each other can be formed.

[0116]

In addition, by providing the nitrogen-containing layer on the base substrate

25 side and forming the oxide film containing a halogen such as chlorine on the
semiconductor substrate side, a manufacturing process can be simplified and impurity
elements can be prevented from entering the semiconductor substrate before bonding
the semiconductor substrate and the base substrate to each other. Further, by forming
the oxide film containing a halogen such as chlorine as a bonding layer which is

30 provided on the semiconductor substrate side, bonding strength can be improved by
encouraging dehydrogenation reaction efficiently even when the heat treatment after

bonding is performed at low temperature.

29



are formed in the sem conductor |ayer 251, and p-type high-concentration
inpurity regions 259 are forned in the sem conductor |ayer 252.
Specifically, first, the n-type | ow concentration inpurity regions 257 are
formed in the sem conductor |ayer 251. In order to formthe n-type

| ow- concentration inmpurity regions 257, the sem conductor 5 | ayer 252 where
a p-channel TFT is to be fornmed is covered with a resist mask, and an
inmpurity elenment is added to the sem conductor |ayer 251. As the inpurity
el enent, phosphorus or arsenic may be added. Wen the inpurity elenent is
added by an ion doping nethod or an ion inplantation nmethod, the gate
electrode|?5ﬁ7serves as a mask, and the n-type | owconcentration inpurity
regions 257 are fornmed in_the sem conduct or 10l ayer 251 in a self-aligned

manner. A regi ofhfisF thaheassdaseritsa do dirphodimagig i, ﬂmsmsiatcn@%rsmaﬁgmmon the gate

el ectrode %ﬁéra%@[()(ﬁ@hléﬁ iPschitafii®hn bOTLREd AMa Bﬁﬂ&@&u&@pmfs&é%%n SOI
Next, after the mask which covers the sem conductor layer 252 Is renoved,

the sem cotwsiticor | ayer 251 where an n-channel TFT is to be fornmed is
covered W g 15 resist mask. Then, an inpurity elenment is added to the
sem conductor | ayer 252 by an ion doping nethod or an ion inplantation

met hod. As t he Nefruthat yheedassrmihere thopride ddm 138 inftmdd ohrthe bieglstogptabf addi ng

the | mpur LEXERBIED e (86 HhERLSICAIBNAPLYES A%, JRT Sy the

p-type hld% concen on i puri or e
sem conduchass shtatrae 1262 descabeslehf thial dnghodiamg riveveverT ire ehbgdlmeﬁtrmfeuhé ration

|npur|ty 20 regions. 259 f lan.as. a urce regjon and reglon A
regi on of KiEn s%@@ﬁd‘ﬁc”c" "?Ig@ ﬁhelﬁoz %Icﬁ)’étexﬁl@%l °W“°t ﬁﬁf‘dléa el el ect r ode
256 senvesinsged-coaining lafed ran@kiackedragt ¢t sififle ciylefraEsem&mcimbhgd)strae descri bed
in which t hi centration inpurjt ions 259 are forned

L ter the 100 Blsr el SHELEOT B TmRsP oDy -init e Bpd 2pg hooren,

however, tfim A mpﬁbhlbaﬁueaqaqs@mrmcewthdmasélswstraérml oS thiP sk, ARe be formed
first. [0130] Next, after the resist nmask that covers the

seni condudti@peerggupining Jayes may he fosped sither hefarerafier the ermbrifted fegion 104 ngl e

layer st rygiaHRdOrNGe o ek @dide FHAI (o dxtimbie! Silicod:Gde) inls! 4e0@Bm& etk r 0gen
conpound such as silicon nitride or an oxi de such as silicon oxide, 30 is

f or medSby the pitragsrecontzinglanRido bpnd asurfacg of theigxide; fHay and tthengpriarg of the

ani sot r opigzal dyysihec@d 1 n a perpendicul ar direction, whereby sidewall
insulating filnms 261 and 262 are formed in contact mnth si de surfaces of
the gate dPB&rodes 255 and 256 respectlvely, as illustrated in FIG 5A. By

N s ani SOt rop! f @b Chlehord RFRLOP B Aluied fntd i gﬁagqe%ﬁéﬁgggfcsﬁﬁ@tor[013ll

Next, as |Ilustrate em con I's covered with
a layer 124 from the base substrate 120 does not cause any problems, the

20  nitrogen-containing layer 121 does not have to be provided over the base substrate 120,
and the surface of the oxide film 132 provided on the single crystal semiconductor
substrate 100 and the surface of the base substrate 120 may be bonded to each other.
In this case, a step of providing the nitrogen-containing layer can be omitted.

[0120]
25 - Note that the structure described in this embodiment can be combined with
structures in another embodiment in this specification, as appropriate.
[0121]
(Embodiment 4)
[n this embodiment, a method for manufacturing a semiconductor device using

30 the SOI substrate which is manufactured according to any of the above embodiments is

described.
[0122]
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5 resist 265. In order to form high-concentration inpurity regions
functioning as a source region and a drain region in the sem conduct or

| ayer 251, an inpurity elenment is added to the sem conductor |ayer 251 at
hi gh dose by an ion inplantation nethod or an ion doping nmethod. The gate
el ectrode 255 and the sidewall insulating film261 function as a mask, and
n-type high-concentration inpurity regions 267 are forned. 10 Next, heat
treatment for activating the inpurity elenent is performed. [0132]

After the heat treatnment for activation, an insulating film 268 contai ni ng
hydrogen is formed as illustrated in FIG 5C. After the insulating film 268
is formed, heat egt i g Atdlfe ;80 0 450 C
so t hat hydrogerﬁgri%aclgﬁﬁgq r@dmls#t tem%ng‘tIngﬁh?ﬁgpﬁlﬁnql%Ggagsilsﬁ?uggs&i nto the
seni conduqi-cirianhel \tiein $il Sbnsisior i2 Yescritfgrbwith saferanderig FIGS. ioegt and BEIS or ned by

deposition.of sjiligon nitrdd - STk i Lr] 0X] CvD

nmet hod at nSa”‘ E)CI" %gésgarfogﬁgél}dgtoﬁrsgﬁl@h%gﬁ@egilf gﬁr %a\%:?? Mgggdsg pcI% ?BL ydrogen to
t he sem cojlokatityef tHimfiet gardblorafTiiTR52, defects to serve as trapping centers
in the senﬂ'q ductor layers 251 and 252 and at the interface with the

20i nsul’at i il m254 can be repaired effectively. [0133] After

that, an interl ayefs dnitodinghi, B daid Whe2étheiSOI fsalssiratd mahhfacturdlehioagtethe
insulating filmz269 can be fo W a filmhayj singl.e |. r
struct ure $Psdn §IGY Iéé\d{]F"a%‘rl g@?&:taﬂégDslélué@taé‘d‘nférdc]%“%‘i‘?fl ‘gtdﬁ‘fé‘g%q?l ns of
i nor gani ¢ RtREASsTe saSUER RSB sdbstitd h&ifaciddigy the littdd degribed in any

bor ophosphosilicate glass (BPSG film and organic resin filns of

pol yi mi de,ofske 3poyeembadynemiecanialeg be ggsdh act hol es are formed in the
interlgyerpipgul ating film269, and wirings 270 are then fornmed as
illustrated in FIG 5C. The wirings 270 can be fornmed with a conductive
filmwth a thr &Gl4dyisra aesswettional Yiew whias SO spbsiratedaangfastied vadigthes i | m such
as an al unj LBy HEE BYIE! 1Y o LA 1S, R0 as@NgW ched bet ween
barrier ne%%ﬁ@%sﬁee%@q%%erfger metal filns can eagh be fornmed using a
metal fil n0&25]mol ybdenum chromium titanium or the like. [0134] Through
the steps descrizhed : ] 136 S dAVdNBotBG Hafbgnnel TFT
and the p-channgfrgr’l'ﬁ%fcﬁé% q&?%%?ﬁ%ﬁ%é%&%@ééusg tKe.ongen ?:oncentrati on
of t hel5serbycacidug tooforh aymicendustontiayets 2Heand 2 res|illisteiedtin HHO.r4Eyi diks are 5
formed is reduced. in_ the..manufacturl CRES rate, TFTs
with smal I5°B¥" ‘fﬁt?rg?’?‘ter 2?11 ¢ ﬁeggfg[é%ygggi"ﬁ%les ho?ﬁ@g%ﬁa@%&‘??%ﬁfﬁ&can be
manuf act uriedsed Thea p-channel TFT.

[0126]
As illustrated in FIG. 4C, an insulating film 254 is formed over the

20  semiconductor layers 251 and 252. Next, a gate electrode 255 is formed over the
semiconductor layer 251 with the insulating film 254 interposed therebetween, and a
gate electrode 256 is formed over the semiconductor layer 252 with the insulating film
254 interposed therebetween.

[0127]

25 Note that, before the single crystal semiconductor layer 124 is etched, it is
preferable to add an impurity element such as boron, aluminum, or gallium or an
impurity element such as phosphorus or arsenic to the single crystal semiconductor
layer 124 in order to control the threshold voltage of TFTs. For example, an impurity
element is added to a region where an n-channel TFT is to be formed, and an impurity

30 element is added to a region where a p-channel TFT is to be formed.

[0128]

Next, as illustrated in FIG. 4D, n-type low-concentration impurity regions 257
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oxygen concentration in the sem conductor | ayers in which the channel
formation regions are fornmed is desirably set at lower than 1 x 1018
atons/cnB, preferably |lower than 5 x 1017 atons/cnB. 10[ 0135]

Al t hough the nmethod for manufacturing TFTs is described with reference to
FIGS. 4A to 4D and FIGS. 5A to 5C, a sem conductor device with high added
val ue can be manufactured by formng a variety of sem conductor el enents
such as a capacitor or a resistor as well as a TFT. Hereinafter, specific
nodes of sem conductor devices will 15 be described with reference to the

draw ngs. [0136] First, a mcroprocessor is described as an exanple
of sem CO'LE’&“E&%? A he Smic G r la@elazzbll %& 151 g donbdsGbfiad imguran exanpl e
of a structure of a m croprocessor 20The m cropr.ocessor 500 has

an ari t hmeegions 25giare fomined (raths éem’éﬂﬂuﬁ@él 1%Y6f - anpeqifigally st the napee
cont 1ol | e 508 Al BShpflARA2sYRTroRR in AR M@RAIRE PRSIl T 504, 2

tlnlng co&? gister 506, a register controller 507, a bus
i nter f ace dr&nstolfb:lﬁ) tHe0B1ypa 1oe@dn®mr9thmemtl§lt%%10ﬂ&ﬁ§l7 aheraprpicondugiosr f ace

510. [ QL3§] 2980 h0SLHGLLAR (R, brohRE) HIcEiABT ARF398]: ARG LR gnon he

bus in 0] the |ns 503, decoded therein,
and then Ilﬂipuﬁtytccbem&me190ddlclled:m]ﬂue(3émeoncﬁﬁﬁ)x laylee 25 ht ek thpimpwiy elsimieat, 504, t he

regi ster ntrol |l er 507, t 0 ntroll er
508 “the (OSSO apR orp e Ao (Rt BERRRY Semsils oIR8 £RTE 1D
timng corjopi |1ﬁéthc§ﬂ§ aﬁoaqunamaronmhcmpmergateseimswﬁmemaeasa@mdoded

i nstruction. e ALU contr ht ri5 ge %@%%%%mfc Qals f or
control | i iy tﬂI‘\"en B‘ﬁérl‘&‘f F‘Eﬂ‘fegfat‘f”f‘ugnli&lf@ Egions #p L are praed (e seEOdUctr "504 s a
Ci rcui fo Whhed 231 GRS S&@Baldied MaBhdrUPA lfegﬁtlﬁﬁ'tthé rsémicalliduem'r dayeal251 njat / out put

device or a peripheral circuit while the lrl‘n rocessot "%8 IS executing a
progr am m@rlﬁmé’ﬂtmflég#‘ﬁﬁ(?“@éﬁQ?Nq‘"‘éqs ag @ gnapn g'%aé‘?“é%‘ci rrupt
[0129]

Next, after the mask which covers the semiconductor layer 252 is removed, the
semiconductor layer 251 where an n-channel TFT is to be formed is covered with a
15 resist mask. Then, an impurity element is added to the semiconductor layer 252 by an
ion doping method or an ion implantation method. ~ As the impurity element, boron can
be added. In the step of adding the impurity element, the gate electrode 256 serves as
a mask, and the p-type high-concentration impurity regions 259 are formed in the
semiconductor layer 252 in a self-aligned manner. The high-concentration impurity
20 regions 259 function as a source region and a drain region. A region of the
semiconductor layer 252 that overlaps with the gate electrode 256 serves as a channel
formation region 260. Here, the method is described in which the p-type
high-concentration impurity regions 259 are formed after the n-type low-concentration
impurity regions 257 are formed; however, the p-type high-concentration impurity
25  regions 259 can be formed first.
[0130]

Next, after the resist mask that covers the semiconductor layer 251 is removed,
an insulating film having a single layer structure or a stacked layer structure, which
includes a nitrogen compound such as silicon nitride or an oxide such as silicon oxide,

30 is formed by a plasma CVD method or the like. This insulating film is anisotropically
etched in a perpendicular direction, whereby sidewall insulating films 261 and 262 are

formed in contact with side surfaces of the gate electrodes 255 and 256 respectively, as
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5 request based on its priority or a mask state. The register controller
507 generates an address of the register 506, and reads and wites data
fromand to the register 506 in accordance with the state of the

m croprocessor 500. The timng controller 505 generates signals for
controlling timng of operation of the ALU 501, the ALU controller 502, the
instruction decoder 503, the interrupt controller 504, and the register 10
controller 507. For exanple, the timng controller 505 is provided with an
internal clock generator for generating an internal clock signal CLK2 based
on a reference clock signal CLK1L. As illustrated in FIG 6, the internal
clock si gnflusitded®Pin BIQ BAUL ByOth@it eﬁﬁsl’otx@hi&c‘dﬂhﬁlfg,, theD idOhtidgb e 254 d9 aBsanpl e of
a sem conductor device having an arithnetic function and a contactl ess data
transmi ssi &ahednd reception function is described. FIG 7 is a block diagram
illustrati 3f exanpl e of a structure of such a sem conductor device. A
sem conductor ‘device illustrated in FIG 7 can be called a conputer that
operates to trandedtas diustrated & FI6. 3B giha semicondyater 1aysit Hnls 6RYEsh¥ith devi ce by
w reless cg Lcat ( - 3 i t f to as an
"RECPUYS . O Ay h Yhaek o (SH ik SRR By e e e " anal 00
circuit posduir@mregidRamadraindegjpn al the bangeindugion layesdS b1a®. inpwaty glesestisci r cui t
portion 512 resona i I t it . GRRRAS , a
rectifier E‘i“g@?ﬁ @cgi%lfo%ﬂgtgrn%% éﬁ#l%ﬁéggé\gecq}ragﬁ??ﬁgﬂl%?&gmr eset &r%é circuit
517, an ospnl dapipr meihod.ui TheS5gBe clectledendifi andthec sidewalt irGdlgling film gl at or

circuit 520, and a power nagement circuit 530.. The. di gi i it
portion 518MFIRAN &3 ﬁﬁ\ggrﬁ“g‘ri“r”'%ﬁ% ?Efon%e“%%tﬁ oGPy Fegfog!? %é%!'e g{)n@%ck
cont r ol ¢ er Ned3heabiiedtéft Fdrachvatidd thedmpatty kRinepriopafsined unit 525, a

random access nenory 526, and a read-only nmenory 527. [0142] 30The
operation ti3zhe RFCPU 511 is roughly as follows. The resonance circuit 514

generates an i ndueedne!Ret freimtitvRr fRfeRiohase dnsitiag Siiignats cemeiningd by an
antenna 528. The induced gl ectromtive fo&%e i s, storeg_&,iﬁl;bé@ ig?(gagﬁ'ator
t

portion 52bydregesiyformpdas Hlagtatad; ig F1G; 3¢ i fies fie ingyjating B&*ti on 529
I's pref eraﬁé%ltlfe&fr{éﬁpisviﬂe%nﬁedcé’rpﬁ&i#]p‘éfauﬁy%b,396 °8 Bef5BMCCsd BRBGYdrBEenOr an
a

el ectric double yer ‘capacitor. The capacitor portion 529 does not need to
be foribed contine is tissinsudetiog ifito 268 diffuses intedhReamtonductordayerehii apd 252.

i ncor por at in ONEMitride e QM nitrid The
reset ci rcﬁﬂ? lnglf%&éeéﬁgﬁgétéecg&éeg‘?tbnﬁgﬁggé&%t@gg?ﬁﬁng an1 ei nitial fnzril r?g t he
digital cigadé bypoplhinenCYIBmefhod aexanpiess temperatws @f 360 °Euirto8t7 Fonerates a

signal which ris fter rise in a,power su I(]Jyvo a i.t.h del ay as a
reset si gnﬁ}PPlyTﬂgﬁﬁ egqm 1o the S(‘?F‘I“E’ﬂfi'tr‘)c?‘gléy?ﬁgﬁ And; 132> ?i rgfg%etﬂcs;?%gn duty
ratio of aﬁ&ﬂ[ﬂ%@ﬁie@"iﬂ' thé BenfieSidofnselayers 25T ami 233 and at the interface with the

20 insulating film 254 can be repaired effectively.

[0133]
After that, an interlayer insulating film 269 is formed. The interlayer

insulating film 269 can be formed with a film having a single layer structure or a
stacked layer structure selected from insulating films of inorganic materials, such as a
95  silicon oxide film and a borophosphosilicate glass (BPSG) film, and organic resin films
of polyimide, acrylic, and the like. Contact holes are formed in the interlayer
insulating film 269, and wirings 270 are then formed as illustrated in FIG. 5C. The
wirings 270 can be formed with a conductive film with a three-layer structure in which
a low-resistance metal film such as an aluminum film or an aluminum-alloy film is
30  sandwiched between barrier metal films. The barrier metal films can each be formed

using a metal film of molybdenum, chromium, titanium, or the like.
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10 signal generated by the constant voltage circuit 516. The denodul at or
circuit 519 is a circuit which denodul ates a received signal, and the

nmodul ator circuit 520 is a circuit which nodul ates data to be transmtted.
[0144] For exanple, the denodulator circuit 519 is fornmed with a | ow pass
filter and 15bi narizes a received anplitude-nodul ated (ASK) signal based on
its anplitude. In order to vary the anplitude of an anplitude-nodul ated
(ASK) transm ssion signal and transmt the signal, the nodulator circuit
520 changes the anplitude of a communication signal by changing a resonance
poi nt of the resonance circuit 514. [0145] 20The cl ock controller 523
generates §1§ ntroI signal for changing the frequency and duty ratio of a
cl ock sign i'n accordance with the power supply voltage or consunption
current of the meughl thor genss d¢satibadnpovs2 3. scrpieondycies devigp|hpvips| thage i s

moni t or ed rGHi 6]ge2Rfe ShOBR eech NPUt Tt O
t he RFCPU %)é_hL fgioﬁﬂu% gﬁ{ g%ﬁgaqﬁ.gggﬁ T & t @%fac[tu%% t he dermdS*gaet or
circuit 518xﬂadmnhenfdecmmpns@dkrmﬁ@manodndr6&<bmﬁwgﬁ@nmﬁwva$0@hﬁethe li ke

by the RF Lnterfac 1. .The cpntr.ol S I jjr ol
registe? 5§§¢e4ﬁﬂf@5ﬁ%the&8‘ ﬁ%”n%gﬁgggg@gggﬁjhﬁﬂg @ag?gggﬁbrgﬁlln t he
read-only gErauk¥ntozd, sﬂpptetqrteﬂch&Ehcdditv&lt&gE viriatiomvdm ibeaneredzturehorihe526, an
arithmetic instruction.to. the 30c rocessin un he li ke.
[0147] TheO%ERE caNceBirHionsy g %ﬁﬁ’i“‘t"“é‘f% a@%eéé o %e LY El%i’ﬁgé f"g{m‘ B 527,
the r a”dofgg%Qﬁz%Sfoﬂfﬁ‘éME Yiefbly gl bW teant £ol0'Y aghstat, pwé’rawlyao\t/éie
interface 524. The |nterface g24 functions to generate an access signal for
any of theﬂmeédJ@MQWm@wmry 527, the random access nenory 526, and the

controbgregF r 522 based on an address the central processing unit 525

reques 48]
Although the method for manufacturing TFTs is described with reference to

FIGS. 4A to 4D and FIGS. 5A to 5C, a semiconductor device with high added value can

be manufactured by forming a variety of semiconductor elements such as a capacitor or

a resistor as well as a TFT. Hereinafter, specific modes of semiconductor devices will
15  be described with reference to the drawings.

[0136]
First, a microprocessor is described as an example of semiconductor devices.

FIG. 6 is a block diagram illustrating an example of a structure of a microprocessor 500.
[0137]

20 The microprocessor 500 has an arithmetic logic unit (also referred to as an
ALU) 501, an ALU controller 502, an instruction decoder 503, an interrupt controller
504, a timing controller 505, a register 506, a register controller 507, a bus interface
(Bus I/F) 508, a read-only memory 509, and a memory interface 510.

[0138]

25 An instruction input to the microprocessor 500 through the bus interface 508 is
input to the instruction decoder 503, decoded therein, and then input to the ALU
controller 502, the interrupt controller 504, the register controller 507, and the timing
controller 505. The ALU controller 502, the interrupt controller 504, the register
controller 507, and the timing controtler 505 conduct various controls based on the

30  decoded instruction.

[0139]
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As an arithnetic nethod of the central processing unit 525, a nethod may be
enpl oyed in which the read-only nenory 527 stores an operating system (OS)
and a programis read and executed at the tinme of starting operation.
Alternatively, a nethod may be enployed in which a dedicated arithnetic
circuit is provided and arithmetic 10 processing i s conducted using
hardware. In a nethod in which both hardware and software are used, part of
arithnmetic processing is conducted by a dedicated arithmetic circuit and
the other part of the arithmetic processing is conducted by the central
processing unit 525 using a program [0149] 15Next, display devices are

described wth r’[%te A 8&11:11086[]: é(ﬁ%ea%eé,@i naﬁgf(ﬁ'%lgiiltgdl}i thg'ﬁp@tﬁﬁlong&- thé 0150]

FIGS. 8A and 8B are draw ngs for” describing a crystal display

devi ce. FlA&LYAOLs TBhegh@rrupticentraler 504is & glrcudtf wiiple PlopRseds@n dHgIEPAreades pl ay
device, and FIG 8B is a.20 cr - ti Vi &W; Lakie hah@Rshrdces&et i on |ine
J-Kin Fl %‘K.a"[%ﬁ%ﬁ mp%ﬁo‘gp&Ads%%%%Fi%ggtﬂreapgééalidri{%ﬂtG 8A, thegpgi xel includes
a singl e csoosisadxeasinp copwgmimrand aye intGAP; cantedlgn 504 peoc8Bes phtiersuntt i ng Wit h

the single crystal seniconductor |ayer 3 . S| |J ' rsecting
with tho Seeates e 9D YS PHOTLY PLF “éﬁSg%'ta%odig%ée%@eé%g‘ﬁg"rl\le} 3 %ﬁ%gr@%e? o358
whi ch el eciddraabf theaoginecs®, biibraaixald tiesdaadendadd tootht hegigerf@bencr yst al
sem conductor | ayer, 320. The single crystal m conduct or | ayer Ois a

| ayer f or n¥sgorgpncenwitly the IS‘é‘tecPééllea{m‘g%‘?fg%@BSr?&u@? or qwﬁ%alg}m%rc '\l/tlr%geﬁ 5§\g/er t he
base substfateiel 28er@Rdfdr Scontislivglashing & dgefariddSofothet ABUPBOE the [ALB2]  30As
an SO substrate, the SO substrate described in arﬁg ﬁ} th enbogi ments is
used. As i¢anirstlers02dhe Msipegopdecodaied(s; g idersyn) Sprfolit ﬁlﬁjgtl‘]?:fe(gfs "ayer 320

|5 st apked. sl 9. PBSRHRRL HR! kg Goirifer S0 (OKiatRichivi didtuand the
ni trogen-contai ni ng | ayer 21 i nterposed_t herebet we

n. As the base
subst rat e dodk geaergion§y genasatingandnterapl gleck signgl Ch{ﬁ%b%‘ﬁeﬁ gra r‘if?rﬁ'é‘ie&ﬁ)o"ﬁ
ser conduchgp LAXT" T2RRkabdy ETs i e el CUETR it Gk on o

the single Try sem conductor |ayer of the SO substrate by etching. In
t he singl eciuytst al sem conductor | ayer 320, channel formation regions 340
and n-type[ogé@i gh-concentration inpurity regions 341 to which an inpurity
el ement is ed are fornmed. A gate electrode of the TFT 325 is included in
the sceh |ine 32&xt,andxamde of a sensicenduetordeviserhediag an dritimgtia funciédneandy ode i s

i ncluded | Q cE)nQaectl%és%%l trallrllsr%%s%% %‘nd reception function is described. FIG. 7 is a block

diagram illustrating an example of a structure of such a semiconductor device. A
semiconductor device illustrated in FIG. 7 can be called a computer that operates to
transmit and receive signals to and from an external device by wireless communication
20  (such a computer is hereinafter referred to as an “RFCPU”).
[0141]
As illustrated in FIG. 7, an RFCPU 511 has an analog circuit portion 512 and a
digital circuit portion 513. The analog circuit portion 512 has a resonance circuit 514
with a resonance capacitor, a rectifier circuit 515, a constant voltage circuit 516, a reset
25  circuit 517, an oscillator circuit 518, a demodulator circuit 519, a modulator circuit 520,
and a power management circuit 530. The digital circuit portion 513 has an RF
interface 521, a control register 522, a clock controller 523, an interface 524, a central
processing unit 525, a random-access memory 526, and a read-only memory 527.
[0142]
30 The operation of the RFCPU 511 is roughly as follows. The resonance circuit
514 generates an induced electromotive force based on a signal received by an antenna

528. The induced electromotive force is stored in a capacitor portion 529 through the
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[0153] Over an interlayer insulating film 327, the signal line 323, the

pi xel electrode 10 324, and the el ectrode 328 are provided. Over the
interlayer insulating film 327, colummar spacers 329 are forned. An
orientation film330 is forned to cover the signal lIine 323, the pixel

el ectrode 324, the el ectrode 328, and the columar spacers 329. On a
counter substrate 332, a counter electrode 333 and an orientation film 334
that covers the counter el ectrode 333 are forned. The col umar spacers 329
are formed to 15 maintain a space between the base substrate 120 and the
counter substrate 332. In the space forned by the col umar spacers 329, a

liquid cryst |l aye 351 r | I si gnal
line 323 e{'ﬁ(&%]{eﬁglrée{ﬁtresclt% r ogiééf%cgm&ﬁ? ﬁ‘e@@ﬁ%&ﬁ@’éﬁ%ﬁ??@% f%ﬁ%{ y regions

341, ther eué & sdceqmsic tapaoitnt or an ¢lharic doubld layecapagier at howepphditlonpd2Pn due to
formati on Qf contact holes: thus, orientati o) e TVE V. | in the
l'i qui d crfglgélloesi é‘?edg%ge?‘?{“}eﬁ&%acsghs‘r%]'éa%:etl%(gﬁ&ﬁ)i&%Ellleo%ihgéggn%tg I|1§%rdered
easily. Adca&rgbrixgd in thé RECRUIS0Maea scppraeepmpdRat.are fornmed in these step
portions tq Lg{gevent orientation disorder of liquid crystal. [0154] Next, an
el ectr o uiPHedcent di spl ay device (hereinafter referred to as an "EL 25

di spl ay devi ce")rn sesetas@hit 5 e gatctafeosraai@nERe eest®ing bfBinit@Aziag thedfgitdF| G 9A i s
a plan view of a pixel of the 5L rgi spl ay devi rfqe, and FI.G %Bllg‘i'} a

cr 0ss- sectqiSHRPOHOB 1 3-a Kk cXpBRlE the Seet FIghit Pl A 8o e 3 SIEpEE WA 113691551 As

i |1 ustrat eghol Asdth@ fover biipLPIot@be With dbEPSs @ r&el Sifal. Nahe loadiBitSt Grcu#01 and a
30 display control transistor 402 that are TFTs, a, scan |line 405, a signal

line 406, d8cuhengentthesfrppiepey prskduth ratiapbia glgsk sgnabineesiogefotospgontitlcn pi xel

s Projf degeil bdhefdditfthe Efikahl Aol GRER'S 1B2VHGIdhoRbLioF b 310 iwhi ch
| ayer containing an electrolum nescent nateri al EL | ayer). is interposed
bet ween a qimitit vdichedegwtvlaige o received signgly andethe apqdylaéos cirpuit fRO Isjaghtcléni t t i ng

el ement iSwﬁiﬁ?mehﬁi%es@Jtae&,tﬁe%ﬁsﬁ%d. I'n a sem conductor |ayer 403, a channel
formati on region, a source region, and a drain region of the selecting

transi stor{0464] are forned. In a sem conductor |ayer 404, a channel

formation regio a _source r g n.aﬁps . LNl egi 0 i spl ay
control transi 3?8‘}6’%?812’“%?“& %(I)nroﬁglagrﬁ“ﬁe selzr?ilg(rgn ugt“ggl ﬁofég}/v(e)éassg Qg%{cygﬁd 404 are
f or medjsof Wna@izoghk aeivdtmiplteiinaintioet GxSK)asieral bakdt dmaits amphituds:i ded over

t he base substrate., [015 I n.the | ecting..t St or
el ect rode (?rgeri NPy apﬂfalﬂeeog%?{nflﬁwg&%gg?aﬁ%@g%@ tt(r)%s'gég%ﬂrs ngaﬁ’gct r ode
and a dr aigunehRCtHe0dRnbS thaclmedektdrncirhidit i2gnahangbnethdO&mplandt tdfeaot her is

formed as an el ectrode 1. In the display. control transis 402, a gate
el ectrode @f?“‘l“écagf’%ﬁgli‘%%&ﬂi‘aﬂi‘g@éﬁﬁ%ﬁ?fl ¢ g‘“f?\éh%feé%r{ap‘beacércﬂ#%h'one of a

source el gpi4qde and a drain electrode is formed as an el ectrode 413 that

is electrically connected to the pixel electrode 408h; and tht;re other is
includ® in the T@gpioélﬁporg@aﬁq §,23| geﬂga‘gaqt_control signal for changing the frequency

and duty ratio of a clock signal in accordance with the power supply voltage or
consumption current of the central processing unit 525. The power supply voltage is
monitored by the power management circuit 530.

[0146]

25 A signal input to the RFCPU 511 from the antenna 528 is demodulated by the
demodulator circuit 519 and then decomposed into a control command, data, and the
like by the RF interface 521. The control command is stored in the control register
522. The control command includes reading of data stored in the read-only memory
527, writing of data to the random-access memory 526, an arithmetic instruction to the

30  central processing unit 525, and the like.

[0147]

The central processing unit 525 accesses the read-only memory 527, the
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15[ 0157] The display control transistor 402 is a p-channel TFT. As
illustrated in FIG 9B, in the sem conductor |ayer 404, a channel formation
region 451 and p-type high-concentration inpurity regions 452 are forned.
Note that, as the SO substrate, the SO substrate nmanufactured in any of

t he enbodi nents is used. 20[0158] An interlayer insulating film 427
is formed to cover the gate electrode 412 of the display control transistor
402. Over the interlayer insulating film427, the signal |ine 406, the
current supply line 407, the electrodes 411 and 413, and the like are
formed. In addition, over the interlayer insulating film 427, the pixel

el ectrode 4084 halss! ety 826 Chdd tﬁﬁlcbm,m@ QLRGSR Vi tHeWRteAh&Ci110d§pd13 i's
formed. A peripheral portion of the pixel electrode 408 is surrounded by an
i nsul at i ngnteefrtel $240ndtippe to gaBratersn Eicedscpjgnal Hpgny of thereediondy eremane pi xel

el ectrode 8 I I i : ayer 429.
A counter ‘Spte gk 35 408 e iR RETRE BB o Mot O ot e
substr at e t#8dentral frocesding wnit 326 rbpegs.substrate 120 with a resin | ayer 432.
30[ 0159] g The grayscale of the EL display device is controlled by

ei ther %a ddf8nt drive method where the Iuninance of the light-emtting

el enent i s cont pelahedtimetit hestitodoaMhbe canfraCproceasibg onit 425 al hethed shny ¥e net hod
where the | um nance i ontrol|ed by t nount of voltage. e current

G ve ot RIPRETdi by ft et b S Sl arsrbemdd i ader | o cs
whi ch are gragrafliyresd sfdesxefiied s thaane i sealisy opertioh.n A RérRdtBelyfa MEMPENsat i on

circuit for conpensating variation in characteristics.is needed. \Wen the
EL di spl aymay Begmeleysdinyhish é‘cﬁ!et‘ilfcéﬁdﬁ?‘ﬂ}i“ertr‘ﬁrﬁ?f:&‘{:ﬂ%PﬁoﬁGeiﬂ‘EGH&’f’W@F udi ng a

manuf agt urg i@ s EehdRtedisintohardWhe! I B £ mdiftR Beksieh b hdrdiat sher 401 and
t he display control transistor 402 do not, have variation in el ectrical

char act er isoftves ¢ eserlphaieof arighpticarroceasingois gprAcipd by ifededisated atithielive net hod
can be emlayiednd [l 6Bkr DATRALthE Srithidiik PSceSlif b QHAGtEL Bl GRS Gty be

manuf act ure %y usi ng SOI substrates. Exanples of electrohic devices

i ncl ude: quensssrg WUCRES Asing ageagramner as and di gital canmeras; navigation

syst ens; %EH¥H reproducti on devices (car audi o systens, audi o conponents,
and the |i'’ke); conputers; gane machines; portable information term nals
(nobi 1168 conput eNsxt, display ldavicgshan alescribed with | refeggane tEEFRS. fds ande$B@nd oni ¢ book
15 reader i ke); image reproduction devices provided with
recording%ﬂggnﬂq%ggg%ificalIy, devi ces that are each capabl e of reproducing
audi o dat g08309red in a recording nmedium such as a digital versatile disc

(DVD) and t hat av di spl ay device capabl.e.of djspl ayi .l mage dat a
Stor e ther o n) FEnAAHE i pis"Baihes Bh FEErBRR iR onfi Bsfiil iR G
10A to | OGIGZ28M &16glhn view of a pikéESf tHOKRquid ciyial dikplars tevidegarahFiEk 8Bps @ of a
cellul ar phone to which an SO substrate is jed. FIG 10A is a front
view, 28 GQ%&SG%‘OP%{F“(/‘?E%&%{W%@F‘@“ ‘Eﬁ%ﬁé{lﬁaﬁ%- view in which two

housi ngs gpgsigl id. The cellul ar phone in FIGS. 10A to | CC has two housings,
a housing 701 and .a housLn%ﬂ702. The_ceLI%I%% phone in FIGS, 10A 25 to 10C
is a so-called 4sdlusymisadn Gt 8hatheirsl inclpdrsca sipgle £87stpl sepicgndictophone and

a functi ongas 38 ARdnAeS2> MeQEMRbE Vith e dHdldéryaitenteAt iR 48538, gonput er
provided to conduct a variety of data processing besides voice calls.

signal line 323 intersecting with the scan line 322, a pixel electrode 324, and an

25  electrode 328 which electrically connects the pixel electrode 324 to the single crystal
semiconductor fayer 320. The single crystal semiconductor layer 320 is a layer formed
of the single crystal semiconductor layer provided over the base substrate 120 and is
included in a TFT 325 of the pixel.

[0152]

30 As an SOI substrate, the SOI substrate described in any of the embodiments is

used. As illustrated in FIG. 8B, the single crystal semiconductor layer 320 is stacked

over the base substrate 120 with the oxide film 132 and the nitrogen-containing layer
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[0162] The cellular phone in FIGS. 10A to 10C has the housings 701 and 702.
The 30 housing 701 includes a display portion 703, a speaker 704, a

m crophone 705, operation keys 706, a pointing device 707, a front-face
canera |l ens 708, an external connection term nal jack 709, an earphone
termnal 710, and the |ike. The housing 702 includes a keyboard 711, an
external nenory slot 712, a rear-face canera 713, a |ight 714, and the
like. In addition, an antenna is incorporated in the housing 701. [0163]
Further, in addition to the above conmponents, the cellular phone in FIGS.
10A 5to 10C may incorporate a contactless IC chip, a snmall size nenory

devi ce, or WA= | Y9S 2 £Rds aRGral@danWdi kY. ar e put
t oget her t%ilggtewggege%&%?ﬁgegécﬁs(t)htehb-egrgte%uilglgﬁit ré?éd in FIaG 18A) can be

devel oped Bye sihgldiangstad sseinfcdouductantlextr i 320RfGhe JET IHe idfosmed\pypdlemensn 703 can
i ncorporate a.di ay. nel i i ] : thod for
manuf act ur'is%lgh?rh%f%? g‘%@%}?‘%’a%g%eggwglgg%r’%%%%yhk&%r%%é‘%%béa%}&% {IE appl i ed.
Because t hihe dingjel @ystgd cemicomué@8 layed 320 ehdrmehforhation reginey 340 ansn-BHP8 ar e

provided in the s l.ane, the cel]ular one. i.deophone.
In addidi omgh'g?ﬁcﬁﬁﬁ%ﬂﬁd‘élg“%‘mcﬁﬁ?ﬁ H}l |{0 Bg’s Calt' %g“}tjglﬁégﬁ\%ms ?ﬁdﬁ%h%mr ear-face
canera 713fanei.t heedid gldtrodd 4f thy TETI32E id ineludidsip tfeyscpolitd 392, #RBoresf a

vi ewfi nder. 15[ 0165 . Wth the yse of ,the spea 704 and the

micr ophoneSOF(YSF?ePT‘i@Je@éﬁF‘Gfaérfelf)‘?‘i@fj@‘silﬂa cddn theglenglfiNe3M-can be used as a
sound reco[r0q1'53]g device (recorder) or a sound reproduci ng device. By

operation wth the operation keys 706, qgperation. of_ _incomn nd out goi ng
call's, sinple i MAYSF ARSIy pHatng filg, ggtg’@ﬁl@aﬂﬁlel 323=r&‘FrPéx‘ﬂgF§%tf°d§cr ol ling

of 20 fy Vi £ Naq e Bt Bresle Plodillal. dichBl 8 PRikI@NnsWlatigOfilmma27,on f or
sel ecting information di splayed on the display portion, and the like are

possi bl e. fadue} spacers 329 rerfgemed; nAdr orifadAn bBAE s HEnKaiarer R
docunent at i fife @D B04icabb 84, iy ALl 918, bied 1R BAlmnANPadehesobi ke, the

use of the I's convenient. The
On a counter substrate 332, a counter electrode 333 and an orientation film 334 that
covers the counter electrode 333 are formed. The columnar spacers 329 are formed fo
15 maintain a space between the base substrate 120 and the counter substrate 332. In the
space formed by the columnar spacers 329, a liquid crystal layer 335 is formed. At
connection portions of the signal line 323 and the clectrode 328 with the
high-concentration impurity regions 341, there are steps formed in the interlayer
insulating film 327 due to formation of contact holes; thus, orientation of liquid crystal
20 in the liquid crystal layer 335 in these connection portions becomes disordered easily.
Accordingly, the columnar spacers 329 are formed in these step portions to prevent
orientation disorder of liquid crystal.
[0154]
Next, an electroluminescent display device (hereinafter referred to as an “EL
25  display device”) is described with reference to FIGS. 9A and 9B. FIG 9A is a plan
view of a pixel of the EL display device, and FIG 9B is a cross-sectional view taken
along a section line J-K in F1G. 9A.
[0155]
As illustrated in FIG 9A, the pixel includes a selecting transistor 401 and a
30 display control transistor 402 that are TFTs, a scan line 405, a signal line 406, a current
supply line 407, and a pixel electrode 408. Each pixel is provided with a light-emitting

element having a structure in which a layer containing an electroluminescent material
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25 housings 701 and 702 which are put together to be | apped with each other
(FIG 10A) can be devel oped by sliding as illustrated in FIG [|0C. Wen the
cellular phone is used as a portable information term nal, snooth operation
can be conducted using the keyboard 711 or the pointing device 707. The
external connection term nal jack 709 can be connected to an AC adaptor and
various types of cables such as a USB cable, and 30 charging and data
comuni cation with a personal conputer or the |like are possible. Mreover,
a recording nediumcan be inserted into the external nmenory slot 712 so

that a lar ge vol une of data can be stored and noved. [0167] The
housi ng 70 @?%"i geggas\% bhweBE 2 Hafoff Bl TR 6T theadlettloss bf @bt 714 on
the rear f e’ f , and still images and noving i nages can _be taken

usi ng t he thwhmyng)@meohlsmg péxsl &1°Oir {08 efn asppigeafuctor layer 483; 2her nor e,
in additi Orha%u?el r%'laﬁgrp e.gloqeégcru'r 161&' NGh b Qs rég‘kl}ﬁl cﬁft‘lllé RfinPhRirBy al so

have an m‘frare t|o a USB a television
one- segnendo lbareéaimét i hga seame;mduqtg yercAtion Ch@nd(fnmlton geon, @ OHICP, an

ear phone jack, or,th e 1 roni

i |1 ust rat e®eloh AGE, ﬁi’ﬁﬁfeigl(gn o%g%a flpbag eonat rgl?ﬁs;?%d 2y91§p% %da/tt ?{g\n of the
af or enent i gnacbndrétbroldydrono3TamLAGICAre fomgd of tar sedé ertyesinl s;rrdcoadmt@plhm devi ce.
[0170] 15Note that the strycture scribed in this enbodi mrent can be
combi ned wi44has proy! ?%%Vefﬁ' AttH §ra tbodi ment in this specification, as
appropri atgyséExanple I] [0171] In this exanple, an effect of suppr essi ng

tenperature increase of ,a single 20 em c rat e when
the single crystath @éﬁ%ﬁ%&‘ﬁ‘ﬁ?‘@uﬁﬁ%iﬁe&w ‘F r“}cﬁ'g?&cjl Waf’ m? 3@3 was
observesl. Spemisfheat biketrdai Paafn diRuole Blinchldedanthe dighiiiad 466;@ml added i ons
in the single crystal sem conductor substrate in t re irradiation

ca
with a preebeeisnioraefl puabeteckeds dhs il ﬁﬂf’e?‘%‘?‘}‘ré’amf r%@'ﬁtob%isi‘ &p®and t he
case wher e%lgétfo%lg 43 15%136“1&*11?’ LoicBiE s 'EHE' §1885koBs APEonelof b @BSrct Slepsdeor med

t hrough a plura eps was observed.
and a drain electrodc is formed as an electrode 413 that is electrically connected to the
pixel electrode 408; and the other is included in the current supply line 407.
15 [0157]

The display control transistor 402 is a p-channel TFT. As illustrated in FIG
9B, in the semiconductor layer 404, a channel formation region 451 and p-type
high-concentration impurity regions 452 are formed. Note that, as the SOI substrate,
the SOI substrate manufactured in any of the embodiments is used.

20 [0158]

An interlayer insulating film 427 is formed to cover the gate electrode 412 of
the display control transistor 402. Over the interlayer insulating film 427, the signal
line 406, the current supply line 407, the electrodes 411 and 413, and the like are formed.
In addition, over the interlayer insulating film 427, the pixel electrode 408 that is

25  electrically connected to the electrode 413 is formed. A peripheral portion of the pixel
electrode 408 is surrounded by an insulating partition layer 428. An EL layer 429 is
formed over the pixel electrode 408, and a counter electrode 430 is formed over the EL
layer 429. A counter substrate 431 is provided as a reinforcing plate, and the counter
substrate 431 is fixed to the base substrate 120 with a resin layer 432.

30 [0159]

The grayscale of the EL display device is controlled by either a current drive

method where the luminance of the light-emitting element is controlled by the amount
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[0172] First, a single crystal sem conductor substrate was prepared
and irradiated with accel erated hydrogen ions to forman enbrittled region.
Then, the concentration of hydrogen added to the single crystal

sem conductor substrate was anal yzed. 30[ 0173] In order to formthe
enbrittled region, hydrogen ions were added to a single crystal silicon

waf er by using an ion doping apparatus A 100% hydrogen gas was used as a
source gas, and a single crystal silicon wafer substrate was irradi ated
with ions in plasma that is generated by excitation of the hydrogen gas and
accelerated by an electric field without mass separation. Accordingly, the
enbrittled i g i i 18d & the WhRbntldre

hydr ogen g%f;c%%gﬂbé‘é@?{tegg,d?ﬁ?ﬁgngeh@ﬁy&grgtﬁﬁuﬁgﬁh%%igggr?ﬂ (?}-slf, H21-, H31 were
gener at ed, valiage.al Thotutdne drive mphed és diffieulaée emplayt wden WaPHSIOH Ravet he
single crystal sem cqonduct or t | ' ;

appr oxi mat é}af)a%'s%sd'f l%haéé %ﬁ%ﬁ%é%§§%§8!%25?%13%&%){3&8&%3‘%%?%3% romthe
hydr ogen géiscuivalsr tirpenfdiihg 4hriADASn aharaateristics idicededon When die Ebdlisplatie

condition under, which the total nunber of, i.0 . L .al.ion is
constam (HHE S m&ugﬁﬂf&ﬁw &H“?ﬁ?gaé’ r%ﬁi"&%h({dhlgaaénlsgﬁﬁasan ﬁ%tubhgg%g%m 2) is
sel ect ed. Fpin SXEIBdRte, the stlbting aatsisbret0e ahd thediisplay eontwe srapistérot0deld t hr ough
one step, the irradi ati.on was perforned der .t condi t,i rg the dose
of i ons 1 oot v ALAHOR N yieSTsabohar {ﬁ‘%ﬂc&ﬁ"é‘,‘ PE&?E%E R*¢ eAégég%mh&ﬁeﬁ‘S

i rradi ati o, WasdmRrhQRdREn b8 emplogetdh two steps, the irradiation was
performed through two steps under the condition where the dose of ions for

each irradl®6fbn was 1.0 x 1016 cm?2. Sinilarly, in the case where

i rradi ghion was #gf fi0r fReub "WIQuehic! BdliceSt @RS be tighuifdctiaell @i asingvesOIper f or med
t hrough four steps under the condition where the dose of i.ons for each
i rradi ati osmbamates. Gxxnnles 8f elestponiaeyisen melwder samegh g4ch 35 R AMEH was

performed hr (gg,gﬁ cﬁgﬁ% gﬁﬁgﬁn s&%’?ﬁns% Qounli F@HbRIHSNdNRSs REF fudidBstefnbr ough

ei ght st eps under Ion ere the dose of ions for each irradiation
was 2.5 x a@fié compenenuanhdhe like); sompweisn ceBndnachiges: paitable dafoamaianon

vol tage wag set, to ﬁﬁ'%' efrtat R e MBS Gleckéhiobdhf Cni.
[0175] ferminals (moﬁlgetée%\é%gc?gtcﬁe f&?lﬁ)ergs’eél&fgoncent rati _0?1 of ct.hel single

cryst ali5 serdadandarct te B&);s inege rraprodudiian denigky peayided vigh secophipgmedizon nmass

spectrometry (SIMS). [017 | Vst dhESddbd i@l shown.

As for peaff‘ée‘%'g??&@’pg%‘{} Fs rtgétu?r?ier?ﬁh r'ghr?ﬁ—gg}%vr%?da%pgt ?@E\ pr esernt. la adept h of

around 200reeidig ibdtunrsodh dses dighalRleGatikAlisca DNVED)eaniddhastengh havewedisplay peak

position and.a Peale SPASHAhS e dla S568 aRAB! fnd e HROWAS BT & 118
them is illustrated in FIGS. 10A to 10C.

20 [0161]
FIGS. 10A to 10C illustrate an cxample of a cellular phone to which an SOI

substrate is applied. FIG. 10A is a front view; FIG. 10B, a rear view; and FiG. 10C, a
front view in which two housings are slid. The cellular phone in FIGS. 10A to 10C
has two housings, a housing 701 and a housing 702. The cellular phone in FIGS. 10A
25  to 10C is a so-called smartphone that has both a function as a cellular phone and a
function as a portable information terminal and incorporates a computer provided to
conduct a variety of data processing besides voice calls.
[0162]
The celtlular phone in FIGS. 10A to 10C has the housings 701 and 702. The
30 housing 701 includes a display portion 703, a speaker 704, a microphone 705, operation
keys 706, a pointing device 707, a front-face camera lens 708, an external connection

terminal jack 709, an earphone terminal 710, and the like. The housing 702 includes a
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[0177] Further, as for the irradiation with the ions, neasurenent
results of the tenperature of the single crystal silicon substrate when the
dose for each irradiation was changed are shown in Table 1. The tenperature
of the single crystal silicon substrate was nmeasured using an irreversible
t her nol abel (manufactured by Thernographic 5 Measurenents Ltd (TMO),

product nane: THERMAX 6 Level Mni Strips) whose portion for indication of
tenperature changes its color at a specific tenperature [0178] Table 1
dosage Catons/cnR] tenperature of substrate 1C] the nunber of irradiation
5. 0E+14 54 40 1. 0E+15

keyboard 711, an external memory slot 712, a rear-face camera 713, a light 714, and the
like. In addition, an antenna is incorporated in the housing 701.
[0163]
Further, in addition to the above components, the cellular phone in FIGS. 10A
5  to 10C may incorporate a contactless IC chip, a small size memory device, or the like.
[0164]
The housings 701 and 702 which are put together to be lapped with each other
(illustrated in FIG. 10A) can be developed by sliding as illustrated in FIG. 10C. The
display portion 703 can incorporate a display panel or a display device to which the
10 method for manufacturing the display device described in Embodiment 2 or 3 is applied.
Because the display portion 703 and the front-face camera lens 708 are provided in the
same plane, the cellular phone can be used as a videophone. In addition, still images
and moving images can be taken with the rear-face camera 713 and the light 714 by
using the display portion 703 as a viewfinder.
15 [0165]
With the use of the speaker 704 and the microphone 705, the cellular phone in
FIGS. 10A to 10C can be used as a sound recording device (recorder) or a sound
reproducing device. By operation with the operation keys 706, operation of incoming
and outgoing calls, simple information input for electronic mail or the like, scrolling of
20 aviewing area displayed on the display portion, cursor motion for selecting information
displayed on the display portion, and the like are pbssible.
[0166]
if much information needs to be handled in documentation, a use as a portable
information terminal, and the like, the use of the keyboard 711 is convenient. The
25  housings 701 and 702 which are put together to be lapped with each other (FIG. 10A)
can be developed by sliding as illustrated in FIG. 10C. When the celiular phone is
used as a portable information terminal, smooth operation can be conducted using the
keyboard 711 or the pointing device 707. The external connection terminal jack 709
can be connected to an AC adaptor and various types of cables such as a USB cable, and
30 charging and data communication with a personal computer or the like are possible.
Moreover, a recording medium can be inserted into the external memory slot 712 so that

a large volume of data can be stored and moved.
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[0167]
The housing 702 is provided with the rear-face camera 713 and the light 714 on

the rear face (FIG. 10B), and still images and moving images can be taken using the
display portion 703 as a viewfinder.
5 [0168]

Furthermore, in addition to the above-described functions, the cellular phone
may also have an infrared communication function, a USB port, a television
one-segment broadeasting receiving function, a contactless IC chip, an earphone jack, or
the like.

10 [0169]

The electronic device illustrated in FIGS. 10A to 10C can be manufactured by
application of the aforementioned method for manufacturing a transistor and a display
device.

[0170]

15 Note that the structure described in this embodiment can be combined with
structures in another embodiment in this specification, as appropriate.
[Example 1]
[0171]
In this example, an effect of suppressing temperature increase of a single
20  crystal semiconductor substrate when the single crystal semiconductor substrate is
irradiated with ions was observed. Specifically, each profile of an element derived
from added ions in the single crystal semiconductor substrate in the case where
irradiation with a predetermined number of ions is performed through one step and the
case where irradiation with a predetermined number of ions is performed through a
25  plurality of steps was observed.

[0172]

First, a single crystal semiconductor substrate was prepared and irradiated with
accelerated hydrogen ions to form an embrittled region. Then, the concentration of
hydrogen added to the single crystal semiconductor substrate was analyzed.

30 [0173]

In order to form the embrittled region, hydrogen ions were added to a single

crystal silicon wafer by using an ion doping apparatus. A 100% hydrogen gas was
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7. 0E+15 241 8. 0E+15 254 9. 0E+15 224-260 1.0E+16 254-290 2 1.5E+16
290- 360 2. 0E+16 290- 360

used as a source gas, and a single crystal silicon wafer substrate was irradiated with ions
in plasma that is generated by excitation of the hydrogen gas and accelerated by an
electric field without mass separation. Accordingly, the embrittled region was formed.
In the ion doping apparatus, when the hydrogen gas was excited, three kinds of ion
5 species (H', Ha", Hy") were generated, and all of the ion species are accelerated, with
which the single crystal semiconductor substrate was irradiated.  Note that
approximately 70 % of the hydrogen ion species that are generated from the hydrogen
gas was Hs'.
[0174]

10 As an ion irradiation condition, the condition under which the total number of
ions (dose) for irradiation is constant (here, the condition under which the dose is 2.0 x
10" cm™?) is selected. For example, in the case where irradiation was performed
through one step, the irradiation was performed under the condition where the dose of
ions for irradiation was 2.0 x 10'® cm2, and in the case where irradiation was performed
15 through two steps, the irradiation was performed through two steps under the condition
where the dose of ions for each irradiation was 1.0 x 10" cm™.  Similarly, in the case
where irradiation was performed through four steps, the irradiation was performed
through four steps under the condition where the dose of ions for each irradiation was
5.0 x 10"° em™, and in the case where irradiation was performed through eight steps, the
20  irradiation was performed through eight steps under the condition where the dose of

ions for each irradiation was 2.5 x 10" em™.

Further, as a common condition, an
acceleration voltage was set to 50 kV, and beam current density was set to 5 pA/em?.
[0175]

Note that the hydrogen concentration of the single crystal semiconductor

25  substrates was analyzed using secondary jon mass spectrometry (SIMS}).

[0176]

In FIG. 11A, analysis results are shown. As for peaks (the peaks resulting
from Hs* irradiation) present a depth of around 200 nm in the profiles in FIG. 11A, a
relationship between a peak position and a peak concentration of each sample is shown

30 inFIG. 11B.
[0177)
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1 10[0179] It was confirmed from Table 1 that as the dose of ions
for each irradiation was increased (as the tinme for each irradiation

i ncreases), the tenperature of the single crystal silicon substrate was

i ncreased. [0180] 15It can be seen fromFIGS. 11A and 11B that the peak
position is the shall owest and the peak concentration was the |owest in the
case where irradiation with the ions was perforned through one step. On the
ot her hand, as the nunber of times of irradiation increases, the peak
positi on beconmes deep, and the peak concentration beconmes high. It can be
seen that the peak position is deeper and the peak concentration is higher
In the case wherg fhe ., rf5raﬂ‘leairtaﬂﬁti¥@§wi {05 HBd e hNuPIATHAL frOdMlis QJF KRBT € St eps
as conpared to the CasSe where the i1rradiation was performed through one
step. Thi sieinpelamenafibe ditgle trestplsilivon sebsirate mbas thesipsa fareash irgadiation Was
suppressed ,by 5i ncr.easi.n he n r of .ti fol irati is,
decreasinngﬁ%“Hﬁ%ﬂnﬁ?“Pgh@eﬁOr%gggﬁqgﬁ?%%ggﬁfgkggf[ ré%pigﬁé&gngﬁoling
period forwhdencasupst ndhe)an FRiddible thermolatel (mamfisursédry T hermopsepkiappr essi ng

the tenperature incregs t he, singl e tal m C S rate,
her malS di Meguresentsy L d B&)er%(i‘?t‘m( ‘Pf’g‘?ee,Wé‘eﬁﬁ%ﬁf%@dgﬁ%m‘”%&t he added
0N S SURRGSRRThdicaid S GhtEkerehaipbalis SasTiacontuttonmsuistr at e, and a
regi on where hydrogen is added becones small in a depth direction of the
single cryBd38l sem conductor substrate. Further, it can be seen that, by

suppr essi Hid/f tenperature increase of the substrate, desorption of

hygrogen il C idS bgn ed to.silica lnfnr‘n': LN the ﬁ|gg|e Crysta| silicon g
substrate {is reduced,]| a esplt, remainin rogen is 15 increased.
In such a nanﬁéﬁ@eg reg?%ﬁﬁ%ﬁ%ﬁé ap éhaamber gegiyon ?s formed becones
smal | in f defouts/cti’t eftionqhy a sihgl dTedi3fral seni conductor substrate,
wher eby sqparation ofithe ii r‘]gl e ctystal senmicohductor substrate is
favorably |perfgeppd aphd a sgyface pf a sumgle cfystal semi conductor |ayer
after sepgrat [ Q0. GAT pe prapar. 20

2.0E+15 89 10

3.0E+15 il6

4.0E+15 171 3

5.0E+15 193

6.0E+15 224

7.0E+15 241

8.0E+15 254

9.0E+15 224~260

1.0E+16 254~290 2

1.5E+16 290~360

2.0E+16 290~360 i

10 [0179]

It was confirmed from Table 1 that as the dose of ions for each irradiation was
increased (as the time for each irradiation increases), the temperature of the single
crystal silicon substrate was increased.

[0180]
15 It can be seen from FIGS. 11A and 11B that the peak position is the shallowest

and the peak concentration was the lowest in the case where irradiation with the ions
was performed through one step. On the other hand, as the number of times of

irradiation increases, the peak position becomes deep, and the peak concentration
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[0182] 20Further, it can be seen fromFIGS. 11A and 11B and Table 1 that
when the tenperature of the single crystal sem conductor substrate in ion
irradiation is about 200 C or |ower, an advantageous effect can be

sufficiently obtained. [0183] Note that the structure described
in this exanple can be conbined with 25structures in another enbodinent in
this specification, as appropriate. This application is based on

Japanese Patent Application serial no. 2008-258290 filed with Japan Patent
O fice on Cctober 3, 2008 and Japanese Patent Application serial no.
2008-258301 filed with Japan Patent O fice on COctober 3, 2008, 30 the

entire conbelhss Gfigtthi €Maar & Remelut iths QeROmatifth by degfceramcte pdkAT | S
CLAI MED 1 S: 1.7 A method for manufacturing an SO substrate, conprising:
i rradi at i nepnserratign i highps indihe sesaivwhsredbe irgdiation 3 aeréried fropehdPwi %t ed i ons

to form anm%@%%;fstds%gmégrg{i e kaldOhail B RraGldSi hs PETIHOD GG orRUDST T at e;

bondi ng the si e cry sem conductor substrate and a base substrate

wi th an i nstep.atThig i hgeanse Heetepperedre fnsreape ofidleh subshiate is suppresseddWat i ng t he
single crystal .sem.c 2 t ikt i to form
a si nglg c}”f/“éefi ale gﬂgnﬁlq@g}ré\ﬁEf:){"g?y&;{r/%?{agglgbﬂ%ﬁé’ (%arsee S htgtdr0 g%igf \;\nﬁ’g% ﬁ&t he

i nsul at i ngedcayeadiitioher posidihgtavepkigtoned fgr the substratepher ei n t he singl e crystal
sem conduchﬁglmbst rate is irradiated with the accelerated ions by an ion
dopi ng et ile the single crystal sem conductor substrate is cool ed.

2. A nmethod for Ireanbeaedrthitrty sapprS&Singtubempeartieyre morpseiof thegsingle crystal

B e ng gl et R L AR IR Bl BEGRL RO 20, 01
bondi ngy t hihe SAGH iBnEH YoipdssERiRitROsckle tigstabsthfitondi@oramnbistate) aska sighst r at e
wth an | n\?vlljnlar%t klnyrc]lgoglet? Xs? rad&egt l?erc rggsegmglp?ri %bc?etp\t,heﬁﬂ'écti%g dof the single crystal
semiconductor substrate. Further, it can be seen that, by suppressing the temperature
increase of the substrate, desorption of hydrogen which is bonded to silicon atoms in the
single crystal silicon substrate is reduced, and as a result, remaining hydrogen is
15 increased. In such a manner, a region where an embrittled region is formed becomes
small in a depth direction of a single crystal semiconductor substrate, whereby
separation of the single crystal semiconductor substrate is favorably performed and a
surface of a single crystal semiconductor layer after separation can be planar.
[0182]
20 Further, it can be seen from FIGS. 11A and 11B and Table 1 that when the
temperature of the single crystal semiconductor substrate in ion irradiation is about 200
°C or lower, an advantageous effect can be sufﬁcienﬂy obtained.
[0183]

Note that the structure described in this example can be combined with

25  structures in another embodiment in this specification, as appropriate.

This application is based on Japanese Patent Application serial no.
2008-258290 filed with Japan Patent Office on October 3, 2008 and Japanese Patent
Application serial no. 2008-258301 filed with Japan Patent Office on October f?, 2008,

30  the entire contents of which are hereby incorporated by reference.
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separating the single crystal sem conductor substrate along the enbrittled
region to forma single crystal sem conductor |ayer over the base substrate
with the insulating |ayer interposed therebetween, wherein the
single crystal sem conductor substrate is irradiated with the accel erated
ions by an ion doping nethod while the single crystal sem conductor
substrate is swng and cool ed. 3. The nethod for manufacturing an SO
substrate according to claim2, wherein the single crystal sem conduct or
substrate is swng by noving a substrate supporting base by which the
single crystal sem conductor substrate is held. 4. The nethod for

manuf act yrjn S trate according to claiml1, wherein the
BLabshE

single cr tor substrate is cooled by cooling a substrate
supporting base by which the single crystal sem conductor substrate is
held. 5. The nethod for manufacturing an_SO substrate according to claim
2, wher &i nAtraethef dgy manvfastusing Sen$Cbadhritabe, commyisingie i s cool ed by

cooling a subs 8 i i i :

sem conduct or E@sﬁ?@%%é%@?ﬁgﬁ&ng@&%gﬁ%ﬁﬁé %b %r?g{?llé?%tg d?’u‘snté’ an SOL

subst r at doratanedbriltlddregion imthe sirigts eryatal bemgiondlietoc syisdtedte;sem conduct or

substrate is held.b sing,an _electrostatic chuck. 7. . The t hod for

manuf act uri ng ﬂmg&t %ﬁg@%pgsﬁmpﬂ@qc&h "Léhsﬁﬁ%e afle? giaﬁetsﬁgsg?tﬁgl e

crystal sah fPmndusting 15eP ftéposed thdrebstwaenuahdg an el ectrostatic chuck.

8. A nmethod for manufacturi nlg an SOl substrate, conprising: irradiating a
€s

si ngl e cryst al sepafRtam thecsipglesenystal aemicandHCloE subsiraleciond ine ewbribies an
embri tt egdyre g Rl &8s gaoﬁgggg Qeﬁfc%éggétgf R gvgl&gwasé %s&{@@%tmﬁd;gg

the single’crys ctor su ase substrate w
i nsul at i mpulaingriayettivtepuosed theebebetdereen; and separating the single

crystal sem conductor, substrate al ong.th nbrittled regign.tp forma

single crystal W 8%'%5%%&8}9@? qr‘égs@r S%ﬁ@l‘m&“@%&g S%%Ss'? rlg?gla\tﬁ(fﬁv”ﬁh@e

i nsul at i pgcélapted idHsLhp @nden duiPaietie while the single crystal semiconductor -
substrate is cooled.

2. A method for manufacturing an SOI substrate, comprising:

irradiating a single crystal semiconductor substrate with accelerated ions to
form an embrittled region in the single crystal semiconductor substrate;

bonding the single crystal semiconductor substrate and a base substrate
with an insulating layer interposed therebetween; and

separating the single crystal semiconductor substrate along the embrittled
region to form a single crystal semiconductor layer over the base substrate with the
insulating layer interposed therebetween,

wherein the single crystal semiconductor substrate is irradiated with the
accelerated ions by an ion doping method while the single crystal semiconductor

substrate is swung and cooled.
3. The method for manufacturing an SOI substrate according to claim 2,

wherein the single crystal semiconductor substrate is swung by moving a

substrate supporting base by which the single crystal semiconductor substrate is
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wherein the single crystal sem conductor substrate is irradiated with the
accel erated ions through a plurality of steps by an ion doping nethod, and
wherein a tenperature of the single crystal sem conductor substrate is
decreased after n-th (n is a natural nunmber of 1 or nore) irradiation and
before (n+l)-th irradiation. 9. The nmethod for manufacturing an SO
substrate according to claim8, wherein the single crystal sem conductor
substrate is irradiated with the accelerated ions while the single crystal
sem conductor substrate is cool ed. 10. The nmet hod for manufacturing an
SO substrate according to claim8, wherein the single crystal

sem conductor substrate is irradiated with the accelerated ions while the
single crh,eﬁ-al sem conductor substrate is swung. 11. The nmethod for
manuf acturing an SO substrate according to claim1, wherein ions
formed from hydrogen are used as the accelerated ions, and a proportion of
H3+ ions with despbematbodfarseanufaciutieg aofSQaubstretd ascardingiteateimg, 70 % or

nor e. 12. T od. for factur] uhs .ding to
claim2, A I ke St VR R ubSlra RGeSl B
accel er atsgBstrateSsuppofting pasepby wittich thie kiBigld orystalisemicawivetdr ubstrateoisal
nunmber of the accelerated ions is 70 % or nore. 13. The nethod for

manuf act lﬁ\eiqﬁg an SO substrate according to claimS8, wherein ions

formed from hydrogen are used as the accel erated ions, and a proportion of
H3+ ions with respect to a total nunmber of the accelerated ions is 70 % or
nmore. 14. The &et hbemeathodfoiumamnifaetiuriog an S6¢) substiste agesrding de alailg 4 o cl ai m

1, 48 ]| 8 [ S ' t or
substrat e vher DRt 6 pLORF S4B SEnfltorkdofich MBS Faf 0o BUIEBNH'S, 2

wi t h t he sabsiedteraappdrtingnisases by avieich theasingte exystdl semi@fidiuCtor substrate 5. The
nmet hod for nufacturing an Sal substrate according to claim 2,

wherein &€ nperature of the single crystal sem conductor substrate when
the single crystal sem conductor substrate is irradiated with the

accelerated ions is |lower than or equal to 200 C. . ]
6. The method for manufacturing an SOJ substrate according to claim 4,

wherein the single crystal semiconductor substrate is held by using an

electrostatic chuck.

7. The method for manufacturing an SOl substrate according to claim 5,
wherein the single crystal semiconductor substrate is held by using an

electrostatic chuck.

8. A method for manufacturing an SOI substrate, comprising:

irradiating a single crystal semiconductor substrate with accelerated ions to
form an embrittled region in the single crystal semiconductor substrate;

bonding the single crystal semiconductor substrate and a base substrate
with an insulating layer interposed therebetween; and

separating the single crystal semiconductor substrate along the embrittled
region to form a single crystal semiconductor layer over the base substrate with the
insulating layer interposed therebetween,

wherein the single crystal semiconductor substrate is irradiated with the
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16. The method for manufacturing an SO substrate according to claim 8,
wherein a tenperature of the single crystal sem conductor substrate when
the single crystal semi conductor substrate is irradiated with the

accelerated ions is |lower than or equal to 200 C 17. The met hod
for manufacturing an Sal substrate according to claim1l, wherein a glass
substrate is used as the base substrate. 18. The nethod for
manuf acturing an SO substrate according to claim2, wherein a gl ass
substrate is used as the base substrate. 19. The method for

manuf acturing an SO substrate according to claim@8, wherein a gl ass
substrate is used. as the base su_bsttrate. . )
accelerated ions through a plurality of steps by an ion doping method, and
wherein a temperature of the single crystal semiconductor substrate is
decreased after n-th (n is a natural number of 1 or more) irradiation and before

(n+1)-th irradiation.

9. The method for manufacturing an SOI substrate according to claim 8,
wherein the single crystal semiconductor substrate is irradiated with the

accelerated ions while the single crystal semiconductor substrate is cooled.

10. The method for manufacturing an SOI substrate according to claim 8,
wherein the single crystal semiconductor substrate is irradiated with the

accelerated ions while the single crystal semiconductor substrate is swung.

11. The method for manufacturing an SOI substrate according to claim 1,
wherein ions formed from hydrogen are used as the accelerated ions, and a
proportion of Hz* ions with respect to a total number of the accelerated ions is 70 %

or more.

12. The method for manufacturing an SOI substrate according to claim 2,
wherein ions formed from hydrogen are used as the accelerated ions, and a
proportion of Hz" fons with respect to a total number of the accelerated ions is 70 %

or more.
13. The method for manufacturing an SOI substrate according to claim 8,
wherein ions formed from hydrogen are used as the accelerated ions, and a

proportion of Ha" ions with respect to a total number of the accelerated ions is 70 %

or more.

14. The method for manufacturing an SOI substrate according to claim 1,
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wherein a temperature of the single crystal semiconductor substrate when
the single crystal semiconductor substrate is irradiated with the accelerated ions is

lower than or equal to 200 °C.

15. The method for manufacturing an SOl substrate according to claim 2,
wherein a temperature of the single crystal semiconductor substrate when

the single crystal semiconductor substrate is irradiated with the accelerated ions is

lower than or equal to 200 °C.

16. The method for manufacturing an SOl substrate according to claim 8,
wherein a temperature of the single crystal semiconductor substrate when

the single crystal semiconductor substrate is irradiated with the accelerated ions is

lower than or equal to 200 °C.

17. The method for manufacturing an SOI substrate according to claim 1,

wherein a glass substrate is used as the base substrate.

18. The method for manufacturing an SOl substrate according to claim 2,

wherein a glass substrate is used as the base substrate.

19. The method for manufacturing an SOI substrate according to claim 8,

wherein a glass substrate is used as the base substrate.
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