METHOD FOR MANUFACTURI NG SEM CONDUCTOR SUBSTRATE BACKGROUND OF THE

| NVENTI ON 51. Field of the Invention [0001] The present invention
relates to a nethod for manufacturing an SOT substrate having a so-called
silicon-on-insulator (SOH structure in which a single crystal sem conductor
| ayer is provided on an insulating surface, and a nmethod for

10manuf acturing a sem conductor device having the SOI structure. 2.
Description of the Related Art [0002] Integrated circuits in which a

sem conductor substrate called a 15 silicon-on-insulator (hereinafter also
referred to as "SO") having a thin single crystal sem conductor |ayer on
an insul at i ngMETHQR &QR HF AR COF EM IS ONIHYAT (R Hy BRWhRARE| s

manuf actured by thinly slicing a single crystal sem conductor ingot have
been devel oped. The integrated circuits using an SOT substrate have
attracted attention as i nBAGKEREW D I(BUTHE IMVENTI@Huced parasitic

capaci tance between a drain of a transistor and 20a substrate and i nproved
per formance of sem conductor integrated circuits. [0003] As a met hod
for maruf actrinld efghalmvB@lonsubstrat e, a hydrogen ion inplantati on separation
met hod islﬁﬂ?@n (for exanple, see Patent Docunent 1). The hydrogen ion

i npl ant ati eparation nethod is a nethod in which hydrogen ions are

inpl anted into dhe pkesaitlibeanonaiads ha hans an vembfdkttibgdn SOgisamnvate a

pr edet er m ned depth m.t he surface, the silicqn wafer in mhlch t he
enbrittl ed@Bgi driorE ’?@PH’&H”E "bg&iﬁ”’ @@ﬂ%é“&if"h& 6 Eoirlar dYslnext

heat treat@RitontisciPeldyer MBdprbGide@USE SepatRlih®Nuath@Ndaddhe afebioldt fdred regi on
so that a thin silicon |ayer is formed on the other silicon wafer Further,

it is Wecé’é@’é‘lf%f@“tr@&ﬁé?’f‘ﬁ??ﬁ%@é@e‘fl?‘é}éﬁvﬁ’éﬁ’ﬂ" PASINCWIS di zi ng at mosphere, form
an 30oxide filmon the silicon |ayer, renove the oxide film and perform

heat treatnment at 1000C to 1300C in order to increase bonding strength.
2. Description of the Related Art

[0002]
Integrated circuits in  which a semiconductor substrate called a
15 silicon-on-insulator (hereinafter also referred to as “SOI”) having a thin single crystal
semiconductor layer on an insulating surface is used instead of a silicon wafer which is
manufactured by thinly slicing a single crystal semiconductor ingot have been
developed. The integrated circuits using an SOI substrate have attracted attention as
integrated circuits with reduced parasitic capacitance between a drain of a transistor and
20 asubstrate and improved performance of semiconductor integrated circuits.
[0003]

As a method for manufacturing an SOI substrate, a hydrogen ion implantation
separation method is known (for example, see Patent Document 1). The hydrogen ion
implantation separation method is a method in which hydrogen ions are implanted into a

25  silicon wafer to form an embrittled region at a predetermined depth from the surface,
and the silicon wafer in which the embritiled region is formed is bonded to the other
silicon wafer. Next, heat treatment is performed to cause separation along {he
embrittled region so that a thin silicon layer is formed on the other silicon wafer.
Further, it 1s necessary to perform heat treatiment in an oxidizing atmosphere, form an

30 oxide film on the silicon layer, remove the oxide film, and perform heat treatment at

1000 °C to 1300 °C in order to increase bonding strength.



[ 0004] In addition, a nethod for formng a single crystal silicon
| ayer over a base substrate made of glass by such a Smart Cut (registered
trademar k) nmet hod has been proposed (for exanple, see Patent Docunent 2).
5[ 0005] The silicon layer fornmed in such a manner is in a state
where crystal defects remain on a surface of and in the silicon |ayer due
to the ion irradiation step for formng the enbrittled region and the
separation step, and the planarity of the surface significantly
deteriorates. Further, if separation is not snmoothly conducted al ong the
10enbritt 8% 4% egi on, there arise problems such as a rough surface,

variation in thyckngss, aNdhaeRe’ Rih@R Ofinflk RUie SHRAGK $ayef oldie Biski con
| ayer. [0006] Renoval of crystal de?ects of a silicon layer can be
achi eved Bybdvagtinpdy ot gless thermyel atSmaet ont Co0ea! saddmiaghapethpbiwsveaen such a

hi gh te”p?ﬁa&ﬁ&ﬁﬁPQ9&ﬁﬁﬁﬁﬁé?QQEEQQUmééé?ti'ized for renoval of the crysta

defects of the silicon layer which i tached to the glass substrate
havi ngSa d¢¢®iln point of 700 C or lower. Thus, as disclosed in Patent

Docunent 3, 't heﬁ"ﬁe Bﬁ?ﬁﬁ?& {%P u%t 1516%2 atn ; niml-’:lr i@‘qxll %‘ts? L(ﬁwﬁésjeim A ldg%glg WI th a
| aser beamto récrystallize he Silicon ayer, so that crystal quality of
t he silicoemhiayen sidademprod/mdhd sBenPateedte Oobuiventradd)ytion2@p[f@i foatingn Li st ]

L0007) Loy PRRy EhleREnsEe B Labet Lol tie LB a1l
2002- 170942:n25hibt entriddeet minithd)] Tappaess Publ hakedlyRah@nrtecdAp@lg ¢at i on No.
2005- %%Zzﬁﬁataﬁﬁm&\fmﬁh;y Eriéehgé(gb%gﬂsos\luc[laoa%%sJoxtgh surface, variation in thickness,
and generation of minute cracks of the silicon layer.
[0006]
Removal of crystal defects of a silicon layer can be achieved by heating at a
temperature of 1060 °C or higher; however, such a high temperature process cannot be
15 utilized for removal of the crystal defects of the silicon layer which is attached to the
glass substrate having a strain point of 700 °C or lower. Thus, as disclosed in Patent
Document 3, there has been an attempt to nradiate a silicon layer with a laser beam to
recrystallize the silicon layer, so that crystal quality of the silicon layer is improved (see
Patent Document 3).
20
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SUMMARY OF THE INVENTION
[0008]
However, crystal defects or damage caused by separation remains on a surface
30 of asilicon layer after a single crystal silicon substrate is separated.  In order to remove

crystal defects of a single crystal silicon layer in such a state, laser irradiation is



However, crystal defects or damage caused by separation remains on a
surface 300of a silicon layer after a single crystal silicon substrate is
separated. In order to renove crystal defects of a single crystal silicon

| ayer in such a state, laser irradiation is perfornmed; however, there has
been a problemthat crystal defects or damage is introduced into the single
crystal silicon layer fromthe surface of the silicon |layer. Further, there
has al so been a probl emthat unevenness is caused on the surface of the
silicon | ayer when the silicon layer is nmelted and recrystallized. 5[0009]
In view ofpelsiamhpdpﬁioblem thepq hjpss begn ahijredlemt @B‘pﬁwiahéleﬁcml héndegr is

manuf act ur, gy, ?&1 e n%%?éhs; %Eﬁsaz)@xh\%"d @crpyx%aﬁlbts}ﬁi & @l ngksn Gt al

sem conductor Tayer |xe ase substrate can npr oved

crystalli rfiuttherd hereelm& dbar’mbea iprptaav ddt evepnnebers bau%ed@stlhﬂauefammp&hmhas | ow
ng‘é ;_gs![ ?]te&g’ﬁ%é/“ v\lbc'n%hx ;*(mny]zn)gcﬂdg(fqg,ti uﬁa‘ijﬁcry‘éﬂightg![ ﬁ:f zgijE: atg p:, §VI (]j-g a
met hod 5f orfo@nuf act uri ng a sem conductor device using such an SO

substrate. [001 man fact substrate
according to th JB?‘@S&H&C" ph?}’i‘ﬂ]ﬁ b a”a‘%éf??fo aVioT 4 4e mﬁq(?rem%”ﬂf‘gl%ﬁ”g

sem conduch®OI ayaraiaint aeibe glansri@ dﬁa&ﬁlgikdjhij'blélaieﬁucohﬂudt& laydjfeeti edat 0
etching treatnment, the surfacg of the, si ngléeu (%r¥ E) sem conductor |ayer is
i rradi at ed® 19S5AT Sehe BLNC 2RY PRRURHY Fafe! 670 PRAMEP K TR 7SR 4

sem conduGiBdiralcAYBEh ha 16U BER Gés@thnb Oarfdl I8 SRy (J RAHROE as T fl@ssSPRGlel &
structure of the present invention is described bel ow. [0011 200ne

enbodifentuseha gdest psEitepsingrditiogy fithanolhberiaRisg! Kt P‘ﬁb* £ 7 HFBUEIoTa

seni CondUCquQﬁlfa%Hll?ﬁl%@E;ﬁmoxﬁcﬁz"c%‘r adi@seiuil 4] @0 fuegi@n in the seni conductor
substrate b())/]i irradrating the sem conductor substrate with accel erated ions

t hrough t H80iMsul ating film disposing a surface of the semi conductor

substrate and ag1§wf1ﬁgtﬁo@ffoxam£’1ﬁ§f§cn§rﬂgs&{ abe quPsBQt%' 5&@91536@01&1@ Qtdeg and
bondi ng the surtace of the insulating filmto the 25 surface of the base

subst r at e;infeptipi, rguaagert corda ety el acamld@x?@riaméﬁwgé tosybrse seltsEaigi t h t he
I nsul aitSI ng %dbécmddrlﬁgicﬁgé?xgalmﬁtr ﬁ%ﬁ%c%%f *HX: S?l%t'éé HaiRER oﬂ&dc?l?i P19 the

enbrittle egl on m ng heat treatne ter the surface of the
i nsul ati ngmﬁdxhtﬁd anmdl atlhwer beanf, ag@thofsutiive of deesinplbey staltsemaoadustmdiedr so each

ot her; per‘;fu (,Ci crﬂ 90 ptla%gllantgc Rl% nqt n?ﬂ% S.}g)%bﬁch §%1§C?1%anﬂg%§rgsrem ﬁ%gﬁuon {I‘ adi ating

the sem con I*ayer ect |ng treatnent with a | aser
beam and delscr:a:dﬂ aetlbwg the sem conductor layer irradiated with the | aser
beam wi t h [BJ)ﬂﬁm’l' [ 0012]
20 One embodiment includes the steps of: forming an insulating film over a
semiconductor substrate; forming an embrittled region in the semiconductor substrate
by irradiating the semiconductor substrate with accelerated 1ons through the insulating
film; disposing a surface of the semiconductor substrate and a surface of a base
substrate opposite to each other and bonding the surface of the insulating film to the
25  surface of the base substrate; forming a semiconducior layer over the base substrate
with the insulating film interposed therebetween by causmg separation along the
embriltled region by performing heat treatment after the surface of the insulating film
and the surface of the base substrate are bonded to each other; performing etching
treatment on the semiconductor layer; irradiating the semiconductor layer subjected to
30 the etching treatment with a laser beam; and irradiating the semiconductor layer
irradiated with the laser beam with plasma.

[0012]

(%]



One enbodi ment includes the steps of: formng an insulating filmover a
sem conduct or substrate; formng an enbrittled region in the sem conductor
substrate by irradiating the sem conductor substrate with accel erated ions
through the insulating film disposing a surface of the sem conductor
substrate and a surface of a base 5 substrate opposite to each other and
bondi ng the surface of the insulating filmto the surface of the base
substrate; form ng a sem conductor |ayer over the base substrate with the
insulating filminterposed therebetween by causing separation along the
enbrittled regi©one sybpdimentr mchigesh dwt stersealt femtingifapepsudimgsilt aee »f t he
| nsul atingf, chmu%&s P AGS Af Mﬁuéaaiegwﬁqmﬂa Aol fonae,t o each
ot her; per? i’r'st et chin 10"t reat ment on e sem conductor | ayer;
|rrad|atiMQ1nmbﬂsgnh@@nmumwoﬂotay@mdsubp@cmédmt©unhembh@s@e@w@hhmg
t r eat ment aser_bea erform ng t ng fLea n the
semcondugm GF;9%§5|r?%F?%€£ 1es?hm? agg?ﬂﬂga%?ﬂa }%?%ég?g%?%g t he
senlconduemQMakayﬁﬁm&ubweﬂieﬂutmﬁﬂhmdmgamndnémehfm@:hméaﬁmﬁﬁhxMumh pl asma.
[ 0013] 15Infth|2.f§ CIfI atloq. S|n g §>1 ans a cn%§$gl in
whi ch, whél 3Bt ﬁmGWy§W§1 %QF%g? 5@5‘5 ' ?ﬁ%(ﬁ r SEFFR BP9 %e crysta
axis is orignitedinkiladle iFANBteiocb &L ticdeiwteR Ity Paking Oftpahtian Sﬁwi’@Hﬁc and whi ch
has no crystal grain oun aries between crystals._ Note that hIS

speci f i cattMGH!ef ey bP@‘HFW%%Q@tPﬁﬁWﬁﬁégehﬂﬁfvg?ﬁﬂOf%e%ﬁP%Hmiﬁ di rection

of cryst alan@XRSsulfeceliTithObdRt ik it bdhasd Qa0 3ihdr; Peyndasd 8st ashidescri bed
20 above even when it includes a crystal defect or a dangling bond.

Furthdf, 'teamsphet Blecepiendyctos apesrimadiaipesipageaicepdpsio] ayg*emb&féﬁ‘»a det or

| ayer” rre@}'ﬂ,sﬁltsh@it:lnﬁo %@ﬁﬂlﬁgingﬂﬁtaQ&d By ﬂ&?ﬁ“ﬂhﬂgg Becohd GlcRing Meaingnt 84 ruct ure
obtains a single crystal structure again through a state which is different

fromthe éhmgqe@mnww layer uitatieed (PO dcanipice, benti gud dirpfiades sthate). In

addi ti on, S!?I{'HC Mcf% §f e%%b%@'e&ltot&{Qgecoﬁ@eéﬂung{r@anﬁéﬁﬁ%@l%l Jlés?rﬁt' on of a 25
single crystal semc | ayer” nmeans that a single crysta

sem condud¢®@n] Iayer is recrystallized to forma S|ngle crystal

sem cqgductor | gyl [ 90 L4d, - qillgicichﬂ af %éanﬁe%ﬁ! sl GALLOR iR RORpR Lt ] ed

region’is a weakened regi on of sem conduct or strate
which is beJSMEXmb}ﬁ focwsadlited dingtiohef @p ngkse! wny$tcalel1@® in é@mm@dui%bmr

erjﬂgﬂ [ ta lt S dx\{mlguteyg?mp on cs){n %ISﬁ\ilTlla}')?f %%bwlhgl% hgsrl}é)sfgi’gétal%%‘jlg %E)L%n(ﬁ{(& Jcﬂ(%ﬁ% )Rﬁésl g;s hej;[‘]i S
t r eat ment Ns© iIlidn,atn ehx§|smlf&amlysh¢als:zagm1@r@taﬁum:iunlraq laayrestalc anwhehsipar at ed

fromthe sin senic nduc ubstra 0015] A

" sem condaurardivraed 6 T SRBRde (Tl RS aPly EOPERs s gener al
whi ch 20an 16per ate byhett itl biziudgs SerRHEENdEEDT oric hadaglies | sdudcs, Fuamdr, a di spl ay
devi ce, a 5sem conductor circuit, and an el ectronic devjce are al | included

in the Senf(’c%%ﬁ&’tyétta(i’&%%nc é:f a single crystal semiconductor layer” means that a
semiconductor layer having a single crystal structure obtains a single crystal structure

again through a state which is different from the single crystal structure (for example, a
liquid phase state). In addition, it can also be said that “re-single-crystallization of a
25  single crystal semiconductor layer” means that a single crystal semiconductor layer is
recrystallized to form a single crystal semiconductor layer.
[0014]
In this specification, an embrittied region is a weakened region of a single
crystal semiconductor substrate which is formed by irradiating the single crystal
30 semiconductor substrate with an 1on beam so that crystal defects are formed by ions.
This embrittled region is divided by generation of a crack or the like by heat treatment,

so that a single crystal semiconductor layer can be separated from the single crystal



[ 0016] In addition, a "display device" in this specification
includes a liquid crystal display device and a light emtting device. A
liquid crystal display device includes a 10 liquid crystal elenment, and a
light emtting device includes a |light emtting elenent. A light enltting
el ement includes, inits scope, an el enent whose |um nance is controlled by
current or voltage, and specifically includes an inorganic

el ectrol um nescent (EL) elenent, an organic EL el enent, and the |ike.

[0017] 15By applying the present invention, crystal defects can be reduced
and pIanaﬁﬂﬂvoﬁbﬁwb@ﬂﬁhﬁﬁoved even when a supporting substrate which has

| ow heat rgs ftance is used. Further, by enploying such an 501 substrate, a
sem condu tor device with excel l ent characteristics can be manufactured.
20BRI EF DESCRI P7| ‘GhnChudiiiier DM NESHi0siB]fickitont rréerade aipiasty inngendrawi ngs:

FIGS. 1A-1 Wi éIaA pfmaq‘c §¥ ul1§}m ?‘ge%lncg?m%h%r gl‘la@’& cﬁ"gﬁcg lal’l(‘f'%t({l éﬁrn&v%@ £ xanpl e of

a method for  nanuf trate accord i ng present
i nvent son ,smﬁﬁExthStor Zﬁmtzo aﬁﬁi aarc&:cdmag Kavse hilcl alﬂsmuplatmmgt lam saxaopluetoof a

met hod fo%eaggufacturing an SO substrate according to the present
i nvention,; : FIGS. 3A to 3F are diagrans illustrating an exanple of a

nmet hod foqmnﬁmufacturing an SO substrate according to the present
i nvention;

. 4B- are
di agr ans |IIustPh?¥Wﬁmaﬁ §é€@¥ﬁ§Y€coF‘g“hﬁ?ﬁgﬁmﬁﬁﬂnﬁﬁ%ﬁﬁhgﬁﬂaFﬁ@w n 501
substr at e daprROrdeiiog ahda 1@k PRieHEHevicBY e ligeia;crfstdbdRplag dawdl: AQLANR a

illustrating an exanple of plasnma . treatnent in a pethod fo

10 liquid crystal element, and a light emitting device includes a light emitting clunent 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.
[0017]

15 By applying the present invention, crystal defects can be reduced and planarity
can be improved even when a supporting substrate which has low heat resistance 1s used.

Further, by employing such an SOI substrate, a semiconductor device with excellent

characteristics can be manufactured.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
In the accompanying drawings:
FIGS. 1A-1 to 1A-3, 1B, 1C, and 1D are diagrams illustrating an example of a
method for manufacturing an SOI substrate according fo the present invention;
25 FIGS. 2A to 2F are diagrams illustrating an example of a method for
manufacturing an SOI substrate according (o the present invention,
FIGS. 3A to 3F are diagrams illustrating an example of a method for
manufacturing an SOI substrate according to the present invention;
FIGS. 4A-1 to 4A-3, 4B-1 and 4B-2, 4C, and 4D are diagrams illustrating an
30 example of a method for manufacturing an SOI substrate according 1o the present
mvention;

FIG. 5 is a diagram illustrating an example of plasma treatment in a method for



manuf acturi ng an 501 substrate according to the present invention;

FIGS. 6A to 6E are diagrans illustrating an exanple of a sem conductor
devi ce using an SOT substrate according to the present invention,;

FIGS. 7TAto 7C are diagrans illustrating an exanple of a sem conductor
devi ce 5using an 501 substrate according to the present invention;

FIG 8 is a block diagramillustrating a structure of a m croprocessor
obt ai ned usi ng an 501 substrate according to the present invention,;

FIG 9 is a block diagramof a structure of an RFCPU obt ai ned using an SO
subst r at e nroBGFGIingaT YOL hdsipeyepdingdy St IMGAI@: 10A is a plan view of

a pixel of a |igdsgiy }ti?f caﬁ%ﬁzmi a%iugfa\ll g%}] Qﬁ%p'l:é &a s:lagilﬁ.olnﬁuc‘?o; device

cross-secti onal V|em1ta en a Kin FIG A FIG 11A
is a pIanummgmnﬁﬁlawpm&ehaehmaﬂo@Maummo%uwnMeacent dlsplay device and FI G

11B i 4
s 8 cross sgel banaboul et akemalong d De L0 dld Ml G it

FIGS. 12A to 12F each ‘show roni c eV|c
15accoﬁdim@ngenSbemmmﬁﬁemkonmmgmHMQﬂmmsnu&mdpn FIGS. I13A to 130 show

a cellular phon n SC& strat C g.lo t he es
i nvention is usgﬁggl b%CR%EPCP1¥4m$ ”%‘i?%a% %gmnn *ﬁ%ﬁ§05§@§WF resul ts

of the SUR$m§ensougm@&ﬂsa@buﬁMﬁ@kﬁnﬁmxsuahnmbh|con Iayers, 20FI GS. 15A and
15B are each a M.i.ma f a surface; |G. 16 is a ph

Show ng measur eREn® it BSTIRLigaY REE SUHTHES! B RIS SeC gy & 8P Lt
silicon | aygiste abdeldhs ERhORSERE RTELNnOF THE | NVENTI ON

10 FIG. 10A is a plan view of a pixel of a liquid crystal display device and FIG
10B is a cross-sectional view taken along the line J-K in FIG. 10A;
FIG. 11A is a plan view of a pixel of an electroluminescent display device and
FIG. 11B is a cross-sectional view taken along the line J-K in FIG. 11A;
FIGS. 12A to 12F ecach show an electronic device in which an SOI substrate
15 according to the present invention is used;
FIGS. 13A to 13C show a cellular phone in which an SOI substrate according
to the present invention is useds;
FIG. 14 is a graph showing measurement results of the surface roughness of
single crystal silicon layers;
20 FIGS. 15A and 15B are each a SEM image of a surface; and
FIG. 16 is a graph showing measurement results of the surface roughness of

single crystal silicon layers.

DETAILED DESCRIPTION OF THE INVENTION
25 [0019]

Embodiments of the present invention will be described below with reference
to the drawings. Note that the present invention is not limuted to the following
description, and it i1s easily understood by those skilled in the art that modes and detatls
of the present invention can be modified in a variety of ways without departing from the

30 purpose and scope of the present invention. Therefore, the present invention should
not be construed as being limited to the following description of the embodiments.

Note that in the structure of the present invention described below, reference numerals

)



25[ 0019] Enbodi nents of the present invention will be described
below with reference to the drawings. Note that the present invention is
not limted to the follow ng description, and it is easily understood by
those skilled in the art that nodes and details of the present invention
can be nodified in a variety of ways w thout departing fromthe 30 purpose
and scope of the present invention. Therefore, the present invention should
not be construed as being linmted to the follow ng description of the
enbodi nents. Note that in the structure of the present invention described
bel ow, r efiedienive tunee abgiophaidaaring hevies 8 simslapSmeiiarge ard ipermivons havi ng
a simlar raw ngs, and repeated
descrlptléﬁgﬁﬁcggggghaqqﬁgq&kgb&&gﬁ@%“%? ?EﬁLsg?g@ﬁg 1) 5In this
enbodi nent({029h exanpl e of a nethod for manufacturing an SOT substrate wl|
be descrlgﬁ%b lmcn“ference to drawings. Specifically, steps in which a
single cr tar onductor | ayer is forned over a base substrate with an
i nsul atSi ng Iayeh1umiem@mémdmthmrebeumeem:amd&muahanhmmﬁmﬁnmgensBﬁ@le
crystal 0 du t,or roved, are des e
Frot o omhgrs wiy S e il TROSY S uBktest o0 M oRedigubst r at e
110 are prsapar ﬁdstélSﬁ&udﬁh%torﬂéycl iafishrled B).rer i G&E?shbs@ﬁitet wéh shniglutiag yst al
seniconduqtor substrgte 100, a comrer cCi vai | abl e . 15 senj conduct or
subst r at e BEhMEBPUSE erebsi ek ApPlanarly g Wa Ftleipeil sowisiidhalives
subst r at e ilmpiovedaygbRgban el enent bel onging to (}oup 4, such as a single
crystal sillcon substrate, a single crystal germanium substrate, or a
S|nglé crﬁgqﬂﬂ silicon germani um substrate, can be used. Alternatively, a
conmpound sem copgiics Qhgls URSH! #hfcdRldBtuBfir9aldo 4N aafa88Qivd@ate I i LM
phosphide, or the like can be used. The size of a 20
comer ci alPrspagedarcedbie -1 pebMBlubstrate is typically 5 inches (125 mm) in
di anet er, @xhpches (150 nm in diameter, 8 inches (200 nm) in dianmeter, 12
i nches (3 0 in dianmeter, and 16 |nches (400 mm in diameter, and a
t ypi cal shape t Aertlewopingls cay%ﬁlﬁeulcandwm;ﬁebﬂm G, ﬁaqmlmémghrap‘eaﬂ@iﬁ ¢t he
si ngl gccr t ra N i cul ar
hape615 §§%E§F§§F%%g§%§% nséﬁ?%%ndﬁ@t%gggﬁ Stﬁh?écg%kﬁggéeg@?%{% 25 fo
exanpl e, aubsetednguddarsinghapnont bdhegiigke (e @lssd be urmdaleryfarsiliven, t he
single cr VRS be hr al ski
(D et e B ol R bt e B e B0 0 LSl o
a case i n substrete, eansiengkd omMSnakuB;¢cwomn&db&hkak@cwhmmnuMsf&mmnmd by a CZ
method is u ed as tg nﬂn%161C£Xm} !SSEIF ndugg%rug%bstﬁate 10
descrl bed I‘IO@?&TI MOST e, 0 ca 1€ S1Z€ 0Ol

20 commercially-available 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
diameter, and 16 inches (400 mm) in diameter, and a typical shape thereof is a circular
shape. Note that the shape of the single crystal semiconductor substrate 100 is not
limited to a circular shape, and a single crystal semiconductor substrate processed into,
25  for example, a rectangular shape or the like can also be used. Further, the single
crystal semiconductor substrate 100 can be formed by a Czochralski (CZ) method or a
Floating Zone {(FZ) method. In the description given below, a case in which a single
crystal silicon substrate which is formed by a CZ method is used as the single crystal
semiconductor substrate 100 is described.
30 [0023]
A substrate formed using an insulator can be used as the base substrate 110.

Specific examples thereof are as follows: a variety of glass substrates used in the

~J



el ectroni cs industry, such as substrates of alum nosilicate glass,

al um noborosilicate glass, and barium borosilicate glass; a quartz
substrate; a ceram c substrate; and a sapphire substrate. Alternatively, a
single crystal sem conductor substrate (for exanple, a single crystal
silicon substrate or the |ike) can also be used as the base 5 substrate
110. In this enbodi nent, a case of using a glass substrate is described.
Wen a gl ass substrate which can be formed in large sizes and is

i nexpensive is used as the base substrate 110, cost reduction can be

achi eved. o02As NERITY: arcli s sbatsiay of Rlwninodicns lasnalmenbprosiieaiei ngl e
crystal semleonfueh o ndBRURSLEALE 100 SREELG b sutubhe,d psul ating
film 102, "a single layer of an”insulating layer such as a silicon oxide
film a sishpdion ooyttt i détefialivaly. aa sibdle onywalt sindeorfdugtny sgbstatesi(for con
nitride o t f These filns
can be fo?%g mgyLQhF% ﬁ% %&#ﬁgngﬁﬁagﬁﬂﬁdﬂ%; %S%FQ%Cﬁgégggﬂgbﬁﬁgerlng

met hodS orsubdwetel 1 Ke. 11l Bli)@@bpdiment, ac$m<ﬂhm@gspgbmfm¢mmuon$d&mhb@bn

measur erent 890 G Do PR RolHERR o1 S0E Bt i b PR B M e 1y
(RBS) andthy@negﬂﬂuheﬂMahdnsnmmmﬁmmmgeeaﬁﬁﬁaq silicon oxynitride preferably
cont ai ns géég? nitrogen, silicon, and hydrogen at concentrations rangi ng
20 from5 %to 70 at.% 0.5 at.%to 15 at.% 25 at.%to 35 at.% and
0.1 at.%to 10 ka&@nhﬁ&@ﬁ@iﬁuﬂhyz1fﬂﬁmb@bym&héhﬁgm(ﬂ%&ﬂhéﬁk@%ﬁdﬁrcontains
nor e nltrogen t han oxygen, % in the case where nfasure ts are perforned
usi ng IRBS sEMFaEl FS) “§FIIQOHAﬁ%trFﬁem8%P opeflar ABty2 SBBtalRE 8k ¢hen,

ni trogen, isduldigema cﬁﬂ@hhyd@ﬂgﬁﬂo@ﬁeqmﬂcﬁﬂﬂ&&thgﬂ&nﬁaﬂﬁhﬂgmﬁ&ﬂﬁhémat 0/f)tO 30
at.% 20 at.%to 55 at. 25 at.%to 35 at. % and 10 at.%to 25 30 at.
respect i vellg Ofl\bﬁ’élc‘f‘h&*t‘” setedeniliy @8 2ofacksd #aas‘aéhe!e%wgé)ﬁ forggad; ¢ dhese and
hydrogen feahl o4t ﬂanﬁ&ﬁbf angesnd ¥eieh WEnhodMeE oDt hembat alspimher  of
atoms contained in the silicon oxynitride or the silicon n|tr|de oxide is
defined agnetlgsh axthodikq.0026] Next, the single crystal seniconductor
substrate jh;shrradiated with ions through 30 an insulating filmto forman
enbrlttle region 104 in the single crystal sem conductor substrate 100
(see FI G 1A-3) .InThespeaificktian scoregivorvidOdnas thae payase dhabyitiagemdidat i ng t he
single cryst strate. . i i r the

i ke haV|ﬁ§ 1%{ilne %ﬂﬂggﬁ&gme?%%§7%@ ﬁa&y&e*&éﬁ% gﬁ§ﬂ§$%g¥gk%%§£m§
senlconduap@mosmbstﬂ&ﬁé aleaﬂd@pmemb&sé substrgat(dF3Y Osthece akyEcked (also
IrﬁI g; ngeé’(?%fﬁ‘%b %glénc)x cn n %%31‘9,}[3 For s x’%l!dq‘l}}dﬂ(}%@l{} %EH@I}%EI%l?agi(a).fS! Ilarrp%,nla 2
perfoanedihﬁndaus%)memanaﬁﬂnhaw%heaﬁa@@&zakmh@uﬂﬁkmeﬁbmdulﬂeﬁ%negbon, SO

that a S|n? l e cr%ﬁ %‘ nlcon ucttl)ltl %¥ C!ﬁl gr ! tgver t he base
subst r at e 21 10 "FPYA™E Pie THEGH STCRY G T2 R B §e’8 ?Eﬁgr Pet'Weeh (see
FIG ID). aN@memEmak\mh@ameawuhkﬂaLmEﬁhﬁnﬁm@nﬁﬁgRBbbﬁdmﬁﬁt@nﬂﬁduamea
tenperature 0 £ss t han or ual to the stra|% E?fnt of the base substrate
oxide preferably contains oxy en, nitrogen, silicon, and hydrogen at concentrations

ranging from 5 at.% to 30 at.%, 20 at.% to 55 at.%, 25 at.% to 35 at.%, and 10 at.% to
25 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 nitride oxide is defined as 100 at.%.

[0026]

Next, the single crystal semiconductor substrate is irradiated with tons through

30  an insulating film to form an embrittled region 104 in the single crystal semiconducior

substrate 100 (see FIG. 1A-3). The embrittled region 104 can be formed by iradiating

the single crystal semiconducior substrate 100 with ions of hydrogen or the like having



10110. [0028] By perform ng the heat treatnment, internal pressure in
m crovoids fornmed in the enbrittled region 104 increases due to increase in
tenperature. Due to the increase in pressure, the single crystal

sem conductor substrate 100 is separated along the 15 enbrittled region
104. Because the insulating film 102 is bonded to the base substrate 110,
the single crystal sem conductor |layer 112 that is separated fromthe
single crystal sem conductor substrate 100 is forned over the base
substrate 110. [0029] In general, after the cleavage, crystal defects and
the |ike &metigemegyated in a 20 superficial |ayer portion of the single
ciystal s?&}ﬁfnductor | ayer 112 fornmed over the base substrate 110 due to
formation'o he enbrittled region 104 and separation along the enbrittled
regi on, and theTpdratansingie aetiaseocatdistof sesirft G0 24) the Fuye tshistrated lhat | ve
oxide film113 js rmed on the.supegficial laver..portion.of ~th i ngle
crystal sé&f %‘g“ﬁbﬁfc{agp IF%’Q%r mﬁsz.bo&%ﬁ{ L#ﬁ %dé’htoél%g‘r%%tlla@ %E gkﬁgg%{ gﬁné‘?g%r f gce of

t he nati ventexbetd @bifcbdtednl Bee TGS ]CY hesfratthatehexitdetnidant m p&Brived med on a
surface of the si ngl e clr%st%I lserri, ond%c.gﬁ:ﬁ | ayer 11t A §TYS al .dgfiects

r emai ni ng SFYCt HEMETUPRAFFEREY Ve psrtr o’f‘““’%ﬁe 8i g & TSR

sem condugk@icoh@er 1ahd2112angrokied bidsehatiage renpamed! | sk thelif3ulaBBy ilh 0030] The
native oxide film 113, the cryst fects rempining in the s rficial
aver 30 g6t inemosH b eatsiD © Ko bR Crber dyars iRt a he
like are rnepoved RY @hehidhe of 18Rt equihe Bt ehiingoihr Fakdmert sitswaer f or med
by either dry etching or wet etching, or a conbination thereof.

Al terdfti véPy, polishing treatment such as CMP nmy be perforned instead of
the etchingyfgieatment. Note that this etching treatment is also referred to
as first etchi ng treatnment. [0031] As the nmethod of etching the native
oxide film 113 Braetforening figheat egiieny migny PriseBadUBICHYojdayamed iipthe 5
reactive I ﬂ)rig'fe%r}bﬂg? (B ElreARE B](?cdto i@ cd QG ekl phBinyte.COBR @R PHBRAR if| CP)
etching method, an el ectron cyclotron resonance (ECR) etchi nﬁ nmet hod, a
paral | el pratwe( dapadiici vosebuphidydustahiubgiratet Wodis aenseisferions Hrasm
etehi ng Mmlioflicade iRl od T SRR AL AMIR, 2ifiNb0% (RLACH mALRELLsOR wave
pl asme et ¢hing nmethod, or the Iike can Be used, for exanple. Etching can be
per f or med 109, s kingle choral exainpidagtonlayer 112 that is separated from the single crystal
semiconductor substrate 100 is formed over the base substrate 110.
{0029}
In general, after the cleavage, crystal defects and the like are generated in a
20 superficial layer portion of the single crystal semiconductor layer 112 formed over the
base substrate 110 due to formation of the embrittled region 104 and separation along
the embrittfed region, and the planarity deteriorates (sce FIG. 2A). Further, a native
oxide film 113 is formed on the superficial layer portion of the single crystal
semiconductor layer 112,  Contaminants are attached to a surface of the native oxide
25  film 113. Thus, the native oxide film 113 formed on a surface of the single crystal
semiconductor layer 112, crystal defects remaining in the superficial layer portion of the
single crystal semiconductor layer 112, and the like are removed (see FIG. 2B).
[0030]
The native oxide film 113, the crystal defects remaining in the superlicial layer
30 portion of the single crystal semiconductor layer 112, and the like are removed by
etching treatment. The etching treatment is performed by either dry etching or wet

etching, or a combination thereof. Alternatively, polishing treatment such as CMP



10 chl ori ne-based gas such as Cl2, BCl13, or SiCl4; a fluorine-based gas
such as CHF3, CF4, C4F8, C2F6, NF3, or sul fur fluoride; or a brom ne-based
gas such as HBr as an etching gas. Further, an inert gas such as He, Ai; or
Xe, an 02 gas, or an 112 gas can be used. The etching treatnent may be
performed in a plurality of steps. Because the size or depth of defects in
the single crystal sem conductor |ayer 112 depends on the anpunt of 15
energy or dosage of ions which are added, the etching thickness of the
single crystal sem conductor |ayer 112 which is renpved by the etching
t r eat ment iPedrigeRedsgstend s flelties Heweni njosihat s elbiek Heageand surface
roughnessdg%,&@gmﬁbqgh%ig£m§%ﬁgm§gp1conductor | ayer 112 before the etching
treatment. [0032] In the above-descri bed manner, renoval of the crystal
defects ofl043é single crystal sem conductor |ayer 112 and the |ike and
planari zation of tfie, mgl Mi{ He SEITECQ Uﬁlﬁ}?ﬁli A, melé&olgac?&«,ﬁl? achi eved
by renmoving the super |C|a aye portion o e sing e crys
senlcoﬁduemumomaVEm1%&21fbmnedm®ven!@ﬁemb§§@)$uﬂwﬂratEmm@OGWUGGB@@ 25Next ,
:)gre ¢ ISIOEQ: gala%rrnégf(ﬂ{} e?c?lmfg%)ct ((EJCJ:U. yc!gifL gn Iesc? @a%fﬁ@l [},ﬁm 2%) al Tlhg?'/gr
are cryst@hmﬂdﬁﬂmesmgamamabqﬂabmamd@1ﬁhb@$nm@memcnms&amcﬁénmommﬁubtor | ayer
112 due to ion |rﬁad|a ion SH&%} ? i % the e 1 ion 104.
The i rradi a“f’ %e%"w Rifrae Shde Behnd- 114 *‘f"é‘ %%}’Ff& P ’r“&rﬂ“i h" %e@ ration
surface sitgte caf bk hse@|mlgbﬁn@wstmdhuag?&ms@enp@mdlu@tbgarush]@y&n cka.xszardt he base
substrate side.in order S| Ie cr st al enl Qtor | ayer
112, d8 th “i‘ﬁiﬂ?%%ﬁ%ﬁ‘l‘?% 2§ 20?@&%#&@1 1 9“ - PN S ‘PP feved. The
si ngl e crysralc,Bemrgonduftuoftudresr Al ddmiSe- usaaéd fal duyh areHBeds e L&mﬂgl etely
melted by irradiationh the |aser beam 114. [0034] 11 |s preferable
that the $fhglfarbeyat Hersanfechialice 6F ¥ dfef” P122ber pate £81 99 Wiahtded by the
irradiati ameWdnthet @ uhas MlaylRaBbifed BYa pardiabs §8)st | Becaale tBQisiopgl e 5
crystal sem conductor |ayer, crystal growth proceeds from a non-nelted
sol i d phaglerthaf defegts bohelFingleyrystf yniggndyeipeleyy Idafensady eper ua@auwff hout
r edUCtl'Son ehd} ol oY 3b@bb bRidn¥ -wiNAf &re aﬁééd e EbMise ﬁﬁ&&h“fs' Saht &R le k1 al
nel ting" neans that a part (for exanple, an up ayer por of the
single cr ysmapn@lém dmddé% ovhf¢bayxelremoscdréy ttls eiCE’tﬂé @dlﬁ’lfﬂmede#a@é agtat e, but
anot her p r ad renmi ns
" 10 a bl ek AR e e P e e R e
that the §mngb@hmﬁwén®ﬂH@éﬁﬁ@@ﬁ@@@hmgimay@ni|s melted into a |iquid phase
state domg g,the vicinity of its lower interface. [0035] The single
crystal nlcbnductor | ayer 112 is scanned with the |aser beam 114

In the above-described manner, removal of the crystal defects of the single

crystal semiconductor layer 112 and the like and planarization of the single crystal
semiconductor layer 112 can be achieved by removing the superficial layer portion of
the single crystal semiconductor layer 112 formed over the base substrate 110.

[0033]

25 Next, the single crystal semiconductor layer 112 from which the superficial
layer portion 1s removed 1s irradiated with a laser beam 114 (see FIG 2C). There are
crystal defects generated inside the single crystal semiconductor layer 112 due to the ion
irradiation step for forming the embrittled region 104. The uradiation with the laser
beam 114 is performed from the separation surface side of the single crystal

30 semiconductor layer 112 or the base substrate 110 side 1n order to melt the single crystal
semiconductor layer 112, so that improvements in crystallinity and planarity are

achieved. The single crystal semiconductor layer 112 is partially melted or completely

10



15 while the single crystal sem conductor |ayer 112 is partially nelted, so
that crystal growh proceeds froma non-nelted solid phase part

Accordingly, crystal defects in the single crystal sem conductor |ayer 112
can be reduced and crystallinity can be inproved. A part which is not
melted is a single crystal and crystal orientations are aligned; thus,
crystal grain boundaries are not fornmed, and the single crystal 20

sem conductor |ayer 112 after the irradiation with the | aser beam 114 can

be a si ngl e stal sem conduct or er without crystal grain boundaries.
Mor eover “ﬁfézf sthdragign wih it Eﬂ@tb%ﬁm 14 ized by solidification, and a single
crystal gnductor which is adjacent to the nelted region and which is
not el te a single crystal sem conductor which has aligned crystal

orientati ons ar 8 i grefedble Therbf omgjc tmstthemidBdodse laghed B s¢ pgitelicr yst al
siliconv\ho abiof. Qe u S 0) as the
single crf/nsct ?%gqg‘lggmﬁi t”\; b pll%s SF%P%HS&)‘,? Iﬁaﬁﬁ I%]nlgglég é)r{;tt%t “Egg of a main
surfacé ofcmstaescsmmgideuoxrlygm,adzycszflrglmhqiwbms ftoayenmfkﬂ:ﬁlmd&so(xdeﬂe)sp pamd t he

pLane o1 S 8, ShLS TS, Dl L PR NI b B

recryst al lthaz e this spbdRutiot-Upddier meBRA" afeais @dsha 0t dfP cxarpld] at ugitr ey be
perlimed . instead of tlhe.i radi ati on wi,th the | aser %eam ]]14~ LIOOSG] In
such a nmarMér POy} Hebe St PRt IR Y e A Y14 Y EP Penoval  of

a super f isgteabud Ay@er W(tidnﬂﬂaﬁbieaa SRRATGET UMisY i AQendfed bherainglie crystal
seni conduct or | ayer, ystal defects, contam nants, and the |ike can be

pr evenfed 4 4th iﬁ’é"%@m‘l@nt Padie elrer heed+ lkemeietrgmeltiogy steaps ehieotinglet or

layer. FurhRer senm{mfdﬁﬁgivi@kei(?tf mbi&l iRRLd MRidxadesdk liBvn Lt aceifQgghness due
to the irradiation with t | aser beam 114 can be prevented. g[ 0037]

Next, pl asoEerintedctent i s performed for planarization of the single crystal
sem conducf@@;rb- | ayer 112 (see FIG 2D). [0038] Here, plasma treatnent is
performed on a treatment surface (here, the single 10 crystal

sem conduct or IE%?lli&izl)ysﬁa‘ssweﬁlé\ﬂ%daw Il htsrssaei ngthahe japarbeaydd4 (such as
an Ar ,gas t : St ate; p g | tage to
o cat da B e D e 3 B A g B R A e and
Ar cati onszrcavth mmedsefmn edhonrmaied abhbdiasdiprgect Aowrdingy.tdnestdidetpce icr yst al
sem condugt o Y accel erat t | Lide.wth the
surface o?l e lgiiglhn%ﬁléjgc%;?l%o g%mm ! eéoﬁg & o‘% Fe%é%d & &Y%@ 18]s}({) C%‘ at the
surface ofimpxheed;l rrgbat@frlamt:alnosmnit@iomdmﬂg}cr uﬂyatybnzacﬂdxastaisossapmtibmaxetched At
this tine, . .a #ectloq of th SOV face of tth (ﬂg dct{é/stal mt?onductor
| ayer 112°%& re“é 4 W“Epd’f‘? a%‘e%taé‘ﬁ & SEFhaf"plahal ity 6

surface ofechitendicng Ii@ecn V5 hifadr B ITreaDincnl OGO thé &ser béhihﬁlmammbe d ﬁmgleved.

Furt her, ilr%pri)ltl es such as organic su stanj)es on surface of éhe single
crystal sERPEORGHEPBICIOay R UL EE" BEHb ey Sb PR hcR TEF At ed Ar
cations. Adiel RatlvehYizedbasiifidagat,mata §adle 2hs0) RénpeidudiorGhidpYis

i ntroduci ngj@a reactive (such as an 02 gas or an 1\12 gas) in addition

to the i ndfECHAs'i Hito D 9‘8‘1‘15%‘8? Rl e‘("%’cd%n‘i%t’&?'éedaﬁﬁd abplRE g8 @bi as

vol t age t Qedichhi®RlorBiicS Msf AG8ed OryehEdtighAionk am.ﬁ%@t €fhekdlokhg @ase of
introducing the reactive gas, defects generated by the sg}:tter et chi ng

per f orfred &% ‘Wivee snele sestebeilictie WEpsigllecipaREm %mn@@hé}u ot {18y 25112
can be reQ@édrﬁchle 1991%%]313&11 semiconductor substrate 100, the plane orientation of a main
surface of the single crystal semiconductor layer 112 1s (100), and the plane orientation
of the main surface of the single crystal semiconductor layer 112 which is melted by the
irradiation with the laser beam 114 and recrystallized is (100). Further, RTA or tlash
30 lamp irradiation may be performed instead of the trradiation with the laser beam 114.
[0036]

In such a manner, by the irradiation with the laser beam 114 after removal of a

11



In this enbodi nent, plasma treatnment is perforned using an argon gas by an
i nductively coupled plasma (ICP) nethod. FIG 5 is a sinplified structural
di agram of a plasma treatnent apparatus. A nulti-spiral coil 602 is

provi ded over a quartz plate 30 601 in an upper portion of a chanber 600,
and is connected to an RF power source 604 with a matchi ng box 603

i nterposed therebetween. Further, a | ower electrode 605 on a substrate 610
(here, the single crystal sem conductor |ayer 112 forned over the base
substrate) side which faces the nulti-spiral coil 602 is connected to an RF
power sourtrerBod. lavshpertign oREScpyatenturiage et siegle eosehemymndicegival coi

602 over %ﬂ%g& g&%&g %ﬁlaﬁégm%dﬁﬁe Y L8Nk | lé\%\@d tfmlpyegﬁg innsmmea h{m spi ral

coil 602 i . irection hat a magnetic produced in a
d|rect|onim:det@ubhh&anﬁﬁh@ﬂfb&ﬂulﬁwipmlnewn@sénﬂé16vﬁewﬁaghéﬁnn

suscept i bls{l}fgc\édoﬁgl@hu 1}%)1?16 u;adm 01 wgrgti%qgéﬁﬂaca&l 114 an bc plevéoinedl nduction

field E is produ ara aM/of

10el ectr off®EpIEt i C |nduct|on as ---- —101E at [0042] Electrons are
accel erated in fhe di Wi l.d I '1ide

W ih motecul es Bt RESEELreR ™ faptatah o EREbiaTL R Sra iR Flgion' i n
15 whi ch pkagssdusor hyar Ngfeed@@ )y Spreads in a sheet-llke f orm bet ween
eIectrodeE %%g be obt ai ned because the magnetic field B is hardly produced
on the sub¥tPite 610 side. Cations are accelerated with a bias vol t age

applied to the guRsbhahe ubdibhesi @erfamebdCe 4 indamsht furfabe (s4d)shd dhge 610.
[ 0043]10 crystal semiconductor layer 112) is performed by introducing an inert gas (such as an Ar
gas) into a chamber in a vacuum state and applying a bias voltage to creaie a plasma
state. Electrons and Ar cations are present in plasma, and Ar cations are accelerated in
a cathode direction (to the single crystal semiconductor layer 112 side). The
accelerated Ar cations collide with the surface of the single crystal semiconductor layer
15 112, so that the surface of the single crystal semiconductor layer 112 is sputter etched.
Al this time, a projection of the surface of the single crystal semiconductor Iayer 112 is
preferentially sputter etched, so that planarity of the surface of the single crystal
semiconductor layer 112 can be improved. Further, impurities such as organic
substances on the surface of the single crystal semiconductor layer 112 can be removed
20 by the accelerated Ar cations,  Alternatively, plasma treatment can also be performed
by introducing a reactive gas (such as an O, gas or ant N, gas) in addition to the mert gas
into a chamber in a vacuum state and applying a bias voltage to a treatment surface to
create a plasma state. In the case of introducing the reactive gas, defects generated by
the sputter etching performed on the surface of the single crystal semiconductor layer
25 112 can be repaired.
[0039]
In this embodiment, plasma treatment is performed using an argon gas by an
inductively coupled plasma (ICP) method.  FIG. 5 1s a simplified structural diagram of
a plasma treatment apparatus. A multi-spiral coll 602 is provided over a quartz plate
30 601 in an upper portion of a chamber 600, and 1s connected to an RF power source 604
with a matching box 603 interposed therebetween. Further, a lower electrode 605 on a

substrate 610 (here, the single crystal semiconductor layer 112 formed over the base

12



20l n such a manner, the average surface roughness (Ra) and the maxi num
peak-to-val l ey height (P-V) on the surface of the single crystal

sem conductor |ayer can be reduced. [0044] Note that plasma treatnent may
be specifically performed using an Ar gas 25 under conditions with an ICP
power of 100 Wto 3000W a pressure of 0.1 Pato 5.0 Pa, a gas flow rate of
5 seemto 300 seem and an RF bias voltage of 75 Wto 300W More
specifically, plasnma treatnment may be performed under conditions with an

| CP power of 500W (0,11 Wcn®), a pressure of 1.35 Pa, a gas flow rate of
100 seem SHpidaghsiREvBichdacgbibe ayvu-opire ool 097 0 comenird fpyn BHpowerspurce

Here, a tROAN WGeShLERF TRYeR S afﬁﬁfié@t%rlﬁéjm{ll@-sﬁ)?rglrt%ﬁ 673%%\:&1-%&4&@%?&@ fo, t he

single crystal sem conductor layer 112 (see FIG ). By performng the

t hi nni ng st ctientdi fighe teeyedt e wdhisperdwdt @12 Inay @iredb? Gave have an

optimal thicknes; r..a_sem.conductor el nt. to pe formed |later. Further,
oven Tt pirEtET ot e PeRERIcRd 5t Fheter it & B Sl de sfiShitice or

| ayer 312 ughu@adrotid ikcplipsigg treat ment, the pl asma danmage can be renoved by
t he thinnig Ttep. The thinning of the single crystal sem conductor |ayer
112 can bé‘%@ formed in a manner simlar to that of the first etching
treatnentjggquﬁlnggB). For exanple, in the case where the single crysta
sem conductor layer 112 is forned of silicon, the thickness of the single
crystal 1@04dém conductor layer 112 can be reduced by dry etching using SF6

and 02 as process .gases. . this gtchi.ng, the single. .crystal. sem conductor

| ayer is preferan@ﬁFﬁWhﬁgﬁI§§;Q“?WPQRﬂg@%dggmﬁ?gg@égwﬁﬁﬁﬁgﬁﬁﬁﬁﬁﬁ | to 5 nm
and | @ss tchamo@sgrequmliudonl00 nm nore preferably greater than or equal to
5 m and less than or equal to 50 nm Note that this etching treatnment is

al so referred_tgras second etching treatnment. 15[ 0046] After the
thinning tréatnent, heat treatnent is preferably perforned on the single
crystal S?&hﬁ nductor layer 112 at 500 Cto 700 C, inclusive. By such heat
treatment, crystal defects of the single crystal sem conductor |ayer 112,
whi ch have not beetbmsenovadidiyed hetherdigdii@l D omthmtihiddhaidnaied Heaai 114, can

be elimnated and 20 distortion of the single crystal sem conductor |ayer
112 can béol‘f@aa‘e e Ba e PRttt Plagpy BoPisdiFar _n%dﬁ?f&}ar{@g‘ét“ rpi d
ther mak annea jlogha(REA) higPRalsay Useadd id £8icst HACHOri BatvefifelédioRaC@n bOT @
m crowave heating apparat us. an RTA anaratus, a gas rapid thermal

d

As
anneal i ng *PRRFA)CeNG gt aengHe dicldaRgs hayhariodsieren Bh bt (0LdeA)

appar at us (gahhdfe KeeMratddaNinEX 8P Slaghhsicd (& Biselsanes 1hert] Hd Lhugpace is
used, 25heat treatnent may be perfornmed at 550 C for four hours. [0047]

Through t éthdboydsistiep). the SOL substrate can be manufactured. [0048]
[0043]

20 In such a manner, the average surface roughness (Ra) and the maximum
peak-to-valley height (P-V} on the surface of the single crystal semiconductor layer can
be reduced.

[0044]
Note that plasma treatment may be specifically performed using an Ar gas

25 under conditions with an ICP power of 100 W to 3000 W, a pressure of 0.1 Pa to 5.0 Pa,
a gas flow rate of 5 scem to 300 scem, and an RF bias voltage of 75 W to 300W.  More
specifically, plasma treatiment may be performed under conditions with an ICP power of
S00W {0.11 W/cmg), a pressure of 1.35 Pa, a gas flow rate of 100 scem, and an RF bias
voltage of 100 W (0.61 W/em?).

30 {0045]
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Through the above steps, the 501 substrate in which the single crystal
30sem conductor layer 112 is provided over the base substrate 110 wth the
insulating film 102 interposed therebetween can be nmanufactured. By using

t he manufacturing nethod described in this enbodi nent, a sem conduct or
substrate wi nch has the single crystal sem conductor |ayer 112 with reduced
crystal defects and favorable planarity can be provided. By using such an
SOT substrate, a sem conductor elenment with excellent characteristics can
be formed. 5[0049] Note that a case where plasm treatnent IS
perforned aft er Hpigse thinppsaiaeiag i rerigeaet oyedicr rﬁhq:@%“f“?/&f ths 9l however ,

the pr esentysnugnthonchp 10l L 1 @l ek 50y L1 2 paFirRXAERLAynt B, TR O shown

in FIGS. 3 can a be used. show a case
wher e a t linglei regysed efwm(lctdméu(s‘eccm@l etiélhlcmlg fnarveamrrsnltu)nai sﬁlpémfb@)r fpedaafter

laser irr g%in%ig_.ﬁz%@io KﬂmhllltEE§ 'B@Fl 1£1§§¥an§ntf L!uﬁlcp%{/énq{‘ gne@é r%r cﬁshi%ugelall@m ng

step. [00 e single cr con ayer 112 over
t he base thSsisglbstysat escihibOndusyir dtrycu sl isequariatteccj pfamomirtcmcsi ngt elagny st al
sem condwét or subsk subsltrat 811110 As

ShOVVn | n Féa%?B, an ?IH%VC?anE] %nmné: e[()jf gl\ﬁ}cfeldnnmngt ?a]isﬁle Sl%ﬁ [+ ccys

sem condu&tmkah@y@r lélylez 112andn a8 ;szlrmmncd m Ellﬁlm&Cmnﬁ lae tsitngloé teoy iﬁs;u aI

sem conduct Ia er & . to th etc nFnt i.s irradiated
wth oI aciingeRiino e dbh 2k ot Bitined g o B BntipE sy rmd 1 n a
manner 20 seigicBhduator tigyd hﬂ”Sisem&n&h@W’mlcﬂn Fhﬁ'&hlcheﬁaﬁd" e, snﬁgj‘l&lé‘ﬂryqdaet ail ed
explanatlons thereof are omtte a . thinnin step i's

per f ortfed SHRICOHBICYT dgree Tbr Gy méié‘{ﬁdctﬁn‘héi(?tt%’lmgl Y 511“1{?“1(%%%“ PPE&* 3D) and

then pl asngsesr egy Mtoﬂnﬁh ReYy S B s aRehRenEichY ha@'eﬁﬂ’s ;Sbaatf@bbiy 3Bniganmd gonduct or
| ayer 112 subj ected to the thinning step (see Further, heat

t reat ment thighpepeolhgientsr Hal o5 farHeo s) H’@I@%‘PVS‘E’% Oééﬁﬁ Shdbe oy mdger 112

subj ect ed t Qe NG RlaRS MRn bf &%mrﬁmﬁaﬁﬁe@ #on dRqual 80 hgat NoreaginBpt can be
performed in a manner simlar to the heat treatment shown in FIG 2F. The

t hi nni ng stedppedivaiment 1 alsp gload o gareched gelipplreddcnin a manner sinmilar to the
t hi nni;gg Té@@ shown in FIG 2E, the plasna

After the thinning treatment, heat treatment is preferably performed on the
single crystal semiconductor layer 112 at 500 °C to 700 °C, inclusive. By such heat
treatment, crystal defects of the single crystal semiconductor layer 112, which have not
been removed by the irradiation with the laser beam 114, can be eliminated and

20 distortion of the single crystal semiconductor layer 112 can be reduced. The heat
treatment can be performed using a rapid thermal annealing (RTA) apparatus, a
resistance heating furnace, or a microwave heating apparatus.  As an RTA apparatus, a
gas rapid thermal annecaling (GRTA) apparatus or a lamp rapid thermal annealing
(LRTA) apparatus can be used. For example, when a resistance heating furnace is used,

25  heat treatment may be performed at 550 °C for four hours.

[0047]
Through the above steps, the SOI substrate can be manufactured.
[0048]

Through the above steps, the SOI substrate in which the single crystal

30 semiconductor layer 112 is provided over the base substrate 110 with the insulating film

102 interposed thercbetween can be manufactured. By using the manufacturing
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30 treatnent shown in FIG 3E can be perforned in a manner simlar to the
pl asma treatnment shown in FIG 2D, and the heat treatnent shown in FIG 3F
can be perfornmed in a manner simlar to the heat treatnent shown in FIG

2F; thus,

pl asma treat nent

whi ch exi

pl anari zed. Further,
treat nent,

detail ed explanations thereof are omtted. [0053]
sts in the single crystal sem conductor |ayer 112 can be

t he Iasna damage can be repaired by the heat treatnent

The

is perforned after the thinning step so that unevenness

5even if plasma danage is caused due to the plasma

perforned1@Wh%hﬂﬁﬁéméh@ﬁhﬁﬁ@b@h@ﬁ@n@SﬂP@@B@}mlSm”“dm‘“n¢kﬂﬁm@hﬂ@ﬂﬁanner by

applying t

sen conductor

ayer can educed

H%td'?%e%%g&fdu&t@y lg%r 198 w1tﬁ cr ?ﬁii%?e%ts%fld t6r aﬁieQ)an% 18/rc¥§t al

anarity can nprove even

10when a @um@Dm&ﬁnngubsgB@M%wwﬁQHmmﬁmWheamnmeghgﬁmnbemn@wwsgdmﬂ®®055]

bondi ng

Not e t hat ur, ribed in this enbodi nrent can be appropriately
conbi ned vmh%lﬁagnsms %‘mrbgggl é?gcrl bed in other enbodinents of this
speci f bcaffo®®] [ 0056] 15 (Enbodi nent 2) In this enbodlnent

of the si

110 wi ||

ngl tal sem conduct
Do, oo BPFHBH 3 A LBRar AR A0y T horBrEP e aact ko DR

e substrate

[ 0057]

First, t heleﬁ:il ilngd & RIG}%SLQHO slemomnndm@t: @fes«sm bsen@ines 100 mhisedps dpar etbr (see FI G

20 4A-1).

sen1condu€ﬁﬁFP§d‘%F?‘? S%ﬁﬁ“B

sul furic

r ef bIe th % sur f ce of |ngle crystal

dgasdf hydr ogen peroxide m xture (SPM, an ammoni um

hydrOX|de/hydrogen peroxi de m xture (APND, a hydrochl qoric acj d/ hyd

perOX|8e

m Xt ur

oY b é?%??o%?gﬁ ed in advance with a

rogen

QHPM) o difl sy RyersefTisst i@ cthaaw EERRe Srofdnglciinge i n

light of reaRal i9hee@ReadtkiBdfab® Rrradhlodt &d WARATIMQENE 9%k @raRdaiezone wat er
may be 25d|scharged alternately for cleaning.
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the thinning step.
[0051]

FIG. 3A shows the single crystal semiconductor layer 112 over the base
substrate 110, which is separated from the single crystal semiconductor substrate 100
and is formed over the base substrate 110.  As shown in FIG 3B, etching treatment is
performed on the single crystal semiconductor layer 112, and as shown in FIG. 3C, the
single crystal semiconductor layer 112 subjected to the etching treatment is irradiated
with a laser beam. The steps shown in FIGS. 3B and 3C can be performed in a manner
similar to the steps shown in FIGS. 2B and 2C; thus, detailed explanations thereof are
omitted.

[0052]

Next, a thinning step is performed on the single crystal semiconductor layer
112 (see FIG. 3D) and then plasma treatment is performed on the single crystai
semiconductor layer 112 subjected to the thinming step (see FIG 3E). Further, heat
treatment may be performed on the single crystal semiconductor layer 112 subjected to
the plasma treatment (see FIG. 3F). The heat treatment can be performed in a manner
similar to the heat treatment shown in FIG 2F.  The thinning step shown in FIG. 3D
can be performed in a manner similar to the thinning step shown in FIG. 2E, the plasma
treatment shown in FIG 3E can be performed in a manner similar to the plasma
treatment shown in FIG. 2D, and the heat treatment shown in FIG. 3F can be performed

In a manner similar to the heat treatment shown in FIG 2F; thus, detailed explanations

15



[ 0058] Next, an oxide film 105 is formed on the surface of the
single crystal sem conductor substrate 100 (see FIG 4A-2). As the oxide
film 105, for exanple, a single layer of a silicon oxide film a silicon
oxynitridc film or the like, or a stacked 30 | ayer thereof can be used.
These filnms can be fornmed by a thermal oxidation nmethod, a CVD nethod, a
sputtering nethod, or the like. Further, in the case where the oxide film
105 is formed by a CVD nethod, it is preferable that a silicon oxide film
which is formed using organ05|lane such as tetraethoxysil ane
(abbreV|aﬁﬁﬁwfd¢E@Ey“Kchenlcal fornul a: Si (OC415)4) be used as the oxide
film 105 | lght of productivity. [0059] In tins enbodi nent node, the
single crysta sem conductor substrate 100 is 5 subjected to thernmal

oxi dati on treat Henplagies ferumens pxifdeet jofign hoshipkes etep an USIt @roveniay  (see

FIG 4A-2),. IN&;d g fmm cgﬁq | u%%e&grel@gm ngggrﬁ%@%@p{,»ecperﬁu%gmd in an

oxi di zi ng atnnsphere al ogen is For exanple, the
S|ngIeScrys@afpben&¢Dm¢nmhwnﬂgubsmr@teb$@®nﬁ$HGMbﬁe@b@maﬂ@nmmaﬂmherwa

oxi dati on tf ea(} g}? he h?cﬂ 1rezr11m(<)31)§l::}h I%lnq(% %c?&%%ﬁ%wg tm%lka%?‘"’h' ch chlorine (d) is

i nt r oducedP*t'Here e oXI ins case, the oxide
film 105 @mﬁmplns chlorlne atons. [0061] The chlorlne atons contained in
the oxide film ormdistorti

noi sture into t 3‘18 Rkt ] ?}i"gf’ tﬁ?‘&%‘é “évﬁau%ﬁf 3ﬁg}?onfergatc’gqlh%

i ncr eased sinfltadrysdud seMREAIUIDE Sdyef €anl 18 RIRSE AL pRANAi Wil BE enebvddheenxi de film
105, the noi sture present on .t urface of the oxide film 105 can be

rapi dI'f apdEr BEXPPAHIE YA IRE PP HE ORI8E ¥ dm 105. [0062] 20As an

exanpl e OSXBBFFWB| oxi dation treatnent, thermal oxidation can be perforned

in an oxidizi ng _atnosphere which cant aj ns hydr ogen chl ori de %1 1C1) at a
proportion of ONS‘@V‘J}Pt e t Uy BESCUBTp e et Q‘BP iment, G0 99 2RRPIPALDE pect to

oxygen at c@mt)ﬁgi)@/qlﬁgﬂf‘&c@ur@sf de%&%dtuoot%&&%oﬁ&E&tﬁr{@h& YoecRARNC) . Tr eat ment
time may be set to 0.1 to hours, preferably, 0.5 to 1 hour. The thickness

of an OX|&§5ﬁiln1to be forned is
15  (Embodiment 2)

In this embodiment, bonding of the single crystal semiconductor substrate 100
and the base substrate 110 will be described in detail below with reference to drawings.
[0057]

First, the single crystal semiconductor subsirate 100 1s prepared (sce FIG

20 4A-1). Itis preferable that a surface of the single crystal semiconductor substrate 100
be appropriately cleaned in advance with a sulfuric acid/hydrogen peroxide mixture
(SPM), an ammonium hydroxide/hydrogen peroxide mixture (APM), a hydrochloric
acid/hydrogen peroxide mixture (HPM), dilute hydrofluoric acid (DHF), or the like in
light of removal of contamination. Dilute hydrofluoric acid and ozone water may be

25  discharged alternately for cleaning.

(0058}

Next, an oxide film 105 is formed on the surface of the single crystal
semiconductor substrate 100 (see FIG. 4A-2). As the oxide film 105, for example, a
single layer of a silicon oxide film, a silicon oxynitride film, or the like, or a stacked

30 layer thereof can be used.  These films can be formed by a thermal oxidation method, a
CVD method, a sputtering method, or the like. Further, in the case where the oxide

film 105 is formed by a CVD method, it is preferable that a silicon oxide film which is
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25set to 10 nmto 1000 inn (preferably, 50 nmto 300 nm, for exanple, 100
nm [0063] In this enbodi nent, the concentration of chlorine atons
contained in the oxide film105 is controlled to 1 x 1017 atons/cnB to 1 X
1021 atoms/cnB. The inclusion of chlorine atonms in the oxide film105 is
effective in preventing contam nation of the 30single crystal sem conductor
substrate 100 by trapping heavy netal (such as Fe, C, N, M, and the
like) which is an extrinsic inpurity. [0064] The incl usion of

hal ogen such as chlorine in the oxide film 105 by HC oxidation or the |ike
makes it éog@dbhmatcngmwfam Frgett etpeiboonilan (Rinpanitop: TEOS) ésbamplab, novabl e

Lons Such ekl a0, 9 ke @%&&Y@Jﬁg T2 Aby R0 plRhOOl € crystal - S

sem conduc hat Reat -1 reat ment ich is perforned
after the[@xcte f|In1105 is fornmed, the |npur|ty contained in the single

crystal sem con ¢tor s bstrate ol ut. he Mol 105 and
captured by rea.él ??e%& Hn?ﬁén §“3m£§% ggi%ﬁ%F%?m%ﬁ1§$§k%§.o éggrdlngly
t he i mpur |qnt;4edt¢cappadmammcltwo@xnedeueﬁ: forforhO5n adde Hen ﬂ@yédr@mdsmxemmm ed from

contanlnatln t he ngl.e c sem conduct or 100, In

addi ¢ on GHRdHG RADkT dBe el g R b REE L 6 mGr Y RebBER Ao the oxi de
film 105 %@ﬂl@h@@mﬁsjﬂl@kil@ﬁh% adafoigbmmsfaadedt | xi ng an inmpurity, such as Na,
contained in glass. [0065] Specifically, the inclusion of hal ogen, such as
chl ori ne, ({39 ?he oxide film 105 by 15 HCI oxidation or the like is

effective in repuviagpedMANhAA M cgiemrchﬁd@@msamdwctomrlssgabﬁt;weatt@ when
cl eaning of the sem conductor substrate is insufficient or

senlcdﬁdué@%@a%ﬁﬁéﬁpaﬂémP%ﬂ¥ébééﬂé&#?“géﬂgﬁﬂhmFO@BGFHQUFPWéPe(ﬁﬁﬂbgen at ons

to be Conm}da@@lec;' et B%hig tﬁlhlcﬁ‘idleoﬁlnarlgs not hisntd€dit x2R gl Qvs ne at ons.
The oxide til 05 may contain fluorine atons. The surface of the single

crystal s@mﬂ@@ﬁdﬂ@mﬁﬂﬂ“§Wbstrate 100 may be oxidized with fluorine by

thermal o &ﬁﬁ?lon treatment in an oxidizing atnosphere after imrersion of
the surface of the single crystal sem conductor substrate 100 into a DHF
sol ution or by Theelelincoxpaatcbunined énthvertdd floah0kirol disagioas.nosphere to

whi ch 1|§":3 résﬁlt?‘zga(g&%tior?a{ :QQQZ‘le into the oxide film 105 is improved and diffusion rate is

increased. That is, when moisture is present on a surface of the oxide film 105, the
moisture present on the surface of the oxide film 105 can be rapidly absorbed and
diffused into the oxide film 105,

[0062]

20 As an example of thermal oxidation treatment, thermal oxidation can be
performed in an oxidizing atmosphere which comtains hydrogen chloride (HCl) at a
proportion of 0.5 vol.% to 10 vol.% (preferably, 2 vol.%) with respect to oxygen at a
temperature of 900 °C to 1150 °C (preferably, 1000 °C). Treatment time may be set to
0.1 to 6 hours, preferably, 0.5 to 1 hour. The thickness of an oxide film to be formed is

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

[0063]

In this embodiment, the concentration of chlorine atoms contained in the oxide
film 105 is controlled to 1 x 107 atoms/em” to 1 x 10°! atoms/em®.  The inclusion of
chlorine atoms in the oxide film 105 is effective in preventing contamination of the

30 single crystal semiconductor substrate 100 by trapping heavy metal (such as Fe, Cr, Ni,

Mo, and the like)} which is an exirinsic impurity.
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Next, the single crystal sem conductor substrate 100 is irradiated with
ions having kinetic energy to formthe enbrittled region 104 having a
damaged crystal structure at a predeterm ned depth in the single crystal
sem conductor substrate 100 (see FIG 4A-3). As illustrated in FIG 4A-3,
by irradiation of the single crystal 30 sem conductor substrate 100 with
accel erated ions 103 through the oxide film 105, the ions 103 are added to
a region at a predeterm ned depth fromthe surface of the single crystal
sem conductor substrate 100, whereby the enbrittled region 104 can be
formed. T#H®4 ons 103 are obtained as follows: a source gas is excited to
generate pl asmaQf ; S OLk SH=Yalo O @l tr.agt f ma of the
source gas and 3@@”&ﬂ§ﬁﬁé§£§ %gﬁtﬁgﬂ‘fd%%gfﬁﬁgﬁgéé%gﬁhﬁ%%129?§8Pgﬁ wher e

t he enbri wkidedor @ghohkelfukes 8 phesthieth aiinbactulingon ad shyurky Hex ¢anekver gy,
mass, charge,,.and_| ngi.dent,.an of . i J103:. . Ki.net|c.ener an be
adj ust ed ﬁ%wgggeﬁgﬁégéBﬁpJ%ﬁtggg? %géggg,gggsgﬁ%kﬁiﬁgsh he ghﬁ&%?%led

r egi on5104emofidrnedutatraa 1G@pt Thagdqual hea tomtrsambsthahtis atdormedaéitr he t he

average penetrati dept h .of t.he i.ons 103. .Thus,. the thickness, of the
oo or ek Mo RS timteo Py HpubS St be af A rpP o P SEURRG e et
sem conduGtigtragUbskpaiied H00td hedetids Mimedsmndt apuadebagacpenetithathe on dept h
of the ions, 103, The depth at which the enbrittled regi.on 104 is formed is
i ust ed_ SHEACH Hat SeREY FeRiRsoAgrpy B b S iyt Rl e Al cor ) ayer
i's great ernos kRan borixedul pieOent&li AbMmaREanEsRink BN siAgle efpsadl stifichRlicm
preferably, ?reater t han or equal to 5Q nnlanqﬁl ss, than or eqyal to 200
hm 1800068ptate 100 RogiiBnipkineht SXAF TR 1Por WaPTHg pparieidcape as

foll ows: QxgiRaGHRENS I ¥ BRc@od Jseat RERL QRIeGtmberiR] Acesk NAtoh@megour ce for
generating desired ions; and an accel erati on mechani smfor accel eration of
ions for iREMEH ation therewith. The ion source includes a gas supply device
for supplx&ﬂg]a source gas to generate desired ion 20 species, an

el ectrode for exciting a source gas to generate plasma, and the |ike. As
the el ectrode fSwwdﬁﬁg%ﬁﬁﬁﬁ@u%ﬁ%ﬁﬁhﬁbg@hﬁp¢%ﬁﬁ§hb“é%é%ﬁwéﬁé@f%mdﬁéhhitively
coupl qg h!P@'Jxﬁcﬁﬂ&?QF%eﬁfk@?sh '&ﬁvflnet%}nrogglgco% TlEIﬁﬁO[ll b#ﬁe's@mf&éﬁ(ﬂmltﬁrhe

accel efati on mechani smincludes el ectrodes such as an extraction el ect r ode,
an accel esabstor ehectleods, of tdeswticrmiuiion selisteterio desullamet & grisundic

el ectrode;_ a. o for 1.ng power to 25 these el ectrodes; and
t he Iike.S?ﬁgggﬂgkﬁ%%ggggg1?&@%ﬁ§§g%fﬁ'the accel erati on nmechani sm are

provi ded \padéia plurality of openings or slits, through which ions that are
generated from {he ion source are accel erated. . t n s of the
i on dopi ng appa?gﬁﬁéqﬁpémh%PmF?hg %°§?%§%”EW%%w%%@§his %ﬁ%ﬁ? %%qébove and
an as-needairineaan; SThaayiddainpl oy rdedoni3@[ MOV atoms. Thd surfabd sf dabodi nment ,

hydrogen is added to the single cr @ | sem copductar .substrate 100 with an
i on dopi ngj“’&ﬁ‘p%i?’ %{?1Lf§f”“7&"ﬂ'§f6?‘0§¢‘§ﬂlaé%i (g]nl‘ﬁ/ ﬁ’ﬁ Oéécgze’l%sw@hgﬁ?ri“&f’ya Y ) asma
sour ce gasxida@én ¥AMPhiEn ahloxid-zify RhdspRere AfBYRHINGE0n 98 she SirXcot e t O
generate plasma; ions included in plasm ar \%gcelepiieg‘m@éhoyt,nass
separatioﬁ?¥&HHY$ﬂéC@PH@P€“EPV§F€FIggﬁﬁﬁﬁﬁgsﬁf FegB Sy AR IgBeaten
i rradi at egreWinicit 118 oRRICSALH AL §Mcicqd KhidhQO% 1 adiks an i on dopi ng appar at us,
the percentage of H31- to the total anmount of ion
25 [0067]
Next, the single crystal semiconducter substrate 100 is irradiated with ions
having kinetic energy to form the embrittled region 104 having a damaged crystal
structure ai a predetermined depth in the single crystal semiconductor substrate 100 (see
FIG. 4A-3). As illustrated in FIG. 4A-3, by wradiation of the single crystal
30 semiconductor substrate 100 with accelerated 1ons 103 through the oxide film 105, the
ions 103 are added to a region at a predetermined depth from the surface of the single

crystal semiconductor substrate 100, whereby the embrittled region 104 can be formed.
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species (HT, Fkl, and H3H ) that are generated froma hydrogen gas is set
to 50 % or higher. Preferably, the percentage of H3+ is set to 80 % or

hi gher. Because an i on dopi ng apparatus does not involve nass separation,

t he percentage of one kind (H34-) to plural kinds of ion species that are
generated in plasma is preferably 50 % or higher, 10 nore preferably, 80 %
or higher. By irradiation with ions having the sane nmass, ions can be added
in a concentrated nanner to the sane depth in the single crystal

sem conductor substrate 100. [0072] In order to formthe enbrittled region
104 in a Shalweilt agidbmincgd ke lHlee] @rareoms 19 skl toagiacrisrplashie afoms 103
needs 10 BRlOWhs W RN okNCHEARE frlhn LNIRRROLE AL 30 Ofal BhiiOBS 14 P asma,
atom ¢ hydrogen (H) can be efficiently added to the single crysta1

seni condustcglersebst rat e 100. Because the mass of an H3+ ion is three tines
as | arge 6gﬂat of an Fr ion, when one hydrogen atomis added to the sane
depth, the acceleration voltage for an H3t ion can be three tines as high
as that of an Iﬁ&ﬂdqﬂkmﬁcN%ghthEﬂQGatceménmdhemowdﬂﬁagébmnﬂ ¢apnge can be
or oduct rvPUS R EeBgiBa: 80 AT 4B O Rh! SR he RA0 108 0RE TS,
dopi ng applamggt usebe aatjemméxxpm&uatenamdia@(@ietcﬂgemm thorikes eThienethizitget ar ea

t r eat ment rr.adi at se of suc i on dopi par at us,
o5 o1 g 1 Feeith Bt iouned S bdatal s shmBTEehy R ok bihen Pt

char act er U&ith 68 thedidnd DEX. eTH@s, ithe MidkdAessDITRE LGl @ystal saSbisiuc@dN thydhn
|nprovenent in {odu tion eff|C|encéHcan be obtalngd Further, in the case

wher e!Gn FOARFIPIHY Bp el gysH sseiegdugiatibsiiait 4P ‘ﬁﬂ?ﬁ%W§ﬁjbé‘?htroduced

t oget her gwarégelﬁnelhﬁwa@\a@;sm obYhd bhAd)AL ITRR dapmamt oS hoePughch heyiaxi de film
105 containing chlorine atons, the single crystal sem conductor substrate

30100 can1%lspfpevféht%uﬁ%ﬁv%‘ihﬁgthédwfla}%aff Hie cysehedEcHEEH netal s as
descri bedxa%ol\éegmau{&%ﬂ&; equal to 10N3h &nll Nk tmeoﬁéq%ﬁx @fsooradiréti-ng, t he

single ciystal sem conductor substrate 100 with the accel erated i'ons 103
can al so beaisepppnesgalp Ok narrnil dns Ivplaeruat KGR0 appar at us. An ion
|nplapgatu@@9 pparatus is a nmass-separation apparatus with which a
treatnment 5 object, which is placed in a chanber, is irradiated with an ion
speci es havi ng Maxgp@mpbn@nmfssn adfit é@plmsmms@mwatasofnllws ol elraibekimds of ion

speci es gghefaf f‘r‘QduHXm nge'c{ %tdlé’ééd Ofn AnSOHL 8%9?@%%{1}@%‘#}%&@2 g, 1n the

case of using an ["ant’ati on appar at'us Ions that are
generatedaﬁywem0nUa@hmnmmﬁbaahy&nmgenﬁgassﬁndhﬁﬁmﬁ@réwsubﬁecﬁédlwm mass
separatlonluépd ei.ther fr wi.th which

Torhe ! BB s Wl D8O o SRR B8 BRISERAAE st i

20 species, an clectrode for exciting a source gas to generate plasma, and the like.  As the
clectrode for generating plasma, a filament eclectrode, a capacitively coupled
high-frequency discharge electrode, or the like is used.  The acceleration mechanism
mcludes electrodes such as an extraction electrode, an acceleration electrode, a
deceleration electrode, and a ground electrode; a power source for supplying power to

25  these electrodes; and the like. These electrodes included in the acceleration
mechanism are provided with a plurality of openings or slits, through which ions that
are generated from the ion source are accelerated. Note that components of the ion
doping apparatus are not limited {o the components described above and an as-needed
mechanism may be provided.

30 [0070]

In this embodiment, hydrogen is added to the single crystal semiconductor

substrate 100 with an 1on doping apparatus. A hydrogen-containing gas is supplied as
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[ 0075] Next, a base substrate 110 is prepared (see FIG 4B-1). As

t he base substrate 110, a substrate made from an insulator is used.

Speci fic exanples thereof are as follows: a variety of glass substrates
used in the electronics industry, such as substrates 15 of alum nosilicate
gl ass, alum noborosilicate glass, and bariumborosilicate glass; a quartz
substrate; a ceramc substrate; and a sapphire substrate. In this

enbodi ment, a case is described in which a glass substrate is used. Wen a
gl ass substrate which can be manufactured in a | arge size and is

i nexpensi vePlpENy, §@HCQESt hBOh e syt raterlietly, Achslogcadie s exriigdrio be

achi eved. 20LA0TRkma: ions RPN NG RESERURS! LG HEQ: Idaligankt 1S
preferable that a surface of ase su strate 110 be cl eaned i n advance.
Speci f i calthysinglherybaksemggbdicatasebstiz@ 108 issiubfiecd edhttes asktlerasdming. ¢l eani ng
using a hﬁ hl ori c aci d/ hydrogen peroxide m xture (HPM, a sulfuric
aci d/ hydrogen” peroxi de m xture (SPM, an ammoni um hydroxi de/ hydr ogen 25
per oxi de m xt ur & §ARM) dopthigl apperatuy,dihefplenenthg: acHd 0 DHF)otal amotilieodl inke. For
exanple, it is preferable that the surfage of the base substrate 110 be
subj ect ed P&l (t%r aonpd E‘P'éalhﬁ“ﬁbe S TAY o BERPEH| 825 AT P /My dre gén

per oxi de ol lr e BYLBUGR £hRARLNG il'CRLPBAIg0 &G BibifdaC8:RiscldAg hase
substrate fio can be planarized and residual abrasiVe particles can be
removed. @@{)ﬁl@?@’mmw@xﬁqcs aomnwi@@emsmml’amqn g neepy:eua rddf redainde(khiygbe, an

'nslatn il.m di trogen s a s on nitride. film (SiN,
o o S GO e ebies b e S i st et o s PRI o f e
of thqoba%;ggh%rmpesobmx (ager, FBGirdRadh. M@%&Ladnmg thbissmemhQdigyent , the

ni t rogen-cont ai ni ng ayer 111 functions as a layer (a 5 bonding | ayer)
bonded t o cthdeosddge ifid rEI@BUHPOVIAEEF h thehsanss Hgpe ey %tams;l%ems@dmduct or
substrat e (100 ndi@deisth@ipo When a single crystal sem conductor |ayer
having a single crystal structure is provided over the base substrate

| ater, théV®i2irogen-containing layer 111 also functions as a barrier |ayer

for preventing idxlf"@?& b &% t%H%HbﬁgleSI , r%@gﬂmgma sﬁaﬁf&l@‘x‘eg%ﬂ th &:@ ral?l%ﬁa or

substrate from using 1nto t st al m conauct or

[ 0079]15 voltageB"ec&lthlenﬁtl”CB mictls @gienioeonMatinam gicteayein tﬂa&j;exf:mmgclcdriﬁ as a
bonding |l a it is pref ble t tro en-.c i ni.ng layer 111 have
2 oot &P o oRge it pREeyt drBr i BRGSO 1y, 1

i s preferabhRobdiRior kiRt DO EBeca@RR NhRGf 4D HL AYL s thid aRs forpRdsto have a
surface with an average surface roughness (Ra) of 0.5 nmor |less and a

r oot - nean-krgahpeHs innf yden @*W%ﬁdm%@% aloRs pdéfd o tegsapmdepth) the accelpmtion

pr ef er abl X/bl[d:é: i%V%r 6} e 1311“'5:&1;:1 8 tlu g}b}PSegs th a5 tﬁ?i ? anOET ; ess 1cq1 @18
r oot - nean- re surrace roug ]\:? ess. e thicknéss is

pr ef erabl ylccteltt:xﬁthe \roang:efooﬁonl&amm:hm@@@i amktmm:l fus ioneyradivtice: tlﬁ(faﬁﬁ@ﬂ ably, 50
nmto 100 csrlln e sh%%lened ang productivity and throughput can be improved.
[0073]
Because 1on doping apparatuses are inexpensive and excellent for use in
large-area treatment, by irradiation with H3" by use of such an ion doping apparatus,
25  significant effects such as an tmprovement in semiconductor characteristics, an increase
in area, a reduction in costs, and an mmprovement in production efficiency can be
obtained. Further, in the case where an ion doping apparatus is used, heavy metals
may also be introduced together with Hy'; however, by irradiation with ions through the
oxide film 105 containing chlorine atoms, the single crystal semiconductor substrate

30 100 can be prevented from being contaminated due to these heavy metals as described

above.
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20[ 0080] Next, the surface of the single crystal sem conductor
substrate 100 and the surface of the base substrate 110 are di sposed
opposite to each other, and the surface of the oxide film 105 and a surface
of the nitrogen-containing |ayer 111 are bonded to each other (see FIG
4C) . 25[0081] Here, after the single crystal sem conductor substrate
100 and the base substrate 110 are di sposed in contact with each other with
the oxide film 105 and the nitrogen-containing layer IIl interposed

ther ebetween, a pressure of about | Ncn2 to 500 N cn2, preferably, 1 Ncn®
to 20 I\l/crm()7|4$ applied to a portion of the single crystal 30 sem conduct or
substrate 100. SSur e de film
105 and the ni tESﬁ’g‘hmgg%g%ﬁﬂ 'ﬁlédll\ggy%&c q‘ff "5 Efl ngmg ﬁ%f (’%Ubesgc %{) her and
spont aneousH@n eiaBrHaciufis] Bnen axb eadsidroct hethantion @ipdareaion ippsatondi ng
step is perfor. rre?@ Y. the action of van der V\aal§ forlce O[i nl‘)édro n bond| ng
and can béMpEPFBPHEHUSTR PGS Brip B TPEI" HEGE S YAEE AR ™M hus,

subst r 3t e Javi, RGhich ik pachieata dhesbet RNERIiaGHGRLAS ieh Geasshaulpsd fp@blﬁL can be
used as the base substrate 110. [0082 5Note that, before the sin

crystal sé‘hal’*?:éﬁ%m&f“érsewﬁ‘r‘)éﬂ’é”rib}@“%%f IR EPISHS FeRTBES Béteé“ﬂ‘@“ af bonded
to each otfhgre ol iy oelrﬁ§ n2NGnQf, ik g Qxd Q?us;ﬁééﬂ HQ3mban B, SfhalAe, $inal e
crystal sem corgiducto substrat'e 100 and the nitrogen-containing |ayer 111

f or med oveonst frel Hesens ulps tarapenciA8 bs eprichion a;»lﬁleyhﬁi;lcmeecgaedmﬂd’ﬂaumﬁace

treat nent. %08@9 10As t he, sur%acg eat rreg (p asma tlre%8 n}b{ ﬁo

t r eat nent 3" APES PN R I SO0 T ol ARty ere” tROUMPSP sprayi ng
fUﬂCtll@nalthé/\aﬁ@é e ENseAScoRti@orWab i teaIN0 yigia@gea- cont ai ning water with a
carrier gas such as nitrogen), or a conbination thereof can be perforned.

In particudP@) after plasma treatnent is performed on at |east one of the

surface of the Qxide phiel IbdAR AMAs HRBasH (o TG AfB-1 1€ Abahe base substrate
ni t rogen- cont ai ni ng layer Ill, ozone treatnent, negasonic cleaning, two

fluid cl eddPng,subttraichaadq famj an Berlper dedseen PRI wEPWIs Peeal arc as
sem condugt,pl., SRSk gto? gl:!agsosu@fglgatésn%ecpﬂaslﬁe éﬁé&%&mt&du%tlp,su@,pastéaeéua@lﬁst such

as organi c substances on treatnent surfaces can be renoved and the surfaces
can beSnadd diydmophiadld elasshgluminelnupsglicaogldisn gnd pawsttrpdiciseglatshe oxi de

[11m 105 apd.d E\ﬁgsmtﬁraogcﬁﬂnﬁcgg&%{y 0 L%ﬁrmcl;;kos&é? b8 hiRERKEhn2Q Her e,

pl asma tre or med usi ng ert gas (for exanple, an argon
(Ar) gas) cmuﬁﬂ%(dcscababmotludea ghass S(umiraitexaiﬁw e Wimn m&gﬁgéﬁbs(r@ir)\’v’@élscaor a

ni trogen ( en)l H&%a%ﬁﬁ%ﬂ%q%e Size ndhgqmr%{\‘;lk ’% usg@glshﬁ baqglz;ul% ?[9%%130&

pressure p ozone treatnen scri bed.
For ex arrpl mducazmm be achieved.

20 {0076]
Before the base substrate 110 is used, it is preferable that a surface of the base
substrate 110 be cleaned in advance. Specifically, the base substrate 110 is subjected
to ultrasonic cleaning using a hydrochloric acid/hydrogen peroxide mixture (HPM), a
sulfuric acid/hydrogen peroxide mixture (SPM), an ammonium hydroxide/hydrogen
25  peroxide mixture (APM), dilute hydrofluoric acid (DHF), or the like. For example, it
is preferable that the surface of the base substrate 110 be subjected to ultrasonic
cleaning using a hydrochloric acid/hydrogen peroxide mixture. By such cleaning
treatment, the surface of the base substrate 110 can be planarized and residual abrasive
particles can be removed.
30 [0077]

Next, a nifrogen-containing layer 111 (for example, an msulating film including
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25 treatnent can be perforned on a surface of a treatnent object by
irradiation with ultraviolet (UV) rays in an atnosphere contai ni ng oxygen.
Qzone treatnment in which irradiation with ultraviolet rays is performed in
an at nosphere containing oxygen is also referred to as UV ozone treatnent,
ultraviol et ozone treatnent, or the like. In an atnosphere containing
oxygen, irradiation with ultraviolet |ight having a wavel ength of 30 |ess
than 200 nmand ultraviolet |ight having a wavel ength of greater than or
equal to 200 inn of ultraviolet rays is performed, so that ozone can be
gener at ed nanges isngl @t a ekygenitrcknfilpe(gEnerat gbednr wmdeheidszZ@ne(SiNKadi at i on
Wi th u! tr \-/>|~,: ligrfox-;llllcagcr};[ferq%vs;lut" ceaoftwgl g_l%%at?e Plf() (ISgSFS{Gf[@Q}'lSO nmin

ul travi ol etays’i's perflorma “%0 T hat “ozone can e genérated and singl et
oxygen camo@isgo be generated fromthe ozone. [0085] Exanpl es of

reactions which occur by. performng irradiation with ultraviaolet 5Iight

havi ng a wavel ehlg'glhq %‘f‘bq}éé‘ %*Lt‘ﬁ‘éﬂl‘i"gb“’ﬁ?ﬁ%%‘ﬁ’&}% ik} m/li gngtlonlsiafjﬁﬂ having a
wavel esgt hoadin@r i@t e rboblian tor theqasalie tAlm2005 nprolidedroratt sphér engaidt ai ni ng
oxygen are described. 02 + hvnj 333 > OgviP + 0(3P) (llc) (? 3P), + 02 03

(2) 03 + fg})ic:@@lc}%f&stgjnc_l_m@? In a dlttog) PRt AGEEIC o stal sem qn éora{%e
reaction fuayaul A s(ﬂg%a chysta@ @b iu@N iMpkdVidddt 6 Blkebaski gbtirdid dteagbng a
wavel ength ( ruri) of less than 200 nmin an at npsphere contai ni hg oxygen
(07) is peéitfagermsenteipingdist atlealtikligeirraes adarisy §‘F‘?’) Of Fredery P dnerEtcat e.  Next ,

in the reagtd QNNLOLIMLA) Codtaindd I AXYERD sab:08 £ 3Msiddido WOUAGeSt at e and
oxygen (07) are reacted 15 with each other to generate ozone (03). Then,

i n t héOr eatysiabperfiommeutiar @3y, irradiation with ultraviolet |ight having a
wavel engt EO&%,? rim of greater than or equal to 200 m| in an atnosphere
cont ai nin th«lg generated ozone (03) is perforned to generate singlet oxygen
QD) in an exci Bedust gt enitrdggnapntainmasipirerié! demtigining bondrgeyes iriadi at i on

wth ultraylolel blok SRYngofnmeekenotih Bl essdianall ety
ul travi ol ét rays 1s d p ormed to generate ozone whil'e irradiation with
ul t ravi ol etippheghitefdoawd igudagwa $ptcingtlip iofs weeabbr thathén ndrogegroaitainiog 200 nm of
ultraviolet rays is performed t enerate singlet oxygen by qf?cso osi ng
ozone.15ThZay&gK1ebeti?“él§ dl’rrll(%ntaveaassu %gég‘rvlnlgg a‘é%%% can lrgeéﬁper‘f(or)noe X [{Igr
exanpl e, hy legsradi Arddmdahisiudrd gitfacofroaghness (Fmes sureéhemcar lesd, ange( X, , =
185 urn, X2 = %54 n in an. at rmspher . 5aat ainin QxYy9en; 254 0087L

preferably, an average surface roughness 6f U.35 nmm or less and 4 root-imean-squar

surface roughness of 0.45 nm or less. The thickness is preferably in the range of 10

nm to 200 nm, inclusive, more preferably, 50 nm to 100 nm, inclusive.

20 [O080]

Next, the surface of the single crystal semiconductor subsirate 100 and the
surface of the base substrate 110 are disposed opposite to each other, and the surface of
the oxide film 105 and a surface of the nitrogen-containing layer 111 are bonded to each
other (see FIG. 4C).

25 [0081]

Here, afier the single crystal semiconductor substrate 100 and the base
substrate 110 are disposed in contact with cach other with the oxide film 105 and the
nitrogen-containing layer 111 interposed therebetween, a pressure of about 1 N/emt® to
500 Nfcm?, preferably, 1 Nfem® to 20 Nfem? is applied to a portion of the single crystal

30  semiconductor substrate 100. From the portion where pressure is applied, the oxide

film 105 and the nitrogen-containing layer 111 start to bond to each other and

spontaneous bonding occurs and extends to the entire area. This bonding step is
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I n addi tion, exanples of reactions which are caused by perform ng
irradiation with ultraviolet light having a wavel ength of |ess than 180 nm
i n an at nosphere contai ni ng oxygen are described. 02 + hv (2\.3 nn) 0(1))
+ 0(3P) (4) 30 0(3P) + 02 --> 03 (5) 03 + hv (2,3 nm O(D) + 02 (6)

performed by the action of van der Waals force or hydrogen bonding and can be
performed at room temperature without heat treatment.  Thus, a substrate having a low
heat resistance, such as a glass substrate, can be used as the base substrate 110,

[0082]

5 Note that, before the single crystal semiconductor substrate 100 and the base
substrate 110 are bonded to each other, at least one of the oxide film 105 formed on the
single crystal semiconductor substrate 100 and the nitrogen-containing layer 111 formed
over the base substrate 110 is preferably subjected to surface treatment.

[0083]

10 As the surface treatment, plasma treatment, ozone treatment, megasonic
cleaning, or two {luid cleaning {a method for spraying functional water such as pure
water or hydrogen-containing water with a carrier gas such as nifrogen), 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 105 and the surface of the

15 nitrogen-containing layer 111, ozone treatment, megasonic cleaning, two fluid cleaning,
or the like is performed on the single erystal semiconductor substrate 100 and the base
substrate 110, so that dust such as organic substances on freatment surfaces can be
removed and the surfaces can be made hydrophilic.  As a result, bonding strength
between the oxide film 105 and the nitrogen-containing layer 111 can be improved.

20 Here, plasma treatment is performed using an inert gas (for example, an argon {Ar) gas)
and/or a reactive gas ({for example, an oxygen (O;) gas or a nifrogen (N;) gas) by an RIE
method, an ICP method, or atmospheric pressure plasma.

[0084]
Here, an example of ozone treatment is described. For example, ozone

25  treatment can be performed on a surface of a freatment object by uradiation with
ultraviolet (UV) rays in an atmosphere containing oxygen. Ozone (reatment in which
irradiation with ultraviolet rays is performed in an atmosphere containing oxygen is also
referred to as UV ozone (reatment, ultraviolet ozone treatment, or the like. In an
atmosphere containing oxygen, irradiation with ultraviolet light having a wavelength of

30 less than 200 nm and ultraviolet light having a wavelength of greater than or equal to
200 nm of ultraviolet rays is performed, so that ozone can be generated and singlet

oxygen can be generated from the ozone. Irradiation with ultraviotet light having a
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100881 In the above reaction fornmula (4), irradiation with
ultraviolet Iight having a wavel ength (2,3 nm of less than 180 nu in an
at nosphere cont ai ni ng oxygen (02) is perforned to generate singlet oxygen
O(D) in an excited state and oxygen atoms 5 (0(3P)) in a ground state.
Next, in the reaction formula (5), the oxygen atons (0(3P)) in a ground
state and oxygen (02) are reacted with each other to generate ozone (03),
In the reaction fornula (6), irradiation with ultraviolet Iight having a
wavel ength (X3 nm of |less than 180 nmin an atnosphere containing the
gener at ed vordpeti 0{3)65? thapdBf omndiltayigerreyaseeypmgideso dwrigeene cam bh excited
state and gen, irradiation with
ul travi ol gtﬁ%\{fg&ﬁand SH\F’% 0%}%@2 “g'eoﬁbet%]ﬁm%&?g@gn%l 8;0% 80 run of ultraviolet
rays i s perfsér rred to generate ozone and to gener ate si ngl et oxygen by
deconposi ng thel«:omtprhcs co”rrezﬁ:xdygaewhicrmectmmmenitoneiagrm:srtiat@s veigs gltrnbieldt above can

be perforne t|o an_ Xe .ex

(X Deths ey TR bt hef S Cihel okl RlaTindl siares ™

Chem cal bop@iwaghed orasquaingati emsulsimogaeatdaahed: dggan sutéageedof a

treat ment obj ec%j IS cut _3b)y ulfraviolet Iight having a wavel ength of |ess
than 200 &, 1dé ¥RAe PhE bP§AMI ¢ Slbst ance attached to the surface of the
treat ment (phjyach, orothecgrgani ¢ substance whose chem cal bonding is cut can
be renpved by oxi dat 1 ve deconposition 20 with ozone or singlet oxygen
gener at ed (hy- lo2dnem) ByOtﬁ@H@am n@)ozone treatnent as described above,

hydr ogén I '[(S:d % and purity of the surface of the treatnent object can be

i ncre 2R bondi ng can be favorably perforned. [0090] In an atnosphere
cont ai ni ng oxyglanhe ﬂma&abt&mgeﬂmmt ledirayiaper &0l alagiole?belit (nadivid on with

ul travi ol et ra S. is effective in renoval of the or%anlc subst ance
attached t"d't ﬁ‘@*}é l@r’t‘lf”éR:)eodeSSt‘H%1 B e PHPBEE S CREHHE PIYSHL (Q Yl et
oxygen i s alseafi %@ﬁaa&@owgcﬁ%mv&dom) e oRRE@Rak. SRt ange ralcligehed to

t he surface of the treatnen ect as rrucﬁ as or nore than ozone. QOzone
and si ngl é@iﬁ@i@@éﬂilarﬂéygeﬁaaﬁﬁwe@(dﬂ)@wwnﬁﬁm&na@c@wel §Pate gatcdre al so
col I eqsi veliy &8 s{heeﬁé gegeaé dB% @g}(l VR ORHO BeticiSroA8SS () PRAaMiibh the
above reaction fornul ae and the because there are reacti ons where
ozone is g»etrhetiiastvedeuim 1g@vergaet wm*g:lfsugmgﬂkenmbu@/zgemeldhdnsmrﬁglueltto ey gem i s

gener at ed byle Z |ons g Udl? 24 heact QS}M‘IRI{E si ngl et
oxygen coAt ribu I eat ne C1Lror cénveni ence.
[0091] | noaﬁgl:ht(i)(éﬁ) imah ekcitelestoxi de afnl eltﬂmé;ﬂrﬁxd enbondedxygent hediation

or dor *to. Aty BaeH BN e orbtact e LRehr cpuainBh AR BT ed ot a |

t enpenat upe: f&iﬁi&ﬂ@o gerefa@Cdeohs whidd irg@hesaival uitdviohe lighthai it hedvéiegiupn 104,
for exanpl t enper tur in the range of greater than or ual to a
room terrpefaf s D et 4 R P e 1E T etp ﬁ%dfesv@ﬂa@tese%ﬁbnded to
the nitrogepreaomt @b@:iﬂ:@%lhé‘)@fmcllhh@UdS)oHQ the@tdn0@s aes@ibb@ PVAtM 8c W t hi n

t he above
performed, for example, by irradiation with light of a low-pressure mercury lamp (A, =

gesrt (,onidminfb 1‘r'1e éﬁil(ﬁia

185 nm, A; = 254 nm) in an atmosphere containing oxygen.
25 [0087]

In addition, examples of reactions which are caused by performing irradiation
with ultraviolet light having a wavelength of less than 180 nm in an atmosphere
containing oxygen are described.

02 + hv (ks nm) -> O(' DY + OCP) - - - (4)
30 OCPY+ Oy O5---(5)
01+ hv (3 nm} — O('DY + Oq - - - (6)
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10 range. The heat treatnent can be perforned using a diffusion furnace, a
heating furnace such as a resistance heating furnace, a rapid thernal
anneal i ng (RTA) apparatus, a mcrowave heating apparatus, or the |iKke.
[0092] In general, when heat treatnent is performed at the sanme tine as or
after 15 bonding of the oxide film 105 and the nitrogen-containing |ayer
11, the dehydration reaction at the bonding interface proceeds and the
bondi ng interfaces conme close to each other; thus, bond is strengthened by
strengt heni ng of hydrogen bonding and formati on of coval ent bonding. In
order to {®@Hbte the dehydration reaction, noisture generated at the
bondi ng interfage i ed by
heat 20 treat nglnithg 21"!) QﬂgQﬁ&l&% Igglr.%lg L@t H%th{l%ﬂ% 119\,\){%:%08# pf}#%g{gon%nt after
bondi ng i svaperfion Kedwal oﬂ ow ﬂhexmb&(t atuinen Jtmnsmenme,ogenmtgma@um(()i) he bondi ng
interface t“rpugh t he deh dratlon reﬁ§§|on canno%dﬁ ve ef fectively;
thus, the PHEHVHEF AP SR EaTES BnO068s ) By By FELE efﬂ f%y$%‘ﬁ°ﬂ?fflculty
ini rrprsovl(odppoﬂdlgngmstsfaeﬁgmxeut file gée bl SormhiBQ93Ihe2Qpert henotdiér)) hand, in
t he case where an oxide filmcontaining chlorine atons or the Ié%e i s used

as the oxiTté SIS, HLEh e afd I To8Ik 2P ERMFEPFTG4E hi ot ur o.
Thus, even, WieRa R fofh 8R4 HaddhibRwiloNHhNGlel BeIRGRL{AE rﬁe\da@ﬁenkﬁ%W?tg
tenperature, noisture generated at the bonding rnterface throdgé

dehydr at i @m)r@a}ew ban danh e itabs eibesthandodimings b geperoted Haopx (O 1# | | m 105,
and the d i t t ci I hi s case,
even Wnen ?rrg\% tlt(g m%gesslrng ar?tx 9@1&@? T g)'?c é‘%%@% dg(gmg)fgfciias@%éu lé(tskgetrée is used
as théObasemsmbgUnag@L1ﬂ@hMKMeWBDn@mn@k$ﬂ@Em@wh%bemmeéW%ﬂhefbxa@@JflIn1105
and the ni,L.rogenzc LN er 111 ,l b Rroyed.

Furt her 1%{) ptgtr fogruﬁn trs{;btéll 4 srrﬁs i{c&oxined t(% %neig)tg (}/H J atcfd & g%ete\i}%{lﬁtéga\é,
nnlsture @&nghewe%&emmmmgmynabSthmdgamdIdcbhusedMannwwhewbwid@véiIn1105.

Accor di ngl t hc_bondi ng strength hetween. th ] and.t he
ey ogen CohPa PTG dar TTE. ST BE R BVEE: Syl HSHHAL LAt ment i s
per f or med -5gty g\ LEARBEHAY @ntaliiOdKygen. Next, heat treatment is

performed to cause separation (cleavage) al ong the enbrittled region 104,
so thdf a @ﬁﬁble crystal sem conductor layer 112 is provided over the base

substrate 110 wWehdpith@ofXihgder hi bt%hi%‘iQ@u@:ﬂﬁicé mecmdtbqgeﬂamaat@hﬁ&tl ayer 111
10i nt er posed t herebetween (see FIG 4D). [ y perform ng the

heat treatohisat is cphbaeﬂtﬁlawotﬁt dghiragingm wwﬂﬁﬁetbd%f] iﬁtﬁrtheh?—(?%nmh@ Baphett] ed

region 10%;%9?& GG ?@acﬁt@d I DGLEAGRadeNof %@@[ﬁﬁt‘éﬁte Objg‘le(}lt Qel anﬂugcr ease in
pressure, the volune o he mcrovoids formed in the enbrittled region 104
i s changedubstance whose chemical bonding is cut can be removed by oxidative decomposition

20 with ozone or singlet oxygen generated by ozone. By performing ozone treatment as
described above, hydrophilicity and purity of the surface of the treatment object can be
increased, and bonding can be favorably performed.

{0090]
In an atmosphere containing oxygen, ozone is generated by performing

25  irradiation with ultraviolet rays. Ouzone is effective in removal of the organic
substance attached to the surface of the treatment object.  In addition, singlet oxygen is
also effective in removal of the organic substance attached to the surface of the
treatment object as much as or more than ozone. Ozone and singlet oxygen are
examples of oxygen in an active state and are also collectively referred to as the active

30 oxygen. As described with the above reaction formulae and the like, because there are

reactions where ozone is generated in generating singlet oxygen or singlet oxygen is
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15 and a crack is generated in the enbrittled region 104, so that the
single crystal sem conductor substrate 100 is cleaved along the enbrittled
region 104. Because the oxide film 105 is bonded to the base substrate 110,
the single crystal sem conductor |layer 112 that is separated fromthe
single crystal sem conductor substrate 100 is forned over the base
substrate 110. This heat treatnent is perforned at a tenperature |ess

20t han or equal to the strain point of the base substrate 110. [0096]

This heat treatment can be performed using a diffusion furnace, a heating
furnace sueteraied &y roagics tharee sudieradtivgs figplyiee 2 raacigpivdietchengial ogiapeal i ng
(RTA) app the i ke. For exanpl e,

in the ca?@ﬁépaﬁ%ﬁﬁgkg{ E@%?ﬂ%Eg%kmgﬁggﬁg&?Eﬂﬁmﬁgg? treat ment can be
perforned|[@dia heatlng tenperature of greater than or equal to 550 'V and

| ess than or eq to 7 ater. and | ess
than or equal ti(')l 8mon 2193{ gﬁga%de%g{% f()% Hs %01?(%:d o {h%%lll(?o 9,018%1§mﬁedt treat ment
of FI Gs IDimu%hﬂuhmnmrk@mﬂha@ymh@nnﬁﬂ1mbmwemdmseﬁebedhmgamn@heaTmEnt for

i ncreasing the bon g gﬂitrengé bet ween t he base gubstga é% ﬁ

oxi de fil AFAOEAIPHE hEZTOTFE 4t RelSPPEERE 0P hEPEhd) AY ¥HEBEndi Hy strength
bet ween t kewwaxicdecdivh M04,00r axanglbieatni tehpgenne anttai mngrgol ayaer thid oand t he
heat treatnment step for causing separation along the enbritt]ed reglon 104

may be perfidH iHra ERecstAd s hoBest TRPoEYAC five [ SpBoebebeped an 501

substr at e (4 e WirGanlddftaidiafer cﬂly%bahg héatﬁ‘»,gry{ QARANGh@RFe WRAYE ihelddvi S
provided over the base substrate 110 he oxide film 105 and the

ni t r odén- cogeai Ahgedtdyaamant can jbatrarfeyset uting rie bidiugier fumase. eherlipgif act ur ed.
By enpl oyighg, NG MRNUL a&awe'h@a@m& 9?@9 !h@;%jai mletdmgsa@mg lRad , even

when the nitrogen-containing | used as a bonding l'ayer, the
bondi ng stmeEngavbeteneemppetidisberghe Biybstrate 110 and the single C|ystal
senicondu?@ﬁﬁ | ayer 112 can be inproved 10and reliability can be inproved.
As a resul't, én SOL substrate in which diffusion of inpurities into the
single crystal Beg@mcﬁdwh@ohmﬂaya&mmﬂzsp@ﬁnﬂddawem:BMm:basemsubﬁkrate 110

s .Su r S? n lhtehe (%aishn drt% emtxllgn%nn atnrllle Igl nqllﬁ the gh Iau 1
senlcgﬁd %?I a er are stronng atttached 't'6 "&ach dtﬁer can Be formed.
[ 0099] 15kamaddmuhnmmdb&1mb@Mm®nmgmthednw&mﬂgegﬂn@ﬁmanmmm@khayQMEEn t he
base SUbStorhacg thus, 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
20 treatment at high temperature.  That is, when heat treatment after bonding is performed
at low temperature, moisture generated at the bonding interface through the dehydration
reaction cannot be removed effectively; thus, the dehydration reaction does not progress
and there is a difficulty in improving bonding strength sufficiently.
[0093]
25 On the other hand, in the case where an oxide film coniaining chlorine atoms or
the like is used as the oxide film 105, the oxide fiim 105 can absorb and diffuse
moisture.  Thus, even when heat treatment after bonding is performed at low
temperature, moisture generated at the bonding mterface through the dehydration
reaction can be absorbed and diffused into the oxide film 105, and the dehydration
30 reaction can be promoted efficiently. In this case, even when a low heat-resistant

substrate such as a glass substrate is used as the base substrate 110, the bonding strength

between the oxide film 105 and the nitrogen-containing layer 111 can be sufficiently

20



side and formng the oxide filmcontaining hal ogen such as chlorine on the
sem conduct or substrate side, a manufacturing process can be sinplified and
the entry of inpurity elements into the sem conductor substrate before the
sem conductor substrate is bonded to the base substrate can be suppressed.
Further, by formng the 20 oxide film containing hal ogen such as chlorine
as a bonding layer which is provided on the sem conductor substrate side,
bondi ng strength can be inproved by pronoting the dehydrogenation reaction
efficiently even when heat treatnent after bonding is perfornmed at | ow

t enper at urBProVek 00U SRt e Peifdiating glesia SERIHEY Wn AHBBYi Bt Pltaghe fi r st
etching trealiRNtay |1aS ¥reddveRdi8ld00 ARhaAgRI &b ML oxidBesffcand et ching
treatnment, and heat treatnment” are performed. These treatnents may be

per f or med Awomiimphandic shawdingr stentthodelvshiowihci ol GSilpAl§o 2R ocFI GS. 3A
to 3F. [O ] £. N hiss. i el : y (yde film
105 is fo}ﬁé%ﬁgggghﬁn%?ﬁéTépk%@ﬁ%ﬁﬁ%ggﬁyggﬂ%ﬁggbgﬁggg@?ﬁ%ﬁ%bggﬁggﬁd t he

ni t r ogen- cohtaiempergtukayer 111 is formed over the base substrate 110 is
describedt Iever, the present invention is not |imted to this. For
exanpl e, t%e xide film 105 and the nitrogen-containing |ayer may be

st acked i n t hi sNexwéeatarcatrhnt i pglfened yistalsesepreaond (deavrge ubster dte 100 and

the surface, of  the .ni en-cont ai ni ng. | ayer forned r. the oxide film 105
and the sarPauiedreivhiOpae BaED Bofl Tod® Gty B Bemada s BoGaBho6Eher. i n

t hi s case,thd b&e shbdnater DQERHIC et @idy filgn @Y &id RYhibecprconbaag bedfrane
formation of the enbrittled r$ t&ﬁ 104 or may be provided after formation
of t héOentitrpiddneelfndsen 184 FTA 48 nati vel y, an oxide film (for exanple,
silicon oxpge) may be fornmed on the nitrogen-containing |ayer and the
surface of the oxide film 105 and the surface of the base substrate 110 may
be bonded to eaBh PEipEHNS thephepf drogtment, internal prgspyfe in mjcfoveils fespred yn e

i mpuri ti esyfikieRatBEoD 3GLins bRt HAd B iAdBase B nlfRBGENIbE Gri¥Sindlease in
sem conductor layer 112 is not a problem the surface of the oxide film 105

provi ded @¥csge B¢ wefrwcof yrraicrayed dgnd et die i edaegion ot wranasd surface
of thesbasgqsphskkat %gi’lfér&e&w e nonded fQicsasdy, bheh Wet UL dy@yi ding the

ni trogen-cont ai ni ng ayer 111 over the base substrate 110. [0103]
Not e that stheEosductie subserageldfris pleaved rilangithe embodicdesegonclld. bBeegppr bpri at el y

conbi ned with Sty et Hrgsadeschthed LR0HDg10 e el BN ka1 Abmidhducior

speci fication.
layer 112 that is separated from the single crystal semiconductor substrate 100 is formed

over the base substrate 110. This heat treatment is performed at a temperature less
20  than or equal o the strain point of the base substrate 110.
{0096}
This heat treatment can be performed using a diffusion furnace, a heating
furnace such as a resistance heating furnace, a rapid thermal annealing (RTA) apparatus,
a microwave heating apparatus, or the like. For example, in the case of using an RTA
25  apparatus, the heat treatment can be performed at a heating temperature of greater than
or equal to 550 °C and less than or equal to 730 °C for greater than or equal 1o 0.5 min.
and less than or equal to 60 mun.
{0097}
Note that, by performing the heat treatment of FIG. 1D without performing the
30  above-described heat treatment for increasing the bonding strength between the base
substrate 110 and the oxide film 105, the heat treatment step for increasing the bending

strength between the oxide film 105 and the nitrogen-containing layer 111 and the heat
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[0104] 20 (Enbodi mrent 3) In tins enbodi nent, a nethod for

manuf acturing an n-channel thin filmtransistor and a p-channel thin film
transistor is described with reference to FIGS. OA to 6E and FIGS. 7A to 7C
as an exanple of a nethod for manufacturing a sem conductor device having a
hi gh- performance and hi ghly-reliable sem conductor elenent, with high 25
yield. By conbination of a plurality of thin filmtransistors (TFTs), a
vari ety of sem conductor devices can be manufactured. Note that repetitive
descriptions for the sane conponents as or conponents having simlar

funct i ons WeaMaREsgoivp sHERE SRR PMssWE Mnabritiehgeion 4P mgrde perdrmed105] 301 n
FIG 6A, thg.i.psyligaking film 102 and the single crystal sem conductor |ayer
112 are forned over the base substrate 110. Note that here, an exanple in
whi ch a sé#i®bnduct or substrate having a structure shown in FIG 2D is

enpl oyed; howevey,, sen.con o] S V] thern. structure
described in th?@oggéél gkgﬁﬁgﬁg%a%Igﬁgo&@gkﬁﬂgﬁoyg%baﬁgf%%¥cf%%ﬂgingle
crystalb semmcondutt davet Hiyes prbiRled sva elparaat sdhsthatohl @ Wweh dicnglde fidmyi§fal 5

sem conduct or. substrate 100.  As_ cribed. in Enbodi nent 1 tge,si gl e
crystal saru BRRbLR Pt 105 IEP HhoREe iR o e oo BT e et ng

et ched, am) ¢hydoyisgbjceainathctuting haesnd detcibed @y theenitedimar, eséalvheedhect s in
t he single.gg g}aumsenigop ctor(lgye 12 can &e re #c%dn%  planarity of
the sur  agu P EREAEIRATET A1y Oare SenreBHIEGr o ByEra T e Bt mpr oved
10[ 0107] the base sdiR@a8iINghed Geysizdd crsQal eOHRDUGIcD lhay er2 dabhdvd mpadvelted into
i sland shapes to. form separated single crystal sem conductor |ayers 121 and
1221 100 A5 AHEM TR EHOG BETE T Gns ASr e AbRHICHBI Brshes J(LBENEI G 68)
[0108] 1SNeb&iddatio Bef onglet 9sEI RGhi€oRILYSE Myes BN CRAAUC Q6 lRYBIse 112 1S
etched, 1 tsulljs?rate 110 is suppressed and the base substrate 110 and the single crystal
semiconductor layer 112 are strongly attached to each other can be formed.
[0099]

15 in addition, by providing the nitrogen-containing layer on the base substrate
side and forming the oxide f{ilm containing haloegen such as chlorine on the
semiconductor substrate side, a manufacturing process can be simplified and the entry
of impurity elements nto the semiconductor substrate before the semiconductor
substrate 15 bonded to the base substraie can be suppressed.  Further, by forming the

20 oxide film containing halogen such as chlorine as a bonding layer which is provided on
the semiconductor substrate side, bonding strength can be umproved by promoting the
dehydrogenation reaction efficiently even when heat treatment after bonding is
performed at low temperature.

[0100]

25 After that, as described in Embodiment 1, the first etching treatment, laser
irradiation, plasma treatment, the second eciching treatiment, and heat {reatment are
performed. These {reatments may be performed in a manner similar to those shown in
FIGS. 2A to 2F or FIGS. 3A to 3F.

{0101}

30 Note that in this embodiment, a case where the oxide filim 105 is formed on the

single crystal semiconductor substrate 100 and the nmitrogen-containing layer 111 is

formed over the base substrate 110 1s described; however, the present mvention is not

28



preferable to add an inpurity element such as boron, alum num or gallium
or an inpurity elenent such as phosphorus or arsenic to the single crystal
sem conductor layer 112 in order to control the threshold voltage of Ms.

For exanple, an inpurity elenment such as boron, alum num or galliumis
added to a region where an n-channel 20TFT is to be formed, and an inpurity
el ement such as phosphorus or arsenic is added to a region where a
p-channel TFT is to be formed. [0109] The oxide filmon the single
crystal sem conductor |layer is renoved, and a gate insulating |ayer 123

whi ch covénsted ethsi ngbecxemykt Bk oxidaifibondenrdie biypgescaganigadyepay s 25

formed. T% 5§a(,f?91h% ﬁ A ?td%l off etm %Ppggugi%/&g éeﬂ‘x nﬁuc]talstﬁﬁ(tidtg'%go ad ttré S

enbodi nent  have even a gate 1 nsulating
f or med ovemhmheianghgﬁnrymhmhwgemxunmﬂmot nhdavérﬁmlﬂliamdhdanus a t hin
gate insul

ting w,h ate |ns | a ng. n Gov t he ngl e
crystal Sﬁﬂi% 6ﬁ%ﬁ8 “V&yg 135 %ﬁ' fﬁ éggrabﬁ% %%chm 3hé
Ther ef or e,mtﬁ)lgatli aqitdning tliyer defyeet ;sodtded belos bovgicags tefebtittiof xtagbem gate
30i nsul atin can. b vent.ed, sem co tor device with high
reliabili t998 X%'rr% ﬁ?‘géf{dﬁ TPy ﬂfﬁ ’ﬁgﬂt tlgf begm[“g@ 0] NERE The gate

l nsEl ati n@xtl@-(l;ﬂiﬁ (b2 3x e, tgemt)@r)meb sy litgfoﬁhbcij @romlecmm@en cOitaifiiy 19er f or med
with a stacke structure of sjlicon oxide an ilicon nitri e gate
i nsul at i ng"d Higerrfacs!ihy onde Rip Henansythe agése of rst bape FuhEtAtat tdﬁn@ar Fr mby a
pl asma CVR, etheeh-0huar | ow pressure CVD nethod or may be forned by solid
phase oxidation or 5solid phase nitridation by plasma treatnment. This is
becaude al@y&ek insulating |ayer formed by oxidation or nitridation of a

single crystal ﬁtﬁmcpqrﬂriu%% olf%yt GritRY PRI HTBaLd GALAROY 1d SudeNSEngibas hi gh
wi t hstand vol tage, and has excellent reliability, [0111] Further as the

gat e i nsulcatsiahgerhiagmiucppBiyen 1 B ghacticepreblem; dhecwrgeant heateds Gim 189 such as
zi rconi um Pav.tﬁeiagﬁhgg g}q@@c@gu@@emt&ﬁ%p Eﬂbgefétg%() Qkd thégtﬁtaémf% gg. may be

used. Wheﬁ ctric constant material 1s used for the gate
i nsul ati nguitsayerl 1028y braba@dbéakergh s vefouicmvidagribd ndwden- fcellam]lg

15 layer 111 over the base substrate 110.
(0103}

Note that the structure described in this embodiment can be appropriately
combined with structures described in other embodiments of this specification.
[0104]

20 {Embodiment 3)

In this embodiment, a method for manufacturing an n-channel thin film
transistor and a p-channel thin film transistor is described with reference to FIGS. 6A to
6F and FIGS. 7A to 7C as an example of a method for manufacturing a semiconductor
device having a high-performance and highly-reliable semiconductor element, with high

25  yield. By combination of a plurality of thin film transistors (TFTs), a variety of
semiconductor devices can be manufactured. Note that repetitive descriptions for the
same components as or components having similar functions to the components in
Embodiments 1 and 2 are omitted.

[0105]

30 In FIG. 6A, the insulating film 102 and the single crystal semiconductor layer

112 are formed over the base substrate 110, Note that here, an example in which a

semiconductor substrate having a structure shown in FIG, 2D is employed; however, a
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A gate el ectrode | ayer 124 and a gate el ectrode | ayer 125 are forned over
the 15 gate insulating |layer 123 (see FIG 6C). The gate el ectrode | ayers
124 and 125 can be forned by a sputtering nethod, an evaporation nmethod, a
CvD nethod, or the like. The gate el ectrode |ayers 124 and 125 may be
formed using an el enent selected fromtantalum (Ta), tungsten (W, titanium
(Ti), molybdenum (M), alum num (Al), copper (Cu), chromum (Cr), and
neodym um (Nd), or an alloy material or conpound material 20 containing

t he above-described el enent as a main conponent. Alternatively, as the gate
el ect r ode stigeprdictpp aibgpgie hpang apodenpieusiive desorbaddy dvs spppilitatmd chyy also

pol ycryst al.ipeysi!icon layer doped with an inpurity element such as
phosphorus, of an AgPdCu alloy nmay be used. [0113 ] 25In the SO substrate
accor di ng{®®oi he present invention, the surface of the single crystal

sem conduct or |ayer., | L.anar.i. .. . te insul ating layer with high
wi t hstand vol tag%c élé&lf%g B St? g%h{é%’%gf%ﬁ]?ﬁf “ A%ng%%gﬁ%g i i%cthc %8 lg)régy Sfa\l'{lme singl e
crystab seemcombiget cubitateei 0 22A% sicfonibadn Emlhdhéth T hée usielofertshe nask 126
and the gate. el ur,it

ctrode layer. 124 as nmasks n_inp | enent, 127
ipar t 1 ng gt e ¢ PU R e ToulIRe ey Bl PR et SR8 PoBRY ¢
regi ons 128geaniio28ma(s@eng-b&thabDjystal deftd & worbiagicroental sphesphicne (PH3) is
used as dopin as_containjng.an_inpurity elenment. re, the inpurity
el ement. i &R {ign S foyBer cBnalativ of e rur oy g6 the St Ela s Al RghepREpIoR. { ype
impurity 18 Ditscad B8anmbekdl28b contain the inpurity el enent inparting

n-type conductivity at a concentration of about 1 x 1017 to 5 x 1018 /cnB.
In thil€ edHydi ment, phosphorus (P) is used as the inpurity 5el enent

i mparting n-typencondaiet i dedhicon@dtGliayer 112 is etdN8Xnto fslahd Slapthe mRSk 126 is
| ento ved, a mask 130 ich covers the single crystal sem conductor [|ayer
121 is foptRsErtedpingle epaal ssmicondygiy lnggsk! A 264434 it freoyare witerasitisae | ayer

125 as nmagksomigdthdhdBMibhdheel&mBRt 331 inparting p-type conductivity is 10
added to formfirst p-type inpurity regions 132a and 132b (see FIG 6E). In

this enbodii¥8ht, boron (B) is used as an inpurity elenent; thus, diborane
(E2rmhser, L0, | VSR 45 lontie aapcapnio g, ol M iy gl
134d wi t hpeeferable 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 112 in order to control the threshold voltage of TFTs,  For example, an impurity
element such as boron, aluminum, or gallium is added to a region where an n-channel
20 TFT is to be formed, and an impurity element such as phosphorus or arsenic is added to
a region where a p-channel TFT is to be formed.
[0109]
The oxide film on the single crystal semiconductor layer is removed, and a gate
insulating layer 123 which covers the single crystal semiconductor layers 121 and 122 is
25 formed. The single crystal semiconductor layers 121 and 122 in this embodiment have
high planarity. Thus, even if a gate insulating layer formed over the single crystal
semiconducior layers 121 and 122 is a thin gate insulating layer, the gate insulating
fayer can cover the single crystal semiconductor layers 121 and 122 with favorable
coverage. Therefore, characteristic defects due to a coverage defect of the gate
30 insulating layer can be prevented, and a semiconductor device with high reliability can
be manufactured with high yield.

[0110]



15 sidewal | structure are fornmed on side surfaces of the gate el ectrode
| ayers 124 and 125, and gate insulating |layers 135a and 13Th are forned
(see FIG 7A). The sidewall insulating layers | 34a to 134d with a sidewal |
structure may be formed on the side surfaces of the gate el ectrode | ayers
124 and 125 in a self-alignment manner as follows: an insulating |ayer
covering the gate electrode |ayers 124 and 125 is forned and is then 20
processed by anisotropic etching by a reactive ion etching (R E) nethod.
Here, there is no particular limtation on the insulating |ayer and the
insul ating | ayefh¢ satpiestistiapiayen! ey beffowiadiustg Phiotexitet o mavseabl e step
coverage, pi&Nwid § QRS Rudigacsd ancqf okREr aQt BYloohlifhgsi I'hgat.g. (TECS),
silane, or the like with oxym, nitrous oxide, or the like. The Insulating
| ayer can 'relquog fdr 32 max hetombd EBeppstinpdn imujsliags fn BYD st ddVD 25 an
at nospheri.c.. : i ] , , i.ng met hod,
ortho 11 R RETSES SR PO el FTENR B (8f B PG Eh o3 1V
et chi ng t keligahscimsditan ngplaye tredi@8ninv Thistihdegasea ghechrddmg|layer s 124
and 125 a t i val | _insul ati l.ayers 134a to 134d,used as _nasks.
10117 3oty S e R B RS Rt S Sr R ey PRl
i nsul at i ngreh@yar isdeese, fadhdighatithsehe etlragdent Ayesselient reéaoligd t o expose t he
gate el ectwg? | ayers. However, the sidewall insulating |layers 134a to 134d
may be fort to have such a shape that the insulating |layer remains over
the gate el ect r Baehek,ayseths galennadainki layer @3pk aligctieletrit i domumymdeid or mned
over tge %ate el ectrode. lﬂéﬁr's in a later stqep.l By protecting the gate
el ect r'dde “FEyEEPHYIP AR ERHET OX 15 WP BN ICoN Bl R X YiererYdicdetd ode
| ayers canvhe Prgyeniedioiaiaftiehibmg id 8sc8 GRoue Led indilatihf @fer 173, ke case of
formng suicide in a 5 source region and a drain region, because a netal
film for maerkper CHENYGP Ratsdyttdof the silicide is not in contact with the
gate el ectippde | ayers, even when the netal filmis formed using a naterial
which is likely to react with a material of the gate el ectrode |ayer,
def ects in chenipogfe flediets bwer W4 adst g clesiradpdayer k& eadomedgven/dat ed. The
et chi ng MebRad. B 28R 1 H KeLbRNb0y MBlhat McuBddBlest $NhD0 RLAQd, and a
vari ety g?gget csﬁi ng1g %8 .mat%%ds cangbe u_ts.ggd. Icnl t(}kll\ﬁgs,elenbodggnent, a dry
et chi ng nmdehisd Bysa gpegrinpancdivdepe lsvangragas  meihahledrY Renphgb dr dasikypi fi ed by
41 2, BCL3,py,5i,ClAsic Gohiday Q5 15AGnd 1 ob iRLNg; gaaﬁ%% 85 i &g by CF4,
SF6, NF3, or E’tgf?e I kee, o C}% can %imggpr oprl{cat e’y “Used. Fﬁgiéllcgid 1}iﬁﬁlext, a
mask 136 whitdhmddelefmigsthe (&), ngireu (y81 ablybdamipodiuic tlomituay €xl), X2@pdrs f or med.
Wth the h k h | § l.ayer 124 nd the
o deva | 1 GouEaekiE Bk i aehEa s RSO AR B o M0t e 107
I npar 20ng carthippe o ndoetdegtribed i ctenaochd esl atoaifh eompsemondiirerayipey apei ty
regions | 38a . and . 138b. .Ln this.enmbodinment, PH3 is._used as a doping gas
Cont ai ni ng PGS TR dPE Ay 75 Ferd RGP Y & PhENe ABar ¢, ng
n-type conrdieeh iavit Jopesd vathdednporityhaéménd Qudesgmdsphoiug P& dnngidCluyallog@gi ons
138a and 138 co‘g# ain the inpurity elenent inparting n-type conductivity at
a concent PEi'GAEF about 5 x 1019 to 5 x 1020 1cnB. Mreover, a channel
formation[gggijon 129 is formed in the single crystal sem conductor |ayer
121 (see FIG 7B). 25%0119]7 _ The second n-type inPurit regi ons 138a
and 138b are hi GhheoReerat ronrding pee pRisiar it yiregrotsantl Berpdeas a
sour ce an@?ataqirs@m&onmﬁrhﬁy&t ﬂelfl_aﬁtﬁﬂgd; the {idit iRukiiRe 1dyePWidht ¥ighegi ons
128a and 128b are | owconcentration inmpurity regions and serve as lightly
doped dr aifithembyoltagg oy fomatlause the first n-type inpurity regions
[0114]
A mask 126 which covers the single crystal semiconductor layer 122 is formed.
30 With the use of the mask 126 and the gate electrode layer 124 as masks, an impurity
element 127 imparting n-type conductivity is added to form first n-type impurity

regions 128a and 128b (see FIG. 6D). In this embodiment, phosphine (PH3) is used as
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30128a and 128b are forned in Loff regions, which are not covered with the
gate el ectrode |layer 124, an effect of reducing off current can be
obtained. As a result, a sem conductor device with higher reliability and

| ower power consunption can be manufactured. [0120] The mask 136 is
renoved, and heat treatnent, irradiation with strong light, or irradiation
wth a |aser beamnmay be perfornmed in order to activate the inpurity
elenent. 5 At the sane tinme as the activation, plasm damage to the gate
insulating | ayer and pl asma damage to an |nterface bet ween the gate

i nsul ati ng doay@rgearmmm@gsamgm@nér gismant. sHice SdupLar ¢1%w@% AN Ube

repaired. g;%g[roé@lipiigq?%%édyso 511 hRLRL! AUSE lmpﬁup%&g z%){%dvmg@h covers

the gate el ayer e gate insulating layer formed. In
thi s enbodimeintthe lalmutytqicmyie (5528 mnwt e cofdugiiviiyrs g Ltatf«pmgmbn p?ﬁiblsggl

containin dro en.lso_serve otective, fi sul ating | ayer

790 15 e By P TRE0! 45 BT PoPEPL IS Tl ke DS Al S0 ey be
a S|I|§onenmkﬁiﬂ@mﬁmtmmyﬁ:ﬁmhmﬁ@hynltr|de oxide film a S|I|con oxynitride
film or i_licon oxide filmformed by a sputtering nethod or a plasma CVD

met hod. 1 (Nllter natively, a single layer structure or a nultilayer structure

of three or rmrﬁt,hamusmgsmg xaodeI&;ameﬂt ilnﬁ,wmi Rgich ickvere ant aidle ng
silicon may be enployed [0l urt erngre,(gkste i n which heat
AbE b

tr eat nent Ciﬁtabé‘?"?lé?qﬁiﬁﬂoélaygdél G? togmeto %ﬂf e ve 120 #eubeeith a
ni trogen aloRsRhers 1@9@%@51@%9{1%%1 dﬂ@elﬁémghﬁuﬁgay&{gaﬁ 140 C&M@quct or

| ayer is perforned. Preferab the step is perfornmed at Cto 500 'C
Thi s dPep afidedatosfosy sk pttmemnnatlwnmwﬁgi|3%@n%dﬁ%& (BF Fdﬁef’%) néﬂl éhigr yst al

sem CO”dU%h%d;'n%}{%oJa}( (ﬁmﬁ@&% dﬁqmllgtﬁ{t?@glﬂeﬂl fhe dl&ﬁéﬂeﬁhlﬁlﬂg of IhMd 40 whi ch
is an interl ayer | nsul ati ng ayer his enb dl ment heat treatnent

i s perforneeedts Ad@iG fagcogfpgingen rmpRBY QlRRHL.
[0116]
After the mask 130 is removed, sidewall insulating layers 134a to 134d with a
15 sidewall structure are formed on side surfaces of the gate electrode layers 124 and 125,
and gate insulating layers 135a and 135b arc formed (see FIG. 7A). The sidewall
insulating layers 134a to 134d with a sidewall structure may be formed on the side
surfaces of the gate electrode layers 124 and 125 in a self-alignment manner as follows:
an insulating layer covering the gate electrode layers 124 and 125 is formed and is then
20 processed by anisotropic etching by a reactive ion etching (RIE) method. Here, there
is no particular limitation on the insulating layer and the insulating layer is preferably a
layer of silicon oxide with favorable step coverage, which is formed by reaction of
tetracthyl orthosilicate (TEOS), silane, or the like with oxygen, nitrous oxide, or the like.
The insulating layer can be formed by a thermal CVD method, a plasma CVD method,
25  an atmospheric pressure CVD method, a bias ECRCVD method, a sputtering method, or
the like. The gate insulating layers 135a and 135b can be formed by etching the gate
insulating layer 123 with the gate electrode layers 124 and 125 and the sidewall
insulating layers 134a (o 134d used as masks.
{0117}
30 In this embodiment, in etching the insulating layer, the insulating layer over the
gate electrode layers is removed fo expose the gate electrode layers. However, the

sidewall insulating layers 134a to 134d may be formed to have such a shape that the



The insulating film 139 and the insulating film 140 can alternatively be
formed of a material selected fromalum numnitride (AIN), alum num
oxynitride (AION), alum numnitride oxide which contains nore nitrogen than
oxygen (AINO, alum num oxi de, dianond-I|ike carbon (DLC),
ni trogen-contai ning carbon (CN), or other 30substances containing an
inorganic insulating material. In addition, a siloxane resin nay al so be
used. The siloxane resin corresponds to a resin including an Si -O-'Si bond.
Si | oxane has a skeletal structure for rreg of a bond of silicon % and
oxygen (O0)"SURENE & GHEIHEEET ME At GEHioRe Y Biip k“f%’rd“lé’%a‘f‘rﬁl“é@‘:“h% Hkyl group
or an arylmgr QURlmePBt@iNd Bde dlechQRSbyY B HURH . UBShirodd@riRakiwvel y, a
fluoro group may be used as a substituent. Further, an organic group
cont ai ni nglatofelgs pdhsgamshdig fueKe or Bapatagleardls Bersgaedeas a
substi t uenfeyefidl tuhﬁﬁ,m&arhgofs%ﬂﬂ&tédns tl Akdr NG Ph’@tc%é 8t fo?ﬁlﬁ{s} asciohyhm de,
acrylic, polyam de, polyimde amde, resist, benzocycl obutene, or
pol ysi ISaz shece ssionl g bidramgegion. Sesone ameetdli film frned fnatb@rfﬁbﬂlaémp@%!ﬁar ity
formed by (ichaalingTELRRH JYELIR Audsetyok Ol TGy, Bt Fhiing T11m 139
and the II’?SIL(I:ﬁﬂtIEI’?g {TFH 8’3’@.1 for }}ed \%ch;h the use 1 plplgng, spray
coati ng, domwtttsmgkmmh@miaw}ugh lis bb@x &r rcaa el tangteredaf ére gaa« «klmtfoele coater, a
CVD net ho n r at m 139 and
the 1 nsul apeRacERRr bR BN S T Ky B Push B3 PP Bbb T The
case of enmiﬂmyﬁ mngy bmzedryremnpﬂugmdh%hrad get m@mlrg)nhpthad rmtiemaabty%bmhmgn can be
saved., Al ternativel eof transferri or dra a pattern
si il arl y “tmtho"%1 1°§ar%p ?lmélnst?:l aernaTgO%"mf”Ho% d“f ogﬁmﬁ?e{mt{]& 1';a'”‘sﬁ(ril nt? met hod
(a met hod eahifeoga3i lg:hanmattia&rdngasstypﬂﬁemays@m E£BaL:psiall, i 0gL, af n‘hseltkcpﬁl nting,
or the like) cap be use contact hol es ni ngs)
Feachi ng CHEES Risre &8s el Santc STauiTor fity B 8F BEreh RednyAVERe
i nsul ati ngiséd.| m 139 and the insulating film 140 u5| ng a mask forned 20 of a
resist. Etchl ng may be conducted only once or a plurality of times
dependi ng [BH3{ he et chi ng selectivity between the materials which are used.
The insul ating fNekdm L33k apg vsIh'iL% doReyltmd siRge fol)st l&&c@{d%ct@aratyhylzzeﬁoved by
the etching to form t he openi ngs reaching the second n-ty £ rr(gurlt
regi ons 138acdndWithghe aﬁfdoftthfém@étb}(d the. &%@cq%eﬁml%gv i si8»glland 132b,
whi ch are SQuiiag 14yeE8l Oa aﬁﬁ‘qSEM al ﬂlaglégbxprlﬁpmﬁ?relcthﬁﬁi 257 bS8t
etching, dry etchi'ng, or both may be enpl oyed
hydr of | uorcPedust ik tiaddell @oflowﬁ penend achpcainrarip b@ét@!lgémﬁarv@rﬁ 38p. dmibiai um
hydr ogen fehiQifie, A ;A0 UMGLliHOFd: 46y RO HARHLARcAN et AlANGCOf et
et chi ng. f\s? ann EChI ﬁgl gas, ® ﬁ% % rc;e lll)aseI galsﬁ)?lyﬁe‘ " %@ leBC13
Si C14,20CClsppurdy etmenltukleartlag fnl e icprerioasied isgadsled ypi ﬂmtetihewccmﬁéln 1}@56, NF3,
or the lik prQpr i 0 r. 0. gas may
be added tlglplérng'ergg ﬁ?nl3}§§ QB Aéé)ég)n c?;gt% th% HI?@QYW el’(gn%chl? :glgglémg, 8r a
plurality ooﬁdLehe:meenta&omhemcmd)ffab@JmHeLO'Ne 5 AN K’ aMd:CXeerpaﬂlabﬁaiused
[0126] formation region 129 is formed in the single crystal semiconductor layer 121 {sce FIG
7B).
25 [0119]

The second n-type impurity regions 138a and 138b are high-concentration
n-type impurity regions and serve as a source and a drain.  On the other hand, the first
n-type mmpurity regions (28a and 128b are low-concentration impurily regions and
serve as lightly doped drain (LDD}) regions. Because the first n-type impurity regions

30 128a and 128b are formed in Loff regions, which are not covered with the gate electrode
layer 124, an effect of reducing off current can be obtained. As a result, a

semiconductor device with higher rehiability and lower power consumption can be
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A conductive filmis fornmed so as to cover the openings, and the conductive
filmis etched to formwring |layers 141a, 141b, | 42a, and 142b which
serve as source and drain electrode | ayers which are electrically connected
to parts of source regions and drain regions. The wiring | ayers can be
formed by formng a conductive filmby a 5 PVD nethod, a CVD nethod, an
evaporation nethod, or the like, and then etching the conductive filminto
desired shapes. Alternatively, the wiring |l ayers can be formed by form ng
conductive |l ayers selectively in predeterm ned positions by a dropl et

di schar ge nmethogieda printing nethod, an electrolytic plating nethod, or the
like. Furi ep; a reflow method or a damascene method may be used. As a

mat eri al for lhe wiring 10 |layers, metal such as Ag, Au, Cu, N, Pt, Pd,
lr, Rh, W A, Tia mMi, 13@d$ ramyvedsaind Tieat tziagmcmr, iBadiatom \Gith gron@dighiger an al | oy
3; egl t E bggﬂ}(p a?ﬁ)gg{lllh aslfl n mur E% %ex formecﬁnill oxdm qyg lw? 11%'6 X &Eigté/ ch%ae%Pf gaé\/gg
struct ar e Atthe wime hmcmsl welesmanom ;ﬁan&imdg,lalm tha [£113 tmmhﬁmgtimr andl a

p-channel thin filmtransjs can b F G. 7C) . , Al t hough
ot ehown P HEmEF i R L d RS TS LA (v 0 P el S35 i o
enbod|nen@mnkh@h@mcmganﬁhbéhmnn&iInltran3|stor and the p-channel thin film
transistor _are electrically connected to each other. [0128] 20The structure
of the thi®2fiImtransistor is not linited to this enbodi nent, and a single

gate structure Slfbsw?eﬁllfy QREnNA ShsulBH FBL e WHi @Y SRl e fg@fena@bnoae doubl e
gate structure in ich two channel formation regions are forned, or a

tr|pIéogaﬁﬁmS@PﬁdbbﬁéwlWQ%HP&hHWﬁrébﬁﬁﬁﬁﬁnepl#Eﬁﬁﬁ*?@ﬁmP%gﬁﬁwgdﬁﬁé f or med
nmay be enpleyedof L:Q}gﬂ]uugéﬂi B {PoRQMIGONAHEER o H0) £8 HStAG NG aP

substrate accordin he present invention, the surface of the single
crystal senitshdog azypi l%érenwéoypﬁ anbk pagdaurpHils 3% e dishiadee syel

density af,af., g%%rthc%ﬁ rRBHVBER o SRl RGhe oShY iRl a SRBHCRDANELAfI ayer and
the gate insul &tin ayer can be reduced. Further’, crystal defect$ in the

single cr yvstaa$11i<seinwodm<ﬁuntf9rm¢da§nerd wacing medadear:a phisss @Rgrethakl
h d bed
char a‘i‘se“AﬁIehl%gné&% Sne18 Y ngﬂﬁH%ﬁfa%lﬂ%Eﬁétrgg%egg K glé’gag}rﬁ% escribe

above, "a hig or mence y-re evice can be
manuf act unedg widtfferdnt glsulgiigd ﬁllnvwmltmmh@smw rody t& @givyednduct or substrate
whi ch has(@zﬁﬁngle crystal sem conductor layer with reduced crystal
defects a& ht gh planarity. [0130]

Furthermore, a step in which heat treatment s performed at 300 °C to 550 °C

for 1 hour to 12 hours in a nitrogen atmosphere {o hydrogenate the single crystal
20  semiconductor layer is performed. Preferably, the step is performed at 400 °C 1o 500
°C., This step is a step for terminating dangling bonds of the single crystal
semiconductor layer by hydrogen contained in the insulating film 140 which is an
interlayer insulating layer. In this embodiment, the heat treatment is performed at
410 °C for one hour.
25 [0123]

The insulating film 139 and the insulating film 140 can alternatively be {ormed
of a material selected from aluminum nitride {AIN), aluminum oxymitride (AION),
aluminum nitride oxide which contains more nifrogen than oxygen (AINO), aluminum
oxide, diamond-like carbon (IDLC), nitrogen-containing carbon {CN), or other

30  substances containing an inorganic insulating material. In addition, a siloxane resin

may also be used. The siloxane resin corresponds to a resin including an S1-0O-51 bond.
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In this manner, a thin filmtransi stor can be manufactured with the use of
a sem conductor substrate. The single crystal sem conductor |ayer of the SU
substrate 5 to which the present invention is applied has reduced aystal
defects, a reduced interface state density with the gate insulating |ayers
135a and 135b, and a planarized surface. Accordingly, thin filmtransistors
with excellent characteristics such as |ow driving voltage, high electron
field effect nobility, and a | ow subt hreshold val ue can be fornmed using the
SI DI substrate. Furthernore, high-performance transistors with |little 10
character§§9¥%WV@H%%@Pﬁ%*%%$ﬂbéﬁ“@%@f1?%ﬁéﬁé@ﬁ@é“ﬁﬁﬁdﬁéy$ﬁﬁ9éd’EVér one

substrat e, Rhne O%KIQ%YOUW(FO}D c%h@plé’sﬁ aQIy Eﬂﬁp Sbhn aHPsiLAf @naeaRy ding to

t he pr esent | nvent 1 On, nonuni form t ortant characteri St i c val ue
as transi st rstdbdioaet sriset @élellyu&ﬁyaaisﬂw@ ésqwelﬂeﬁy\ﬁm tag s BPUBBER ty, can

be Suppr ezgﬁgeiah ga?«b oRGH cgﬁigﬁﬂﬁe&l %&h}ﬁ%gm gty £ hebd g%l](pelﬁgy ﬂ?(bb(l: Ity can

be obtain us, a se nductor device wi'th hi gh added
val ue 6an ubel avarsulistiotcar edfubiiyerf arorgangy nalitpgsnaserl swhdepelpmiéd, eprsht.s such as

T o NGNS BET ANANGHRL SUPTRE AL S AREALLNG N B RERLRIGRLdivent ] on.

[0132] 20 manu acturlng TFTs is
descri bed A qvafonbdieli wihtav8rabk mcemuyo“nnhw@itb(yra c@et\mg:leethu)d mahilghbadded val ue can
be nanufa?@@r?d by form ng a variety of sem conductor elenents such as a
capaci tor d'a resistor together with the TFTs. Specific nodes of

sem c o nduct or d'ENd i@ﬁﬂal&fgﬂildﬂé‘ﬁ@ rand @t ibeillohve il H 46 eﬁ:ehseefweed witR Bdnawi ngs.
[0133 a mcroprocessor i s described as ‘ | e of

semi cdﬂdué’tf S‘rppﬂlév‘?pé@’ oaHggA dchoél% ﬁ’of‘ 6‘8&0%@16} %Wna’élhcé’\%eﬁé‘ ké’ﬁ%ggaé?fpi‘ e of a
struct ur e (ofp andticl AR lO4RBHBN B0k, [00 1i34]ika30The indubitiaprineessoand5@0 has an
arithnetic |§%IC unit (also referred to as "ALLI% 501 n ALU ontroller
502, an i rsvldeg iR Wecwe e deaned éﬁ’?ﬁpgﬁﬂdﬁ“@@ﬁFﬁﬁt?%ﬁ BHAC Gpse jof

controll ercmg%mga REUrshier HRABarg@ MBALS! &I nedddial 04d1@Ion5Q4n Be DidSed. nt er face
(Bus 17F) A%ie?nalieciyrf,eaa Crine(i)lgaldycc\gglg{?ro)f t?a?lgfengagdoradxg\%g%ry 13L11T(En?rs];rglcl?§ly511cnoa [0135]
15  droplet discharge method, for example, a printing method (a method of forming a
pattern, such as screen printing, offset printing, or the like) can be used.
[0125]
Next, contact holes (openings) reaching the single crystal semiconductor layer
are formed in the insulating film 139 and the insulating film 140 using a mask formed
20 ofaresist. Etching may be conducted only once or a plurality of times depending on
the etching selectivity between the materials which are used. The insulating {ilm 139
and the insulating {ilm 140 are partly removed by the etching to form the openings
reaching the second n-type impurity regions 138a and 138b and the second p-type
impurity regions 132a and 132b, which are source regions and drain regions.  For the
25 etching, wet elching, dry etching, or the both may be employed. A
hydrafluoric-acid-based solution such as a mixed solution of ammonium hydrogen
fluoride and ammonium fluoride may be used as an etchant of wet etching.  As an
etching gas, a chlorine-based gas typificd by Cl, BCli, SiCly, CCly, or the like; a
fluorine-based gas typified by CFi, SFs, NFs, or the like; or O; can be appropriately
30  used. Further, an inert gas may be added to an etching gas.  As an inert element to be

added, one or a plurality of elements selected from He, Ne, Ar, Kr, and Xe can be used.

[0126]

35



An instruction input to the m croprocessor 500 through the bus interface
508 is input to the instruction decoder 503, decoded therein, and then
input to the ALU 5 controller 502, the interrupt controller 504, the

regi ster controller 507, and the timng controller 505. The ALU controller
502, the interrupt controller 504, the register controller 507, and the
timng controller 505 conduct various controls based on the decoded
instruction. [0136] 10The ALU controller 502 generates signals for
controlling the operation of the ALL 501. The interrupt controller 504 is a
circuit which pfoeadsese §hn infoapedpl ay Bgtnest e ryeiiag. exd Berrandyctisut / out put
devi ce or rﬁgr}@&'dpé,aeta%nﬁ:wﬁfgl hydtidig 108, AT ARF REBSARh 2B dsSofxecuting a
program and the interrupt controller 504 processes an interrupt request
based on iand dpyiti elepttogdedayess whsk ast eledricaflyecopeqgiast @ rpagd af polrtergBoy

gener at es 15 .addre f. - eqgl st , : LM dat a
Prom and 00 ¢rEe AL ahe b B LA Sonnbiby ARFRESIIRIERE, MpL 47

m cr opfoc @38bmeH0d,. a THE hethodhgn cegmtatioh lnethd808 Yelike.atné shewi egphalpsthé or
controllin i ming of operation of ,the A 01,. .t Al roller 502, the
instructi¢ n%'@@ée er’ %6’3‘?05¥?1e5b’|d%et&'6r {\hﬁltn a@llc_)c#f glgl"fuel}l E %ﬁﬁ#%‘?\gq ”gw&?g i ster

cont r ol | effoib0g cdndnctex dayplsaselet ivelst inmirailetioimed pbdigons 395 dreplprdachaed Wi th an
internal 20 clock. generator for, generating an.internpal,.clock signal CLK2
based on & iFen g IBERo i GrdrTebe, ATt RO i B dies FEHERPht er nal

cl ock si gn@lovChiéhold Sori dpathast@eahidtBsd @iak Migi dssd. [ Al 3 Hhatd¥ex thor @ vaxagpl e of a
sem conductor device, having an arithmetic function a 25 a_cgntactl| ess
data SPandhessToH b Seabt o Erdes BrichoVdds %M%% Eh a5 7595 bl ook

di agr am sipwbng $GEXANR2BoPbr Ainsdd MEksl i€ uedd. SWahha, §emitanRdueia. device. A
sem conductor device shown in FIG 9 can be called a conputer that operates
to transmitterghanay despifle signals to and from an external device by wirel ess
connunicaq@gﬁ](such a conputer is hereinafter referred to as an "RFCPU").
30[ 0138] As shown in FIG 9, an RFCPU 511 has an analog circuit
portion 512 andTerodglyibeaibors plees 12 soveondirtg1dviceHavaga 6Y1QY pEE™ e por ti on

512 hag a esonanes aﬁint&lghlfe: A oMbl iRor 288 R PRGN E BRAGIH Ahnsidorcqetifier

circuit 515, a constant voltage circuit 516, a reset circuit 517, an

osci | | at obechagdacturgl §see Fldedotul Althougl inot ghawis 119 they drapdpsabenaussi # cui t 520,
and. a DOWMHEg %ﬂ@%tfoﬁil& iHiﬂIiis ?l%g()di!;glg tqlz gjcﬁl?&lﬂ@ f-hfnci{'rllimttra girs{oir gxgi @3 has an
RE i nterface , a control register 2, a clock controller 3, a CPU
i nt er f ace p&@dpncathiic@int ralsispr ovadsinmgllynime§@bto eacl ahdom access nenory 526,
and a rea?ﬁﬁﬁhy menory 527. [0139]
20 The structure of the thin film transistor is pot limited to this embodiment, and a
single gate structure in which one channel formation region is formed, a double gate
structure in which two channel formation regions are formed, or a {riple gate structure in
which three channel formation regions are formed may be employed.
[0129]
25 In the semiconductor device using the SOI substrate according to the present
invention, the surface of the single crystal semiconductor layer is planarized.  Thus, the
localized level density at an interface between the single crystal semiconductor layer
and the gate insulating layer can be reduced. Further, crystal defects m the single
crystal semiconductor laver can be reduced; thus, electrical characteristics of
30 semiconductor elements can be improved. As described above, a high-performance
and highly-reliable semiconductor device can be manufactured with high yield with the

use of a semiconductor substrate which has a single crystal semiconductor layer with
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The operation of the RECPU 511 is roughly as follows. The resonance circuit
514 generates an induced el ectronotive force based on a signal received by
an antenna 10 528. The induced el ectronotive force is stored in a capacitor
portion 529 through the rectifier circuit 515. This capacitor portion 529
is preferably formed with a capacitor such as a ceram c capacitor or an

el ectric double |ayer capacitor. The capacitor portion 529 does not need to
be formed over a substrate included in the RFCPU 511 and can be
incorporated ip the RECI?U 511 as a separate conponent. 15[ 0140] The
resetpciréﬁVF“g%?“ﬂéﬁﬁ?ﬁﬁﬁghﬁhfE@WHV'for resetting and initializing the
digital cigggit portion 513. For exanple, the reset circuit 517 generates a
signal which rises after a rise in a power supply voltage with delay as a
reset signal. THebss@ipieatdofhitibe dipsisqiRcannyasitreacd pégubndy aha duty
rati o of eflcOfduchl IMRlraleN TRSPONS €kl EnfORHaLabr ReSdrdnakopanerat ed by the
constant voltage circuit 516. The denodul ator circuit 519 is a circuit

whi ch dentelvhshdle prescalciayspdan &iagalatd hag reffueddecrybd defgeora eiycgdiiierfee is a
circuit i : ] ] - fape O
exanple,m?ﬁgpggﬁgghﬁgﬁgﬁg%%?ghg?gg¥gagg§?%%ﬁggsﬁ%gﬁé%I?%ﬁfﬁ§§§ﬂ??1ter and
25bi nar i zégcadmabeitvedilanphiststae wrbdedcalied chaskyrissicgmadh dakeddoningari ati on
of its anmplijtude. .Ln 4 -1 h ' R i - jrodul at ed
(A "t T anelel Rgh MR BR e Rk ok nd TR ATRRbIAR BT, be HERRTTC
520 changeasing htheafpl i ubslentof Hudtlemuri dagli-pafengnal thysithrangitiglitde r esonance
poi nt 18f tog. rtg'?s Qagcaet'ocxi gc?\\gét tg{g'?an:xgs% (S)]éélnzls formed ovg_rhc%lecs‘!ug%k teCO troller
523 gener§ I Goﬁi?of15|gna or Ghaﬁging the ?requency ahd du ? rati o of
a cl ock siogralwdrts, addorhdane eofwihé BGIhebpene reuhid Yo vied pragat dveation,
consunption cuyrent the central processing unit 525. The power supply
Vol age. | SORBRITBIEA! By PRE O IR U EPET FLoBst T, S5 B o) ol

i nput to tiheshiBkCRkadd br hcdiMity, han apt@pmnassb? 8nd siglerm@nhatedudyad figh 5
denndulat?r circuit 519 and then deconposed into a control command, data,
and the IiFE“ﬁ%C?H@“ﬁ#C?% eP?38e! 521, The control command is stored in the
contraqk regizgter 522. The control conmmand includes reading of data stored
in the read-only nmenory 527, witing of data to the random access nenory
526, an arit hmafblb% # AePeoRdir o dedce WED baghtadded prlbe eushagaufiquisdBy and t he
like. 10[ Qddéhe various sifi€oik@Bhl AllerHRCESS RY MMt yHED (AC GERRESILRE
read-only menory 527, the random access nmenory 526, and the control

regi ster BPBtgicgcep@ngpUhe pregyt yyent8»4. The CPU interface 524 functions to
generate am3ggcess signal for any of the read-only nenory 527, the

random access nenory 526, and the control register 522 based on an
20  (Embodiment 4)

Although a method for manufacturing TFTs is described in Embodiment 3, a
semiconductor device with high added value can be manufactured by forming a variety
of semiconductor elements such as a capacitor and a resistor together with the TFTs.
Specific modes of semiconductor devices are described below with reference to

25  drawings.
{0133]

First, a microprocessor is described as an example of semiconductor devices.
FIG. 8 is a block diagram showing an example of a structure of a microprocessor 500.
[0134]

30 The microprocessor 500 has an anthmetic 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
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15address which the central processing unit 525 requests. [0145] 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 (QS)
and a programis read and executed at the time of starting operation.
Alternatively, a nethod 20 may be enployed in which a dedicated arithnetic
circuit is provided and arithnetic processing is conducted using hardware.
In a nmethod in which both hardware and software are used, part of
arithmetic processing is conducted by a dedicated arithmetic circuit and

t he ot her By ¥F)o08t hygagrpply riestane SPh atbs g mgh i8teaisduet ed by the central

pr ocessi ngoH@'ﬁt 525 using a program 25[0146] In such an RFCPU, an
integrated circuit is formed using the single crystal sem conductor |ayer
112 wi th reducednaérsyytiain ef éeths rapdrmcessi O rugrgisiiabuoiniceitati8on;
therefore, pt SSi e [PYaToXY: d..and. pewer: pti;qn can be
reduced. AC %E)?%ﬁ?\calu{}?ué%gn&c ﬁ %&ﬁédgcg)gg%?}% g(fﬂp%lrdt ?l\gﬁ 1%1%8%\%? A}Lqéuppl i es
el ectribc pomverler 582, 3Brintdrapurimetsr $idn et regineopanatieoi’i enksumeds [ 0147]
(Err.bOdl ITEI’(I:'[ nt?()iler 505. "{he L\EU”(? §r0ﬁgb 969[, WEQ til’lterctilll)%’p(:loft?l"%01%?\/§0ﬁe§lleys'al ﬂ%ra

seni conduct dr subs?ra & accordi ng to the pr gsént Phventi oh Wi I P how be
descri bed canttdiler Dereidcibe ttimikgt GStrdllOASaNdorkDB anthub-lc@8rold basednd thd 13.
[0148] 5FIGS. &OAE and 10B are drawi ngs for describing a liquid crystal

di spl ay d&GTEE "B R0A is a plan view of a pixel of the Iiquid crystal

di spl ay dewizeg, and FIG 10B is a cross-sectional view of FIG 10A taken
al ong .a section_Jine J-K [O ] As shown ipn FIG 10A, the pixel includes a
si ngl dlryst al ﬁé‘?rf‘byn‘iﬁi}ﬁ?%?]ﬁ%z%?e"atibmélﬁ%ﬁ H’é capigiling the 03?28‘?%? eP&ect i ng
with the simnghe:.criystmbm§eoboRMeusiaas a baserwiddlprodessds @R @l ternipd feqdesd
intersecting with the scan line 322, a pixel electrode 324, and an

el ect r ode M9PBARKKEWAINBEY RS |deVicE BhAPETRNFH 1tk @hilg R RHGHEOEINT t o t he
single cryshal &&m&gﬂaqys%%, Lay @fe BePrupl BERIIBILS: pfitedka a@fte@aduct or
| ayer 320 is a layer which is forned of the single crystal sem conductor
| ayer i nclresded Yappdt qraitsgmjoridy pis2 paplestate.  The register controller 507 generates an

15  address of the register 506, and reads and writes data from and to the register 506 in
accordance with the state of the microprocessor 500. The timing .controller 505
generafes signals for controlling timing of operation of the ALU 501, the ALU
controller 502, the instruction decoder 503, the interrupt controller 504, and the register
controller 507. For example, the timing controller 505 is provided with an internal

20 clock generator for generating an internal clock signal CLK?2 based on a reference clock
signal CLLK1. As shown in FIG §, the internal clock signal CLK2 is input to other
circulls.

[0137]
Next, an example of a semiconductor device having an arithmetic function and

25  a contactless data transmission and reception function is described.  FIG 9 is a block
diagram showing an example of a structure of such a semiconductor device. A
semiconductor device shown in FIG 9 can be called a computer that operates to
transmit and receive signals to and from an external device by wireless communication
(such a computer is hereinafter referred to as an “RFCPU™).

30 [0138]

As shown in FIG 9, an RECPU 511 has an analog circutt portion 512 and a

digital circuit portion 513.  The analog circuit portion 512 has a resonance circuit 514
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15 according to the present invention. As described in Enbodi nent 1,
in-adiation wwth a | aser beamis perforned after etching treatnent is
performed, and then plasma treatnment is performed, so that crystal defects
in the single crystal sem conductor |ayer 112 can be reduced and the
planarity of the surface of the single crystal sem conductor |layer 112 can
be inproved. The single crystal sem conductor |ayer 320 is included in a

| TT 325 200of the pixel. [0150] As a sem conductor substrate, the SO
substrate described in either one of Enbodinents 1 and 2 is used. As shown
in FIG 10Bh aR@naicsgreacpy 3 relilisetiud Rdtct GPsipyeragszcis S5 adket over the
base Subsrcﬁah@slbl& (\Mcf-ilgtoli becdinsyl QEéaﬂQiuUt(!rrUlr@st191%%0@951%9 cirdRt 520,

t her ebet ween. base substrate 110, a gl ass substrate can be used. The
singl e crysdal p@ezrn ln@ﬁ@*a‘c‘t%rcﬂpal?e"ﬁ@ 320hofligtimeciimtt B0 $13 deved Y el ement

| ol at | onplikBesl NG ALYLA spem Gandlinkofc! AMet Gl Lligrsdssupstrate by
et chi ng e single cry seni conduct or ayer 320, channel formation

r egi on§ 34éhlzahdrqueisy1|genm s eonvem-paessoneinopuiiot ynd egeashenlB4kntony whi ch an

i mpurity gl;nent is added are 30forned. A gate electrode of the TFT 325 is
included in"'the scan line 322, and one of a source electrode and a drain

el ectrode[0189] ncl uded in the S|gnal line 323. [0151] Over an

interlayer insulating film 327 si gna 23, ..t he pi xel ctrode
320, and the ol berrnoasBhEREeRof A Beyer RiREET b Raful S o f ng

film 327, scobetivnads SA80RES cBASDHmasiLefiokanghed An a&[gn&]‘hte&iwezirbyfanl amed39 i s
formed to cover tgﬁgsignal line 323, the1 i xel electrodgﬂg 4H§%2? el ectrode
328, dhd PRE cdicdhdisrd BQ&%WE“%é@WC‘%?Q§¥ T OWATEY PEUKE L at'B® a counter
el ectr ode ;@3Bedud3 10 i BNt adpabiorfdoltonI34 ivpictdialtpV@fngd il Copndinr

el ectrode 333 are forned. The cql ummar spacers 329 are forned to nmaintain a
space bet WSS RIFEMBASEAPaTIIoE OF 2t AecipduilF 1¥fe CEstver TRUBRET R BOEYD. | n t he

space for regl bt ohfecd @ BEMAhed PAS &sBbs3aR indudddqblinf reromd 8l 1 drayes b835 s
formed. At connection gprtlons of the signal |ine 323 and the el ectrode 328

with the iuxorieragl edircelft?lat bt 4 WPURECYIPEYPons 341, there are steps
formedsinighginterlayer insulating film327 due to formation of contact
hol es; thus orlentatlon of liquid crystal in the liquid crystal |ayer 335
in these connecTW@Wﬂb@h@#bﬁ§7%@@@ﬁ@@ﬁﬁm@bﬁdéﬁéﬂﬂéaﬁiWymhﬂeééﬁdﬁﬁ@ﬂy, t he

col umar %Ragﬁ,éau@??nar iof AL fe Re }Jafasc%f%% zf:wcui&rl,ﬁs;ggal RIS Nes

orientation |qu crysta . In an SO substrate
whi ch is fabermetkebya aowg"tshpxdyfvohamﬂur@taws rmgesigahi dondectiaer dighist r at e

accordi ng ? %,?%1 LUESEAL (Eencg VAL éuc% ’rzaﬁ)r %{fsé %iofg% é;?xgit f 1%;21}%11&69)“& %Sjnt%ﬁld the

planarity 0 surfa
transi2éto m@nw geherhiet bl eheodrmaslamt\ettagi dicui ai b. atTlmrﬁeb’@tiu@e@n cmchm 5t1r9a$1$ istors

can be forme 1591}/16& \glle%lgdu%ates d wtCﬁwe%éitnACC rl% n%lXmatm ¥ dgl?f A ﬁtaucrnlurz]lg a liquid

crystal di8pt UEhy Strate accor 0 the present
|nvent|onMAmﬂﬁﬁ@£m£ngamu6bvaﬁmaﬁu@h bet ween transistors can be small.

[ 0153] hbTé’ ?n el ectrol um nescent di splay device (hereinafter referred to
as an " EL10T4]

For example, the demodulator circuit 519 is formed with a low-pass filter and
25  binarizes a received amplitude-modulated (ASK) signal based on variation of its
amplitude. In order to vary the amplitude of an amplitude-modulated (ASK)
transmission signal and transmit the signal, the modulator circuit 520 changes the
amplitude of a communication signal by changing a resonance point of the resonance
circuit 514,
30 [0142]
The clock controller 523 generates a control signal for changing the frequency

and duty ratio of a clock signal in accordance with the power supply voltage or a
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25 display device") is described with reference to FIGS. 11A and 11B. FI G
11A is a plan view of a pixel of the EL display device, and FIG Il Bis a
cross-sectional view of FIG 11 A taken along a section line J-K [0154] As
illustrated in FIG 11 A the pixel includes a selecting transistor 401 and
a 30 display control transistor 402 that are transistors, a scan |line 405,
a signal line 406, a current supply line 407, and a pi xel electrode 408.
Each pixel is provided with a light emtting el enent having a structure in
whi ch a | ayer containing an electrolum nescent nmaterial (EL |ayer) is

i Nt er posedoBEMREEhCETEAPT hefccwa PIIEHES. Ui Sof ThhBOWHeEPRIBYaY24sfis t he | i ght
em tting elenERl bl thelfdcPiXSlec8EACIERA§3#08. In a sem conductor film 403, a
channel formation region, a source region, and a drain region of the

sel ectingltiMahsi stor 401 are formed. In a sem conductor film 404, a channel
formation regiop, S: ! pl ay
control tranS|st(§1 % gﬁgﬁgﬁ%I?ﬁgg?@%%gggéﬁ$%%ﬁ-ﬁnggéggvﬁgk%%gﬂgﬁg 404 are
f or med5of dt::lnedléatmgd:le:uerfy@tzaﬁ th@n@tm‘omdowﬂ dmtOIaagoethBﬂmnnmm datg, prlov¢ ded over

t he base 5] ctin a t. 40

electrode%% % ﬁFlhwﬁax’%e scan ? h g%“q HEW§ a %%H?gg%gfectrode
and a draisp2 eIEmtcrandel ¢csmmnﬂlmdeatbslrmmmoﬁd@nab:eﬁnm@wh@& ogndndalrey ot her 1 s

formed as el.ectrode 4 n the displa ntrol, transist 40 a gate
el ectrode 52[{2 ‘l“é“é’ecf 1?2% PHIRBARSEY ’8%“ %S?ﬁ “eii"é%’f’?tbcd'é“'tﬂgon S8 of a
source ele@hﬁmﬁﬁwa@ﬁganﬁﬁasﬁn@&ﬁakéode is formed as an el ectrode 413 which

is electrically connected to the pixel electrode 408; and the other is
i ncl ud@d (W %he current supply line 407. 15[0156] The di spl ay

control transistgy 481 gﬁoﬁsﬂrgc hanmek ddedssesAtheShawaniynmbiny 337,Bhea channel
formati on regi on 451 an hi gh- concentrati on |nEur|t regions 452 are
formed | n HIKETSIATE SHAREY GP6] firnwg@anﬂ%ﬁ?éﬂ@h% viadhg hEUsialerieesnefct or

subst rat e,ppt s ﬁmrfae@ IUCHAE LS te§ %&%ﬁ Re HRAMACEH M@ thrl Ay O tREEaRAy O
Enbodi nents 1 and 2 is used. 20 An |nterra er insulating film

427 is formmspry 626éiman@%awﬁsen@n@m?éd@dﬂfzcwﬁwi Freistir Spt Bigped onet of

tran5|1 t 01,4404 wl%hetzaﬁxal ffﬁ)@({s 1ﬂ§,’§ﬁit Bﬁxléht%s{sng filma427, the signal line
406, the current supply line 7, the electrodes 411 and 413, and the like

are fornmed?145h addition, over the interlayer insulating film 427, the pixel

el ectrode 408 1 Rat, WL o dtahd ycnﬁgmsgsag% L 558 EhERL AP v#13 i

formed. A peripheral portion o I xe i's surrounded by an
insulatingnmanth1whmhay@nm428w1AnnENfLéy@ncﬂ@@ﬂwsmﬁanwﬁdndﬁﬁbdnme pi xel

el ectrode 4081 aé;rca Q(:,[u?ed a? 1ee rogiesta‘;'gxg) ot afil(ar mﬂll@xﬁfﬁ ve y, gm 1o{llayer 429.
A counter Slfb ?I’ ate ed as ar orcin e counter

substmaten¢33x1&nﬂbx@ﬂnﬁmhmhe<ﬁﬂ&awéu®ﬁhmamen¢&mzmpkhumdmaémnHMEyer 432.
30[ 0158]

( iy € grayscal e, of t he EL d|§ﬁ) h e mgoq%gp&led by
ei ther a SHFEMS ﬁrﬁogg'c%t o Wg‘?’%ret he' nan% %ﬁ ﬁ ght'“éfi't ti ng
el ement | sotwatned hed iy dﬂ’h@itiﬁaﬁﬁl’ﬂdrjﬁocessmg 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.
25 [0146]

In such an RFCPU, an integrated circuit is formed using the single crystal
semiconductor layer 112 with reduced crystal defects and a uniform crystal orientation;
therefore, processing speed can be increased and power consumption can be reduced.
Accordingly, even when the capacitor portion 529, which supplies electric power, 1s

30 miniaturized, long-term operation is ensured.
[0147}
(Embodiment 5)
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of current or a voltage drive nmethod where the |lum nance is controlled by
the anobunt of voltage. The current drive nethod is difficult to enploy when
transi stors have characteristics which largely vary frompixel to pixel. In
order to enploy the current drive nethod, a correction circuit which
corrects characteristic variation is needed. 5 However, in an SO
substrate which is fornmed by a nethod for manufacturing an 501 substrate
according to the present invention, crystal defects are reduced and the
planarity of the surface is |nproved t heref ore, high-performance
transistors with thistnibedighar doplay deyire wagitaenann el websUpactardingi st or s
can be for, [ Y} f r EL

i Spl ay. dour e e BRI R g SRR SR Y RO RE 08 B0,
|nventlonllbaahacmérﬂstlc vari ation of the selectlng transi stor 401 and the
di splay c Si transi stor 402 between pixels is elimnated; therefore, the
current driving nethod can be enpl oyed. [0159] (Enbodi nent 6) 15The SO
substr at e accor HIGHg 104 ahdeOPreskavingnivededcabing 8 lysedrison divplaytiadtaring a

devi cos. canCol vRAaractor b ndri ekl iutoif sl et oadiite o

single crmdsaisccslemmmdnhMG.rldAaylamanxmg\alsdadm Imetiiie SO substrate according
to the presq&ﬁ i nvention has reduced crystal defects and has a surface with
i mpr oved ﬁ K rity, by using such a single crystal 20 sem conductor |ayer

as an active | apgkhovh MEMGC OMUBRE Pikclehe®ita Whdld civBRr RuSchnehRG Ik« al
characteristics can be nmanufactured. In addition, because the si ngl e

crystdl séfconeicksy 31 ajbrsatne rafUbe dingleysysn! war@eiwion ljger| Yhaki zed

level densiduy @he @@3 lﬂkﬁéétﬁgew;\m tuh: SadalR fszp.stal a;xungle&tawerazaa@n@%nr educed.
Further, because the S|n§9e crystal sem cond uct or hlgh pl anarity,

athin gatcé:cirﬁ@qﬂs%& whigh le @waihawwgctatw Rykel zbectrpgie W;{ téznlae V’@B]F&‘@@*?éan be
formed OV%HICB%MWQA %oystmb sﬁgm&%@ @%fasndu@ae? fayod mr}%%@, whitRr ovenent

in nobility, inprove In an S value, and suppression of short channel
ef f ect of1&H@ﬂﬁénﬂTéﬁt%ﬂ%@t&@WﬂG@nuemhwkwéhﬁnenﬂuédnﬂbéwa%ﬁiévﬁamﬁln other

wor ds,; sby . ag{akgg Wﬁle@gﬁgﬁgp etn[l&]ﬁ enen@e%%e@qhmﬁoﬁﬁwm ?slﬁgamel&]v‘%nﬂ Lon,

hi ghl y-rel sem current drive capablllty
can be mansseabdaur iegerfdsed aBOradulig ty eaeh@msr;wnﬁocn@ievmct@sn whinchtratecrgnd

pr OdUCt S Gal P01~1n¥nu {]%?(&g\g/lgpde%CES it hll ll%p(l; a%&%]nlc&%g&t g{lhgf&a(!ﬂ tbx Var | OUS

ki nds of sehicon t'ure e “séni conduct or
elenent.Inmhhb$aﬁhb@dmnmn@cﬁSbeeuﬁmcofﬁmamnﬂesu@mbaﬁﬁsnMu@QMMymtm2reference
to drawi n is e

denot o t naraangnarle. 26 phelBCE BHCR HA € SAR GLEA T Ba*deser | pti on
i s omt edbf teted] SFI G 12A shows a di splay device which includes a
chassis 901 supporting
10150 ?
As a semiconductor substrate, the SOI substrate described m either one of
Embodiments 1 and 2 is used.  As shown in FIG. 10B, the single crystal semiconductor
layer 320 is stacked over the base substrate 110 with the mmsulating film 102 mterposed
25  therebetween. As the base substrate 110, a glass substrate can be used. The single
crystal semiconductor layer 320 of the TFT 325 is formed by element isolation of the
single crystal semiconductor layer of the SOI substrate by etching. In the single
crystal semiconductor layer 320, chamnel formation regions 340 and n-fype
high-concentration impurity regions 341 to which an impurity element is added are
30 formed. A gate electrode of the TFT 325 is included in the scan hine 322, and one of a

source electrode and a drain electrode is included n the signal line 323,

[0151]
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base 902, a display portion 903, a speaker portion 904, a video input
termnal 905, and the like. This display device is manufactured using the
transi stors foined by the manufacturing nmethod described in another

enbodi ment for a driver IC, the display portion 903, and the |like. Note
that the display device refers to a liquid crystal display 10 device, a
light-emtting display device, and the |like, and all the information

di spl ay devices for, for exanple, conputers, television reception, and
advertisenent display can be included. Specifically, a display, a

head- mount ed di Spbraay, ingripet lesstaiion [y 587 phe piaesldine 3ghdhe el ¢lrerodan be
given. [0 ] Goiodiendl Q g u i;ehaknel: A hassi s 911, a
di spl ay pé?%igﬁﬁg%gémgoégiggé&%p%?%%ggnbgéf%@Hg ﬂ%@ﬁﬁ%&%ﬁggiggrﬁﬁgl4, a
poi nti ng delner gBers aRd arhéoricke. AA drealgdsfibon BOnmdadiad doraivagihto t he
present 1 nyantf,onoean. RS ARRLLES: DO ANLKod0s A BIAR RRRIELR shhe di spl ay
portion ofF"But™al 3o tb & sem conduct or device’ Such as a driver for

di spl ay, aCPthinnsisdestaterfBlna bodyer ectradeniSiomy .an20f0i63] film 334 whickl G |1 2C
shows a cel | ul ar phaone ich,is typi cal exanpl e of ortab

it or mt | Gt BB PN T e ol B S REfater HERFSUEPS thassi s
921, a di spligyinpophdeditndetd thaalbas pefsatie QR0 kaythd 23untandbduae J32keln de

ot R T et A RS B B BT

portion 923n@kiiéh SEMSAs POTrthe 0flg@24iind U238l e deélfddven2d Gyitor (Wdi splay, a
menory, an audio processing circuit, and the |like. The sensor portion 924

i ncl udés d¥ehoprredrieeAeBy | srsht by TR &FF e IURPHARCES IPt'RE di spl ay
portion 92¢si8ing @th ol iedibRssdicadrhfadi WaiRanse oabi@ionad iyiddawsensor
portion 924, and the brightness of the operation keys 923 is controlled

based on tihé limihanveal BbtraidAda teye eoBCEMRITiqs Lerspres309eredTesdy. t he
pover ConsypiiRi, e l&&&nﬁzﬁl Aggée@sr 3R HA Qleth%'slaoﬁéﬁ?éﬁgns t[PpR3UMn A

sem conductor material fornmed according to the present invention can be
used for ereskiondisordevwi bewd siyeil. as a PDA (a personal digital assistant or
a porngl%ohﬁﬁornation processing termnals), a digital canera, a conpact
ganme nmachi'ne, “or a portable audi o playback device, in addition to the above
cel l ul ar phone. iFen ¥¥aspiseptct Wbick e loondudy or mmdhaslr fal mefufedteringr esent

| nvent i on s&i obc?ucg)% %gbsftrgire afcgorrgiinggo ?\efplll&gﬁti igF&kioéC&}cs?alf idtefegtlsl %n: t%auc%fl CPU, a
menory, or-applied to a Sensor or to'a plxel portion or a driver 1C for
di spl ay ofandl hios elaedreégtof oind eurépplis amgesed; [d64d4e, high-perfofrhd@8e th@ddtand 12E

5 ol ke digital

show a'di gital, carera Aote that FLG. 18E shove a.rear i
camera shoth PHICFIEFACISEIC YRTLO; GiVe" Can s PR FTues 4 EHals s
20 substrate. Accordingly, by manufacturing a liquid crystal display device using the SOI
substrate according to the present invention, characteristic variation between transistors
can be small.
[0153]
Next, an electroluminescent display device (hereinafter referred to as an “EL
25  display device™} is described with reference to FIGS. 11A and 11B. FIG. 11A1s a plan
view of a pixel of the EL display device, and FIG. 11B is a cross-sectional view of FIG.
11A taken along a section line J-K.
[0154]
As illustrated in FIG. 11A, the pixel includes a selecting transistor 401 and a
30 display control transistor 402 that are transistors, 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
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10 931, a display portion 932, a lens 933, an operation key 934, a shutter
button 935, and the like. A transistor formed according to the present

i nvention can be applied to a pixel portion in the display portion 932, a
driver I1C for driving the display portion 932, a nenory, and the |iKke.

[ 0165] 15FI G 12F shows a digital video canera This digital video canera
includes a main body 941, a display portion 942, a chassis 943, an external
connection port 944, a renote control receiving portion 945, an inmage
receiving portion 946, a battery 947, an audi o input portlon 948, an

operatlon“%@?mbﬁﬁdd&%)@y@L@P%ééeﬁﬁ*PﬁﬁﬁiQB@CQ%HH’tﬁEePfW§e€ﬁP9¢éﬁ§|stor

formed aceQ giRgnh@ng BRRAES ML pik AVERLLAN4GAN 1RE BRRbh&R- GilA QbXgl portion
20i n the dlsﬁfay portion 942, a driver |C for driving the dlsplay portion

942, a membryel RIATGEion, HEQUTCR FREes Sichy ddEVIcEEn AN Eleling kesisPo166]
Besi des, tfe, chgue%é‘& I ReRERR &R m Pl '&Qnﬁc@ &RV g%tdnoa Q%M%Eem an

audi o playbac vice, an I nage reproducing device provi
r ecor dbng regeai, Ly addm25q4@hefHMkémp%yumam@|smwmuma%ﬂf@eﬂhn@ﬂ a@b@rdlng to

t he Presegaaércp,gcgjr@wf UL 20 he @o%{ Lot oPyR ?ﬂﬁ]ie &ggts i QR eoﬂd@m%%k ay

portion, or ‘cont rol Ing t tion

digital iBpmﬂmpmqueﬁkﬂmgudewh&eSMaumensor portlon and the |ike of those
devi ces. @%ﬁg] 30FI GS. 13A to 13C show anot her example of a cellular phone
to which resent invention is applied. FIG 13Ais a front view, and
FIG 13B is a rpahc vil@ing aackiddr@Oll 3Cedts elactfadend invliuéa innhardvbe hind 403; chassi s

Fnct 'Bns B o5 Gard T OaBnG Giin koG b BrA dPTaET O S e and

i ncor por atu@fer s CRULRI andflte1&AB 4ANO0CES headiMami e@ymfuadmta p@:nqegah ng in
addition to voice caIIs 0168] 5The cell ul ar g ne 700 has %SSIS 701
and a ch a§1§c§0d;eo421 TRE (.GHJé': Jgi go;rp@q_tcd to the electrode 411; one of a source e ccuo

and a drain electrode is formed as an electrode 413 which is electrically connected to
the pixel electrode 408; and the other is included in the current supply line 407.
15 [0156]

The display control transistor 402 is a p-channel TFT. As shown in FIG. 11B,
a channel formation region 451 and p-type high-concentration impurity regions 452 are
formed in the semiconductor film 404, Note that, as the semiconductor substrate, the
semiconductor substrate manufactured in either one of Embodiments 1 and 2 is used.

20 [0157]

An interlayer insulating film 427 is formed to cover the gate electrode 412 of
the display control transistor 402. Owver the interlayer insulating film 427, the signal
line 4006, the current supply line 407, the electrodes 411 and 413, and the like are formed.
In addition, over the interlayer insulating {ilm 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 110 with a resin layer 432.

30 [0158]

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

method where the luminance of the Hght-emitiing element is controlled by the amount
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i ncludes a display portion 703, a speaker 704, a m crophone 705, an
operation key 706, a pointing device 707, a canera |lens 708, an external
connection term nal 709, an earphone termnal 710, and the like. The
chassis 702 includes a keyboard 711, an external nmenory slot 712, a rear
canera 713, a light 714, and the like. In addition, an 10 antenna is

i ncorporated in the chassis 701. A sem conductor elenent formed using the
501 substrate according to the present invention can be applied to a pixel
portion in the display portion 703, a driver IC for driving the display
portion 708¢urmnhermovojtageadr 1\@unnthpdpwbn@§1§ﬂtngm@w eusantrolgidbyt theathpwe of Fur t her ,
by appl yi e r i e, n Fl and 10B or
the EL di g&ﬁﬁg dgb?g%gg o%ﬁ&llwgiés ‘%5§n@ iﬁ@gwgw%%tﬁggg%g%ﬁgy portion
703, the dmsmhawupnwhmbmHgaﬂvhauhmmpb$l@;dméplmyndnévemmésshaﬂdMQXCelIent

tho cel | ur BHERE F0smselP Hiokporan s BeRERMERILEY MORR et T ©
menor y s dewooeyerpin dnheOl éulbﬁrat&@[@ﬂfl@}onmed by a 1ﬂ'd1llﬁ)dcihas&msfa<i@ﬂngmd8(302 whi ch

overlap with each other ee FIG .13A and re,slid, to be
Govel oped SR ERaH T BT BEscsdt bty Have SpFay Foreibh 64 Mha e
canera | e@st;% odije: pEfavd dagpidved;nResRE hpglhamerpnﬂme sm’ﬁdistuphcmri@ laan be used
as a videophone, Further, a still imge and ving im be taken
with the Qgﬁf@%?“‘iéar?@i“é“%ée%ivﬁ%f‘ thfe ‘YF‘?SQ%?‘SﬁHa&thn? eg HEhi §f)|5§€5“68rt ion 703
as a Vvi ewlscpélamg ly%%%hufactunng anV¥L Bishlag avs e @hng fhe sepeaicahc 40brand t he

m cr ophone 705, e cel |l ul ar phone 700 can be used as an audio recordlng

-deV|céO(a‘?8@d¥ﬁ?ﬁg”ﬂ%@P%é%a@Fwﬁﬁmdﬁ&?@”b?%?%é@ﬁ“ﬂé&ﬁﬁ%“mPﬂPﬁH@H‘emnth t he

use of th@;BREGLAIRM ﬂallﬁ@é(@r 408 @elvﬁ@ilﬂ)ﬂgls @s‘lduﬂ;ﬁ%ﬁ&i Ylie'f’cgoﬁat'hla Burren8@ridipput ting
sinple information such as e-mails or the like, scrol ilng t he screen

di spl ayed nthodisen B¢ epplayedporti on, noving the cursor, e.g., for selecting

i nformati %g be displayed on the display portion, and the like are

possi bl e. %ﬂﬁ 72 If much information is needed to be treated, such
as a case(Embmhm@nﬁﬂhe smar t phone is used for docunentation or used as a

portablie | nf of Miid @ L BLAMDAcoidhfiSo YRS ol DEurlBY e&ifozﬁnh@cfaﬂn%en' ent.

Furt her, the chassis aSSIS whi ch ov ap W th each
ot her (seca sEahlﬁondL&tb)\ deaine lsnahsismdlztnsmibe agéwelaoped! ak:cs'mme\nws EhGbe 13C. I n

the case ?f uﬁlbtg%go usthe §l%e s&mp co{ﬂﬂ&icﬁ dewézg g(r)ée%g &% f fﬂlfg?e dé%qél%&mcgﬁdnc{agl smoot h

oper ati on "¥3H “hting devi ce
707. To tm@eepkemnahncbmmﬂntmmﬂumeammnmh,Kogw1&&%@(ﬁﬁdﬁpmdmmandxmarlous
types of cabl s a USB cahl e can .be con ected

Faﬁ:fsughl S ce v a Y's a}gd thr gg and data
conmni cat o AFEH: RaF doar e TObIBOLH PO ERa 106 b SOSE I Furt hor
a | arge arBuRbndktoddbgercanabecstoOnadr, andemiconductor element with improved
electrical characteristics can be manufactured. In addition, because the single crystal
semiconductor layer has reduced crystal defects, the localized level density at an
interface with a gate msulating layer can be reduced. Further, because the single
crystal semiconductor layer has high planarity, a thin gate insulating layer having a high
25  withstand vollage can be formed over the single crystal semiconductor layer; therefore,
improvement in mobility, improvement in an S value, and suppression of a short
channel effect of the manufactured semiconductor element can be achieved. In other
words, by using the SOI substrate according to the present invention, a highly-reliable
semiconductor element with high current drive capability can be manufactured. Asa
30 result, electronic devices which are end products can be manufactured with high
throughput and high quality.  Various kinds of semiconductor devices can be

manufactured using the semiconductor element. In this embodiment, specific
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noved by inserting a recording nediuminto the external nenory slot 712.

[0173] In the rear surface of the chassis 702 (see FIG 13B), the
rear canera 713 and the light 714 are provided, and a still inage and a
novi ng i mage can be taken using the 15display portion 703 as a vi ewfinder
[0174] Further, the smartphone nmay have an infrared comunication

function, a USB port, a function of receiving one segnent television
broadcast, a non-contact |IC chip, an earphone jack, or the like, in
addition to the above-described functions and structures. 20[0175]

As descri SedPRIBOYE descrbed Wity B Tepncg io Aiagangson Nete theidn E\é%ﬁ*&‘&ﬁ&ﬁ"dl‘ ch devi ce

manuf act uggd. ASGOI Inn&mtdg éch@m R{EE R hattMEALDAR chiboNi@ledisWMrd&: deliied
sem conduct or device i s manufactured using the sem conduct or

substrateda%tléii‘dﬂhgmtﬂéydt he present invention can be used for electronic
devices imygoyariety of fields. 25[Exanple 1] [0176] In this
exanpl e, anges in surface characteristics when a surface of a single
crystab seni conbigttids shawyer displagulsjise tvdach ocplesshebassie 80 entuppiiibg be

descrl bed 7 | I r. rst, an

e Frr b LU IRAER Sk Ry 0T B RaRLbaR, ot

substrate the tike.a I@assdis;viej/ lsﬂdifing ish;rdnmﬁatmwﬂl wsirgcihd. udTlhxetosq ﬁ)grlned (blyylst al

iSIn| Io?ggr S:lega%?%zlg rr{né meﬁﬁ?d (? tscfn g 111 amt)lnelrélig\ﬁ%% nt IJol g %g&ggl;tgqge Ei ?lCOXI de film

subst r at e pofdexto)3 and uid ldee b}‘btctiha tlsa dighley davystr aﬂcrsso hlhqum ceysbad ﬁﬁﬁlﬁﬁ t hr ough
dto form,the e |ttl n was bonded

to & dbrt 460t By Rl E ubely el SRy il MLt et SroBh S0 ha
separ at i ocWas foatsedaraplonN@mputers, television reception, and advertisement display can
be included.  Specifically, a display, a head-mounted display, a reflection type projector,
and the like can be given.
[0161]
15 FIG. 12B shows a computer which includes a chassis 911, a display portion 912,
a keyboard 913, an external connection port 914, a pointing device 915, and the like.
A transistor formed according to the present invention can be applied not only to a pixel
portion in the display portion 912 but also to a semiconductor device such as a driver IC
for display, a CPU inside a main body, or a memory.
20 [0162]

FIG. 12C shows a cellular phone, which is a typical example of a portable
information processing terminals.  This cellular phone includes a chassis 921, a display
portion 922, an operation key 923, and the like. A transistor formed using the SOI
substrate according fo the present invention can be applied not only to a pixel portion in

25  the display portion 922 or a sensor portion 924, but also to a driver IC for display, a
merory, an audio processing circull, and the like.  The sensor portion 924 includes an
optical sensor element, by which the luminance of the display portion 922 is controled
based on the luminance obtained by the sensor portion 924, and the brighiness of the
operation keys 923 is controlled based on the luminance obtained by the sensor portion

30 924, Tiuws, the power consumption of the cellular phone can be suppressed.

[0163]

A semiconductor material formed according to the present inveniion can be
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5 the enbrittled region. Through the above steps, a single crystal silicon
| ayer was fornmed over the glass substrate with the oxide filminterposed

t herebetween. In such a manner, a plurality of sanples (Sanples Ato F) in
each of which the single crystal silicon |ayer is formed over the gl ass
substrate with the oxide filminterposed therebetween was prepared.

10[ 0178] Then, each of Sanples A to F was subjected to dry etching
in order to renove a superficial l|ayer portion of the single crystal
silicon layer. The dry etching was perforned by an | CP etching met hod under
condi t i ongSei R elgstrpiEp dpyeksTsupk 210007 W@ @%%M&s}bﬁ%ﬁ@at P’oaé’“}*‘fb%*e

el ectrode 1%1115:910}4\/;)1@%'& %ﬂNeéugnlaRH eﬁ%l{g’ii@l @Efmela % BémpRDgade hoehior bing gas of
100 seem [0179 , each Sampl e A and Sanple B was subj ected

to dry et ehitege ersiimgldabcﬁhdmgem @@(iuftqiu@nhtdé?ugaﬁeliwﬁn@Fﬁ@réﬁr 6" Pefitee a native
oxide fil mefs%rnn&ﬁdmltl erth DO @hf‘c@amr@'cm%nlaam@uéeax&rfmﬂ nga@m&mhl ng was

performed b CP etching net under condi tions w an | CP power of
500 W 60. mcaw o2 ps a A URE niginaxy, wo hpidigd tof s@isyyjordo p@act ponopresdince of 1.0

Pa, and a+§gﬁ?§§%§ %ﬂ&m%yﬁ&hgﬁugﬁﬁm%f 50 seem Treatnent tine was set to 10

seconds. e cryst SiTicon | ayer in each of Sanple A and
Sanple B Wm$4ﬂrrad|ated with a | aser beam [0180] 25Moreover, the single

Y Ton ut Bl Sopoha ARy BBl SHRL S Rl PGSR Jbgaimept after

irradiation wt Feat nent was péerforned Using an
apparatussnanﬂﬁﬁﬁ&gmﬂdmmwaﬁmky@uEFEEUQDn EhmnMgdl¢mﬁy5ﬂﬁhManamemplasna dry

Soow (8. PR CHB)Y BRRORT 24501 Dagbe BFEi0 oW (b e T WeREFT o5 srlceur e of

1.35 Pa, amdlid w&ﬁlg%lft)rgaﬁndcd A\ordadgeroahie ﬂ:ﬁb@etﬁ eRhtidi eal peaiplitd meawas set
to 240 seconds. [O each _of Sa e Cand S D was bjected to
dry et chi g HO’BP’Ejé‘r‘ilﬁtgisi’Péﬁﬁv’@“a?3?ra"t FrvgT &f‘ﬂéi’lﬁ’liﬁgﬁg‘?ng‘?ﬁ%p%ﬂo’i ﬁé »si ngl e
crystal siah&mdty a4 el ke dry etching was performed by an I CP etching

met hod under conditions with an | CP power of 500 W(0.11 WcnR), an RF bias
vol t age ofl9H9d W (0.61 WcnR), a reaction pressure of 1.35 Pa, and an argon

gas of;5100 seenpdneRLIRA a bisTR M@e% Sferd 0 TRAQISOE ORES cantll8 Maciidga Ssi ngl e
crystal silicon layer in eacﬁ Sanmple C and Sanple D was irradiated with
a | aser bewam body 941, a display pomon 942 a chassis 943, an external connection port 944, a

remote control receiving portion 945, an image receiving portion 946, a battery 947, an
audio input portion 948, an operation key 949, an eye piece portion 950, and the like.
A transistor formed according fo the present mvention can be applied to a pixel portion
20 in the display portion 942, a driver IC for driving the display portion 942, a memory, a
digital input processing device, and the like.
[0166]
Besides, the present invention can be applied to a navigation system, an audio
playback device, an image reproducing device provided with a recording medium, and
25  the like. A transistor manufactured according to the present invention can be applied
to a pixel portion in a display portion, a driver 1C for controlling the display portion, a
memory, a digital input processing device, a sensor portion, and the like of those
devices.
[0167]
30 FIGS. 13A to 13C show another example of a cellular phone to which the
present invention is applied.  FIG. 13A is a front view, and FIG. 13B is a rear view, and

FIG. 13C is a front view in which two chassis are slid.  The cellular phone 700 is a
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[0182] Further, the single crystal silicon |layer of Sanple D was
subjected to plasma treatnent after irradiation wwth the | aser beam The

pl asma treat nent was perforned 10under conditions simlar to those for
Sampl e B. [0183] Then, wet etching was perforned using a 100-fold

di luted hydrofluoric acid in order to renove a native oxide filmfornmed on
the single crystal silicon layer. Then, the single crystal silicon layer in
each of Sanple F and Sanple D was irradiated with a 15|l aser beam [0184]
Moreover, the single crystal silicon |ayer of Sanple F was subjected to

pl asma t r 6atisdt saptdeng s didatiodh f‘%%‘ﬂn% RE 3 aféléhid! bt et prEdifa

treat ment 11%1%13@1%“&9{1{?@5# MO SRR §icBRSust Bid 84n bRcthasrfsr oSaap! e B.
20[ 0185] , the surface roughness of the single crystal silicon

| ayers ofPS&WPF@SQﬁ@&ﬂ&ﬂﬂOWH§Cﬁ@§sured In this exanple, for measurenent of
t he surfaqg rgughness of the silicon layers, an atom c force m croscope
(AFM was "use thus, the average surface roughness (Ra) and the maxi num
peak-t6-val |l ey ﬁbﬂgﬁvh(ﬁmwm’@ﬂfm$e0§ﬂﬁ$§&bamﬁa@M@ﬁig@iIﬂ@eﬁmwayéﬁk wer e
measur ed , hi , o] hness
(Ra) is ob'gcgl%%g% dBS%}I&EQO%ﬁ P Rgg’ |Si)te ? E@ég K E%E%(gn:égﬁg dg'le Jlélraf“@]lg;|E(r§'?(”a‘?(231!€er age
surface r(aqgimne@sddaa:evmn‘cla qasledefenméf'dfibgn 8nEB 060t RO0G(1h:a@O0428Y: 1997) so

as to be ab| %Uﬁ@%‘yﬂ%\?gllﬁ e #umc;[ he € THD ms%&ﬂ% udcs3é)%-£py 05% PN o be

expressed65§ he EaTt & VAP USE HFOF8F al o/ from a
r ef er ence csufihbgembs dotIPecd fehiCcagisrd BlGea &plk Manardghohkal meeldcbtymt, he
following formula. surLace is a

ot oah " an AR SienbiERin hq chpssis Tl e B e C s ot b

the fol | oWMMGuis@askesrding to the present invention can be applied to a pixel portion in the
display portion 703, a driver IC for driving the display portion 703, a memory, an audio
processing circuit, and the like. Further, by applying the liquid crystal display device
shown in FIGS. 10A and 10B or the EL display device shown in FIGS. 11A and 11B to
15  the display portion 703, the display portion can have little display unevenness and
excelient image quality.
[0169]
Further, in addition to the above structure, the cellular phone 700 may
incorporate a non-contact IC chip, a small memory device, or the like.
20 [0170]
The chassis 701 and 702 which overlap with each other (see FIG. 13A) can be
stid, and are slid to be developed as shown in FIG. 13C. Because the display portion
703 and the camera lens 708 are provided in the same plane, the smartphone can be
used as a videophone.  Further, a still image and a moving image can be taken with the
25  rear camera 713 and the light 714 using the display portion 703 as a view{inder.
{0171}
With the use of the speaker 704 and the microphone 705, the cellular phone
700 can be used as an audio recording device (a recording device)} or an audio playback
device. Further, with the use of the operation keys 706, making and receiving callis,
30 inputting simple information such as e-mails or the like, scrolling the screen displayed
on the display portion, moving the cursor, e.g., for selecting information to be displayed

on the display portion, and the like are possible.
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5[0189] Z = F(X ,Y) [0190] The specific surface is a surface which
is an object of roughness neasurenent, and is a rectangular region which is
surrounded by four points represented by the 10 coordinates (X1, Y1), (X2,
)71), and (X?, /c). The area of the specific surface when the specific
surface is flat ideally is denoted by so. Note that So is obtained by the
followng formula. [0191] 50 = (X, - ).Y1l) 15[0192] The

root - mean- square surface roughness (RM5) is obtained by expanding into

t hree di nensions the PAIS of a cross section curve so as to be able to
apply theld74h, 5 of cross section curve to the measurenent surface, in a

simlar manner {onld, meHﬁn!ﬁH Sn&@Bd B8 RRLEIS8ELiAs [ hGsSHUAnRIAOt of the
average val ue of squares of deviations from 20t he reference surface to the

speci fi c supfipives iangd danddsemgbipadmendudsy as heofiahle aviorgptits ezl 10193] Zo =
-51, ORX, Y)uQJgM;%%a 4 711 4 contiBidnf %ﬁﬂ&euﬁ%&@s&%dls A, in%]@ﬁg%?lwg ace

r epr esent ed o I's the averade val ue of elg e specific
surfacé. Vhlechrce/feéaiewub esqlurdth@dSﬂcsT Ipat ¥l @h bt olid hebodevploasbas Mowe it hat  Zo

can be Obt[*%.n%.mfn ti?eecgsgl lf smgglhé %:rnn"’ﬂ]Lh%ne agja ;?(thabie information terminal,
smooth operation can be conducted with the keyboard 711 and the pointing device 707.
To the external connection terminal 709, an AC adaptor and various types of cables such
as a USB cable can be connected, and charging and data communication with a personal
10 computer or the like are possible. Further, a large amount of data can be stored and
moved by inserting a recording medium into the external memory slot 712.
[0173]

In the rear surface of the chassis 702 (see FIG 13B), the rear camera 713 and

the light 714 are provided, and a still image and a moving image can be taken using the
15 display portion 703 as a viewfinder.
{0174]

Further, the smartphone may have an infrared communication function, a USB
port, a function of receiving one segment television broadcast, a non-contact IC chip, an
carphone jack, or the like, in addition to the above-described functions and structures.

20 [0175]

As described above, the range of application of the semiconductor device
manufactured according to the present invention is very wide. The semiconductor
device which is manufactured using the semiconductor substrate according to the
present invention can be used for electronic devices in a variety of fields.

25  [Example 1]
[0176]

In this example, changes in surface characteristics when a surface of a single

crystal semiconductor layer is subjected to plasma treatment wiil be described.
[0177]

30 Samples used in this example are described.  First, an oxide film was formed
by oxidizing a surface of a single crystal silicon substrate with a gas including

hydrochloric acid.  The single crystal silicon substrate was pradiated with hydrogen

48



\f/" Tv' {F(X Y) - Z, }7el/ XdY [0196] The maxi num peak-to-vall ey
hei ght (P-V) can be expressed as a difference between the height of the

hi ghest peak Zma, and the height of the lowest valley Z ";,, at 5the
specific surface, and can be obtained by the follow ng fornula. [0197] P -
V = Z- [0198] The peak and the valley used herein are obtai ned by expandi ng
into three 10 di nensions the "peak" and the "valley" that are defined by
JI'S B 0601: 2001 (I SO 4287:1997). The peak can be expressed as the hi ghest
point at the specific surface and the valley can be expressed as the | owest
poi nt at e ipegh feexigiface orfgiedqrm an embrittled regypdn fasupgle fBiE!

condi ti 0n§111@<@n E&%{rﬁyerﬁ% asé{ﬁifaé’@@i 1@1@'&&@1&%35515(1 Rakodhst-he tlﬁ&%& anatingl _
peak-to-valley height (P-V) in this exanple are described b At om ¢

force m crissiogpaeg APNMpre addet i reprdbiladiesies #epbogpf sgeemfdsm%@o
manuf ?gFll\J/;gﬁgq Rbso5k KRa b 2 R Fad géammé@@é Wa?%@ﬁhgp%s cANXBRRG, T Or ce

ever: O (made of silicon, a sprlng
const ant d‘ie ﬂrﬁbrlmlnc; regigre s Jhemigh 204 raeq{@eéﬂ@}y ofsURBO ezl sicGOBYRIHYES and a

probe tip formc& oig tﬂ%lass suli%raie with the %gl%@ Wilﬂ%lﬁ}gg&q Lhc:l'cbgnmn In bu%h

Measured area: ed poin poi nts x
256 poi nt snahotea tphatlitPeMsaedles $Sample Avadiine et ofrwhieh it Wn.fgle lertskaé sur f ace

shape of %lli%:(%m!l)%ri R formed over the glass substrate with the oxide film interposed
therebetween was prepared.

10 [0178]

Then, each of Samples A to F was subjected to dry etching in order to remove a
superficial layer portion of the single crystal silicon layer. The dry elching was
performed by an ICP etching method under conditions with an ICP power of 1000 W, a
power supplied to a lower electrode of 50 W, a reaction pressure of 1.5 Pa, and a

15  chlorine gas of 100 sccm.

[0179]

Next, each of Sample A and Sample B was subjected to dry efching using a
nitrogen trifluoride gas in order to remove a native oxide film formed on the single
crystal silicon layer. The dry etching was performed by an ICP etching method under

20 conditions with an ICP power of 500 W (0.7} W/c:112), an R¥ bias voltage of 0 W, a
reaction pressure of 1.0 Pa, and a nitrogen trifluoride gas of 50 sccm.  Treatment time
was set to 10 seconds. Then, the single crystal silicon layer in each of Sample A and
Sample B was irradiated with a laser beam.

[0180]

25 Moreover, the single crystal silicon layer of Sample B was subjected to plasma
treatment after irradiation with the laser beam. Plasma treatment was performed using
an apparatus manufactured by Tokyo Electron Limited (ME-500, an ICP plasma dry
etching apparatus) by an ICP method under conditions with an ICP power of 500W
{0.11 W/cmz), an RF bias voltage of 100 W (0.61 W/’cmz), a pressure of 1.35 Pa, and an

30 argon gas flow rate of 100 sccm.  Treatment time was set to 240 seconds.

[0181]

Next, each of Sample C and Sample DD was subjected to dry etching in order to
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25 measured in a state where a cantilever is resonated at a given frequency
(a frequency specific to the cantilever) while the distance between a probe
and the sanple is controlled so that the vibration anplitude of the
cantilever is kept constant. In DFM the cantil ever does not touch the
surface of the sanple; thus, neasurenent is possible w thout changing the
origi nal shape of the surface of the sanple and w t hout danagi ng 30t he
surface. [0200] | he neasurenent of the surface roughness of the
single crystal silicon |ayers performed on.Sa ,Ies to F nder t he
Sbove desEDed AP RLY T HERRS o BT UREP NG dur R BRepes o
the singl &vag pyiSdrled Siy ki mneablaygﬁﬁnmmsd@labmm@ w;ﬂhﬂmfiCB@ﬂﬁtndﬁTS&D ion of the
curvature of a crpss section of a substrate of obt ai ned npeasur enent

i mges, al- ”(Mé“ﬂét%‘*%‘fbif’h}éoﬁaﬁ*a@’e@%r(‘éé’f "t't8d: ?%?F”‘B’ﬁé"%?%ﬁgi onaf pl ane by

a | east - SQHALE ArdWBIRAOA T Wi Bl t agheflesalhyake sdtQo R8N sedomuonertdh nmasi onal
gradient correction for correcting the gradient in_the plane, f'ol | owed by

quadr afi ¢ sEelediasil sdsep doter dh cabrolConpcEi g IRy Rives wafiped Wi &r t hat |
the surfagg.riqyghness was 10anal yzed with the attached software, so that
each of the average surface roughness (Ra) and the maxi mum peak-to-valley

hei ght (P{%82here cal cul ated. [0201] Table | and FIG 14 show the
aver age surface ht (P-V),
whi ch were calc atggﬂg%glgggér?ggegyg %gggﬁf%ﬁsﬁﬁﬁgéh%y %ﬁ% maxi num

peak-t o- vaﬂebtgyenhg’teg hiradiation with the laser beam Thc plasma treatmem was performed
10 under conditions similar to those for Sample B.
[0183]

Then, wet etching was performed using a 100-fold diluted hydrofluoric acid in
order to remove a native oxide film formed on the single crystal silicon layer. Then,
the single crystal silicon layer in each of Sample F and Sample D was irradiated with a

15 laser beam.
[0184]

Moreover, the single crystal silicon layer of Sample F was subjected to plasma
treatment after irradiation with the laser beam. The plasma treatment was performed
under conditions similar to those for Sample B.

20 [0185]

Next, the surface roughness of the single crystal silicon layers of Samples A to
F was measured. In this example, for measurement of the surface roughness of the
silicon layers, an atomic force microscope (AFM) was used; thus, the average surface
roughness (Ra) and the maximum peak-to-valley height (P-V) on the surface of the

25 silicon layers were measured.
[0186]

In this example, the average surface roughness (Ra) is obtained by expanding
into three dimensions center line average surface roughness Ra which 1s defined by JIS
B 0601:2001 (1SO 4287:1997) so as to be able to apply Ra to a measurement surface.

30 The Ra can be expressed as an average value of the absolute values of deviations from a
reference surface to a specific surface and can be obtained by the following formula.

[0187]
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P-V (am) Sanple A 3.0 83.2 Sanple B 1.7 25.7 Sanple C 2.9 35.8 Sanple D 1.2
26.1 Sanple E 2.3 32.4 _ Sanple F

Lody o e v
]ea == § -[Z J;’l l]“ (_/Y,) )““ Ifﬂldzxd}

G
[0188]
Note that the measurement surface is a surface which is shown by all the
measurement data, and is represented by the following formula.
5 [0189]
Z =F(X,Y)
[0190]
The specific surface 1s a surface which is an object of roughness measurement,
and is a rectangular region which 1s surrounded by four points represented by the
10 coordinates (X}, 1), (X5, Y2), (X2, 1), and (X5, Ys). The area of the specific surface
when the specific surface is flat ideally is denoted by S;. Note that Sp 1s obtained by
the following formula.
[0191]
Sy = (X, ~ X,y (¥,~Y)
15 [0192]
The root-mean-square surface roughness (RMS) is obtained by expanding into
three dimensions the RMS of a cross section eorve so as fo be able to apply the RAMS of 4
cross section curve o the measurement surface, in a similar manner o £, The RAS
can be expressed as the square root of the average value of squares of deviations from
20 the reference surface to the specific surface, and can be obtained by the following
formula.

[0193]
| R A, R RS
7, ME; i j\ FOX Y WX

[0194]

25 The reference surface is a plane surface represented by /£ = Zy when Zg is the
average value of height of the specific surface.  The reference surface is parallel to the
XY plane. Note that 7, can be obtained by the following formula.
[0195]
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1.3 14.1 [0203] As shown in Table 1 and FIG 14, the maxi num
peak-to-vall ey height (P-V) of Sanple Airradiated with a | aser beam after
dry etching using an NIF3 gas was 83.2 nm In contrast, the naxi num
peak-to-vall ey height (P-V) of Sanple B subjected to plasma 20 treat nent
using an Ar gas after irradiation with a | easer beam was reduced down to
25.7 DM The other results were such that when Sanple C was conpared with
Sanmpl e D, the average surface roughness and the maxi mum peak-to-vall ey

hei ght of Sanple D subjected to plasma treatnment were both | ower than those

of Sample C, apd mhen,. | e E.was conpared with Sanple F, the average
surface r ngﬁqEEJrQEQP@Eéagﬁiﬁﬁh%?peak-to-valIey hei ght of Sanple F

subj ected to pldsma treatment were both | ower than those of Sanple E.

[ 0204] S5Themsi FI GS. 15A and 15B are scanni ng el ectron microscope (SEM

i mges of Sanple C and Sanple D. FIG. 15Ais a SEMimage of Sanple C after
the single crys?%%“@éﬁ?@bggﬁéPﬁ?”%hvagﬁﬁ?'%ﬁ?&ﬁ%ﬁ?ﬂf%ﬁiﬁ;%dﬁgg%Vebeanl I'n
FI G 15A, phhwebs ieaitngh bhak Heiigehit s aAd egRNAI af @ lowest hdles W.f,.ace of the
single crystal sem conductor layer. FIG 15Bis a Qhotograph of Sanple D
after fhe'tkgsngsibic ar{pse.and sarhecd) tgrthg feyingdorbil4- r adi ated with a | aser
beam and fﬁuﬁ asma treatnent is perforned. It is found that projections are
reduced on the surface of the single crystal sem conductor |ayer. [0205]
From the abeVe: fesult.s, it was confirned that the average surface roughness
and the maxi num peak-to-valley height can be reduced after irradiation with
a | aser 1@%@§h1by perform ng plasma treatnent. [Exanple 2]

The peak and the valley used herein are obtained by expanding into three

10 dimensions the “peak”™ and the “valley” that are defined by JIS B 0601:2001 (ISO
4287:1997). The peak can be expressed as the highest point at the specific surface and
the valley can be expressed as the lowest point at the specific surface.

[0199]
The measurement conditions of the average surface roughness (Ra) and the

15 maximum peak-to-valley height (P-V) in this example are described below.

Atomic force microscope (AFM). a scanning probe microscope
SPI3800ON/SPASO0 manufactured by Seiko Instruments Inc.
- Measurement mode: dynamic force mode (DFM)

- Cantilever: SI-DF40 (made of silicon, a spring constant of 42 N/m, a resonant

20 frequency of 250 kHz to 390 kHz, and a probe tip R < 10 nm)

- Scanning speed: 1.0 Hz
- Measured area: 10 pm < 10 um
- Measured points: 256 points x 256 points
Note that DFM refers to a measurement mode in which the surface shape of a sample is

25  measured in a state where a cantilever is resonated at a given frequency (a frequency
specific to the cantilever) while the distance between a probe and the sample 1s
controlled so that the vibration amplitude of the cantilever is kept constant.  In DIFM,
the cantilever does not touch the surface of the sample; thus, measurement is possible
without changing the original shape of the surface of the sample and without damaging

30  the surface.
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[ 0206] In this exanple, changes in surface characteristics when
pl asma treatnents is perfornmed for various tinme periods after a single
crystal sem conductor layer is 20irradiated with a | aser beamw || be
descri bed. [0207] First, an oxide filmwas forned by oxidizing a
surface of a single crystal silicon substrate with a gas including
hydrochl oric acid, The single crystal silicon substrate is irradiated with
hydrogen ions through the oxide filmin order to forman 25 enbrittled
region in the single crystal silicon substrate. Then, a surface of the
single cry&P8d]l silicon substrate through which the hydrogen ions are added
to formthe enbpjid Lot R ONHWaS RENIEINEL o 1RULFAS 8ryofl Biiinagpersubstrate
and heat treatnment was perforned so that separation was caused al ong the
enbri tt| edvar egifomed Thr Sugtcst Ao bovier B apeye deseilivg|cendngigt almages oton | ayer
was formed over .t l. . LN SR G i.de .fi .0t erposed

t her ebet mgé‘h‘f g‘f“r‘fhls]ﬁ‘é% sRte sh stg 5@%?%% i!}tf’?ﬁg#h%g%%g%rggCifénéﬂgaélé{]& ot whi ch t he
si ngl escr yeusaleragioh | dothel ayertwiesoff argress egden tdfiea ghtrgtesabditer ableingd t h t he
oxI de fil I;gel Sr{tlglrl(p ??nelg ets,hzﬁlr 519%% o%qh?\gvﬁg' 0@{ GRAS fl?ige'd fo[' 91?@0—%1116n5i0na|1 la;ln- en, the
single crysta & ieon | ayer of eac of* t he plurality of sanples was

subj ect ed bl @ lesys@iachinnghddnwiir eiearchédsafienoyve @risupent-doieaabioha eerdiqnor t i on of

the single crystgl silicon |ayer. The dry. etchin s perforned.by an | CP
et chi g meUREHC LN ro B ORI b SR oh B Tioeh SUREFT S S80%6 TR Bl as
vol t age Otod&tiW far rcegedingNqupiass wueveolf Alftd Rat, thndudace hlooglimss gas of 100

sccm [0209 , Next h | ural it f .ganpl es was subjecte o dry

ot chi g ativee ih rachel el fabdBoe ARG AR AF Pes Mo R Gl on w th

the | aser ;heammRlAsAPedk©akIBMeidi (Was wees faoiumed. Pl asma treat nent was

performed using an apparatus manufactured by Tokyo Electron Limted

( ME-500, &HOLP plasma thy etching apparatus) by an | CP nethod under

conditions W t hran ICRPNEr 19fsheQ0ME (Biclake WSRE) rodin&3E (RapSind¥ Oht age of

100 W(0.61 WcnR), a pressure of 1.35 Pa, and an argon gas flow rate of

100 seem URxERpREAK-PTvEBORESHS 8- VP ovipchivargralsilagd i nutes, and 4 ninutes. A

sanpl qs\/\hi{@%‘zi s not 15 subjected to plasma treatnent was Sanple G a sanple
ubj

which 1s ected to plasma treatnment _faor two mnutes was Sanple H, a
sanple whjch is subjected to plasma treatnment fof three m nutes was Sanple
I, and a panpl e whijchivksgsubjzeet ¢d t onpkasma treatnent for four mnutes was
Sanmpl e J.|[0210] roughness peak-to-valley height
Ra (mun) P-V (nm)

Sample A 3.0 332

Sample B 1.7 257

Sample C 2.9 358

Sample D 1.2 26.1

Sample B 2.3 32.4

Sample F 1.3 4.1

[0203]

As shown in Table 1 and FIG. 14, the maximum peak-to-valley height (P-V) of

Sample A irradiated with a laser beam after dry etching using an NF; gas was 83.2 nm,

In contrast, the maximum peak-to-valley height (P-V) of Sample B subjected o plasma

20 treatment using an Ar gas after irradiation with a leaser beam was reduced down to 25.7
nm. The other results were such that when Sample C was compared with Sample D,

the average surface roughness and the maximum peak-to-valley height of Sample D

subjected fo plasma treatment were both lower than those of Sample C, and when
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20Next, the surface roughness of single crystal silicon |layers of Sanples G
to J was neasured. The neasurenent of the surface roughness was perforned
in a manner simlar to that of the neasurenent in Exanple 1. Then, the

aver age surface roughness (Ra) and the maxi num peak-to-valley height (P-V)
were cal cul ated. The cal cul ati on nethod of the average surface roughness
(Ra) and the maxi mum peak-to-valley height 25(P-V) in this exanple is
simlar to that in Exanple I. [0211] Table 2 and FIG 16 show t he
cal cul at ed average surface roughness Ra and the cal cul ated maxi num

peak- t o- varraly heygheompeayed ["0@1?1““@16 . BG YPRLE SHURCa RSt 46¢ Boughness
Ra (urn) pxinismspaak-valeyVRdibigrRanghtr RiYedddd plasma treatment were both

iower than those of Sample E.
[0204]

5 Then, FIGS. 15A and 15B are scanning electron microscope (SEM) images of
Sample C and Sample D. FIG 15A is a SEM 1mage of Sample C after the single
crystal semiconductor layer 1s irradiated with a laser beam. In FIG. 15A, it is found
that projections are generated on the surface of the single crystal semiconductor layer.
FI1G. 15B is a photograph of Sample D after the single crystal semiconductor layer is

10 irradiated with a laser beam and Ar plasma treatment is performed. It is found that
projections are reduced on the surface of the single crystal semiconductor layer.
[0205]

From the above results, it was confirmed that the average surface roughness

and the maximum peak-to-valley height can be reduced after irradiation with a laser
15 beam by performing plasma treatment.

[Example 2}

[0206]

In this example, changes in surface characteristics when plasma treatments i1s
performed for various time periods after a single crystal semiconductor layer is

20 irradiated with a laser beam will be described.
[0207]

First, an oxide film was formed by oxidizing a surface of a singie crystal
silicon substrate with a gas including hydrochloric acid.  The single crystal silicon
substrate is irradiated with hydrogen ions through the oxide {ilm in order to form an

25  embrittled region in the single crystal silicon substrate. Then, a surface of the single
crystal silicon substrate through which the hydrogen ions are added to form the
embrittled region was bonded {o a surface of a glass substrate and heat treatment was
performed so that separation was caused along the embrittled region.  Through the
above steps, a single crystal silicon layer was formed over the glass substrate with the

30  oxide film interposed therebetween. In such a manner, a plurality of samples in cach
of which the single crystal silicon layer is formed over the glass substrate with the oxide

film interposed therebetween was prepared.
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2.2 105.3 Sanple H1.6 47.8 Sanple | 1.6 24.7 Sanple J 1.4 42.1 [0213]

As shown in Table 2 and FI G 16, the maxi num peak-to-valley height (P-V) of
Sanmple Girradiated with a | aser beamafter dry etching was 105.3 nm In
contrast, the 5 maxi num peak-to-valley height (P-V) of Sanple J subjected
to plasma treatnent using an Ar gas for four mnutes was reduced to 42.1
nm |In addition, the average surface roughness Ra of Sanple G was 2.2 nm
In contrast, the average surface roughness of' Sanple J was reduced down to
1.4 nm [0214] 10This application is based on Japanese Patent Application
serial nol0208]

Then, the single crystal silicon layer of each of the plurality of samples was
subjected 10 dry eiching in order to remove a superficial layer portion of the single
crystal silicon layer. The dry etching was performed by an ICP etching method under

S conditions with an ICP power of 150 W, an RF bias voltage of 40 W, a reaction pressure
of 1.0 Pa, and a chlorine gas of 100 scem.
[0209]

Next, the plurality of samples was subjected to dry etching and was then
irradiated with a faser beam. Afier irradiation with the laser beam, plasma treatment

10 was performed. Plasma treatment was performed using an apparatus manufactured by
Tokyo Electron Limited (ME-500, an ICP plasma dry etching apparatus) by an ICP
method under conditions with an ICP power of 500W (0.11 W/icm?), an RF bias voltage
of 100 W (0.61 W/em?), a pressure of 1.35 Pa, and an argon gas flow rate of 100 sccm.
Treatment time was set to 2 minutes, 3 minutes, and 4 minutes. A sample which is not

15  subjected to plasma treatment was Sample G, a sample which is subjected to plasma
treatment for two minutes was Sample H, a sample which is subjected to plasma
treatment for three minutes was Sample I, and a sample which is subjected to plasma
treatment for four minutes was Sampie J.

[0210]

20 Next, the surface roughness of single crystal silicon layers of Samples G to J
was measured,  The measurement of the surface roughness was performed in a manner
similar to that of the measurement in Example 1. Then, the average surface roughness
(Ra) and the maximum peak-to-valley height (P-V) were calculated. The calculation
method of the average surface roughness (Ra) and the maximum peak-to-valley height

25 (P-V) in this example is similar to that in Example 1.

[0211]

Table 2 and FIG. 16 show the calculated average surface roughness Ra and the
calculated maximum peak-to-valley height P-V.

[6212]

30
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2008- 251335 filed with Japan Patent O fice on Septenber 29, 2008, the
entire contents of which are hereby incorporated by reference. WHAT IS
CLAIMED IS: |I. A nmethod for manufacturing an SO substrate, conprising:
formng an insulating filmover a sem conductor substrate;

irradiating the sem conductor substrate with accel erated ions through the
insulating filmto forman enbrittled region in the sem conductor

substrat e; di sposing a surface of the sem conductor substrate and a
surface of..a _base substrate opposite.to.each other and bondi ng the surface
of the insulating fii lanvge dubfacsur f acemakintune basge substrat e; causi ng

separation al ong the emaghidsked [ eghlonm-willthhaghept treatnent after the
surface of the insylatirguhi) mand the-sunhgce of the base substrate are
bonded to e@a%ﬂ)lé)&” rto Tzo;m a“semn conqldgt30r ayer over the base substrate
with the }Ji an - tnt ci"pu e LIICI,J[':éJCL ween; performng etching

treat nent B s e f‘onal-u\,t or—l-ayer; i++radi ati ng the sem conduct or
| ayer sub PS@’B?}C'[IO the_etlching treat ment4hith a ] aser beam and irradiati ng
the semi cbn8wupled llayer ilrd adi ated withd-he | asef beamwith plasma.

2. The nethod for manufacturing an 501 substrate according to claim1,
wher ei n thﬁ)zqg]asma treatnent is performed by an inductively coupled plasna
met hod. 3. The method for manufacturing an SO substrate according
to claimi1, wheaekilwa 1gli‘asls 2 F1G. dtbethic snagedn @Saldvlhafab@sls:iglﬂb}st\/r)af e.

4. The method f in Ol, substrate ordi ml,
wher ot n ¢ RSP UL Toh P SBar AOrSt G g “SATT oA do B Wy A at us.

5. Thesmethadni® ped@oUubBs! higHgr-3) oS@B,mgmbs@hbﬁmed acsIhel @ irhént thag m 4,
wherei n mai n conponents_of ions use r the ion jrradi ati on of the

seni condudt Y &{ bt fpwi minges Was Aequastht to .1 hun Iigaddiipm, s apes girface

manuf act urrw};gn@@ RRG S%Mp@t(ﬁ 2128 22GHRr dinNGnik R, Gh@dv¥rake sWREQbIbLLEE oheat
treatnent Is ger orned at a terrperat ure less than or equal to a strain

poi nt of GABPEdsEsselysedda to 1.4 nm.
[0214]

10 This application is based on Japanese Patent Application serial no.

D

2008-251335 filed with Japan Patent Office on September 29, 2008, the entire contents

of which are hereby incorporated by reference.
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7. A nethod for manufacturing a sem conductor device conprising: formng an
insulating filmover a sem conductor substrate; irradiating the
sem conductor substrate with accel erated ions through the insulating film

to form a{;q?écmé Qi«:gff@lfﬂif ion in the sem conductor substrate;

di sposi ng sem conductor substrate and a surface of a base
substrate opposite to each other and bondi ng the surface of the insulating
filmto the surface of the base substrate; causi ng separation al ong
the enbrittled IJymsmodiferrmanuiecivrieg eaab b aebstbteecomprasisgr f ace of t he

insulating fil t # are bonded to each
other to form anFO gg%gcggﬁgﬁgétg%qﬁg%\ée&%\%ggl?foﬁgﬁ%gi%ubg{ﬁ%& rate wth the

insul ating fil nriadiaéngabedsetrfierrelnetoneabstraer fith nadglefdtéd iont eltoagh ttheat nent
on the sem condugctor layer; . irradiating the sem conductor | ayer

subj ect ednf@a?%ﬁﬁn? Fos’{(’_‘%‘taé‘r?inﬁﬁmt]?%%%f‘ t&‘i ?qq%_ﬁoqd%@lr SRR _
perform ng secafighoBinghd ROrfhdcedt RN ber@RoAdiRtGTEMLEPAAUGHOS Y&l of L NAdl at ed
with the | aser beam irradiating the sem conductor |ayer subjected

to the seCBMHERIROPAPSYY toreash wiier apilthongdingstha;suslack of the inswutid fitm tthehe

sem condugt@r. b?‘t)ﬁ@'i)aéer{uﬁgtirﬁé-e‘j with the plasma to form separated single
crystal sem conductor layers having island shapes. 8. The net hod

f or manuf act ur icagsiag separgtomdalot® thedavbdgledaegiodiwich b dieal @éatmznt Whergs n t he
pl asma treatment . s. perforped by an inductiyve coupl ed pl asna et hod.

5. “The et Pbiteralirih U 45T 7S sifes RIEE Biocopbene Al BrieAdo easte] ai m

7, whereidih@ @ 898 5 ubBichAlRWSIaYSeeva@stht Masd 8RR uatONih 3h€ insulatin ﬁ19110' The
met hod for manufacturing a sem conductor device according to cﬁ afgm ,

wher ei n URERWA Herdaivicnon is performed using an ion doping apparatus.
11. The net hoo'.p%%nﬂﬁx%‘@t&%%%ﬂ&eﬁ‘t gtlemeggiggctrdﬁéﬁ%mqgw ce according to claim

10, wherein nai'n conponent I ons use i'6h° 1 rradiation of the
senm conduct or Subditting EreasemibBdivicondayer subjected toliBle eldhhgnethe@dnf @hth a

manuf act Lfgsiengea semi conduct or device according to claim?7, wherein the heat
treat ment 1S paé?’f med at a tenperature less than or equal to a strain

poi nt of the bagedisthstheaticonductor layd3rradiaBatiiadihk 04se Bt aghWidspg an SOT
substrate, conprising: formng a first insulating filmover a sem conduct or

substrat e;
2. The method for manufacturing an SOI substrate according to claim 1,

wherein the plasma treatment is performed by an inductively coupled plasma method.

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

wherein a glass substrate is used as the base substrate.

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

wherein the ion irradiation is performed using an ion doping apparatus.

5. The method for manufacturing an SOI substratc according to claim 4,
wherein main components of ions used for the ion irradiation of the semiconductor

substrate are H;" ions.

6. The method for manufacturing an SOI substrate according to claim 1,
wherein the heat treatment is performed at a temperature less than or equal to a strain

point of the basc substrate.
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irradiating the sem conductor substrate with accelerated ions through the
first insulating filmto forman enbrittled region in the sem conductor
substrate; formng a second insulating filmover a base substrate;

di sposing the first insulating filmover the sem conductor substrate and
the second insulating filmover the base substrate opposite to each other
and bondi ng thﬁﬁﬂ?{l}%&%%aﬁdﬁa&ﬁﬁ@é seRBhd@iddiclict Bhgriting: surface of the
second insulating film causi ng separation along the enbrittled

regi on with a fheangtangaswasing fdf ever plsemspnflaeier sfostde; first insulating film
and the surface of . .the,second i |.af } i 0 er to
forma sem con’&iﬁg’ta&ﬁ)gltgﬁesrengg%nrd%fs” ﬁéa%fggt gaté u%{s{t‘ ?gzlﬁ%gl%\%? %ﬁq?lﬁfe ﬂ? ?{rigq e

i nsul at i pguibiihnTimne fohe sentmitlédigioatinnlge fantitendicer paissedte her ebet ween;
perform ng etching treatnment on the seniconductor | ayer; i,rradiating
the senmi conduct!&RosingydsUEass @gtﬂé?d SEBICPRIICITCFHORGAE raly tsHEaSh Phed¥aser
beam a b's{rét@fli AbdiRGio! Heh SRR CRRAHIHg 1RYREfabd bRfAIREakhd Filhne thaser
beamw th p asmg. 14. The method for manufacturing an SO substrate
accor di ngirfage of tierpadSsubsiigeei n the plasma treatnent is perforned by an

i nductively coupl.ed pl asma hod., o _ ] cturing
an SOT subst r 4B ReBpRRT: FEREFs srbycd robdn vIIE sTELL BB, HRAUAEC, IC
as the basfics sk Afselating film andXtfe silifecendf the dafosubyaatefae bundadgtoanciSOT
substrate_according to,claim 13, wherein the ion irradiati.on.is f or med
o ng. arohBniBEThS Sapisepduale: Tover over g dabg b 5ty B RN g an
SA - subsiah & A¢eAEElREG 0 Claim 16, wherein main conponents of ions used
for the tonirradiation of the sem conductor substrate are 1-13 ions.

18. The net hodpdrrmipgiifshetching igaimenson teaudssrieendscge &€8i ng to cl ai m 13,
wherein the heat .treatnent .is f e t LQr equa
fo o strain por e RE R byl AR T Susfecdd LMY, FERnrRi

manuf act gfdsadbaam: 501 substrate, conprising: formng a first insulating film
over a sem conductor, substrate,. , irrad#ating tge se?icondqﬁ%qr
substrate wit hPEIEEYRG A69ad] GRENE HFGUERNY P 17T PERIORUTRYE TG AFHES form
an enbrigvgthqﬁl?raggi%gmi,n the sem conductor substrate; formng a second

insulating filmover a base substrate; _ )
irradiating the semiconductor layer subjected to the second etching treatment

with plasma; and
etching the semiconductor layer irradiated with the plasma to form separated

single crystal semiconductor layers having island shapes.

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

wherein the plasma treatment is performed by an inductively coupled plasma method.

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

wherein a glass substrate is used as the base substrate.

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

wherein the ion irradiation is performed using an ion doping apparatus.
11. The method for manufacturing a semiconductor device according to claim

10, wherein main components of ions used for the ion irradiation of the semiconductor

substrate are Hi" ions.
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di sposing the first insulating filmover the sem conductor substrate and
the second insulating filmover the base substrate opposite to each other
and bonding the surface of the first insulating filmto the surface of the
second insulating film causi ng separation along the enbrittled
region with a heat treatnent after the surface of the first insulating film

and the surfaqe. ohe hﬂﬁloﬁ%ﬂﬂl@n&fﬁ&w‘iﬁ%ia@@nfdohd%@dﬁa&ld@%dﬁdoxﬂﬁlﬁ_@@miﬁtﬁer to
forma sem conductor |ayer over the base substrate with the first

i nsul at i whemein Medivd!t FRETSBESHRETONEE] 4t R AYNPSIRRTS Kot fipHsu PauReiceb st diBen;
perforniﬁ&n{5$ﬁéb%kﬁgbg (Lreatnment on the sem conductor |ayer;

irradiating the sem conductor |ayer subjected to the first etching
treatment with a | aser beam renovi ng the sem conductor | ayer by
perform ng sec et chi tre nt on e .senj conduct.or | ayer irradiated
Bih the Taser Cheeiac et o SEE SuRiils SBRPEHREuct o 1 ayer

subj ected to themseCOAkt ﬁisemi?ﬁhﬁe)aztamgﬁmmbﬁdncmraeammte; 20. The
met hod for manufacturing an S

substrate accordiqg to claim19, wherein

the plasma treHtadEingthe pepicoRHEPLYLARALE et esopker e%wé!témshéé@r&_r&%et hod.
21. The 1?&%&1]@99%%% (SR ﬁF&Hﬁﬂirﬁ@g@géﬂ? eﬁg@éﬁ&éﬁ@m@&%%élfa@@, to claim19,

wherein a glass substrate Is use ase substrate. 22. The
met hod for nmanfifmatga saegndimstlting fibstovet ebaecobdiatg t o cl ai m 19, wherein

the ion irradi ation i rfar . Usj an i.on dopin ar.at us.

23, The et nod PO S BT PTG Ee Sn 0 FEREORMEBI RIS SKalh 22,
wher ei N gRbAd GRARIAENIG 6¥er tBBDassatbsirate dppesitodfd édchadh@tdndrbdliing@e
sem conduct or substrate are H34 ion The. met hod for

manuf act BHfasg chesst wayangmtibn &b@érssaifw qfdh%ﬁégﬁﬁi sulafifg il t he heat
treatment is p@e{ufsf?xg;”%gal%oﬁ alRIRRE bt B dCRBid A h A h&A ¥Rl Rt AfSL @1 N
poi nt of the base SubStrate.
surface of the first insulating film and the surface of the second insulating film are
bonded to each other to form a semiconductor layer over the base substrate with the first
insulating film and the second insulating film interposed therebetween;
performing etching treatment on the semiconductor layer;
irradiating the semiconductor layer subjected to the etching treatment with a
laser beam; and

irradiating the semiconductor layer irradiated with the laser beam with plasma.

14. The method for manufacturing an SOI substrate according to claim 13,

wherein the plasma treatment is performed by an inductively coupled plasma method.

15. The method for manufacturing an SOI suhstrate according fo claim 13,

wherein a glass substrate is used as the base substrate.

16. The method for manufacturing an SO substrate according to claim 13,

wherein the ion irradiation is performed using an ion doping apparatus,
17. The method for manufacturing an SOI substrate according to claim 16,

wherein main components of ions used for the ion irradiation of the semiconductor

substrate are H;" ions.

59



18. The method for manufacturing an SOI substrate according to claim 13,
wherein the heat treatment is performed at a temperature less than or equal to a strain

point of the base substrate.

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

forming a first insulating film over a semiconductor substrate;

irradiating the semiconductor substrate with accelerated ions through the first
insulating film to form an embrittled region in the semiconductor substrate;

forming a second insulating film over a base substrate;

disposing the first insulating film over the semiconductor substrate and the
second insulating film over the base substrate opposite to each other and bonding the
surface of the first insulating film to the surface of the second insulating film;

causing separation along the embrittled region with a heat treatment after the
surface of the first insulating film and the surface of the second insulating film are
bonded to each other to form a semiconductor layer over the base substrate with the first
insulating film and the second insulating film interposed therebetween;

performing first etching treatment on the semiconductor layer;

irradiating the semiconductor layer subjected to the first etching treatment with
a laser beam;

removing the semiconductor layer by performing second etching treatment on
the semiconductor layer irradiated with the laser beam; and

irradiating the semiconductor layer subjected to the second etching treatment

with plasma.

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

wherein the plasma treatment is performed by an inductively coupled plasma method.

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

wherein a glass substrate is used as the base substrate.

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

wherein the ion irradiation is performed using an ton doping apparatus.
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23. The method for manufacturing an SOI substrate according to claim 22,
wherein main components of ions used for the ion urradiation of the semiconductor

substrate are Hy' ions.

24. The method for manufacturing an SOI! substrate according to claim 19,
wherein the heat treatment is performed at a temperature less than or equal to a strain

point of the base substrate.
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