METHOD FOR MANUFACTURI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON
1. Field of the Invention 5[ 0001] The present invention relates to a
nmet hod for manufacturing an SOT (silicon on insulator) substrate and a

met hod for manufacturing a sem conductor device using the SO substrate. 2.
Description of the Related Art 10[ 0002] In recent years, an
integrated circuit using an SO (silicon on insulator) substrate in which a
thin single crystal sem conductor |ayer is provided on an insulating
surface, instead of a bulk silicon wafer has been researched. An 801
substrate enablMETHHIRAFOR B AAPBACTRARING SEMEGONDBCHOR DEVICRE transi st or
and a substrate to be small, and 15therefore an SO substrate has greatly
attracted attention as an elenment for inproving perfornmance of

sem conduct or integrated BACKGRGUNDOOP3HE INVENTIOMe Smart Cut (registered
t rademar k) ngQog i s known as one of nethods for manufacturing an SO
substrate [Fdvrdg Qﬁ%ﬁ??“%be Pat ent Docunent |). An outline of 20 the

met hod § or [osanuf acturing an SOT substrate by the Smart Cut (registered

t rademar k) neth&g i s described bel ow. First hydrogen ions are inplanted
into a silicon WRFEresHY Beniighrefatesiiafmethioadrionmpmer laneraor SR sifcer @bubbl e

llayer at ainprgeéstsebdtaftethddentilod T&rﬂxﬁﬂﬁ?’dcﬁﬂ{ng%cs%micyﬁgﬁbtoxiJE%ic%Msin%qgﬁ waf er
into which the hydrogen ions are inplanted I's bonded to another “silicon

waf er wi t hS@! 8Ptfaon oxide fil minterposed therebetween. 25 After that,

thermal treajdEikiohsr ReRcRiBdy so that a thin filmof the silicon wafer
into which the hydrogen ions are inplanted is separated at the m crobubbl e

| ayer.10Accl®P®Ingl y, a single crystal silicon filmis formed over the other

bonded silicon fer. . t , i ed.tr r k),. met hod be
referred to as g@ﬁg%Pbgg%&ig%“%ﬁ%%ggﬁg%ﬁgHgggpggggﬁoéhﬁg?Hgbng%%ﬁb04]
A et hod habstailsio Weena fhiopogedrystal shiigindactsi lngdrés proyiledbn si nselatind ayer i s

forrod ove,, 8. 0A8Ra HPE bR elRYE P e R BoRE AT e LSt o o

parasitic capacitance formed by a drain of a transistor and a substrate to be small, and
I5  therefore an SOI substrate has greatly attracted attention as an element for improving
performance of semiconductor integrated circuits.
[0003)
The Smart Cut (registered trademark) method is known as one of methods for
manufacturing an SOI substrate (for example, see Patent Document 1).  An outline of
20 the method for manufacturing an SOI substrate by the Smart Cut (registered trademark)
method is described below.  First, hydrogen ions are implanted into a silicon wafer by
an ion implantation method to form a microbubble layer at a predetermined depth from
the surface. Then, the silicon wafer into which the hydrogen ions are implanted is
bonded to another silicon wafer with a silicon oxide film interposed therebetween.
25  After that, thermal treatment is performed, so that a thin film of the silicon wafer into
which the hydrogen ions are implanted is separated at the microbubble layer.
Accordingly, a single crystal silicon film is formed over the other bonded silicon wafer.
Smart Cut (registered trademark) method may be referred o as a hydrogen ion
mmplantation separation method.
30 {00604]
A method has also been proposed in which a single crystal silicon layer is

formed over a basc substrate made of glass by such Smart Cut (registered trademark)



met hod (for exanple, see Patent Docunent 2). d ass substrates, the areas of
whi ch can be increased nore easily than silicon wafers and which are | ess
expensive than silicon wafers, are mainly used for manufacturing |iquid
crystal display devices and the like. Wth the use of glass substrates as
base substrates, inexpensive |arge-area 501 5substrates can be

manuf actured. [Patent Docunent] [0005] Patent Docunent 1. Japanese
Publ i shed Patent Application No. H05-211128 Patent Docunent 2: Japanese
Publ i shed Patent Application No. 2005-252244 10 SUMVARY OF THE | NVENTI ON

[ 0006] methodiém exagplghe Batgns Dricusedti HonGlaay ewbsirsted, o edaoyewhrhgl ass
e like, a stripe

substrate above-described Smart t method or the
pattern (ugébé%2%§%§e|gm“ﬁ§“6%ﬁ§Wd¥@3“P%H%%émgdWPQbépogﬂ%ﬁ%m§$YqEﬁﬂ | ayer
The unevenniisen wafesesretringnly asddabi mamafcremhas Rai®edyshi Gsp1af doart sangect or

el enents forned,,.and |l eads,.to drop in the nufacturing yield of a

sem conduc?1 or g&??@? "o gé%?ﬁﬁ%isér,gte? f® E)?Fé SHALRIGRO RFEPCRSING eke-3t éRis to be
used fof asdisspbegandevianefateraganuf act ured, variations of characteristics of
a sem conductor el ement used as a switching el ement affect the 20di spl ay
quality veﬂ%“%%Fpﬁﬁg?t. [ 0007] In view of the forgoing, one object
of one enbawibpent of the present invention is to suppress the generation of
the stripe ﬁattern (unevenness) when an SOT substrate is manufactured by

bondi ng a GME¥LEHBS ralawansia " abishetPacns Apsltieation dei BBhALUESr substrate 25
to each ot h@knt KIEmMERIZE Hpaise PRSisKEPRALITA 1i&faio{;]§h%. RI8SRNb44 NVeNtion is to
W

provide a high-quality sem conductor devi th suppressed generation of
t he abb¥e-described unevenness. [ 0008]

SUMMARY OF THE INVENTION
[0006]

When a single crystal silicon layer is formed over a glass substrate by the

above-described Smart Cut method or the like, a stripe pattern (unevenness) 1s
15 generated in the surface of the silicon layer. The unevenness causes the variation of

characteristics of semiconductor elements formed, and leads to drop in the

manufacturing yield of a semiconductor device. For example, in the case where a

panel which is (o be used for a display device is manufactured, variations of

characteristics of a semiconductor element used as a switching element affect the
20 display quality very seriously.

[0007]

In view of the forgoing, one object of one embodiment of the present invention
is to suppress the generation of the stripe pattern (unevenness) when an SOI substrate is
manufactured by bonding a glass substrate and a single crystal semiconductor substrate

25 to each other. One object of one embodiment of the present invention is to provide a
high-quality semiconductor device with suppressed generation of the above-described
unevenness.

[6008)]

According (o one embodiment of the present invention, a depression or a

30 projection is provided in a part (particularly the periphery) of the surface which is to be
bonded, in manufacturing an SOI substrate through the bonding so that a region where

the bonding is not performed by design is formed. Further, a single crystal



Accordi ng to one enbodi nent of the present invention, a depression or a
30projection is provided in a part (particularly the periphery) of the
surface which is to be bonded, in nmanufacturing an SOT substrate through

t he bonding so that a region where the bonding is not performed by design
is formed. Further, a single crystal sem conductor |ayer forned in the
region is renoved in formng a sem conductor elenent |ater. Details thereof
wi |l be described bel ow. [0009] According to one enbodi nent of the present
invention, the following steps are 5 included: a single crystal

sem conductwricggbsitr &yer ifgnicdriadhatregdomiit heracwed! iar dibhgi PREmBeNLARE a
fragile region is fo ib,n the. single. crystal sem conductor substrate; a
depressionggwmgl%FOjegzﬁgﬁwf??nghﬁgﬁﬁﬂxﬂ¥?® ton of a surface of an

i nsul ati ng(doayer provided on the single crystal sem conductor substrate,

the region corresponding to the periphery of the single crystal

sem conduct or s és%f’?dcéfiigeig Qﬂlﬁgf“’g?‘i‘ig’l‘iﬁi (E{rt&‘fs%l‘ﬁf‘f“éW@de’ﬁtf%‘}w@%?ﬂi’sdﬁé is 10
bonded %0 mchas® asuiysd ergbiel nidontiii@or SABiaaL & B9adiAYE With RE&IRASEhns < ,

t her ebet ween; 1Lﬁhe mal, treatnment is perfornmed thereon to separate t%e single

crystal selfcbitgicreronisiamedinthysinglierysial gpmisondigios pubsyeierdapression ngl e
crystal segi zC{ﬂﬁji:ldﬁ&Dfs Thriae@rin b FediQ QPQSLQ%%E of Q?in?iﬁ%?llgsl'alpégﬁxﬂ;i@éd o%ntq%t he

single crystal sem conductor layer in the region corresponding to the
peri phery $88lf &Rp\pbieniisPgutioetulftrige. thraresiongpeewpyditalo henerdmrnguetioe | ayer
when a 15sgpiie QpAUE tsohiBh &R tsubSiat iR Ui 01,0919 : cordjng .to one
enbodi nent 1’(1;% t% prsesue?nt1 in\I/(;rL%tilgn,’ tﬁgmf‘,’%l %gm;lnsbemsl%oé%g&%r gl{hg{ﬁ%?dsded: a
si ngl el®r yhangdpd sepibesnabeitaor withishe matletiigs layen imtinatsed thwidbhtvaccehanat ed i ons
so that a fLadilie ;e8P 1S.Lek ,gi , the. sjngl e crystal sen.conductor
substrate; a de_pt)rse s&lgﬁgd B%mg? tcgé% ?igjﬂe% ?lgﬁfci 4 acl)rsﬁelﬁo‘f“cl‘f@r%%g%'ﬁ Bf a
surface ofthadrapisdzani sigthaty einglorcoystad eemonnduchadeyes ishsfat @er tiftebaegi on
stal semn conduct or

cor r espondj ng periphery of .th i ngle.cr
cubst ot o PRt hIPHALATTN BicoBuTinian LT e SFEBORMI e ( he base
substrat e miriphery hie remsuddain pgtdnaiyerihd Ringlepasadl tdEcaRIRENE S er thennal
treat ngnt S!esni(tper fcgr dt per_eon to separate the single crystal sem conductor
subst rat e EPREUFY LG 548Medyi on, so that a single crystal seniconduct or
| ayer is fjoorgd over the base substrate; and the single crystal
sem conductor |ayer in the region corresponding to the periphery is renoved
in patterning t REYHRNGI'R OBt gubodiment o driderenioinvengipar the &liowinn sieps are
i sl and- shapgddse BsHQRAEHA sernRY Sductdr dMstrhte is irradiated with accelerated ions so
that a fragile region is formed in the single crystal semiconductor substrate; a depression
20 or a projection is formed in a region of a surface of an jnsulating layer provided on a
base substrate, the region corresponding to the periphery of the single crystal
semiconductor substrate; the single crystal semiconductor substrate is bonded to the
base substrate with the insulating layer interposed therebetween: thermal treatment is
performed thereon to separate the single crystal semiconductor substrate at the fragile
25 region, so that a single crystal semiconductor layer is formed over the base substrate;
and the single crystal semiconductor layer in the region corresponding 1o the periphery
is removed in patterning the single crystal semiconductor layer to form an 1sland-shaped
semiconductor layer.
[0011]
30 According to one embodiment of the present invention, the following steps are

included: a single crystal semiconductor substrate is irradiated with accelerated ions so

that a fragile region is formed in the single crystal semiconductor substrate; a depression



30Accordi ng to one enbodi nent of the present invention, the follow ng steps
are included: a single crystal sem conductor substrate is irradiated with
accelerated ions so that a fragile region is formed in the single crystal
sem conductor substrate; a depression or a projection is forned in a
region of a surface of a base substrate, to which the periphery of the
single crystal sem conductor substrate is to be bonded; the single crystal
sem conductor substrate is bonded to the base substrate with an insul ating
| ayer interposed therebetween; thermal treatnent is perforned thereon to

separ ate t beagirdiglton ib feiatiala SMnCANONGERE oFUbSAE alignale, thenidhagh! e
region, so that a single crystal sem conductor layer is fornmed over the

base subst PEIPEeYadgtherdnels sl spyicpiducios sibgmutst ©r bg ywsded; et fiegle egi on

cor r espondiigat Rnfidd@dRsH RBRFYe ik BohRARY Qd daBe PALLAE WilGintiRIfiPIhyR, CT yst al
sem conductor |layer to form ani sl and-shaped sem conductor |ayer. "10[ 0012]

In the aboV¥~ERSEE MeHE EhBIBTHEhtrcatmentis Dejfesmed dlsreont to separeielilan €nglhie singl e
crystals sealrvgfglnQaﬁk@ﬁddcasyegub\é\ﬂéaw Aiaﬁll%r fﬂagwtreéig | W aye ol Qﬁl{gﬁ‘h%ég%s eristics
g

. . 11
of the single crystal semi conductor layer. As the base substrate, a gl ass

substrat e TAHCHELtigedaye 091Bmad|aver Khs bepecibitets | o, e 'seighglceysat yst al
means, whegn,attanthOhks iPahd (L Aol & : rystal,in which
the crysta naxe_s are g%féneé fﬁﬂgﬁ%%é%%%n§ﬁ¥§%?%8 |1h% yﬁp%ﬁ?v%%l% sanpl e
and al so ipetighingh hhesiogles cnotat r yetiadndbaundayéreso bétweem cislysd-allaped Not e

that, in I i fication, the single crystal includes in its category a
crystal ingﬁﬁ?%ﬁﬁgﬁgggﬁrection of crystal axes is uniform as descri bed

above Hhd Whizlh has no 20 grain boundaries even when it includes a crysta

defect or a dangli ond, In addition, re-single-crystallization of a

single crystal g%&ﬂ%S %ﬁé@gyﬁfgiﬁﬁmﬂgﬁﬂé fﬂ%@i m@@ﬁﬂ%dﬁ&@@?e&eﬁﬁvﬁﬁ havi ng

a singl e coysilakbmbndietaingyer atilinns: lightafempave 1@ dastiRghs Of ist@lgist ructure

after beiqggig a difJereg% stg}e fromthe sinqle crystal structure (e.g., a
st i A b

li qui d- phd grpnayetor s opse Firite-ailaig SRRsERGSABPS vedt i on of a
single crysbpd] 25sem conductor |ayer neans that a single crystal
sem conductor layer is recrystallized to forma single crystal '
seni coiduct or | &% 8¥s speaidigation, a “single Nyyplal"tpens.avisarilesivaue PO lWesrlage in this
speci i catdrpf,9gaeh alysi INILERURTARY J&VIE 8 HRRAPHR sBhe hHRGLLIDLEAY bY
utilizing sem conductor characteri'stics, and
part of a sample and also in which there is no crystal boundaries between crystals.
Note that, in this specification, the single crystal includes in its category a crystal in
which the direction of crystal axes is uniform as described above and which has no
20 grain boundaries even when it includes a crystal defect or a dangling bond.  In addition,
re-single-crystallization of a single crystal semiconductor layer means that a
semiconductor layer having a single crystal structure returns to one having a single
crystal structure after being in a different state from the single crystal structure (e.g., a
liquid-phase state); it can be said that re-single-crystallization of a single crystal
25 semiconductor layer means that a single crystal semiconductor layer is recrystallized to
form a single crystal semiconductor layer.
[0014]
Note that a semiconductor device in this specification generally indicates any
device capable of functioning by utilizing semiconductor characteristics, and
30  electro-optic devices, semiconductor circuits, and electronic devices are all

semiconductor devices.

[0015]



30el ectro-optic devices, sem conductor circuits, and el ectronic devices are
all sem conductor devices. [0015] In addition, in this .
specification, a display device includes in its category a light-emtting
device and a liquid crystal display device. The light-emtting device
includes a light-emtting elenent, and the liquid crystal display device
includes a liquid crystal elenment. Alight-emtting elenent includes inits
category an el ement whose 5lum nance is controlled by a current or a

vol tage; specifically, an inorganic electrolumnescent (EL) elenent, an
organi ¢ EL el engntaddiangl ﬂhhﬁidspk@ﬁ@i@nga vgplay [&Q&@]mcludes in i@CGRLENY to one
enbodlnent f t he resent énvent a _depressjon or projection is

provi ded i geggwp deviee prt A ?yHFIgﬁ%%¥ﬁ%ﬁ%¢mﬁﬂ@ﬁ“ﬂ%°W&“Héd66ﬁﬁed to
10 form a megtemn 1|lgh1-\6ﬁ1|1lﬁhg tleekondl H1ihSd 0B8LtaPEEHRY MBH. DY HeS Egﬁhmd n this
manner , generatlon of stress caused by .expansion or contraction of a

substrate gyl depeés n%lhé{lﬁ"’é%‘ftﬁ’én‘tlelﬁ‘%{ﬁ iggdudes i i 18 SEEEOTY tHRePEPINt SOPT essi ng

gener at§ onu@finadestit | @RuBALd QRN a u&&%n&e%s»oh&gea $eB8LACT z%fStn%r sanic.
sem conductor |ayer. [0017] 15In the periphery of "the si'ngle cr

sem conduc‘ilﬁﬁ*mﬂ%yé‘?sceﬁl ﬁ@lﬁ%@ﬁ%@llﬂﬁﬂéwdﬂwl@eﬁdeﬂwdh@é{q aﬁegllfven ci ent due to
the structppesiof a single crystal sem conductor substrate. Therefore, the
periphery of the sem conductor |ayer is renpved when a semn conductor

el enent is fornédgcordingt aenct peqdimend afethic quenduc irventicaly er ddpressine aregi on in

B L N s U e
af f ectlla sferm cormgicct @r WUehlthe.boBHigEFs DESGRIdPHEONyCesiBHE DRAWY N@Snu,
generation of stress caused by expansion or contraction of a substrate due to thermal
treatment can be suppressed, thereby suppressing generation of a stripe pattern
(unevenness) in a single crystal semiconductor layer,
[0017]
15 In the periphery of the single crystal semiconductor layer, the bonding strength
tends to be insufficient due to the structure of a single crystal semiconductor substrate.
Therefore, the periphery of the semiconductor layer is removed when a semiconductor
element 1s formed; at that time, the semiconductor layer in the region in which the
depression or the projection is provided can also be removed, whereby the
20 above-described depression or projection does not adversely affect a semiconductor

device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
25 FIGS. 1A to IF are cross-sectional views showing an example of the
manufacturing method of an SOI substrate and a semiconductor device.
FIGS. 2A to 2C are cross-sectional views showing an example of the
manufacturing method of an SOI substrate and a semiconductor device.
FIGS. 3A and 3B are plan views showing examples of the manufacturing
30 method of an SOI substrate and a semiconductor device.
FIGS. 4A 1o 4G are cross-sectional views showing an example of the

manufacturing method of an SOI substrate and a semiconductor device.



[0018] 25FIGS. IAto IF are cross-sectional views showi ng an exanple of the
manuf acturing nmethod of an SOT substrate and a sem conductor devi ce.

FIGS. 2A to 2C are cross-sectional views showing an exanple of the

manuf acturing method of an SO substrate and a sem conductor device

FIGS. 3A and 3B are plan views show ng exanpl es of the manufacturing

30nmet hod of an SO substrate and a sem conductor device. FIGS. 4A to
4G are cross-sectional views showi ng an exanple of the manufacturing method
of an SOT substrate and a sem conductor device. FIGS. 5A to 5D are

cross-secti onal R/IGGV\&ASh@wmgar@mr@g&maﬂoﬁaIOirlcthesiW %ﬁt&{dhﬂg g?é&l@d of I :2
SOT substrate nd a se onduct or_device . an are p
vi ews showAg" é‘i&‘éﬁ’fﬁ ‘B%Jn‘b(? tHe ahbiateanf P igmivetdislr 66vieth SO substrate and

a semi conduct or rdegi 68. ardFbESre Bﬁmtﬂe\ZPs%@mgreQ§1§pi%§%tf'&é‘%lanwa@mnéhOW' ng
an exanpl e of manuf acturi ng net hod of a Sem conductor device

(transi st optpthod & O SOpupgratgmdiagempsopdustesdsgise.sect i onal vi ews showi ng an

exanpl es of the maoyf a@twumgam@tcmas&fmaa;sel%goga%% d&%ingfe GEr@psistor).
FIGS. 9A and 98 are a plan view and a cross-section V|ew a

10seni condiirBiclgEg eahqd efgrsmiopdyctor device (irap$igsy). 10A to | OH are views
HTustrating el egE50RAC (HRY GRS RRACRASHNYyiBwS SILERNAYS tcgc%nn)? of She
manufacturing method of a semiconductor device (transistor).
FIGS. 9A and 9B are a plan view and a cross-sectional view of a
10 semiconductor device (fransistor).
FIGS. 10A to I0H are views illustrating clectronic devices each using a
semiconductor device.
FIGS. 1A (o 11C are views illustrating an electronic device using a
semiconductor device.
15
DETAILED DESCRIPTION OF THE INVENTION
[0019]
Although embodiments of the present invention will be described with
reference to the accompanying drawings, the present invention can be implemented in
20 various different modes, and it is to be easily understood that various changes and
modifications in modes and details thereol will be apparent to those skilled in the art
without departing from the meaning and scope of the present invention. Therefore, the
present invention is construed without being limited to the description of the
embodiments. Note that the same portions or portions having the same functions are
25  denoted by the same reference numerals in the drawings, and the description thereof is
made only once.
[0020]
[Embodiment 1]
In this embodimenf, one example of a manufacturing method of a
30 semiconductor substrate (SOI substrate) and a semiconductor device using the
semiconductor substrate (SOI substrate) will be described with reference to drawings.

Specifically, the case where a semiconductor substrate in which a single crystal



FIGS. 11A to 11C are views illustrating an electronic device using a

sem conductor device. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0019]

Al t hough enbodi ments of the present invention will be described wth
reference to the acconpanying drawi ngs, the present invention can be
inplenented in 20 various different nodes, and it is to be easily
understood that various changes and nodifications in nodes and details
thereof will be apparent to those skilled in the art w thout departing from
the meaning and scope of the present invention. Therefore, the present

i nvention i@nicadsiotiager pooidtd beir BGadeistbdiat i@ Heligsdi®sgri ption of the
enbodi nent te that the same portions or portions having the same
functions g@% 25denoted by the sanme reference nunerals in the draw ngs, and

the description H;J@Eraﬂﬁﬂe éu‘éslmﬂ)@mdﬁ Qx@@cryﬁl@péghcc[ram&(uuﬂﬁ@te o 4o this

enbodi nent, one exa a manuf acturing met hod a 30 sem conduct or
substrate ?@%ﬁﬁ%ﬁﬁ%nkg%é¥a&%é By semi conduct or deV|ce usi ng the
sem conglucfgpojsubstrate (SO substrate) will be described with reference to

drawi ngs. Specifically, the case where a sem conductor substrate in which a
single crystal /ﬁéﬁﬁéﬁﬁﬁﬂéﬁﬁﬁeﬂ@%evﬂwgﬂﬁﬁGmﬁ@eﬂaWVQphawmaséeyabbtﬂmte will
be descri b@p@cxﬁ[: Ongélxﬂ]eiy of slass ﬁl'bgtﬁitles RatIBS %se%uigqfug Qi%guo]n? | @gt a qsulc

crystal sem conduct or strate 110 are prepared (see
aluminosilicate glass substrates, aluminoborosilicate glass substrates, and bauum

1B)

borosilicate glass substrates; quartz substrates; ceramic substrates; sapphire substrates

10 can be used. Note that the heat resistance of the above-described glass substrate is
generally improved by containing a large amount of boric acid (B.03); and
more-practical heat-resistant glass can be obtained by a larger amount of barium oxide
(BaO) than boric acid.  Therefore, it is preferable that a glass substrate containing more
BaO than B,O;is used. Alternatively, a single crystal semiconductor substrate (for

15 example, a single crystal silicon substrate) may be used as the base substrate 100. In
this embodiment, the case of using a glass substrate as the base substrate 100 is
described. Cost reduction can be achieved when a glass substrate that can have a
larger size and is inexpensive is used as the base substrate 100.

[0023]

20 It is preferable that the surface of the base substrate 100 be cleaned in advance.
Specifically, ultrasonic cleaning is performed on the basc substrate 100 with the use of a
hydrochloric acid/hydrogen peroxide mixture (HPM), a sulfuric acid/hydrogen peroxide
mixture (SPM), an ammonium hydroxide/hydrogen peroxide mixture (APM), diluted
hydrogen fluoride (DHF), or the like.  Such cleaning can improve the flatness of the

25 surface of the base substrate 100 and remove abrasive particles remaining on the surface
of the base substrate 100,

[0024)
As the single crystal semiconductor substrate 110, for example, a single crystal
semiconductor substrate formed using an element belonging to Group 14 of the Periodic

30 Table, such as a single crystal silicon substrate, a single crystal germanium substrate, or
a single crystal silicon germanium substrate, can be used.  Alternatively, a compound

semiconductor substrate formed using gallium arsenide, indium phosphide, or the like



5[ 0022] As the base substrate 100, a substrate nade of an insul ator
can be used. In specific, a variety of glass substrates that are used in
the el ectronics industry, such as alum nosilicate glass substrates,

al um noborosilicate gl ass substrates, and barium borosilicate gl ass
substrates; quartz substrates; ceram c substrates; sapphire substrates 10
can be used. Note that the heat resistance of the above-described gl ass
substrate is generally inproved by containing a | arge anount of boric acid
(B203); and nore-practical heat-resistant glass can be obtained by a | arger
anount of bayibamsalxi dee (yBEtﬁl)%Iidﬁanccbﬂihbx@maﬁhd)n stib@fa@ds Qrees mbiﬁes'(ﬂﬂ%ﬁxf)er abl e
that a gl assdsubtstr6 at 2 ai n nor e gaOthan B203 i s. used.

Al t er nati v&l Y% rﬂj %s’f“& “’s@f’ﬁ“&‘(?h ueths? (ary i diapesr 1218ckesanpl e, a

si ngl e crysical mﬁi)hh Qﬁl’ﬂnfﬁ&tb&ﬂid’ a6 ejchanysdoemuyafl @sndiie PRI SpRst Gahbe 100. In
this enbodi,men u gl ass .substrate as theé base substrate

sin
100 is desHFIBEE C‘@BE’I’ ST‘Z(&E.&&M?F g’éﬂe B@ﬂ’&c‘%‘ﬁ%%é‘éf“%féﬁ“@@”@ﬂ%t@"s%ﬂ%@ rate

t hat cas haMB;S&Aoﬂ 1@1{1@5%10%&&@81%@ A Sndl DE¥RANSIYB nd2tHS R LaS L e
substrate 100. 0022“]rlla 201t is ref ef’r &?e t hat %1he surfacepof t%ﬁﬁﬁase

substrate 306CHREUAr sk Of r‘iheaél arvé. bespied 4si wall| yFurthiet.r ths ovrigde chwsthi ng i s
per f ormed Qﬂn&&‘ﬁu&@ﬁ @ulﬁ!ﬂzﬂéti"l@tcﬁn %QQHQMUE"J&&?@ b]{,j' sdeCQfmﬁ}uﬂy glr 9(Zh¢]”?ga'tm

aci d/ hydrogen peroxide m xture (HPM, a su i c acl roge per%xi de
mxture ( ¢) mgHodmmoni um hydr oxi de/ hydr ogen peroxi de mixture (APM,

di | uted hy?yog gen fluoride (DHF), or the like. Such cleaning can inprove the
flatness of the 25 surface of the base substrate 100 and renobve abrasive
particles renai direry thh peineoB wieadfercobvalhe doaseisubs itriatpeefd@le hAARY)

oyt sl orah e ing M MG OB LRE R B vl Sk S Bk T o ey o

crystal sem cond rate Forime Hi¢ o Group

14 of the Red/hﬁhiogﬁn ﬁ@oxTMjirﬁgtur@l{Sﬁl\ﬁSaia aﬁnl{m)giu&l dedﬁilaé/i@drbg&loﬂ%@kl@@t rate, a
single cry; si[icon._germani um

b t | t
substrat e, M%urcb@\ g m}@d%?()ecﬂ?r al i‘elcéﬁygyd‘gg%lon 83‘1‘1@ : ?"Eoﬂﬁd\?ﬂofh Wgethst rat e

f or med usumgir@hlﬂuumw(rmam slehe iiRdi wnuakiasahigds quekdd Ha dzbrh%ewatemé(y be used.
Thetyggcalz)eﬁﬁél f co rcial silicon substrates are 5 inches (125 mm in
r

di anet (5153(‘.7‘ P Fign et WFfaces of g sgsieooystpnyentipondpetant er, 12
i nches (30bsmadke i1, di aneter, and 16 inches (400 mm) in dianmeter, and the
typi cal shape thereof is ci rcular. Note that the shape of the single
crystal sefPt8nduct or substrate 5 110 is not limted to circular, and a

single crystal seqj %Qﬁgﬂ@k‘éfonsﬁb%\;hre?ctiﬁe Qtﬁﬁ I%l@&llr(! @tdgmg%/ed }‘011 g("l‘”atac{ shape

or the like can be used as wel séni conduct or
subst r at e PraGtemne depth ivbabe gridatelyy te Sl m'evhdctemncohddlci’or(sﬁbmtd 1ng Zone)

et h0d20 [Oﬂ% ] than.Ei'%é) %gsngtcpl%n}ndo the sln%yg 8ysidlesr£Pn\{(%nd85101Cgurﬂ)gt?%me rﬁlg ar¢ Itis

preferable t
bonded to each other with an insulating layer 114 interposed therebetween (see FIGS.

1C and 1D).
[0027]
At that time, in this embodiment, a depression 140 (or a projection) is formed

25 in a region of the surface of the insulating layer 114, the region corresponding to the

periphery of the single crystal semiconductor substrate 110, so that a portion where the

base substrate 100 and the single crystal semiconductor substrate 110 are not bonded to

cach other is formed by design (see FIG 1C).  Accordingly, stress caused by thermal

treatment or the Iike at the time of the bonding can be suppressed, thereby suppressing
30 generation of a stripe pattern (unevenness) in a semiconductor layer.

[0028]

Although the stress is suppressed by the depression 140 formed in the



surface of the single crystal sem conductor substrate 110 be cl eaned by a
sulftiric acid/ hydrogen peroxide m xture (SPM, an anmoni um

hydr oxi de/ hydr ogen peroxi de m xture (APM, a hydrochl oric aci d/ hydrogen
peroxi de m xture (HPM, diluted hydrogen fluoride (DHF), or the I|ike.

D | uted hydrogen fluoride and ozone water nmay 15be di scharged alternately
to clean the surface of the single crystal sem conductor substrate 110.

[ 0026] Next, a fragile region 112 where the crystal structure is
damaged is forned at a predeterm ned depth fromthe surface of the single

crystal semsclansiiddyer 15ubsbordEn® (ol #0s emBOdikkRAN ont henBamRns WP ptcgenl 00 and

the single.crystal sem cgnd cto gstr te 110 are bonded to each ot her
with an |n§lyl%tﬂcinn’§ ‘iow’éﬁﬂ ﬁo}’h’{;"élf‘%) DHad tpdpeplrsiuen (dBeicrtiongnay Eeand | D).

[0027] At ftdiddedtibstead bN ikdidepressadi DRNExandldedr @RS hRhod4r (Bfmidg L] ection)
is forned 25 in aregion of the surface of the insulating |ayer 114, the

regi on condBEHBIA; PRYeirE HisT Heriepricy abha wenlainggpier I gonarkingdiri lesnduct or
substrate [l@.irsBattRadndandiddaaecWhene Abhehase ¢ Mét%@f@%@&n "ﬁ%{hg he

single crystal sem conduct or substrate 110 are not bonded to each other is
fornmed by BE&CHMN (WEemmeGir dhe fapedpriiohdhy insyleries davend s dodmyinghedr mal

treat ment gfnitiR&vidnl alﬁeapﬁltopﬁlﬁg stk TR o s fA€e bomds ﬁgiaﬁﬁ%laggr fl%pg{detﬁg ¢g. thereby

suppressi ng 30generation of a stripe pattern uneve

sem conduc%*rbelga‘gﬁér [0028] Although the stress is suppressed by the
depression (o4 gﬁ formed in the insulating |ayer 114 according to this
enbodi nent, one enbodi nent of the present invention is construed w thout
bei ng 9 mi ted tdhehiagikst ragitour &2 c&npbet)jfemtddoby niayidisend aharethglnshead of the
depr ession he ression,

pat t er ni ngsegf?on% ‘?ﬁp‘mg %‘fa%a ﬂoc}"ﬁ“hol "tH ydlﬁ)%u’? %&‘Fhﬁg‘i lé%)’&}gq‘i’ﬁjzilc REEKi ng by

| aser 5 |j0gkd} i rradiation, and the |ike can be given. As exanples of the

met hod for formngthe ct| att i ng fter the formati on of the
i nsul ating | ayer**114 ™ Ear%‘%ﬁ@y&bf ?3 5 F {g‘ée‘v\ﬁ’ # d5ulappg GET 848 &iZe on the

surface ofsgilidva om&uﬁiat, ianglidody®fynilddh, fimnch dif@nl dilkRle GAR, BL 2 GIINER nithi§029]
15 oxide film, or a stacked layer thereof can be used. These films can be formed by a
thermal oxidation method, a CVD method, a sputtering method, or the like.
[0031]
Note that in this specification, silicon oxynitride means the one that contains
more oxygen than nitrogen and for example, silicon oxynitride includes oxygen,
20 nitrogen, silicon, and hydrogen at concentrations ranging from greater than or equal to
50 atomic% and less than or equal to 70 atomic%, greater than or equal to 0.5 atomic%
and less than or equal to 15 atomic%, greater than or equal to 25 atomic% and less than
or equal to 35 atomic%, and greater than or equal to 0.1 atomic% and less than or equal
to 10 atomic%%, respectively. Further, silicon nitride oxide means the one that contains
25 more nitrogen than oxygen and for example, silicon nitride oxide includes oxygen,
nitrogen, silicon, and hydrogen at concentrations ranging from greater than or equal to 5
atomic% and less than or equal to 30 atomic%, greater than or equal to 20 atomic% and
less than or equal to 55 atomic%, greater than or equal to 25 atomic% and less than or
equal to 35 atomic%, and greater than or equal to 10 atomic% and less than or equal to
30 30 atomic%, respectively. Note that the above-described ranges are the ranges when
silicon oxynitride and silicon nitride oxide are measured wusing Rutherford

backscattering spectrometry (RBS) or hydrogen forward scattering (HFS). In addition,



10The fragile region 112 can be forned by irradiating the single crystal
sem conduct or substrate 110 with ions of hydrogen or the |ike having

ki netic energy. [0030] As the insulating layer 114, a single |ayer
of an insulating |layer such as a silicon oxide film a silicon oxynitride
film a silicon nitride film or a silicon nitride 15oxide film or a
stacked | ayer thereof can be used. These filns can be fornmed by a thernal
oxi dation nethod, a CVvD nethod, a sputtering nethod, or the |ike. [0031]
Note that in this specification, silicon oxynitride neans the one that
cont ai ns N@o@NYERB célian rilid drageddnanded OlenR¥@ABbenot Stdeb& 00D LXyRb4 ri de

i ncl udes o en, 20 nitrogen, silicon, and hydrogen at concentrations
rangi ng fr 6%eater than or equal to 50 atom c% and | ess than or equal to

70 atomi c% great@ret AN LORAIRAUR 1O HscD s@assﬂmeC%@nQ]ld' AR5 s PHhsifaqual to

15 atom c% greater than or egual to 25 atom c% and |l ess than or” equal to
35 at omi cOfEIINGFRRIEITEOHEN. Bis Elgebla e Porfarmnsiie yramancessutfheermtor  equal
to 10 ag omygs, tlE@@cQ@ﬁltg' i¥§!:1¥0111£3,rﬁ1%ei§,’ the 'szlnlfa(éggogfh% rbh&esugg(tka](?«egldﬂsaz?{hsthg he one

that contains 25 nore nitrogen than oxygen and for exanp icon

ni tride oxingdatingclayeield 4o0ryershon Hict vieglentysel bénsiornduaied siibstintogé f iatthis .
concentrat -rangi _Y,.4 (0 t. requal:. to Lom c% and | ess

t han or eq%}a tugagb gtg i)érlr(lgecg};e g‘glr%gttat% él} l{lﬁgbﬁgo?@egﬁgfngt (S)écZ%EhatbS&rﬁ{egBA)tg%d | ess
than or equallating 8% atbaidods bge edtsentetlN@n or equal to 25 atom c% and | ess
t han or quﬁg3to 35 atom c% and greater than or equal to 10 atom c% and

| ess than or équal to 30 30 atom c% respectively. Note that the

above- tiescri bed Asangaplar of e sm@ingeseavhan, sicl iRamexydiyt frtd@eandnsi | i con
nitride oxide.are neasured using, Rut herford backscattering spectmmeily
CRes) “or risiun PER Rbi G u b e s i et PG HerBROOR for ¢ he
content rasrdiff@bnitdRetremnsits ind@ bt c@hBiRBNMohegegsmtat exceed 100 atom c%

[ 0032] Bef ore the bondi ng of the base substrate 100 and the single

crystal selPEnduct or substrate 110, it is preferable to performsurface
treatment on a srd@selcalbr dR W Euhde HORAIBAmES Lgﬁ{gfclsa:roﬂ@%w} g@zftonés’ the

surfaces of the base substrate 100 and the insulating | ayer 11 forned on
the si hyl eV#Fyseaingemeennaclaringuar fud elepremei (methedsin evibefd fimetienal Sur f ace

Lreatment Gas WIRLOYEDERTAIAGCHLLNAENRE WERG. JNRulauliAbLAG, | aver 114
and the base substrate 100. [0033] 10As exanpl es of”the sur ace treat ment,
wet treat mprtyed degethaeanfretht likanmn be given. As examples of the dry treatment,
ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with bias
application, radical treatment, and the like can be given. The above-described surface
20 treatment on an object (a single crystal semiconductor substrate, an insulating layer
formed on a single crystal semiconductor substrate, a support substrate, or an insulating
layer formed on a support substrate) has an effect on the surface of the object to
improve the hydrophilicity and cleanliness. As a result, the boning strength between
the substrates can be improved.
25 [0035]
The wet treatment is cffective for removal of macro dust and the like bonded
on the surface of the object; the dry treatment is effective for removal or decomposition
of micro dust and the like such as an organic substance bonded on the surface of the
object. The casc in which the dry treatment such as ultraviolet treatment is performed
30 and then the wet treatment such as cleaning is performed is preferable because the
surface of the object can be made clean and hydrophilic and generation of watermarks

in the surface of the object can be suppressed.

10



conbi nati on of wet treatnent and dry treatnment can be given. Different wet
treatnents or different dry treatnents may be conbined to be perforned.

[ 0034] As exanples of the wet treatnent, ozone treatnment using ozone water
(ozone 15 water cleaning), negasonic cleaning, two-fluid cleaning (nmethod
in which functional water such as pure water or hydrogenated water and a
carrier gas such as nitrogen are sprayed together), and the |ike can be
given. As exanples of the thy treatnment, ultraviolet treatnent, ozone
treatnment, plasma treatnment, plasma treatnent with bias application,

radi cal trgaseent, and the |i ke can be given. The above-descri bed surface
20 treat ment onﬁgn Qﬁb?Ct ga single crystal sem conductor substrate, an

i nsul ating | ayer™¥ BF fE0TSIMetsi Hgtreferpblise Aerfemni e Bie (e Brenisimg 97are.  a
support subsdxyadiein aQlac@k stidsilcRbi 88gib@kgEed. OIOBE: SN SHRARA L RIMRL I at e)
has an effect on the surface of the object to inprove rophilicity

t he hyd
and cl eanl $¥B&E5 g oxvparbles prgaup gbisiagees bradrgon 1%%‘\7‘\%@%0&‘%%0@%@! rat es
can be 3 nppONgfbved? S 8R3Bbosced effectiviRe Pekhet EALERALL S8 {884 L& Ll renoval
of macro dust and the like bondelélr ﬂgn t he es’urfa{ce _011é tﬁ% Jozglj%e!()ft(;%(yg’%(e dry
treat nent PsMeRFEE: $9e Tk 25 Bl OXyEeH awanpro sPmbived ofitnirestmeniustingand t he
like such @g.@bleOligaNating YPSERAGEs RONESH 00 fnh FacerRhict B QRlect - The
case in whi 0?1 tﬁe i%ryat 1rngat nentleLch as u trIe{'[\ii%(c)’lstg%t tﬁggﬁ%%nspg?lgl%%rformd
30 and t helprdere opethe t uglagenehtthes gbisctasanc beaninneed swoperffertively. | Spargd er abl e
because t%Séﬂﬁ'ifoﬁ%ré%ffwtﬂbﬁeﬁ’lgeel9ctlov9an be made cl ean and hydrophilic and
generation of watelmarks 1n the surface of the object can be suppressed.
[0036]10 [0037]As the dry treatment, it is preferable to performsurface
treat ment usingQzon [ .oxygen i. n active state such as singlet oxygen.
Ozone or oxygen F?ﬁggﬁlpaecf?%%gglﬂlg’ L@E%‘H&ﬁgsh@it Hﬁ‘?éﬁh"o@éwﬁ 1B faBiaEEngr gani ¢
subst ancesoxyeadsdedirmdietosierfoat ehofurfabe reljnest oft @c objebe NeMmMRE Wit
deconposed ,ef f.ecti.vely. . Further, the treatpent using ozone or oxygen in an
active st alEdglen igh %ﬁ"ﬁ‘&l 8?"%‘32%’&e??aghaﬁe%@o%i%dgw‘ﬂﬁiei dight hasine usi ng
ul travi ol etavclegfihs BavicnGanay @heN el DS hesHdbNAB 8RGPRT: 8RRl PG Organi c
subst ances bonded_on the surface of the object can be renoved ndre

ef f ectPvel§RY Bprtformgd, de dhat iopeneamdishigtd oKy s oan e ererizich el ANeMALGPIF037]

For exanpligadibtidnadiidt LRAvINd hidth tERMI0Walelbi At 14DAgE, LR f%”%?.?ﬁfée

cont ai ni ng oxygen is perforrreqﬁto performthe surface treatnent” of the

obj ect. | meHaimad: shthol azAngandrsinglesbrygepicghbe graviatg. wavel engt hs | ess than 200
nm and ul tfggughol et |ight having wavel engths greater than or equal to 200 nm
under the atndbsphere contai ning oxygen 15 may be perforned, so that ozone
and singl et oxygdarexemplelyd tyerertanevhichAlsteensdthyvbd yradiativadiigtdleaviviet h

ul travipol gLl 180t 0AVLAG | gn E | ess, t han. 8.} may be perfornmed, so
t hat ozoneltgand sihgl 4 %%%’% ﬁlgﬁtz g“éneﬁ%drﬁ }@Hfo}(% @gg}vaVIXg wavelengths
greater than or equal to 200 nm under the atmosphere containing oxygen is described

below.
Oy + hv(2y nm) —> OCP) + OCP) - (1)
OCP) + 0y =5 O3 - (2)

25 O3+ hv(hg nm) — O('D) + O, - (3)
[0039]

In the reaction formula (1), irradiation with light (hv) having wavelengths (A,
nm) less than 200 nm under the atmosphere containing oxygen (O;) is performed to
generate oxygen atoms in the ground state (O(3P)). Next, in the reaction formula (2),

30 the oxygen atom in the ground state (O(’P)) and oxygen (O;) react with each other to

generate ozone (O3).  Then, in the reaction formula (3), irradiation with light having



An exanpl e of the reaction which is caused by the irradiation with
ultraviolet 20 |ight having wavel engths | ess than 200 nm and ul travi ol et
| i ght havi ng wavel engths greater than or equal to 200 nm under the

at nosphere cont ai ni ng oxygen is described below. 02 +nnm) -- 0O(r) O(P) (1)
O(P) + 02 03 (2) 2503+ hv(2,2 nmO0O(1D) + 02 (3) [0039] In the
reaction formula (1), irradiation with light (in') having wavel engths (X,
nm | ess than 200 nm under the atnosphere containing oxygen (02) is
perfornmed to generate oxygen atons in the ground state (O(3P)). Next, in

the reacti QRvdl@zl(R, £18) gred@f hen OXYARN (A3 AnddIends 19%91911@% @cﬁf?z 1§ Qé P) ) and
oxygen (02) react with each other to generate ozone (03).

reaction femeined qeaye (st pagifamicd o gfnerni¢ sigtet dragdnmiy anwam@ﬂemgx(l@i L();eo nr‘r)
greater t h@ﬂdé?rth@%ﬁ!}%p@\@xezc%lﬁmlgr&§é nt hfid&}&%‘?ls Rhl%r l?lirg\ﬂgfe?‘ll ll{] dadgder at ed

ozone (03) is perforned ener et oxygen in an st ate
(0(D)). Undayelgngis d@ﬂmjéqshé@(é ngoist fwmgd @xggwmte |ommwd iaad I!mlaM()ﬁthHh

ul travipl ey hi S than rforr o
gener at’e ozgkrllee]gm h@ﬁ:ﬂra?gﬁﬁg%%?%ﬁ& \%lg ﬁ:alg P traviore Iilbg]h = ﬁ%@?’ﬁloén\ggg%l engt hs
greater th@t&omposequahe tso tﬁzﬁ(}nrgﬂm |osymr:fs @eneded.o ”ﬂﬁacﬂjﬂip&ﬂéscﬁﬁﬁﬂ‘lﬁ).rfds@ t hat

singl et ox bove:- desct i bed %urface treat nent can be

per f or ned %&%{1?11[ caQ%Q r?p'?fgrfned bryacf) ra BRI AT G ? ANERISS R PR | amp (X,

- 185 nm maa (% esgts 1Imi,)Kglsl:l’llﬁahmﬁ)hﬁda{tﬁaﬁﬁf@@;ﬂ@i@@ﬂtdﬁilgg sggexygen. [0040] 10An
exanpl e of h(ﬁ/areacti on which is caused by the irradiation with ultraviol et
| i ght haviﬂqé vel engths I ess than 180 m under the atnosphere contai ni ng

oxygenig s descridedaleleOVt ihe reaction which is caused by the irradiation with ultraviolet
light having wavelengths less than 180 nm under the atmosphere containing oxygen is
described below.
Oz + hv(’3 nm) — O('D) + OCP) - (4)
OCP) + 0r = O3 - (5)
15 O3+ hv(iz nm) - O('D) + O, - (6)
[0041]

In the reaction formula (4), irradiation with light having wavelengths (A3 nm)
less than 180 nm under the atmosphere containing oxygen (0,) is performed to generate
singlet oxygen in an excited state (O('D)) and an oxygen atom in the ground state

20 (OCP)). Next, in the reaction formula (5), the oxygen atom in the ground state (OC’P))
and oxygen (O,) react with each other to gencrate ozone (Q3). Then, in the reaction
formula (6), irradiation with light having wavelengths (%3 nm) less than 180 nm under
the atmosphere containing generated ozone (Os) is performed to generate singlet oxygen
mn an excited state and oxygen. Under the atmosphere containing oxygen, irradiation

25 with ultraviolet light having wavelengths less than 180 nm is performed to generate
ozone and to decompose ozone or oxygen, so that singlet oxygen is generated. The
above-described surface treatment can be performed by, for example, hradiation with a
Xe excimer UV lamp under the atmosphere containing oxygen.

[0042]
30 Chemical bond of an organic substance bonded on the surface of an object is

cut by the ultraviolet light having wavelengths less than 200 nm, and an organic

12



02 + hv(A.3 nn) O(D) + O(P) (4) O(P) + 0203 (5) 1503 + hv(A.3 m) 0O(D) +
02 (6) [0041] In the reaction fornula (4), irradiation with |ight
havi ng wavel engt hs (k3 nn) |ess than 180 nm under the atnosphere containing
oxygen (02) is performed to generate singlet oxygen in an excited state
(0(D)) and an oxygen atomin the ground state 20 (O(P)). Next, in the
reaction fornmula (5), the oxygen atomin the ground state (0(P)) and oxygen
(02) react with each other to generate ozone (03). Then, in the reaction
formula (6), irradiation with |ight having wavel engths (X3 nm |ess than

180 nm undesbsizhe @tamsPhRIRbEMOE 8 WhiDY 1GLREHREGHnOZ0NE wWhdR)is bshapghfior med to
generate singlet oxygen.in an excjted state and oxygen. Under the

at mospher e NEGHEG AT MY Busrhet beioppdaliyatsegmposs byjorpna arsinglat gkegeno §ht  havi ng
wavel engt hgenlg@es t haith 180 dPdvé-8eRBEOIREL ! Qe HERET Al 9%9559&1%?@/ taﬁd
deconpose ozone or oxygen, so that singlet oxygen is generated.” The

above- descrydides pf fgcufrgeedthfetivect san bre mpervedmedhashe metlainedmysrd ] 4

i rradi agi omdihé Basd sHfRu8X G bIMBn Hd\bohakuindesyt he at mosphere contai ni ng
oxygen. [00421 30Chem cal bond of an organi € substance bonded on the

surface of {%f3lobj ect is cut by the ultraviolet light having wavel engt hs

| ess than 200 NMye,and,a0i0R 98 Smes MR - ni c.substance in
whi ch the chem paelx ’bgl?]d 1|Os.lc t O\AE?C%qlﬁiﬁﬁﬁdg‘%}oﬁglfﬁg&gﬁﬁlzlg‘nglmg?l’ the obj ect
can be oxi @at & vegidtesop osabohductr dayer 6 i prghigdtd oxgrgee bhe wbsteaoved. Wt h

t he above- I . Ch 4t t he hydr Llj.city and cleanliness
of the sur g%g{eé%% uéé’ (E)atb/jg\reﬁtéIL “E:%%E%l’gq%ldr%breg\vfgza,(Seggwﬁ'aflf ‘E"r‘liewﬁ'nsul ating |ayer
114 5ahd t[®e44ase substrate 100 can be bonded sufficiently. [0043]

e P oL Oty RS T S IS B RSR DET L
over the bageedubsia ahglcl OQion 112, thethbngidl Aldrtg graxere Lldciemdegr Poged
erebe V\ei%cr:]re s%g Ef\)ressure causes aec‘:?ack in‘the Iragile region 112, so that the single crystal
th bet {S FIGS. | E d 1F) %0&00
semiconductor substrate 110 is separated along the fragile region 112. Since the
15 insulating layer 114 is bonded to the base substrate 100, the single crystal
semiconductor layer 116 separated from the single crystal semiconductor substrate 110
remains over the base substrate 100. Note that since the bonding is not performed in
the depression 140 (or the projection), the single crystal semiconductor layer 116 is not
formed in the region corresponding to the depression 140, of the base substrate 100, by
20 which adverse effect of stress on the film due to the above-described thermal treatment
can be lessened, thereby suppressing generation of a stripe patiern (unevenness) in the
semiconductor layer,
[0045]
Next, the surface of the single crystal semiconductor layer 116 is irradiated
25 with laser light 132, thereby forming a single crystal semiconductor layer 118 in which
the flatness of the surface is improved and the number of defects is reduced (see FIGS.
2A and 2B and 3A). FIG. 2B corresponds 1o a cross seclion taken along A-B in FIG.
3A. The uradiation atmosphere of the laser light 132 is not limited particularly, but an
inert atmosphere or a reduced-pressure atmosphere enables the surface flatness of the
30 single crystal semiconductor layer 118 to be improved as compared to the case of the air
atmosphere.

[0046]

I3



Wth the thermal treatnent, an added elenment is separated out in a
mcrovoid fornmed in the fragile region 112, so that the internal pressure
is increased. The increased pressure causes a crack in the fragile region
112, so that the single crystal sem conductor substrate 110 is separated
along the fragile region 112. Since the 15 insulating |ayer 114 is bonded
to the base substrate 100, the single crystal sem conductor |ayer 116
separated fromthe single crystal sem conductor substrate 110 remai ns over
t he base substrate 100. Note that since the bonding is not performed in the
depr ession 140 (Nﬁmuha;ph@p@ﬁﬁﬂﬂﬂﬁwtuﬁaﬂ@y@gh@mcEMﬁk@%ﬁ@@Hﬂﬁ@ﬂd%§%@r | ayer

116 is not forﬂe ' F region cogrespondlng to the depression 140, of the
base subst PEt8" 156 mdtﬂ)” 19 Ao Wil laser Behidde. ofhigishesauseH thaveingle| m due

to the abovgsdesafithgidcbhenmld saadinRtonpRiePant 88880 Hal llgmﬁﬁae(lﬂylhe
suppre55|ngﬁgﬁnerat|on of a stripe pattern (unevenness) in

sem conduc eF&V&?SﬂTﬁﬂﬁ@meEWP‘“@Hé6§ﬁ?¢bbéw@ﬂm@H@U§Pﬁgmeﬁéhwsnat
sem congluct@kal a¥Eonkidfol Bydd 1RdirRY %gmg %é aV\I'i&uhd I’i‘a?s@r \Mh“l Q)E]Haiiﬁﬁ It digr eby

formng a single crystal sem conductor | ayer Tat hess of

t he surfac@“ﬁ%cﬂﬁE#6W%@méﬁéOtHémnﬂﬁbéﬁﬂﬁﬁﬂheﬁbb®sOﬁ@rheduoeﬁakmebnglGS 2A
and 2B andc3AausE kst Browdh HESRORfhet Ginfhid Q l.ong A-B in
FIG 3A Tﬁe f??adﬁgflgﬁ atrrjosphereeo]%11 # an?ﬁ%& ﬁ?m 3§$qw?c3F imted
part|cuIarﬂwﬂmbﬁw*ﬁnmPW@ﬁimamnmgﬁﬁér@e@mmaﬂmmdmc@mgpnmgﬁﬂs@nmbmnﬁmhere
enables th rikac f 3 cryst cto | ayer
118 to be ?'ﬁplrjléégs %Slféédg‘:tSH’ el Ft“p‘?ﬁ’ Q‘ﬁ‘é}s]‘giog%“g"t“h 18?‘%“ Sﬁ%g%ﬁg‘%” f 0046]
Not e t Kat lllsula1$1gp1ta§e¢lelrléb:lae bt; rsapprestsed SiNg €hac ItlyslliﬁlllalSﬁ&“hueg)ﬁﬂm&txﬂéltlh§yer 116
be partial | b dlat th t | i ht 132. This is
because |ft%he %ﬁﬁgpéxcf)glwﬁt %ﬁW%Sﬁﬁﬁ%%SP“F&V@FKfi@” ﬁﬁ??@ﬁ“&@hpletely,
the mcr oc}ayestl:@hil irradiii@nis Ghaltolher Siaﬂ@heede@ﬂy&ttaé inS@ i€ On eHeGhMatn@YBler 116 i S
caused by 5 crystal seniconduct or

ayer 116 BB Gy | R EP B sha i AR L ycant Erky SGROBeST nol e

crystal semy@aneaiaoss, Ardyper hié of shel @ &Qstal%ntcbﬁd&tdmyehﬁms nRaLd i al
mel ting can _caus ystal growth based on the unnelted solid-phase portion,

so tha ch§FdPagﬁ&ﬂﬂﬁ?“b%ﬁ“ﬁ%”Fﬁﬁ?év@Hha@rﬂﬁﬁﬁﬁﬁéwlpwhﬁh@lwdgwtuh@re t he
single cr y‘ﬁ)llialph%@la@@ NQYeh QY cdnﬁﬁ@!’: n{%ﬂ{ﬁw'ﬁeaﬂ?lntcﬁﬂg %ﬁ(ﬁpi 1§ttlﬁ+ ﬁlmgélgléffﬁfgfe entry

of oxygen, nitrogen, or the |i from atin can be
suppressedm”NﬁWéW¥%d9W¥HéﬁH&PﬁﬁﬁHOﬁﬁhmﬂWdKWEhﬁgcmeﬂmnn@ﬂ@udnhtMEnh¢he dept h

to which {dgshaghikohiobiiito 8T PRNAGhS: sdlgﬁ&g?ﬁgms mel ted by [aser

light irradiation i s shallower an the he'interface on the
i nsul ati ng%8ller 114 side (that is, it is shallomer than the thickness of

L1 51812 0T Yohel serGnde syl Yty A bl gPREL YT O (e

single crystal Sem con uet or?
l'i qui d- phéﬁeasﬂamﬂmmh@nbaﬁb&xﬂmMBmahaga@hmha@ﬁﬁﬁnbSeﬂdeﬁﬁh&@ﬁw&%bbe kept
in a solid-phase e | et.e It|n means nelting such that

th
the singl " a))saftéal? R IHVJC%WCIU?:“[ lirSér fol”& Fasyyg he 15 ‘Tq’c"é’ﬂ rflg ipreferbinéut i qui d
state to twiehounbend MaRed@] MRANRNE: ﬁihxﬂ&l@{uﬂﬁbﬁt}ﬁ:laxﬁ%ﬂs@i%dﬁ'%%&ﬁ d gyer 116
and the |nsalat|n | ayer 114. [0047] 20A pulsed |aser is preferably used

for the a% & d’é% ARG qfélg%pulptﬁir]ggﬁx ab¢ &xlowing can be given: an Ar laser, a Kr
25 laser, an excimer (ArF, KiF, or XeCl) laser, a CO; laser, a YAG laser, a YVOy laser, a

YLF laset, a YAIO; laser, a GdVOq laser, a Y205 laser, a ruby laser, an alexandrite laser,
a Tizsapphire laser, a copper vapor laser, a gold vapor laser, and the like.  Alternatively,
a continuous-wave laser may be used as long as partial melting can be performed.  As
examples of the continuous-wave laser, the following can be given: an Ar laser, a Kr
30 laser, a CO; laser, a YAG laser, a YVOy laser, a YLF laser, a YAIO; laser, a GAVOq laser,
a Y»Oj; laser, a ruby laser, an alexandrite Jaser, a Ti:sapphire laser, a helium-cadmium

laser, and the like.
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This is because a pul sed | aser beam having high energy can be emtted

i nstantaneously and a partial nelting state can be forned easily. The
repetition rate is preferably, but without being limted to, about greater
than or equal to 1 Hz and |l ess than or equal to 10 MHz. As exanples of the
pul sed | aser, the followi ng can be given: an Ar laser, a Kr 95 |aser, an
excimer (ArF, KrF, or XeCl) laser, a CO2 |aser, a YAG |laser, a YV | aser,
a YU laser, a YA103 |laser, a GdVOX4 |laser, a Y203 laser, a ruby |aser, an
al exandrite | aser, a Ti:sapphire |aser, a copper vapor |aser, a gold vapor
| aser, and[@d48] i ke. Al ter nati vely, a conti nuous wave Iaser may be used as
| ong as parti al It|n ﬁ %r& geﬁ xanmples o

conti nuous- wave é%‘éﬁc rﬁélaf 19 geled ﬂ}’iéaﬁﬂ}%lﬁm%u*ﬁ %Wané@’éFh whickr 30

| aser, a Cckh basBdorbed ¥AGC! asRy czy@ia%hmé;@%@ﬁv ia@rchU% | asgrwaicx R0 | aser,
a GdVO4 | a er, a Y203 laser, a _ruby |aser, an alexandrite |laser, a

Ti : sapphi r 8°F%ERK ”’ac‘i’f@ldieﬁ‘ﬁﬁ’%é’(ﬁrﬂl%ﬁlfllla&%’rh ohHg Iﬁﬁ—‘é lighkend tpeotleg] For | t

i s necessaeyanifiatihd DeverRyal @RBE BetGh tHeh8ndcaT@heatd: G ng

whi ch can bemeibsor bed ebygt he single cryé%c %scedmlcondot]jgtg%drl %@é‘@%%&@ Th
wavel engt hissthgeeesdrhed OP moe o ks pébivien ﬂ@rf‘fnélff:)'tdﬁ@ﬂ@mf rﬁhedem higlif132hen | aser

i ght and bigbiied fFQbnsiflr AYATHR: Y c e range
of greater thgn 1or e]quaimt ) rilm \iav%uzb?? &ll g%‘%ﬁ@g& ﬂt? §k.}1bgepuh

addi tion, thiée serlght éi@aﬂquylcbrﬁestt plethp sivgie cwsgahse@s@ndmamf b@crdleltéeasmﬂmed | n

consi der at | t he skin depth of
the | aser Qé“h?ﬁ 1%%%&%’%%@%%(%@% lo%ﬁ]l ¥ fﬁlg P\% %%?exa{}%}l‘ S SLIBF CBRGL or
| ayer 146, gr@atcrt then bi keual mhﬂ)oenémgﬁla:dbma tthyn of ec;daétol &E)am/bmb htNct3hatay be

set, for e I g reater t ual to 300 m/cnR
and | ess tﬁgnr%gge %éc?ﬁ%‘%eg CM%@I &’mﬁl} naé’gcl\ﬁ)tag Cl"ﬁ‘é?? t’l"?e 86833 W&i‘é@cff g(bgbl ener gy
densi ty rasgenérdasan(vexalepite 308 nihés was es wpdsad laseXeCl exci mer | aser

(wavel engtq%%ﬂ% nm is used as a pulsed |aser. [0049] The irradiation with
the | aser t 132 can be perforned under an atnosphere 15 contai ning

oxygen such as tie i@idiatRbaPME IReligl@N32 BAY be RhFRRRNEART a4 GhARSh&e Ni trogen
at nosphere or .an argon atnosphere. In order to performthe irradiation with

the | aSer OPEHIE BYEGHguh aéﬁh‘i Heppogtsrsprerecrt atmogplicet jush ank tirogtie | aser

light 132 Jﬁi&Msyﬁ@;eRﬁr‘raleEgmdauh@spﬁ&ca' it 488t %Qﬁmﬂhe"m rﬁ)ﬁmﬁﬂ@;tlﬂh@?&sﬁgper ein
the chanber is controlled. In the case where the cha is not used, an

i nert atnoiPhdré welar ve inei r?@ﬂoqﬂbeiﬁosrpﬁiefymgw’éin thndastr fght $ikcmagsba
ni trogen 8%&0;190& Rea 1§ﬁfl§g@1@%hﬁé\me§: Ryif ho a@t?oslnl{crréag{ ﬂ}e c(illtamt h t heu(l%lﬁgh al i ght

132. [0050] irradi ation under the 1 ner Sp Ret e S
ni trogen Hasﬂlhlcgﬁhfewhgfrflb@:tchéolﬂbqr npmov bseg, tiendr ammeﬁis:r@fcaﬁ Ihe fsmmsgl & crystal

cem conpuctas Sl AR LR, L5141 a0l FHL O 220000 L BLE SLPePRer e

In additio i ner her e

generatlonh@hanﬂ@hk§2and rldges than the air atnosphere, and t he energy
density rga&&lappllcable for the laser light 132 is widened. Note that the
irradiation mnth the laser light 132 nay be perforned under a

r educed- pr essur ghatrraaspibe beder WeGiRed Righospliieddi@h h@ﬂiuwg&hlﬁshh?gl'lle?@f%’ct Light 132
I's perfor rﬂ%g; ol{fpn%et{u, hgtgcgtae?ltjlﬁaes?ng cr gx?sﬁglrs%nnconduclm layer 118 than the irradiation
25  under the air atmosphere. In addition, the inert atmosphere has higher effect of
suppressing generation of cracks and ridges than the air atmosphere, and the energy
density range applicable for the laser light 132 is widened. Note that the irradiation
with the laser light 132 may be performed under a reduced-pressure atmosphere,
When the irradiation with the laser light 132 js performed under the reduced-pressure
30 atmosphere, the same effect as the cffect of the irradiation under the inert atmosphere

can be obtained.

[0051]



30at nosphere, the same effect as the effect of the irradiation under the

i nert atnosphere can be obtai ned. [0051] Al t hough the irradiation
treatment with the laser light 132 is perfornmed just after the thernal
treatment for separation of the single crystal sem conductor |ayer 116 in
thi s enbodi nent, one enbodi nent of the present invention is construed

wi thout being limted to this node. Etching treatnent nmay be perforned
after the thermal 5 treatnent for separation of the single crystal

sem conductor |ayer 116, to renove a region where there are nmany defects in

t he surface of tA\l@lmgmg}h&ﬂéﬂﬁéﬁb:@h;e&{ﬁma@&ﬂﬁLﬂ@é Qirseil ]@@f@rl?;i-:@ he HI}\T{: the
irradiation treatnment with the | aser be per orneg

fl at ness oPﬁ?H@3gﬁ??%é@“ﬂ?“kﬁ%sgﬁhﬂpéoéﬂy§¥@¥c@éﬁﬁb@ﬁ@%@@%ﬁ0ﬂ®y3ﬂ1Q16 may

be i nproved, gaNdmbéi8Metth8nd LhddhidlehOBr WeeALIRNinvthidh fh rolh @t 132
may be perfornedm 106%5 ?hg ab 5ve- escfﬁ% eﬁglﬁé}%ﬂégéﬁéﬁt“hh&¥

t hy- etchlnbm6$1W%Wdé?éﬁﬁﬁﬁ“@anﬁﬁém@§éﬁﬂn?@0521bePcﬂmHW¢wﬂBh§wthamumough not
descri bed lrEht&l?ﬂrtSfo?@H%thHﬁrﬁf ) th@s Ef' pcrgretaalt g@{lﬂgﬂn'ag SRS N & GL LAY al
or fie i Wth the

sem conductor |ayer 118 may ter t Fadi att on W 15
| aser I|gth@®2WKThﬂﬁHVﬁgn@ﬂy@h msanWQUdmygﬂahe&eﬂw&umdmsmmmomayet 118 may

be perfonnggmb?GOQ ‘9&1ﬂé%lﬁﬁ%ﬁgﬁ%ﬁﬂﬂﬁgwﬁﬁ“%Hmw?ﬂ 1952 ngy 86€nat|o of both

t he et chings 005 ove pro ess ubstrate
wher e strIE@3@hmtﬁrsféwean%duwédh@amgbemgbhbhmmdmumabﬂmﬁéiIEGlnm/beAfter

that, in p i Sk ng| sta nduct or 118 into an

i sl and- sha%g Sgghggghghm o2 ldmn Tﬁﬁ“l ﬁph§ﬂﬁ§l§g@ﬂ9é éww§éﬁieﬁﬁﬁhctor

| ayer 1018 AmthmeMnegkmmmummmﬁsgondmngntemhhehﬁbguﬁgdﬂsﬁ&hﬂﬂﬂupeéiQ@ery (the
vicinity of the region where the depression 140 (or the projection) is
fornmed) is"fenoved (see FIGS. 2C and 25 313). FIG 2C corresponds to a
Cross schDOﬁﬂalong line A-Bin FIG 38. The reason why the single crystal
sem conduct or s, renmoved_in . the reglon correspondi ng to the

periphery is be?ﬁﬂé@'PW@W§B§§fﬁFﬁ?@9dﬂ%éWS Piggndustep o€ dipning the gh in
that regi ofingddéieryk@l $ciBctaRsth Al GerOf 8tnlf%§' M&Qfoﬂgeﬂﬂ&ﬂ% Pradibll&n %ﬂ%&é’f

surface of the S|ngle crystal sem conductor substrate has a curv
sur f ace* shiaps ledallPed EH’@EWROCPTTI thex fingle &W&hﬂ@gﬂ@@ﬂm@n taver $18 fna?(yebq:)ol i shing

treat nent, ,$@rhhaly SR&s Hﬁ)géi%né Snd @et%‘i&g &2 LIS REBILAY (S il E:gmgs
[0053)

Through the above process, a good SOl substrate where stripe patters are

reduced can be obtained.
20 [0054]

After that, in patterning the single crystal semiconductor layer 118 into an
island-shaped semiconductor layer 120, the single crystal semiconductor layer 118 in
the region corresponding to the above-described periphery (the vicinity of the region
where the depression 140 (or the projection) is formed) is removed (see FIGS. 2C and

25 3B). FIG. 2C corresponds to a cross scction along line A-B in FIG, 3B.  The reason
why the single crystal semiconductor layer 118 is removed in the region corresponding
to the periphery is because the possibility that pealing would occur is high in that region
due to the shortage of the bonding strength.  The edge of surface of the single crystal
semiconductor substrate has a curved surface-shape (called Edge Roll-Off) resulting

30 from the surface polishing treatment, so that the region is in short of the bonding
strength.

[0055]
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[ 0055] After that, a sem conductor device is manufactured using

t he above-described i sl and-shaped sem conductor |ayer. A specific nethod for
manuf acturi ng the sem conductor device will be described in detail in an
enbodi ment bel ow. [0056] 5According to one enbodi nent of the present
invention, in manufacturing an SO substrate by bonding, a depression or a
projection is provided in a part (the periphery) of a surface which is to
be bonded, to forma region in which the bonding is not perforned by
design. In this manner, generation of stress caused by expansion or

contraction of & relask, rzﬂieﬁu@iﬂ@uéi& N MR Inahf &k PRNLiIng AR REVSURRESS
t hereby 10 suppressing generation of a stripe pattern (unevenness |n a

singl e cry@ké@sg@ﬁﬂcﬁﬁﬂﬁ%@ﬁﬁmlé@@F [fo0Byqific  method Wee nmanwfesrivdendbet or

el ement i Ssefr@&ﬂﬁﬁiatortcﬁew@w GORALGERIin h@t)ﬁ‘? Ih zinrlenliﬁz'ﬁnﬁe%gbagwmer e the
depression or the projection is provid i's renoved, so that the adverse

15ef f ect off00¢He depression or the prOjectlon on a senlconductor devi ce can

be suppyessed. [Q088ke 10 one enﬁ)ldﬁlkrhs%{ of 3% n@@&ﬁ{ IREdiohn m{ {}af? qpgdi rent,

according to one enbodi nent rese nventi on, e Fedsion 140 IS
formed in $®ksvtegitorbyobondire, Siudff;m@eloofmtm@mmsmhasmmgwﬁ@iyer a];ihfﬂt (the

subst rat o ALgnb D, PRLL RUEL Y @iucedfad ROl BIE0 Ein SEPL B W08 & ¢ ne
single crysﬁamﬁsawﬁ¢QWMmgmoﬂnshbsﬁma@egamﬂmanefmﬁmsbﬂﬂdﬁdybﬁmﬁaﬁmopther is

formed by d (s C separation.is triggere n the
single crysi gtgmn 1eénaﬁﬁg%? %ﬁb@hﬁgW@%lf g??“%éﬁbﬁﬁt@ﬂm‘%gﬁhég?%gblIe

r egi onl012Gupprassingn@nerannest,a sipfefaaen ougbness ivf sihfle cSisAgienitdnata)
seniconduqtor | ayer 116 forned by the separation can be suppressed.
25[0059] '@  Although four depressions (or projections) are provided in
the peri phepyrjof the single crystal sem conductor |ayer in this enbodi nent
(see FIG 3A), one enbodi nent of the present invention is not |imted
thereto. The nuNbER HFREPRBSKT gHanqbHs Soiajede theopaayicondeer flayer thdheof , and

the like GagioR@neRUKERpARAELE hdhRiechiON isPFRMMd8s removed, so that the adverse
15 effect of the depression or the projection on a semiconductor device can be suppressed.
{0058}

Further, as described in this embodiment, according to one embodiment of the
present invention, the depression 140 is formed in the region of the surface of the
msulating layer 114, corresponding to the periphery of the single crystal semiconductor

20 substrate 110, so that a region in which the base substrate 100 and the single crystal
semiconductor substrate 110 are not bonded to each other is formed by design (see FIG.
1C), whereby separation is triggered when the single crystal semiconductor substrate
110 is separated at the fragile region 120. In this manner, surface roughness of the
single crystal semiconductor layer 116 formed by the separation can be suppressed.

25 [0059]

Although four depressions (or projections} are provided in the periphery of the
single crystal semiconductor layer in this embodiment (see FIG. 3A), one embodiment
of the present invention is not limited thereto. The number of depressions (or
projections), position thereof, and the like can be set as appropriate. For example,

30 depressions (or projections) can be formed in regions corresponding to comers of the
single crystal semiconductor layer. Further, in considering the mprovement of the

yield of manufacturing semiconductor devices, it is very preferable to form the
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30 depressions (or projections) can be formed in regions corresponding to
corners of the single crystal sem conductor |ayer. Further, in considering
the i mprovenent of the yield of nmanufacturing sem conductor devices, it is
very preferable to formthe depressions (or projections) in the region to
be |l ater renoved (see FIG 3B). [0060] Note that the structure
described in this enbodi nent can be inplenented by being conbined as
appropriate with any other structure described in the other 5enbodi nents in
this specification. [0061] [Enbodi nent 2] In this enbodi nent,

anot her exagpbgion! (o PR dXBRL) achirdng BBt hed r&{ao@d??@@ﬁ@%ﬁ or substrate

(501 substrate) and a Ssem conductor device using the 10s conduct or
substrate (#86 substrate) will be described with reference to draw ngs.

[ 0062] RS that T A6 ' RRLGHL N A
detail ed descriptfpnu%f}tﬁgﬁggggég% s?¢§§§f?@ﬁﬁﬁgﬂgﬁﬁ}?éﬁﬁﬁggég%%é use
Enbodi ment bang axmyencd efse ppradpiiaie rettorany [ @863 piriciide xdesciébedi tir dgerteont ai ni ng

| ayer 192_&B&%hﬁéﬁgﬁh§§f§§%¢ﬂ§&{ating filmcontaining nitrogen such as a

silicon nitride or a silicon nitride oxide film(SiNO x >vy)
is formed BWel] the surface of the base substrate 100 (see FIG 4B). [0064]
The nitrogﬁﬂﬁﬁﬂﬂéﬁkQLng | ayer 102 fornmed in this enbodi mnent corresponds to

a 20 laye rthe ondi ng of a single crystal sem conductor |ayer (a

bondi ng | ayer) . ITheisnéhbaigeancandtbirneagpla@yertihd QRaalaarhyngthenoras a
T e BBl SR o RS SR 5, G 20 I
sen cormucieaficdndy@sr. substrate (SOI substrate) will be described with reference to drawings.
[0062]
First, a base substrate 100 is prepared (see FIG. 4A). A detailed description of
the base substrate 100 is omitted here because Embodiment 1 can be referred therefor.
[0063]

15 Next, a nitrogen-containing layer 102 (for example, an insulating film
containing nitrogen such as a silicon nitride film (SiN,) or a silicon nitride oxide film
(SiNyOy, x >y} 1s formed over the surface of the base substrate 100 (see FIG. 4B).
[0064]

The nitrogen-containing layer 102 formed in this embodiment corresponds to a

20 layer for the bonding of a single crystal semiconductor layer (a bonding layer). The
nitrogen-containing layer 102 also functions as a barmrier layer for preventing impurities
such as sodium (Na) contained in the base substrate from being diffused into the single
crystal semiconductor layer.

[0065]

25 Since the nitrogen-containing layer 102 is used as the bonding layer in this
embodiment as described above, the nitrogen-containing layer 102 is preferably formed
to have a surface with a predetermined flatness.  Specifically, the nitrogen-containing
layer 102 18 preferably formed to have a surface with an average surface roughness (R,)
of 0.5 nm or less and a root-mean-square surface roughness (R,s) of 0.60 nm or less,

30 more preferably, an average surface roughness of 0.35 nm or less and a
root-mean-square surface roughness of 0.45 nm or less. The thickness thereofl is

preferably in the range of 10 nm to 200 nm, more preferably, 50 nm to 100 nm. With
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[0065] 25Since the nitrogen-containing layer 102 is used as the bonding

| ayer in this enbodinent as described above, the nitrogen-containing |ayer
102 is preferably formed to have a surface with a predeterm ned flatness.
Specifically, the nitrogen-containing |ayer 102 is preferably fornmed to
have a surface with an average surface roughness (Re) of 0.5 nmor |less and
a root-mean-square surface roughness (R',$) of 0,60 run or less, 30 nore
preferably, an average surface roughness of 0.35 nmor less and a

r oot - nean-square surface roughness of 0.45 nmor |ess. The thickness

thereof i sthpreffetabhtiedsnintpheell afgRs@fbved Qvbie, tiBe 20R0iRMARBY 6F Meefignabl y, 50
nmto 100 nm Wth he surface flatness inproved as descri bed above the
bondi ng de@@ﬂ?“ﬁ@“?ﬁ%“%Fﬁ@ﬁé“@ﬁ?é?%ﬁ"@%ﬂiconductor | ayer can be prevented.
[0066] Nexfopse single ciystal sem conductor substrate 110 is prepared (see
FIG 4C). 5 In this enbodinent, the followng step of the single crystal
seni conduct or sl riatieelq tysiak sqpaipensiupted sttrale 1 fes pisbwed des dIOEY. st ep of

the base suhsklahedilQi RQWEKEHe stt‘:pio_?thic%in%f?:rcrfs%ﬁ%Sﬂl’&gﬁﬁ@tﬁpgulﬁg% gpation and
one enbodi ment of the present invention I'S construed w thout berng |imted
to this oridéerfomedafics thefabphedestiibpdestapr sisthe bassewbdrnd LKL brwsuebsthisat e 110
are omtte e i C, ferped to. 10[0067].

From t he pgfgﬁﬁg?m€§€$ﬁo?5%§%%ba &%f$gd%@gﬁ§%%§t€§ﬁgtp?gmbfg%gggbf% t hat

t he surf acensfuadhavidpwigbeingr isited tsethic onderct oPesilbsifr dtce sibgl bgsml eaned by

a sul furic_agci gl penoxi de.,.m xt ur e aﬁ% n ni.um

hydroxide/ﬁ@i%%SQ%QB§?§%F£§0%¥§%§¥%6F%ﬁ (?ggz gﬁ@&ﬁﬁﬁ?ﬁﬂbﬁgﬁﬂrﬁVBToggn

per oxi de nf0ké¢TlUre (HPNM), diluted 15 hydrogen fluoride (DU, or the like.

Di | ut ed hydroge%uilgﬁride be di scharged alternately to
f

cl ean the surfacé"'d %H%”E?ﬂgfgagg§@$§h%géﬁg%HWHﬂ5tBHS§'"§?Wﬁﬂ@“ﬂTD. [ 0068]
Next, an osifdes bf ki didflei Syquiosehieddeiion hdssate a0 0ficdde8 i RGLBuSS Yst al
el Condalé? /I?;drgg%gsl}e{'()%& 1:11'123(%1'6 [(gggi?,] an ammonium hydroxide/hydrogen peroxide
mixture (APM), a hydrochloric acid/hydrogen peroxide mixture (HPM), diluted
15 hydrogen fluoride (DHF), or the like. Diluted hydrogen fluoride and ozone water may
be discharged altemnately to clean the surface of the single crystal semiconductor
substrate 110.
[0068]
Next, an oxide film 115 is provided on the surface of the single crystal
20 semiconductor substrate 110.
[0069]

As the oxide {ilm 115, a single layer of a silicon oxide film, a silicon oxynitride
film, or the like, or a stacked layer thereof can be used.  As examples of the method for
manufacturing the oxide film 115, a thermal oxidation method, a CVD method, a

25  sputtering method, and the like are given. In the case where the oxide film 115 is
formed using a CVD method, it is preferable to form a silicon oxide film using
organosilane such as tetracthoxysilane (abbreviation: TEOS, chemical formula:
Si(OC3Hs)s) in view of the productivity.

[6070]

30 In this embodiment, thermal oxidation treatment is performed on the single

crystal semiconductor substrate 110 to form the oxide film 115 (SiOy film in this

embodiment).  The thermal oxidation treatment is preferably performed in an oxidizing
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As the oxide film 115, a single layer of a silicon oxide film a silicon
oxynitride film or the like, O a stacked |ayer thereof can be used. As
exanpl es of the nethod for manufacturing the oxide film 115, a thernal

oxi dation nethod, a CVD nethod, a 25 sputtering nethod, and the |ike are
given. In the case where the oxide film115 is forned using a CVD net hod,
it is preferable to forma silicon oxide fil musing organosilane such as

t etraet hoxysil ane (abbreviation: TECS, chem cal formula: Si(0OC2H5)4) in
view of the productivity. [0070] 30In this enbodi nent, thermal oxidation
treat nent igmperewrinedicbrialogen siadgdde crystal sem conductor substrate 110 to
formthe oxliog%]fi Im 115 (SIO filmin this enbodinent). The thernal
oxidation treatnment is preferably perforned in an oxidizing atnosphere to
whi ch hal ogen i s Faddeohpi¢, 08k Boida@xamlufent tinQEAmaXd0RL pid ESALTENt IS

erforned on_the.sinagle c al ..sem conductor substrate 110 in an
o iR b Gl T Toan rdiREE peorphe Raubich Ssons By tsdoni de

oxi di zi ng at nosp
film 115 i swheaehyetic tohtdough TSl QrfbAROkiAak i@Mbrink %xIdBé&n.C%ﬁ%mtcP& ol de film
115 is a fil riqc nt]ji ning a chlarine atom [0072] The chl ofi ne atom

contai ned i WP e 1} sRnfe g chlganeate®or tion in the oxide film 115. As

a result, the72yoi sture absorption rate of the oxide film 115 is inproved,
10 so that the m%'gsture diffusion rate is inproved. That is, noisture which
may exist on the!StfFdE Am eordaipsd indbe odida flas! IGdninge diabsiambedhequtidek] y i nt o

the oxide ffithmi315A80dcdif filSRA WS AtdMglont NG JRL f ¢f¢;due to, moisture
can be reduced. [ 007-311 > e urdab Ji'ﬁ"l on'r J?Qiq'e 6418e Hﬁn ?% 1s 1mproved,
10" so that the moisture diffusion rate is improved. That is, moisture which may exist on

the surface of the oxide film 115 can be absorbed quickly into the oxide film 115 and
diffused, so that the bonding defect due to moisture can be reduced,
[0073]
Further, with the chlorine atom contained in the oxide film I15, heavy metal
15 (such as Fe, Cr, Ni, or Mo) that is an extrinsic impurity can be captured, so that
contamination of the single crystal semiconductor substrate 110 can be prevented,
Moreover, after the bonding to the base substrate, impurities such as Na from the base
substrate are fixed, so that contamination of the single crystal semiconductor substrate
110 can be prevented.
20 {0074]

Note that the halogen atom contained in the oxide film 115 is not limited to a
chlorine atom. A fluorine atom may be contained in the oxide film 115. As examples
of the method for fluorine oxidation of the surface of the single crystal semiconductor
substrate 110, a method in which the single crystal semiconductor substrate 110 is

25  soaked in an HF solution and then thermal oxidation treatment is performed in an
oxidizing atmosphere, a method in which NF; is added 1o an oxidizing atmosphere to
perform thermal oxidation treatment, and the like are given.

[0075)

Next, the single erystal semiconductor substrate 110 js irradiated with ions 130

30 accelerated by an electrical field, thereby forming a fragile region 112 where the crystal
structure is damaged, at a predetermined depth in the stngle crystal semiconducior

substrate 110 (see FIG. 4D). The depth at which the fragile region 112 is formed can
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Further, with the chlorine atomcontained in the oxide filml 15, heavy
nmetal 15 (such as Fe, C, N, or M) that is an extrinsic inpurity can be
captured, so that contam nation of the single crystal sem conduct or
substrate 110 can be prevented. Mreover, after the bonding to the base
substrate, inpurities such as Na fromthe base substrate are fixed, so that
contam nation of the single crystal sem conductor substrate 110 can be
prevent ed. 20[ 0074] Not e that the hal ogen atom contained in the
oxide film11l5 is not limted to a chlorine atom A fluorine atom nmay be

cont ai ned b#cé@liek bl @hcfHihdlic khbrgy, ABase Xl emcidbndehB g RBIThRiohoN 34 HQr I ne
oxi dati on ﬁfe the rface of the sjingle crystal sem conductor substrate 110,

a met hod i v%ech ' dragile, geionc g PR cRauErarly shpstmarderthin the 25

soaked in @rdde peRdikitib® Be AR Al thBeshstiRer Wﬂ)er@%}edﬁ{e' 191'31(1‘&@?@# é@i'ﬂé lelcSysper f ormed
in an oxidizing atnosphere, a method in which NF3 is added to am oxidizing

at nospher es‘%‘*Bc‘ﬁ’éP‘F‘B‘r Iﬁi"i‘ he Peregpaigied e & gt%lé‘dii}'ﬁéﬁdtsemlaﬁ%ﬂupm silisketedi@ gi ven.

[0075] Nextan td€orioned OfznS e rradi at ed
W eh 1 ons B0 e P e P ok Y P oA e S T

fragil e redjicsge Depetigher @ﬁpﬁih@dbb?mﬂéﬂ(ﬂleﬁi sugh that élelfblcf@kmmgfetdc; saagle&rystal

o sdeterm A ok 005l ottt h  GOOUSH Bl BBSL g3 10 (o0

cont r ol | ed>®ynm.hpectkiablet greatentbangyr, eqn?elscsﬁ() mlnamg@,ss ihag bdamekio@nghe. of the i ons
130, and t ]i ke. The fragile region 112 is forned at approxi mately the

sane depth as the average penetration depth of the ions 130. Therefore, the
thi cknbss of a Sihagbeveeteyatiall iselkicondsatcar withyes chiobbperfepad By ednﬁﬁr omthe
single crys sem conduct or sub te 110 5can ,be controlled by the depth

SRRk s i RS e eSS s S PR AR e A AR

may be cornbn{olbjneg cguiphehth dferd Bendnhibgdsnessath MS@ c?quB}ﬁérﬁ i sdAblasma
sen conduct or rf’ﬁ] i s about glf%ate t han or to 10 nmand | ess than

or equal ‘8“3*3@6’“ & PErET A KProgp ?’E‘rallt%‘??tﬁ’r C‘eltiﬁ%qssqddﬁ grdiptedanid | ess

than or equatinds®280spaies i&%ﬁh 1@?&3%@9&\5&-&4@@5‘»&5 %ﬁ@@bjel’:trté@laﬁlﬂdc‘é&e& reat ment
with ions can be perfornmed by using ion-dop |23 equi p

i on-i npl ant&t {WrPEYE Brivdrma ighoyt t“fi‘fﬁ Earraiga nph éOlﬁfdﬁb h!@ lioeﬂmd’@piahgl

equi prent , eqhifeRt 1§ AR EBSRLICRAE LISl PE 1§gU sma
excitati one of a priocless Sé%z ios %Z’rfodruﬁeél&%nd Tglg %’E%g}an{aﬂoel{)\mq% gf:%’elgsed IS
i rradi at eddoforhs atass I%q?m&%lO@fOfl ion sppeei eb pyenerad edadiTies sheqbjegnente

1l At erbhg. ARk LACREnAILRIIR ik AllAd | 0N species Tn bl asim

wi t hout SS separatio N comnt I'on-i mpl antati on equi pnent is
mass- separ(8074n type eqw pment. The ion-inplantation equipnment perforns

nmass sgparat | on;o0 lmé NS e%l es lof ‘ﬁf ir.radiat es the object to be
processed with ion specre@Ravt nca(aB]lpgjd@t gg H’éf&’%’§§%§ ded 1o (he single
crystal senmiconductor substrate 110 with the use of ion-doping equipment is described.
A gas containing hydrogen is used as a source gas.  As for ions for the irradiation, it is
preferable that the proportion of Hs” is as high as possible. In specific, it is preferable
that the proportion of H;™ is greater than or equal to 50% (more preferably greater than
25 or equal to 80%) with respect to the total amount of HY, Hy', and H;".  Increase in the
proportion of H3' can improve the efficiency of the ion irradiation,
[0078]
Note that heavy metal may also be added when the ion-doping equipment is
used; however, the ion irradiation is performed through the oxide film 115 containing a
30 halogen atom, so that contamination of the single crystal semiconductor substrate 110

due to the heavy metal can be prevented as described above.
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[0077] 20In this enbodi nent, an exanple in which hydrogen is added to the
single crystal sem conductor substrate 110 with the use of ion-doping

equi pnent is described. A gas containing hydrogen is used as a source gas.
As for ions for the irradiation, it is preferable that the proportion of
H3+ is as high as possible. In specific, it is preferable that the
proportion of H3+ is greater than or equal to 50% (nore preferably greater
t han 25or equal to 80% with respect to the total anmount of H+, 112, and
H3t Increase in the proportion of H3+ can inprove the efficiency of the ion
i rradi ati omo7pP078] Note that heavy netal nmay al so be added when the
i on-dopi ng equi pnent is used; however, the ion irradiation is perfoined

t hrough the oxi d8e¥iq $PIcEsoR dAt & gimsgjectionbisdPovssiin atresipn §bthesatface of

cont am nat yRnoede TG 135NHeCebibY Thatspd Sl CHar ! §ndhd to the
heavy nmetal can be preventedgas desé??%%%qggggggu?%éegﬁ%% gn@éqﬁgﬁg, a

depr essi onserAEendgston sEsBiiadd o) ik a pertipadviaie sher bage snbswriatet Y audrthace of
the oxigde fhlhmclia s&:ﬁ@oﬁcﬁgfop@uﬁsgﬁtreeﬁ@%p(gh&gootngc& Qeeagﬁro\lklﬁp?sr YorQLd %he single
crystal sem conductor substrate 110, so that a portion ere the Dase
substrat e 90@Engker Flke 4Eb shasgidingdy, poesalcagerdibychduet oratswtysitribd eme¢ b are not

bonded to C her. . 8. b i see FIG AF). .Accordingly, stress
caused by ?ﬁe@ﬁgb%t%gaﬁﬁéﬁ@ﬂﬁgmfﬁ%ggﬁkgﬂg%%gﬁ% e%%a?%%oggngﬁgs§ﬂ%ﬁ¥essed,

t her eby supwremsenpingemeteadryor sahicanditctdr fryepat t ern (unevenness) in a single
crystal sep,e@nductor |ayer. [0080] 10Note that although the stress is
suppressed by ‘the depression 140 fornmed in the oxide film 115 according to

this ehbodi ment ,Neataeatodiimbaties it ippREeE ®Rthd depenRtiben4l Hreenst keed
wthout beLig imisdf, e, SCile & B sclion ey, bg oried | et eat
pat t er ni ngisafonfue heitihowt RingORméd thenioXirtkeukl | A JFrdRcidBblel NG Rymk@ser
light i rrai%‘st%eg 8P the depression. As examples of the method for forming the depression,

patterning after the formation of the oxide film 115, marking by laser light irradiation,

15 and the like can be given. As examples of the method for forming the projection,
patterning after the formation of the oxide film 115, bonding of a particle with an
appropriafe size on the surface of the oxide film 115, and the like can be given.

[0081]
Further, although the depression 140 is provided on the single crystal

20 semiconductor substrate 110 (the oxide film 115) according to this embodiment, one
embodiment of the present invention is construed without being limited to this structure.
The depression or projection may be provided on the corresponding region of the base
substrate 100 (the nitrogen-containing layer 102).

[0082]

25 Next, the surface of the base substrate 100 is disposed to face the surface of the
single crystal semiconductor substrate 110, and the surface of the nitrogen-containing
layer 102 and the surface of the oxide film 115 arc bonded with each other (see FIG.
4F).

[0083]

30 Here, the base substrate 100 is bonded firmly to the single crystal

semiconductor substrate 110 with the nitrogen-containing layer 102 and the oxide film

115 interposed therebetween, and then, a pressure which is greater than or equal to 1
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15and the like can be given. As exanples of the method for form ng the
projection, patterning after the formation of the oxide film 115, bondi ng
of a particle with an appropriate size on the surface of the oxide film
115, and the |ike can be given. [0081] Further, although the depression 140
is provided on the single crystal 20 sem conductor substrate 110 (the
oxide film 115) according to this enbodi nent, one enbodi nent of the present
invention is construed without being limted to this structure. The
depression or projection nay be provided on the correspondi ng region of the
base substh@hﬁ%ﬁﬁ@a$umm<mmeQQEﬂxmammauﬂuﬁ@bb@ygﬁéiﬁiwamb@@@%bcﬁé&EXt t he
surface of the Q ﬁ$8§UbStrg i s % d.to face the surface of the

si ngl e cry8t #¥58Hi CBHFLEFSSD ’soc1 15 Q)N Whds fpRdicd (G pRFROTEM ¢fibe

ni t rogen- CQﬂglaIcﬂ,lqﬁgsdnﬁycﬁlrduai@&u@ﬂdué he. SW’C&Q@Q&%“ tht ey 0%251'1 d&ntdihi n@la]y%p are

bonded w th _each. ot her gsee FI G 4%% 0083 Fbre base substrate 100
i s bonded 177 MY he §xidR &g I §sterie pyading tosearh GB’ﬁH{IB‘E‘d 1 §ﬁ‘[§‘§t‘ iapdichabe wi th t he

ni t r ogen- cpmsatdisnghphiay, ekhid®Zo@da bhgd Xdifebisyny Jck%efurércﬁ rR@SRd bond
therebetmeen1and then, a pressure which is greater than or equal

N crp and P@euds puss Be seefecsl  VandsoOVRIS Hpice iret dwdigisgn bandragls sur @hw\,hl chis
greater thamdafs @puak t1¥1§)b(;ln%hrﬁv SEpRaRBE) élme‘? halkRkh t@l Ltunt 0 20 Ncn is

applied to one portion of the single crysta senlcon tor substrate 110.
Accor di ngl ¥084lhe nitrogen-containing |ayer 102 and the oxide f|In1115

starts bondi ng. e eaalvabheh LA DEGRILL! ek ) S e e BBUT e 18

applied, which fonns a spont aneo tween  an expands
over tHe sumﬁ@n@udwamuémuvﬁélSﬂnﬁommbbompaﬁhydmdg&nubomdnaﬁh3m®nchh|s

1[3 gggh?g St\?ﬂc@‘ﬂ% bonhi%g 95‘9 jg]eqfon%cé i ﬁar‘!: s%efacpes of %ﬁ?deaftum rS”{)%l)Vl Le ne rature.

the single crystal semiconductor substrate 110 and the nitrogen-containing layer 102

formed over the base substrate 100 in this embodiment. Surface treatment can

mmprove the bonding strength between the nitrogen-containing laver 102 and the oxide
15 film 115.

[0085]

As examples of the surface treatment, wet treatment, dry treatment, and
combination of wef {reatment and dry treatment can be given. Different wet treatments
or different dry treatments may be combined to be performed.

20 [0086]

As examples of the wet {reatment, ozone treatment using ozone walter (ozone
water cleaning), megasonic cleaning, two-fluid cleaning (method in which functional
water such as pure water or hydrogenated water and a carrier gas such as nitrogen are
sprayed logether), and the like can be given. As examples of the dry treatment,

25  ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with bias
application, radical treatment, and the like can be given. The above-described surface
treatment on an object (& single crysial semiconductor substrate, an insulating layer
formed on a single crystal semiconductor substrate, a support substrate, or an insulating
layer formed on a support substrate) has an effect on the surface of the object to

30 mmprove the hydrophilicity and cleanliness. As a result, the bonding strength between
the substrates can be improved.

[0087]
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Not e that before the bonding of the base substrate 100 and the single
crystal 10 sem conductor substrate 110, it is preferable to perform
surface treatnment on a surface at which the bonding is perfornmed, that is,
the surfaces of the oxide film 115 provi ded on the single crystal

sem conductor substrate 110 and the nitrogen-containing |ayer 102 forned
over the base substrate 100 in this enbodi nent. Surface treatnent can

i nprove the bondi ng strength between the nitrogen-containing |ayer 102 and
the oxide 15film 115. [0085] As exanpl es of the surface treatnent,

wet treatnent, dtly, weteatammi js @t COMPirAadiapBr ShcvRiust SRALBRL Landadry
t wet treatrrents or different dry

treat ment ca

treatments® b‘g‘i?o%]i‘%@decﬂél% rYJERR s eodedoseoval or decomposigivanpl es  of
the wet tr eahfmﬂtdusi(hllﬂl’iﬁe ka@ﬁicf’(&aﬁtanliﬁgd]g: QBARK VR EEd &Qﬁfér‘s%rf‘ﬁ@et e

cl eani ng), gé%asgizgl c cl eapi ng two-fluid cleaning (nethod in whi c[h
functional ° UEASe H5WPIGR le\/ﬁé”t’é‘led‘&*"l‘lﬂ}"ﬂlﬂ dyeliarielst weateentanderforoadr i er gas

such assni hiDGRA (AE eb PeAWRE §&9%h§&ﬂnnga@%e¥fﬁﬁncd Keprgﬁ&b%eb&: Y& AS
exanples of the dry treatnent, 25 ultraviolet treatnent, ozone treatnent,

pl asma t reStHen el tisiokisrhcanrbsansrernlcanian hyihaphilipphd gerterasion of adiccahrks

treat rrent,nﬁﬁgs&{}@cj);tlﬁg(_,&@acg@bggu ReseqN€ above-described surface treat nment
on an obj ect éa singl e crystal senfconductor substrate, an insulating |ayer

formed on EB08PIhgl e crystal sem conductor substrate, a support substrate, or

an insulating | r stra an effect on the
surface of the o %&g?%t%%@%ﬁg@%{&? ﬁl t‘%@‘ap A ﬁuf 3‘%0 t{f’aalﬁ A EPRARATIGEEs As a
resul t 10 t hexyigondi agacive engt uchet wieglat M}%e:s u tﬁ:tdnabesm@n iDan iapprcongd. [ 0087]

The wet tr S ffect ve for. t and the |ike
bonded on ﬁﬁfégggt}lr‘ atcoé&%?n He s obpatt Sﬁ’ﬁﬁ&“&#’ﬁ“‘ﬂ“ﬁg’&tﬁ% apgoldne glyestye for
renoval or bcdeemlmbsu dGCOIIﬂp@I;fed rifestveJUS Fuditgl thi@edtmk@ SUEh B8 8Mo:QLGANI C
subst ance bondec{ face of the object. The case in which the dry

treat nent Suth a‘ééveuTt?tF as\}’FlblaétS“E&l%acﬁxﬁ‘ﬁﬁf may Berrsbied Wit Srymepensithe wet

treat rrent mumholashgzheamnggmvsle@ghécers B0 1290 pnefBr k! Be BRGANSELINR S U f ace
of the j ect @e made cl ean and hydroph| | ic and generation o

wat er bqnﬂe ﬁ’@ Brivbee 6f hhabiss ey be dampecds nypr efeditely] 0688iifirs t he
dry treat n@Btriptivh thefeof QhEbaRLh& sQowper form surface treatnent using ozone or

[0089]
For example, irradiation with ultraviolet light under the atmosphere containing
oxygen is performed to perform the surface treatment of the object. Irradiation with
20 ultraviolet light having wavelengths less than 200 nm and ultraviolet hght having
wavelengths greater than or equal to 200 nm under the atmosphere containing oxygen
may be performed, so that ozone and singlet oxygen can be generated.  Alternatively,
rradiation with ultraviolet light having wavelengths less than 180 nm may be
performed, so that ozone and singlet oxygen can be generated.
25 {0090}
An example of the reaction which is caused by the irradiation with ultraviolet
hight having wavelengths less than 200 nm and ultraviolet light having wavelengths

greater than or equal to 200 nm under the atmosphere containing oxygen is deseribed

below.
30 O3+ hv(A nm) — ()(3}?) + ()(3P) (D)
OCP) + 0y — O3 - (2)
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10 oxygen in an active state such as singlet oxygen. Ozone or oxygen in an
active state such as singlet oxygen enabl es organi c substances bonded on
the surface of the object to be renoved or deconposed effectively. Further,
the treatnent using ozone or oxygen in an active state such as singlet
oxygen may be conbined with treatnment using ultraviolet |ight having

wavel engths | ess than 200 nm so that the organic substances 15 bonded on
the surface of the object can be renoved nore effectively. Specific
description thereof will be made bel ow. [0089] For exanpl e,

i rradiati om,w i, Wntr-avh@bet ol th; under the atnosphere contai ni ng oxygen
is performed to performthe surface treatnent of the object. Irradiation
with 20 uli%akiolet Ii ght havi ng wavel engths | ess than 200 nm and
ultraviolet lig ' not : . hap. or val t.o 200.nm under
t he at nosphere Q%r%{?g?@ﬁ?%é]m%¥%gﬁghah?/a(lg'égggﬁlol%g? g%%ﬁhéﬁw%%@%@ @hd

si ngl et oxywerese dimnbOgenendtratic avhdsphaatonahing dxypad{@d iioperfiriied to
ultravigle ' avi wavel engt hs_ | h 80 ammay b erfornmed, so
t hat ozgne%%{lr?éqg Q%’ngc%fa {%g%?jlé\glr‘f %3%1%32‘“%2%@?)21 glg?x 24 'goHErton t%nﬁu}aA%), exanpl e
of the readticggmwhatah ih shecguaeDsuay (OHR))i ana dix ad dnoi, Wickhly wiliit Bavi whetio | | ght
having wave| engths | %ﬁi tgﬁn 20@ nm and ul trayjo| et.light having

wavel engt hEGFEAPEPe{HEn JPdhidie FE58dOMP A e ifEOR MHBslhe havigsnt ai ni ng
oxygen 1s d@&ﬂéﬂgbﬁq}kpﬁ&h Efeat@pﬁ)@n vfte Q20 it ulRd 3R z(tln)osygﬁ:;ﬁj aqnféilg% > 03 (2)
03 +1liv(X2 nm -->0 D€_+02 (3) 0911 I n the reaction ormul a
(1), irradedergn arprn(Qs §rerfomial thagicrie sipsleloxpigarhs ap kxcigdplaied$' Whan 200
nm undef t heqat &0 i g : LS par : 5 _generate
oxygen atons i nmtgﬁagmgépgaﬁd%? é’? gg%é%él% )%la(I£\1I°(g>?<::%n bvl?th @E%ﬁ?%ﬁgﬁgﬁgﬁa\?n mul a
(2), the oXyumetsdmsithar RED gronietriratd ( @¢R)dk ancheorydémdi:0R) wiglact with
each ot her : t Jhep,. in the re ion.forpnula,(3),

i rradiati olrllﬂr\% ‘?ﬁpﬁglgﬁﬁvﬁgﬁé&%}%ﬁgﬁﬁ Hlsall(%,“qg‘r‘%)mgirbgéf"érlb P‘ﬁgﬁngﬁ q(équal to
200 i nn undispmpére @bndspHeat eingbm toaygrunnig sgenardt ethecstone dé03hed sirfaes f or med
to generatge, singl xygen i.n an excited.state (Q(D)). 10 Under the

at mospher eﬁ%%ﬁ‘ggic%i% ng p\é%?%neerq r.\)Vl ??ae&lag?ﬁaoﬁjwaflﬂn EYI"{hr %i%f?‘%‘lpg’tqg”l”f YhtcURavi ng
wavel ergt hiamp€ss= 1 $5um 206 Tn1ng wpes s fedsiieraenenitLoagene, and
irradiation with ultraviolet |ight having wavel engths greater than or equal
to 200 ur r{op%ﬂperfor med to deconpose ozone, so that singlet oxygen is
generated. The abou@mgRSAThORLHIH LRER id LEAIMB e %@f{ﬁiﬁ%iaaﬁﬂi &[:Hxﬁg py, for
exanple, irradiation with a |low pressure nmercury 15lamp (X 1 = Ig am A2 =
254 nm unéede havies y@%@ﬁﬁérl@sdm EOrmiop gndsx ylepeatmosphere contaming oxygen is

described below.
20 O +hv(ha nm) — O('D) + OCP) - (4)
OCP) + 07 = O3 - (5)
O3 + hv(hz nm) — O('D) + O - (6)
[0093]
In the reaction formula (4), irradiation with light having wavelengths (3 nm)
25 less than 180 nm under the atmosphere containing oxygen (O») is performed to generate
singlet oxygen in an excited state (O(ED)) and an oxygen atom in the ground state
(OCPY).  Next, in the reaction formula (5), the oxygen atom in the ground state (O('P))
and oxygen {Q2) react with cach other to generate ozone (O3). Then, in the reaction
formula (6), irradiation with light having wavelengths (A3 nm) less than 180 nm under
30 the atmosphere containing generated ozone (O3) is performed to generate singlet oxygen

in an excited state and oxygen. Under the atmosphere containing oxygen, irradiation
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[ 00921 An exanpl e of the reaction which is caused by the
irradiation with ultraviolet |ight having wavel engths I ess than 180 rim
under the atnosphere contai ning oxygen is described bel ow. 2002 + hv(2,3
nm --> 0(D) + 0(3P) (4) O(P) + 02 03 (5) 03 + hv(X3 m) 0(D) + 02 (6)
[0093] in the reaction formula (4), irradiation with |ight having

wavel engths (X, 3 an) 25 less than 180 am under the atnosphere containing
oxygen (GO is performed to generate singlet oxygen in an excited state
(0(D)) and an oxygen atomin the ground state (O(P)). Next, in the reaction

formul a (5)witht igadalygREh a0y wavkRB8e G QUREST Blenh Q BlXodRd ©9X488R.(02)
react with each 8t her to generate ozone (03). Then, in the reaction formula

(6), irradP&ICaRaviP FRCIMRIRT ORI W@ WekPe PR Hist Kiggleb Sxyasy it eewratthn Th80 am
under 30t hgb@lREPMEd SurtRP lidhiHeRT:d DRGLALSLIAZONRE ckiBie | ifabgtd oL Rd to
generate singlet oxygen in an excited state and oxygen. Under t he

at nospher ext?&ﬁ’fléfieﬁpg{gm&w@@ﬁ thej gpagberciconfainingjaxkigan t r avi ol et |i ght havi ng
wavel engt hgpdogps than 180 nmis perforned to generate ozone and to
deconpose ozone or oxygen, so that singlet oxygen is generated. The
above- descri bed Ghgifigd dop¢ ehameigenic anbsyacpberded madhbyyridcopf ex abjptids

irradiatiop g by 2 K8 BKE VBT | 1he, at phere contai ni ng
oxygen. 5[0094% A Che{rélﬁce{%wltl)%)%%ggi?‘%gﬁg (l)ersgziﬁa?lcg@ﬁtl)ns SR MpBRALY on the
surface of sentaots @eb orsnisutibdance irewbich Havchahet! Bong it cth ahiohgs bendel eagt hs

| ess t han A m . organi ¢, subst ance or, an or aniy substance in

whi ch the (%%gﬁ%rfézcrapldg%gogﬁlé&éﬁ% 0\%"}%‘ﬁe'?%coﬂ’gﬁ%fgd)yo%o?%‘gr Sé’ﬂ?&‘f‘é’éége(?fto fie obj ect
can bel®xi datdved- dégitnpbs exboby-dazahel arrisicn glegineay y gen hidroplicid0 angnoved.
Wth the abov -des?ribe sur

[ bove- ¢ _ | f_1ac treatment, the hydrophjlicity and
ol eanl i nesSSHFTERST Sl PHAR WS C%Bj‘%@?“‘@’é‘i’l" e%q %ﬁtr‘g?/g’él‘,og%‘bc‘{‘%‘ﬁm% he
ni t r ogen- clagtreioniang eay e 021866 Bdtwnaxi dendidduy 115 can be bonded
sufficient f(%%][ 0095]
Further, after the bouding of the nitrogen-containing layer 102 and the oxide
15 film 115, it is preferable to perform thermal treatment for increasing the bonding
strength.  The temperature of this thermal treatment is set to a temperature at which
separation is not performed at the fragile region 112 (for example, a temperature which
15 greater than or equal to normal temperature and less than 400 °C). Alternatively,
bonding of the nitrogen-containing layer 102 and the oxide film 115 may be performed
20 while heating them at temperatures in this range. For this heat treatment, a diffusion
furnace, a heating furnace such as a resistance heating furnace, a rapid thermal
annealing (R1A) apparatus, a microwave heating apparatus, or the like can be used.
[0096]
Next, separation of the single crystal semiconductor substrate 110 is performed
25  at the {ragile region 112 by thermal treatment, so that a single crystal semiconductor
layer 116 1s provided over the base substrate 100 with the nitrogen-containing layer 102
and the oxide film 115 interposed therebetween (see FIGS. 4G and 5A).
[0097]
With the thermal treatment, an added element is separated outl in a microvoid
30 formed in the fragile region 112, so that the internal pressure is increased. The
increased pressure causes a crack in the fragile region 112, so that the single crystal

semiconductor substrate 110 is separated along the fragile region 112. Since the
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Further, after the bonding of the nitrogen-containing | ayer 102 and the
oxide 15 film 115, it is preferable to performthermal treatnent for

i ncreasi ng the bonding strength. The tenperature of this thermal treatnent
is set to a tenperature at which separation is not perfornmed at the fragile
region 112 (for exanple, a tenperature which is greater than or equal to
normal tenperature and |l ess than 400 C). Alternatively, bonding of the
nitrogen-containing |ayer 102 and the oxide film 115 may be perforned
20whi | e heating themat tenperatures in this range. For this heat

treat ment, idudiidd usy@nifaunnagmded beale B WnkaeR JU6H as sthgleglance
heating furnace, a rapid thermal annealing (K A) apparatus, a m'crowave

heat i ng apf)eé’?lé?llﬁlélcwblray‘f‘h’é6ISFIR?éa‘E‘5HO’@e1h%|§’é&]° To89 6§ Kenductos shskaiei 1of of t he
singl e crysdlinsSREF GRMIUCHLOERYDSS. r A Re ThPsih& ﬂ@ﬁ)ﬁﬂ%l@@ no%?ex%uﬁeﬂ ,fragile
region 112 by thermal treatnent, so that a single crystal Sem con uctor

| ayer 116 H§ dﬁP‘S%‘i‘Qﬂ’eHOdVEFIGﬁ’ﬁée%at}bt%@ﬂ‘? ebfeaimonwnﬂwwzﬁeyex 116 is not

ni trogen- cophai H Mg rd nédn { e

t her ebet ween fsee FI %Mﬁéon%ga}%d 5A) 1(”}%&3 Ilc%(?w tiomoﬁaé bh%rsr%g %t%cr Iebé)f %nt
added el enthtchjadvesspaifeat edtresston; *he éhmdefr tvibe @Ibﬂ‘&ﬁicﬁ@rbnédlmnalttkﬁelmmgl le
region 112 t ed The |n sed
pressure c%dlﬂlslgeésﬁe%@%erd ac réibgtst&ﬂggsl]‘g 1?’&&??%51[?0219%{3%&?@%8 m hat b ‘f’le g ﬁ&l e
crystal sesfirsomdudvorysubstrate 110 is separated al ong the fragile region
112. Si nce insulating |ayer 114 is bonded to the base substrate 100,
the single cr@stal sem conduct or |ayer 116 separated fromthe single
crystal0 sem condimt,ahe sulfstratige iih@ler @pailnemdvadudihielabasa esiybstidiate 100.

Not e t hat si th not perfornmed in.the depression 140 (or the
proj ectiony ﬂn? ‘é@h@? ie]d%"ir%é”tfgpmé‘%ﬁs@@ﬁfdﬁw rse‘lnéﬁ‘?eﬁ?uciofgaﬁeé THotr wigch or med i n
the regi onthe@]rafnesnﬂmﬁh figfat Oistim@rode kb G @0mbdlof Rfcctsherdaasa subsigsat e 100,
by which a g% g fﬁe\é ]¥ ééess on the filmdue to the above-descri bed

t her mal PWE ¢ 83 Qe 1186 2B FRUCSPPAY B CreU PR ey Aeet® itoRGof a
stripe pat sr rrI‘(dme&lemtesﬁﬁlbs;ﬂh@mtch%&l@g& ﬁ?ﬂdﬂé@t@ﬁmhﬁﬁ’% pabfeQB8E] vhPNext, the
surface of the si n%ée crystal sem conduc er 116 is irradi ated vmth

| aser 19 ghipert gvnosphias epy ‘F@Pﬁ@ RS & ftgrrheer gagbles thesirondaotorofithyer 118
in which thefl Ea@ﬁe&&)ﬁd&m; [ ACR HeS e t of;, def ects
IS reduced%seﬁF | GS. ‘BB B and %Lé C and 6,& mb ng% ?efcietggg% @oﬁghcaa;{:r 0SS
section taﬂé’@ﬁspéél@@ng A—B in FIG 6A. The |rrad| ation atnosphere of the |aser
| i ght 132 [|0§9(ﬂot limted particularly, but an

an

Details of the laser light irradiation treatment are omitted here because
20 Embodiment | can be referred to.
[0100]

Note that although the irradiation treatment with the laser light 132 is
performed just after the thermal treatment for separation of the single crystal
semuiconductor ayer 116 in this embodiment, one embodiment of the present invention

25 is constiued without being limited {o this mode. Etching treatment may be performed
after the thermal treatment for separation of the single crystal semiconductor layer 116,
to remove a region where there are many defects in the surface of the single crystal
semiconductor layer 116, and then the irradiation treatment with the laser light 132 may
be performed.  The flatness of the surface of the single crystal semiconductor layer 116

30 may be improved, and then the uradiation treatment with the laser light 132 may be
porformed.  As the above-described etching treatment, either wet-etching or

dry-etching can be used.
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15 inert atnosphere or a reduced-pressure atnosphere enables the surface
flatness of the single crystal sem conductor |ayer 118 to be inproved as

conpared to the case of the air atnosphere. [0099] Details of
the laser light irradiation treatment are omtted here because 20Enbodi nent
| can be referred to. [0100] Not e that although the irradiation

treatment with the laser light 132 is perforned just after the thernal
treatnment for separation of the single crystal sem conductor |ayer 116 in

t hi s enbodi nent, one enbodi nent of the present invention 25 is construed

W t hout bejmgijimted to this node. Etching treatnment nmay be perforned
after the thernmal treatnment for separation of Me single crystal .
seni conduct or | ajpéthen pEhouel padsyaibad de dhis renbtedineent hie piep anrfethivaimg @efeﬁts in
t he surfac W 1.C0) Q.41 - . n the
irradiati O%n?& ga){%rgfléﬁétlﬂ\?véi) @ﬁ%%%@a@%ﬁ%’i’;gﬂP&%@e‘ﬁrﬁg@%@ éé’dr%?acl)fr%ﬁg’ahlh@ﬁe

f1 at ness ofs¢rhbels u¥acdhisminghel diengngle corysialasensemdoondlryeor! 18 ayer bi16 30may

be i ed,.¢ h he, Loradlat ion. t.r. it:h the laser . light 132
ve o vl b A6 LSRR LA LSRN AT LR B35
wet - et chi nip18?] dry-etching can be used. [0101] Further, although

not descri bed i i i a ste f~thi.nning the single crystal
sem conduct or |ggighﬁlﬁgﬁﬁgkggg%%?%o?ﬁ%§d§¥?%PmFH%m@W@%&i%ﬁ?‘ fitth t he
| aser | i ghtun@@@nesThis nmiung! @h bt hbtagiedhgl e crystal sem conductor |ayer 118 may

be 5perfor ﬁ3by one of dry-etching and wet-etching or a conbination of
both the e@@ Jngs. [0102] Through the above process, a good 501

substrit e wher e Aistihitpen patenting (hNEUGONLHESY Jemidongieadiagan Bei@bhai ned.

island-shaped semiconductor layer 120, the single crystal semiconductor Jayer 118 in
the region corresponding to the above-described periphery (the vicinity of the region
where the depression 140 (or the projection) is formed) is removed (see FIGS. 5D and
6B). FIG 5D corresponds to a cross section along line A-B in FIG. 6B. The reason

15 why the single crystal semiconductor layer 118 is removed in the region corresponding
to the periphery is because the possibility that pealing would occur is high in that region
due to the shortage of the bonding strength.  The edge of surface of the single crystal
semiconductor substrate has a curved surface-shape (called Edge Roll-Off) resulting
from the surface polishing treatment, so that the region is in short of the bonding

20 strength.
[0104]

After that, a semiconductor device is manufactured using the above-described
island-shaped semiconductor layer. A specific method for manufacturing the
semiconductor device will be described in detail in an embodiment below.

25 [0105]

According to one embodiment of the present invention, in manufacturing an
SOI substrate by bonding, a depression or a projection is provided in a part (the
periphery) of a surface which is to be bonded, to form a region in which the bonding is
not performed by design. In this manner, generation of stress caused by expansion or

30 contraction of a substrate due to thermal {reatment can be suppressed, thereby
suppressing generation of a stripe pattern (unevenness) in a single crystal semiconductor

layer.
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[0103] 10After that, in patterning the single crystal sem conductor |ayer
118 into an island-shaped sem conductor |ayer 120, the single crystal

sem conductor |ayer 118 in the region corresponding to the above-descri bed
peri phery (the vicinity of the region where the depression 140 (or the
projection) is forned) is renoved (see FIGS. 5I1 and 6B). FIG 5D
corresponds to a cross section along line AABin FIG 6B. The reason 15
why the single crystal sem conductor |ayer 118 is renoved in the region
corresponding to the periphery is because the possibility that pealing
woul d occumiie high in that region due to the shortage of the bonding
strength. The edge of surface of the single crystal sem conductor substrate
has a curved surfade? shagen{ucsr deneige fRonad, die jomieenduriondaer amthhie
surface pOx'dg%h '\arl‘}gretth@@ép'?&gﬁm o§@ic ?h@éeuﬁ?% ;ﬁ&ghgﬂs k&ndvad ?%Q}SPH 11@&&/&?@ bondi ng
20strength. [ 0104] a sem conductor device IS

nmanuf act ur @&CU@G thiydapressian Wée ammpxbe@la Fehigerflugthagetcosenbe sngustar | ayer. A
specifig tad for manufacturing the sem conductor device will be
described in detail in an enbodi nent bel ow. 25[0105] According to
one enbodi nent éﬁHQh@ﬂpﬁéQEMIf@mv@mmhdnm;KM'pummﬁamﬁuwéngoadeG&t&ubstrate

by bondi n S [.0j t|on Vi d
peri phery) el hgﬁgﬁ(raf é’Igéi{\3/\/1%::ycszﬁI ?eélg,fon%ﬁcmlb H%f q, t TS %89%103? SS%F j)@l éi[/}h? whi ch
t he bondlngm|SHWmmm@ﬂrmbmﬁadmbytﬁe@n@anlmntMmﬁmHEMﬂeb Pen eaabeioss of

stress cau nsi r 30 contr i, 0 bstrate due to thernal
t reat ment %EY(’S%XHS {épﬁ “Oé%cg‘%g P?félf‘oélb@e’fﬁ SPQSEQ(? % ?é‘ftl BrPPBfoPEat 1 i pe
patteri® (ufveweanglssieprésians (dﬂgir@eafoy@)t @ lﬁ:efaihﬁwdﬂféfgﬂfns |c@é(@§iaond1f1@@cp6]

When a senlcondu @T elénent i.s forned, the sem_conductor |ayer 1n the

regi on wheéPE G he! dbpr B8Ef oY PHECHSFREL RN | FupheviBetrFidcigndied, so

that the &dl‘pﬁfv&ﬁmﬁf(ffeﬁé yield df RRnARPLASS b@mc&{duéthﬁd&ﬁ&is &l v%ﬂ; fefable
sem conduct devi ce can be suppressed. 5[0107] Not hat al t hough

four depr €8 ‘?‘B’h ¢ fgressiops @éﬁ)f%‘f?é‘?“%ﬂléthﬁf‘%ﬁﬂf&éd’fﬁ|1qﬁeitfh@0]f)@r(‘ﬁ%féﬁy6®f t he
single crysi@; sem conductor layer in this enbodinent (see FIG 6A), one
enbodlnent of the present invention is not limted thereto. The nunber of
depr esl9i ons (or Netcofhecth ghggturepisegriticdnn tihe eobédimanideante inipkencad e set as

appropri atb%mg O Qtém&?( %gpép%rop(ijﬁ%r Ry QRp S Rirugiu?cp tde?cn%)zd Cl%nth%eotfhgxr med in

r egl ons corresponal
embodiments in t!ns spemﬁcal:on
[0109]
{Embodiment 3]
20 In this embodiment, details of the method for manufacturing the semiconductor

device described in the above-described embodiment will be described with reference to

FIGS. 7A 1o 7D, 8A to 8D, and 9A and 9B. Here, a method for manufacturing a

semiconductor device including a plurality of transistors, as an example of the

seniconductor device, is described.  Note that various kinds of semiconductor devices
25 can be formed with the use of transistors described below in combination.

[0110]

FIG. 7A is a cross-sectional view showing a part of the semiconductor substrate
manufactured according to Embodiment 1 (see FIG. 2B and the like). In this
embodiment, although description is made on the case where the semiconductor device

30 1s manufactured using the semiconductor substrate manufactured according 1o
Embodiment 1, the semiconductor substrate manufactured according to Embodiment 2

may be used as well.
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corners of the single crystal sem conductor layer. Further, in considering
the i nprovenent of the yield of manufacturing sem conductor devices, it is
very preferable to formthe depressions (or projections) in the region to
be |l ater renoved (see FIG 613). [0108] 15Note that the structure described
in this enbodi nent can be inplenented by being conbined as appropriate with
any other structure described in the other enbodinents in this
specification. [0109] [Enbodiment 3] 20In this enbodi nent, details of the
met hod for manufacturing the sem conductor device described in the
above-desc(dibgid enbodi nment mﬁll be described with reference to FIGS. 7A to
7D, 8A to 8D, and 9A a 9B a_nethod for manufacturing a

semi conduct or degice¥q HEF‘UBW Vg)“ageﬁpﬁ[fgﬁ s RyP-1PC TRRAHIEY demey sugisasshyraxanpl e of

the sem COﬁ!dth{uﬂ{ ol eMIiG8 or kS ndﬁ?eqﬁipbﬁgf eié}l%n? sﬁdﬂ@a‘é PHEY; hos okh8ds. Qxfay
semi conduct or devi cés 25can be formed with the use of transistors described

bel ow i n cByiafdesk foR. sqpeendyctor layer 769 GW*“FA fagregpandp o - Bectingdn alysul ew

h ito ioh I i 1 t
Enbodi ment ié‘gfé“%’f"%yé??gqﬁﬁg@f%@r P e B S e SO 0 1

descri pti ofid #H@éﬁdhevﬁ@“@a§@ﬂmh@%@tﬁh@ﬁ@Eﬁﬁ@@nﬂmpnmc d@vwmemp@ﬂals
manuf act urﬁ%}p%sdl gué/hﬁclﬁﬁ 1 € ORAHGE O o RHRRLS r@tlgngg ur <ha nne d-gccor dx:? 29 to

Enbodi nment em conduct or SUDStTate accor df 0
Enbodi nent n-mmwmetmkﬂettnas ad@dd to a formation reglon cfomp-cbdnntHreshah ddding t ages of

TFT b I [ 1
ey A RSB SHEDN R B B0 P O P AT ™
a

sem cohduct erol yoes/cAFAnd ki hn mqmel&pondm‘m(nhmn@l ngle crystal 5
seniconducﬁﬁgzlayer 118 in FIG 2B). A region where the inpurity elenent is
added and kind of the inmpurity elenment can be changed as appropriate.

For exanple, a [rhtyp8e lsmémdmzmeh@@pn@o isspsded ih@ l@aﬁ@@ﬁ%fegg‘f&&% on of an
n-channel TFT, and an n-type inpurity elenment is ad ormat i on

region of SEMYEORAMGRIINTIOR and 3 ssfoRd o dilmpiod dsesdd6r Thed I Hmﬂnmt,yhtel enment s,
t he dos age&itay c%taﬁ@&ﬂ&o&fu@t@ @Jyel; Hag i Phne g:‘éﬂ)' (gogﬁe%d?ﬁgjtg 1Re %ER&F 3(; n2 and

| ess than or equal to 1 x 1017 "atons 1cn®?
15 thereof (the vicinity of the region where the dep:essmn or projection is formed) is

removed (see FIG. 2C and the like).
[0113)
Next, a gate insulating film 706 is formed so as to cover the semiconductor
films 702 and 704 (sec FIG. 7C). Here, a single layer of a silicon oxide film is formed
20 by a plasma CVD method. Alternatively, as the gate insulating film 706, a single layer
or a stacked layer using a film including silicon oxynitride, silicon nitride oxide, silicon
nitride, hafnium oxide, aluminum oxide, tantalum oxide, or the like may be formed.
[0114]
As a manufacturing method other than a plasma CVD method, a Sputtering
25 method or a method of oxidizing or nitriding by high density plasma treatment can be
given. High-density plasma treatment is performed using, for example, a mixed gas of
a rare gas such as helium, argon, krypton, or xenon and a gas such as oxygen, nitrogen
oxide, ammonia, nitrogen, or hydrogen. In that case, by exciting plasma by
introduction of microwaves, plasma with a low electron temperature and high density
30 canbe generated. The surfaces of the semiconductor films are oxidized or nitrided by
oxygen radicals (OH radicals may be included) or nitrogen radicals (NH radicals may

be included) which are produced by such high-density plasma, whereby an msulating
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Then, the sem conductor layer 700 is separated into island shapes to forma
sem conductor film 702 and a sem conductor film704 (see FIG 7B). In this
time, the single crystal sem conductor |ayer 118 in the region
corresponding to the periphery 15 thereof (the vicinity of the region
where the depression or projection is forned) is renoved (see FIG 2C and
the like). [0113] Next, a gate insulating film706 is forned so as
to cover the sem conductor filns 702 and 704 (see FIG 7C). Here, a single

| ayer of a silicon oxide filmis formed 20by a plasma CVD net hod.

Al ternativelnywits thhengabegicastihat bnggubl lom £86Gnd desS el @ chay e 20hn@ st acked
| ayer usi ngigia filmincludin | icon ox?%ntrl de, silicon nitride oxide,

silicon ni P[P ﬁﬁﬁfﬂﬁ?(ﬁ’&g‘ﬂ‘él o MRARG romyer caualie 4P wim spged sepst he | ke

may be for weg.in béhtdd }viAShesciRpub@ags unineg nethod other than a plasma CVD
met hod, a IIJ%t ering 25 nethod or a method of oxidizing or nitriding by
hi gh densi 608 | asma treatnent can be given. H gh-density plasnma treatnment

is performed usiggdatbBlor&¥@RE® oMY R BBSAT fifnd BY %KQQ{?O\/E%%Q %§d helium
argon, ktypton, or Xenon and a gas such as oxygen, nitrogen oxi anmoni a,

ni trogen, BENHERHBEEAMa (ratpeats & salid-pligge waetioni #ig 1b¢ra%>maih:¢ynﬁtrfa¢ecs©hn@t i on of
M Cr owav eSgeRiABdReM the el 19%{}:% 1§%11%%6t3%5139&?$ﬂ?19 sARdoMHLIN, ?‘?9? '76 30 can

be generated. The surfaces of the sem conduct or I'ms ar e oxi
nitrided bipdoifgenn baeiiteately (d@rpasedli daltbernthy deridomdhaictetinsosre rdntecmgen

radi cal s (N"h&?;d NSETH V\%?{%ﬁﬂlel REhyde %‘riﬁi‘ if %Fne[;’lf,t Wﬂere?}ﬁ?\%wﬁtéo& it ¢

hi gh-density pl asng, an”insu
gr eat el® t hthrkuagss e@:fudte ﬁl@ur@tingn f@lnd th elss fbrhnwd oin egualppiasd0 n$mcprief er abl y,

greater th jal n han or equal to 1 formed so
as to be |S%p1cl:cg)n ﬁh%'% ?rﬁems%alﬁi %%‘8’35@18? £ Ths Qf’Oika]q“%@)?Fd i"sh or
nitridati crmm:fonthlmeoxs{?dmscnmdmdtzedi bj/lal fotidppradeheaaida\bg-wascihk begh-hinghy densi ty
pl asma tre trrent iS a so 5{)25 eact | an therefore e interface

state densi Smat SRABEH: ?ﬁ@ted t’l“ﬁ {m ‘Hﬂhg‘ 1 yrpfospisy an ! C@ééﬁer&cetsﬁéﬁ

sem conducdeﬁmtyf bdum)emi’mand ?71@4111@@1!1112,6 @t foRiyed Yoydeer ﬁgﬁ%ﬁiﬂsu?%&!}ﬁ the
sem co ductor filns ire direct|ly oxidized or ni tr| ded hi gh-density

pl asme %t r SEHPHEHE s BBy 9591 ‘5? PR Rfc inpplatipg ﬁklh@’é%tf@)‘?mﬂqiiés desstibest i ng film

to be for %dv&@ﬂhe@ﬁy$&ﬁh@1‘b§$§@ﬂxac%:@l@(?oﬁtﬂ@iuﬁﬁ@o@@&q é rtfzssé{”s are single
crystal films, even when the surfaces of the sem conductor | s are

oxi di zed 69 Iéﬂsol i d-phase reaction by using the high-density plasna

treatment, a ga?@lehl'at%glyat ﬂh@ggafut| iﬁguMUEP Mg H’O?nl Jﬁf Wl Yy agﬁ%yt ﬁwnﬁﬁn erface

state density can be fofmed e Insufatin £°6r e h-density
pl asnma oxidizing the semiconductor films 702 and 704. In the case of using the thermal

20 oxidation as described above, it is necessary to use a glass substrate having a certain
degree of heat resistance.
[0117]
Further alternatively, a gate insulating film containing hydrogen may be formed
as the gate insulating film 706, and then heat treatment at a temperature higher than or
25 cqual to 350 °C and lower than or equal to 450 °C may be performed to disperse
hydrogen contained in the gate insulating film 706 into the semiconductor films 702 and
704, In that case, silicon nitride or silicon nitride oxide formed by a plasma CVD
method can be used as the gate insulating film 706. The process temperature may be
set to lower than or equal to 350 °C. In this manner, by supplying hydrogen to the
30 semiconductor films 702 and 704, defects in the semiconductor films 702 and 704, at an

interface between the gate insulating {ilm 706 and the semiconductor film 702, and at an
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15treatnent is used for part of or the entire gate insulating filmof a
transi stor as descri bed above, whereby variation in characteristic of the
transi stors can be suppressed. [0116] Alternatively, the gate insulating
film706 may be formed by thermally oxi di zing the sem conductor filnms
702 and 704. In the case of using the thermal 20oxidation as descri bed
above, it is necessary to use a glass substrate having a certain degree of
heat resistance. [0117] Further alternatively, a gate insulating
filmcontaining hydrogen may be fornmed as the gate insulating film 706, and
then heat tmeadcobotvead R daenParaing @nh7@haid hhadnRsnduéhr eaHal4t.9, 320 C and

| ower than gr equal,K to, 450 C may be perforned to disperse hydrogen

contai ned “?Hgyé%¥%“¥nsulating film 706 into the sem conductor films 702
and 704. |pikat case, silicon nitride or silicon nitride oxide formed by a
pl asma CVD net hod can be used as the gate insulating film 706. The process
t enper at ur e nay}ﬁ%ué%?mFBQPG%BW’FW%ﬁwgPV@dﬁaEade%$ﬁm€fﬂmhﬂEhﬁ@1ﬁ@mner, by
suppl yi 19 hypdcagemve Gith ' tik 1 . : , def s in the
sem conductor filnms 702 gﬁﬁg%%%Fqg?ﬂgﬁh?#pgf#g%g&%éFaggﬁ%gﬁeﬂbg?ggﬁ

i nsul at i ng®¥estrade 708 enthan elprdrode il Condersiedove thersep@gondapidr fitm 402 and tht er f ace

bet ween t hg..08i@u408 Hhat '}dlgrelg\éécmczg%&ngld hﬁ%/).ser"fi.hﬁ chg&fc%i% diil @704 can be
effectively reduced. [0118] xt, @A conductive filmls Tormed over®the gate
i nsul at i nglofmedpy 06 Viamgthoensputiering method, or the like. The conductive film can be
formed using a material such as tantalum (Ta), tungsten (W), titanium (T1),
10 molybdenum (Mo), aluminum (Al}, copper (Cu}, chromium (Cr), or niobium (Nb). An
alloy material containing the above-described metal as a main component or a
compound containing the above-described metal may be used as well.  Altcrnatively, a
scmiconductor material such as polycrystalline silicon, which is obtained by doping a
semiconductor with an impurity element that imparts a conductivity type, or the like
15 muy be used.
[0119]

Although a single-layer conductive film is used as each of the electrodes 708
and 710 in this embodiment, the semiconductor device according to one embodiment of
the present invention is not limited to the structure. Each of the electrodes 408 and

20 710 may be formed of a plurality of conductive films which is stacked. In the case of a
two-layer structure, for example, a molybdenum filin, a titanivm film, a titanium nitride
film, or the like may be used as a lower layer, and an aluminum film or the like may be
used as an upper layer.  In the case of a three-layer structure, a stacked-layer structure
of a molybdenum f{ilm, an aluminum film, and a molybdenum film; a stacked-layer

25 structure of a titanium film, an aluminum film, and a titanium film; or the like may be
used.

[0120]

Note that a mask used for forming the electrodes 708 and 710 may be formed
using a material such as silicon oxide or silicon nitride oxide. In that case, a step of

30 forming a mask by patterning a silicon oxide film, a silicon nitride oxide film, or the
like is additionally needed; however, the amount of thickness reduction of the mask in

etching is smaller than that of the resist material, so that the electrodes 708 and 710 with
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5 the conductive filmis processed (patterned) into a predeterm ned shape,
so that an el ectrode 708 and an el ectrode 710 are formed over the

sem conductor film 702 and the sem conductor film 704 respectively (see
FIG 7D). The conductive filmcan be forned by a CVD nethod, a sputtering
met hod, or the like. The conductive filmcan be forned using a materi al
such as tantalum (Ta), tungsten (W, titanium (Ti), 210 nolybdenum (M),
al um num (Al'), copper (Cu), chromum (Cr), or niobium (Nb). An alloy

mat eri al containing the above-described netal as a main conponent or a

conpound coRioa fietige {ape RBEToHRSICT NDBmhaTRlAlhd BN c1RBUARANAT 1MLl be
Al ternati Vg{‘%’i@%éﬁﬁem conductor material such as polycrystalline Silicon,

which is o B BoPPHPraCeRafr @il diovet Wischagnh methed rvighpubhsnent  t hat

inparts a gRaductiéyi hydbyRe disdharbd8ndiidee [ FBBY he,Hasd.- m[x%éﬁ]dm lets
Al t hough a singl e- Iayer conductive filmis used as each el'ect rodes

708 and 718PHHMIPA| & RREDETIRSY Col**ﬁ@‘il%’m%rfﬂﬁrél?’(ﬁﬁd d@‘v@f@teécm)rﬁnngato one

enbodi nent pRfietiAgndr &&'ﬂt idrl}{ﬁﬁl&e' AR irdiS the structure. Each
of the el elélt r%dlesn4 al 1S mlay chﬂ%%lr)%edtsecgtegglgl urality of

conduct i vel%2{ls V\/mch |s stacked In the case of a two-layer structure,

for exanple, a np eytpa%%glk’mllie' ngétr(ﬂieé "ﬁ)gnzin'ﬂnb{d lcm 2 I°o|r1t11a Iblilzm 0 trltge film

or the like nmay be used”as a | ower layer, and an alu W8t he 11 ke
may be useebndsctian mppe haveaydesirdditapdred sjaseb;oﬁn adudiively- doayleai p&brk‘ml(iCIHD e, a

t acked- | fi
rSTD ?;bgenuﬁqtgﬁ %‘Bieg‘x%é H{l;g eq{clje %ciﬂgé Xé)%q O1S et%rtg& 81}101(%{16%{):]"??5%%1? Icr?elfrg)lr ?ﬁp zg
al um num ffol zmcoﬂmidc aoitthi,ameumlxdmﬂ o emf;tx icherckdyk&pphiay thenusedodd 04204

Not e t hat r ng the el ectrodes 708 and 710 may be forned
using a na é’?‘."az S;éﬁ’c d tg Felc[rg%en 83?6’3'8“‘61"“51[]? F"é?fﬂa‘ﬁlstl%)d‘ée sX1gded ph t hat

case, a st&praphiate30ThoNdpeird shapmsdh By a@ast@biithd sipsidfi thOMmaoKi dgs fh I m  a
silicon nitri.de OXId fllg%ﬁgr the like is additiaognally needed; however,

the anmount ' RiS R FBIYENT-BHGE Erdchras chiorRgstoromclderads; picorscidprde e t han

t hat of thﬁtrlfcﬂslbﬁéc ﬂwfﬁerd Blorirkbatdipdastshen & %ﬁé@@ﬁ%%@ﬁc%ﬁuy 319095 th a
nor e preC| se shape can be for ned. ternatively, the electrodes (538 and 710

may bel ¥ or Hetragsn Hyoedea Axvespr g ieeap e neadrs Bypraprédopl et di schar ge met hod
wi t hout uzpolpg;a mask. Here, a droplet discharge method refers to a nmethod
in which droplets containing a predeterm ned conposition are discharged or
ej ected to for mNexbpp adptrdy micmedt which en}wrt%azmd comburdastypaisiadied ®ttheret hod in

its cat egosreﬁﬁwou}\h%]ﬁh s 702 ané‘l')togrb@%s %I elcc{;}odcs 7%§t 9?@ &Zl(l)l%ﬁ g 710 can

be fornmed by etching the Eonductive ave ‘a & shape by
an i nduct i &l §Ak oupHederpbaisment(drGRjpusityciement Mdinddlpmi&e#iﬁy}iehemﬁicﬁﬂiﬁg

condi tiOons(e.ggﬁ 'pgbsph%rblg o?qpslélxgg) gfadgecﬁ &) ’[Iil!B %enenr(]:glli ctor %ﬁ)m 7%(3 and an impurity
clement which imparts p-type conductivity (e.g., boron) is added to the semiconductor

film 704.  Note that when the impurity element which imparts n-type conductivity is
added to the semiconductor film 702, the semiconductor film 704 to which the impurity
element which imparts p-type conductivity is added is covered with a mask or the like

25 so that the impurity element which imparts n-type conductivity is added selectively.
Further, when the impurity element which imparts p-type conductivity is added to the
semiconductor film 704, the semiconductor film 702 to which the impurity element
which imparts n-type conductivity is added is covered with a mask or the like so that the
impurity element which imparts p-type conductivity is added selectively.  Alternatively,

30 one of an impurity element which imparts p-type conductivity and an impurity element
which imparts n-type conductivity may be added to the semiconductor films 702 and

704, and then the other of the impurity element which imparts p-type conductivity and
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10 to a coiled electrode, the anobunt of electric energy applied to an

el ectrode on the substrate side, and the el ectrode tenperature on the
substrate side) are controlled as appropriate. The tapered shape can be
adj usted by the shape of the mask. As an etching gas, a chlorine-based gas
such as chlorine, boron chloride, silicon chloride, or carbon
tetrachloride; a fluorine-based gas such as carbon tetrafluoride, sulfur
fluoride, 15o0r nitrogen fluoride; oxygen; or the like can be used as

appropriate. [0122] Next, an inpurity element which inparts one
conduct i vi B fdpRAy Seaddachitioibhesse @@a.@lwetm Inl 'B‘é é@&u%ﬂ ! y using
t he el ectrodesxmg and 710uasnr]1ﬁ13§l§s ?‘s)ee 1 al’ i hi's eﬁl}oe tr}rlgnt an

i mpurity eP@WESRIUGIRT dmp nfarand 4 y By é’@n%ﬂﬂ%ltqnvp yhe zmm(néy glemephosphor us or
arsenic) i snAdeeedtd ’ﬁlb%n@%%ﬁﬂiﬂ%%@h f7'1fjl EH I%%’n(:(ﬁinlql &% ﬁﬂgﬁgu 0}( ifih ement
whi ch inparts p-type conductivit dded 't

seni conduc'E’Q)?rf‘“‘rdltllfihfi@iil)flpﬂdPklét”eﬁltﬂn&4 Wﬁm@ilt’ﬁﬁ | nmpurity el errent V\/m ch inparts
n-type §onEH§§]| vity is added to the sem conductor film 702, the

sem conductor film 704 to which the inpurity elenment which inparts p-type
conductivity is Nudedsidavatiotiérieformied lonahareidk swfact hetheidketro@57@0 abdhat t he

Fur ther ) whan Tt b0y LR e YR ERF Bt 71 (BETE0 R TThey I &

added to théc\wmé@amms@ranﬂmlfmﬂﬁzby, fohexagR, m@ﬂmhﬁimg,fahhﬁh%ﬁﬂg tin Whi ch

t he i nmpuri | ement whi ctl s added |s covered
with a rras%?yor Y hRe |ufge5’a§% lqsﬁgﬁl@ ﬁém ﬁ% thgl %‘W? Ith&rt &Y p-type
conduct@ vi peytmilsy acided isehaditingefivh bAlabR6RGTid \i@hl‘i}g ma'iﬁ)inH% Sfp@ichpuri ty

el enment whi.ch ng) ’u‘ibé‘? type cogductlwty and an inpurity elenment which

i mparts n- ‘éiﬁﬁgo‘b i }5}‘%@3 beNgtded ”l“bgftt?léls’é'éﬁ*ﬁ%:@]ﬁd Bry flso kg 702 and
704, and tel‘l&ﬂ:dtﬂaﬁlaﬂﬂr|D9l’th@efmslok}@pik:M[ﬂgtdés&l‘&ﬁ‘%%vemh%'?ox' MPA:hRRy Fpe
conduct i w@y and th npurity el ement which inparts n-type conductivity

may be add@dmeg ‘Sﬁéldﬁf"’a‘ﬂ%é’l%éﬁi{ coRducingte faypmer 7ogeckedl lgon usiBy at fil addi ti on
of the i MhidninelifEBNtsic @&&@Emrbﬁw LifBon kLol on 714
are fornmed |In 1t n% 1sem cloﬁ(():luctlor T'm lc?ega]nd xt%éngg%e g{(}ﬁ H}g;&{)dr <¥qc[m 704,
respectd velyoregio xpgyial, or the lflfqelmy baﬁgméwalnl thmleemhoslmﬁm ree th Cemm ek SI de
surface ofgthe gleelkod , 71 ormed on.the si

surface of the 6 ectlrlodg“%%gb}(’ gg%m% éwgﬁ?i.hoq'hegss?n A0S €7 B &asi18 can
be fornmed GHf:omddxbwplcay bneswkdy Noterﬁmghcamoufsslﬁdnabnmggfmel didesallagid o cover
the gate i | n trodes 708 and 710 and by 10
partially Je;ltﬁlmgtl}er}g’ﬁ ”murer:z}stﬁ)lqgltg|pmce S c?ﬁ”l? 31?13 YSotropic etching mainiy in a
per pendi culD&r4]di rectl on to an Ob] ect to be etched Note that the gate

i nsul atjng fil so be etched partially the ani sotropi c etching

descri‘ed above: eNs a 8%1’”(‘ 2 cleeni ‘ﬁlf”ic?m{j“l?qlisrﬂnf’ GF‘Fﬁuﬁ Viprars1sdeded dhe 16 and

718, a si I’k@inﬂ:oh@l}(ﬂh Qs F0s tdﬁ@ k?ﬂid b ayiaE tsgng n@ulﬁliulxg’m EPRO&IR BgcRidkd con,
silicon ox] si.licon nit silicon oxynitrid ilicon nitride OXIde

15 an or gaifl (f'nfjrrﬁl@f ang ”‘Céf’det"ﬁgs Fikandral® peipeisree: lLIIGn 8€hi sNelatldithent , a
100- nm t hijglusiy! él&ﬁéht Q%}llél? 11;115211@ ths 55195 %gtqdulabfw%/ @%@11@4%&@&% Q&ﬂic 1[6‘3 an

et chi ng gas a m xed g@s and hel 1 um can e used
process f orhiglphaf hrgn dstpdé@\,@ﬁmlgormgoaﬁaww ardem*ﬂom thq: pieviods Sop tuhl s

process d%ﬁg&g Regle %plg}égndt[cg‘néé‘gins 27%’2\@:%(1& 708 by l'u{n hiEdlh 01}70%1611 Eh | mparts

one conductivity type is a to the sem con i 704 by
usi ng t he igatityichesgnawiiny ifpéne F0He corlrrétcehe,cnsmddielstomﬂscam:ﬁﬂ:ﬁm i&‘iﬂd t he

si deval | s '76%@!1%”5%111@0%(1@01%&1}1( SiOt(’r Slg g:vhl 1GIhe8C)l)Ep§p1g1p£§1 % f 8m|cW'p’|5re{$9( éﬁ ement

el ement whi ch Bl Vit

whi ch has cheaed a-dﬂierd ntagk bhehes bkn smrﬁchuaiﬁmmﬁmhmhﬁ%t aMmebh 7i@pait ntiyg: previ ous

step Is conductivity is added selectively. Further, when the impurity element which imparts

30 p-type conductivity is added to the semiconductor film 704, the semiconductor film 702
to which the impurity element which imparts n-lype conductivity is added is covered

with a mask or the like so that the impurity element which imparts p-type conductivity
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25 added to the sem conductor filnms 702 and 704 at a hi gher concentration.
When the inpurity elenment which inparts n-type conductivity is added to the
sem conductor film 702, the sem conductor film 704 to which the p-type
inmpurity element is added is covered with a mask or the |ike so that the
inmpurity elenment which inparts n-type conductivity is added sel ectively.
Further, when the inpurity clenent which inparts 30 p-type conductivity is
added to the sem conductor film 704, the sem conductor film 702 to which
the inmpurity el ement which inparts n-type conductivity is added is covered
w th a mask aded feieclivdte so that the inpurity el ement which inparts p-type

conducti vi wl éijs added sel ectively. [0125] In additi on by the

above- desc addition of the inpurity elenents, a pair o

hi gh- concent r at i1@RdditPklbytiie §R9E-QBEriELPadddioRn s rthé’ifnp‘uﬁl’;‘f&& ﬁé i,en q
ormed in

impurity rﬁ%hons 5 722, and a channel formation region 7
the sem coREHEPHENFRL M Hgority| ragigrri7 4% Sriaingf lt)W@OaMVéUCd!e@muubentg@ddl tion of

the i npuri vy, ehCBihSel @mR@bh re‘g}t011h?2gr$1&ﬁﬂﬁ@d1ﬁ1rtﬁé ée%ﬁcdn%ﬁ&l i J]‘@gl ons 726, a
pair of |owconcentration inpurity regions 8, anne or nat i on

regi on 730240 dpsivdlep iahovendeserieit cardiion of ﬂ’ﬂpl ROty eTchmnlm gh-fméncént r at i on
i npurity rggh Q@&eZt?eQmﬂr!ﬁll Euhl?JQélgxn: %ng%t] ratbg! Q:oncrgr)ly adon N {1}1%%13{ lﬁg{?g%n ts y726

each serve as a source or raln |"'ow-concen
regi ons 7288nd erdamshiaontentezam 61 amﬁumddymrthg|semm;7c&8toeamln ‘R@rve as an

LDD (11 ght If Noteth the sidewall 716 forned
over(t Ihg sJ(Faﬁrq?l g%ﬁﬁ'@g%})}?ﬁ@q uﬁ%ﬁ@ %;9%%6/]20 1895 e 111°°Hff§”?t5’t“n§1&?%‘\'ﬁér t he

sem colfductesiong i7Pe7@4 saray abe foorcred Sdrag dnd havewlicdficen kol ﬂrﬁlﬁﬁi? in a

di rection "é@%ﬁs 7%9% &S| ove éﬂq gl rection parallel to a so-called channel

| ength), or forred "s6 788 Fa hAVBVHY FREPN {9 1t 18 4521 §Dft ef erabl e
that the s(lzgm&dpe&ﬂl&m)\regmﬁ he sem conductor film 704 which is included in
a p- channiO ior]anm stor is larger than the sidewall 716 over the

sem condu tg) film702 which is 20 included in an n-channel transistor.

This i s becauseNoqy dar Whi sedewia8 AddBEndOsvcE Qﬁé%él@lc@hdﬁ%f Gy 304 4 ﬁd %?e?' nin
t he p- (‘Shan ran istor is easily diffused a short channe ect is

easi | é"é‘h B ‘i’fﬁﬂi Ryeit the Sqaippdycist fitm 80% Mﬁé\hﬁlﬁlmmﬂi 8o jap tct lyye ghechannel
transi St Orsclh@riglﬂg’t tihangitdabn QJllchh&irﬁéigqyl\@le (a731§?§|1191hgﬂ§:r Qll ﬁyh?zg-eclﬁﬂed

transi stor, boron can be added to the source an € p- channel
transi st orchanchicgaihny on swhibe detimsd so aned %ﬁlﬁdﬁelttihéemgém sttangrefeadbld faet sour ce

and the drgl Giaedd Hes oggut‘ﬁggcmkgﬂ'%] ar film_704 ﬂlC?d\% I?Cé‘gfgfjf T he reduce the

resi stance of the source an in, a silici ‘Hé\/pﬁ A8k ved by
silicificdtangslonts Jaeger shaof the helewelli 7d 6 nouc tier seiiitandd@2r gnd 7obevisgmisconduct or

film 7Q4. f 30
i th tho JEieRihbEhah S| el gl i oler i Demabarot hemisi al - and

silicon in ‘IOhEZCSleaGhﬁldUﬁtﬂm’pfchdrﬁBI yhsheatis t4saatdmantd GAOR sRXaRger @ (JRTA

net hod or t hod er may be formed from cobalt
silicide S?Incrhl% g4 il ysiflﬁhice% gy pﬁ:ﬁmg tﬁe ?ength f the sidewall 718 in the p-channel

transistor larger than that of the sidewall 716 in the n-~channel transistor, boron can be

added to the source and the drain in the p-channel transistor at high concentration, and
25 thus the resistance of the source and the drain can be reduced.

[0127]

In order to further reduce the resistance of the source and the drain, a silicide
layer may be formed by silicification of parts of the semiconductor film 702 and the
semiconductor film 704.  The silicification is performed by making a metal in contact

30 with the semiconductor films and causing a reaction between the metal and silicon in
the semiconductor films by heat treatment (for example, a GRTA method or an LRTA

method).  The silicide layer may be formed from cobalt silicide or nickel silicide. In
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t he case where the sem conductor filns 702 and 704 are thin, suicide
reaction nmay proceed to bottons of the sem conductor filnms 702 and 704. As
a netal material used for silicification, the follow ng can be given:
titanium (Ti), nickel (N), tungsten (W, nolybdenum (M), cobalt (Co),
zirconium (Zr), hafnium (Hf), tantalum (Ta), vanadium 5 (V), neodym um
(Nd), chromum (Cr), platinum(Pt), palladium (Pd), or the like. Further, a
silicide layer can also be forned by laser irradiation or the like. [0128]
Through the process described above, an n-channel transistor 732 and a

p- channel theansd Shok HS4edicndu@iol8ling Nob sl Pal 2l hhﬁ’“ﬂhcxé‘e ¢ C hye film

serving as a 10 source electrode or a drain electrode is not din the
st age showoF§rdpp &otiqes ofghe samieangpetos RlasidRmgd e chnauetal vetef 1|al lmeéer vi ng

as a sour cereliRpihRse gy fo@iogh%'@n@eqcﬁ\trépg?an gﬁf 1{1(?JCFLE§,q11£g%le%S ),

transistor. [0129] Next, an insulating to cov 't he
n- channel ¥p ﬁé@i@ﬁbwozag)bahéco)laictomempcz@ha\mﬁmln(Iﬂantsmsmm(Tﬁma]@men FI G

8D). The | fpulldAdub mﬂaﬁofnﬁﬂygr% PSESREAL 1Y REAKLACH MRV el L he

insul ating f can prevent as an a "and an
al kal i ne- eﬁwﬂwlﬁéﬂ@Kbﬂ%@nﬁENﬂ@ﬂmﬁgnmm@nﬂa@hanﬁahonbamBMBéor 732 and the

p- channel & sistor 734. In specific, the insulating film736 is
preferably #orned froma material such as silicon oxide, silicon nitride,
silicon oxyn| t r iThequghi fhie qoncans tdesalibedaboes, an?@-cAhatdl numinbE rr3gdesndal um num
oxi de, ilicon nitride oxide filmwth a
thlckness % ﬁh gﬁﬁngﬁar%?*mFglu% dngngM% f%%ﬁ ACPHYCHTY M7 36YIng A5 # hat

case, tthe ahﬁmeﬂﬂmsd¢bb&dnhﬂd&ﬁ@@ﬂﬁkhﬁnﬁﬁﬁﬁ@1HWM:Q%% ﬁhﬁﬂhHQdGaééeé the
formation qf t he. sil n nlérlde xide film Note that altho h the

i nsul at i ng® P pSsdtg detg Ve i yaYing #F g squireelrairodnpsa dibodearent , ¢ he

i nsul at i ngmby bamcfBGd iRys hdweisedr25st acked- | ayer structure, For exanple, in
t he case g{ qe two-| ayer structure, a stacked structure of a silicon
oxynitrid Oﬁ mand a silicon nitride oxide filmmay be used. [0130]

Next, an insul atNeRg af Hﬂs@aﬁ@ﬁ!m? 7% meg‘{c%ovtchﬁe 'n%%x?eﬁ bragidd,! 7'3? 2P _so as

to cover the n-channel transistor 732 and the p-channel transi 734. The
i nsul atd nghe BEehpichirpgstarey4 e laG Y. u§hngmahhm£@émﬁéémamﬁmcakxmmwlng heat

resist anC%xo%H&h 13%cPQ! Weh a1 BCHM] H5s cg)rf Blze(?/%ﬁ/tcm%piu 1gsn36uchp0| zrﬂ(% use a

epoxy. As wel| &s such’ an organic nater 4% p055|b
| ow- di el eclﬂﬁiﬁfcaltﬂoﬂﬂstiiaﬁitncrmttbnmadl ftan leotarikg the n-channel transistor 732 and the

p-channel transistor 734.  In specific, the insulating film 736 is preferably tormed from
a material such as silicon oxide, silicon nitride, silicon oxynitride, silicon nitride oxide,
20 aluminum nitride, aluminum oxide, or the like. In this embodunent, a silicon nitride
oxide film with a thickness of about 600 nm is used as the insulating film 736. In that
case, the above-described hydrogenation step may be performed after the formation of
the silicon nitride oxide film. Note that although the insulating film 736 has a
single-layer structure in this embodiment, the insulating film 736 may have a
25 stacked-layer structure.  For example, in the case of the two-layer structure, a stacked
structure of a silicon oxynitride film and a silicon nifride oxide film may be used.
[0130]
Next, an insulating film 738 is formed over the insulating film 736 so as to
cover the n-channel transistor 732 and the p-channcl transistor 734. The insulating
30 film 738 may be formed using an organic material having heat resistance, such as
polyimide, acrylic, benzocyclobutene, polyamide, or epoxy. As well as such an

organic malerial, it is also possible to use a low-dijelectric constant material (a low-k
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material), a siloxane resin, silicon oxide, silicon nitride, silicon
oxynitride, silicon nitride oxide, PSG (phosphosilicate glass), BPSG
(borophosphosilicate glass), alumna, or the like. Here, the siloxane resin
corresponds to a resin including a Si-OSi bond which is fornmed using a

si | oxane-based material as a starting material. The siloxane 5 resin may

i ncl ude, besides hydrogen, at |east one of fluorine, an al kyl group, or
aromati ¢ hydrocarbon as a substituent. Note that the insulating film 738
may be formed by stacking a plurality of insulating filns formed from any
of the abometerisi),ex isdbsane [10di313ilidFoxidt, hanidr ARtdORIIRbN theniugulsalchbng fil m

738, the follow n od can_pe used depending on the material of the
i nsul ati ng™f' WﬂxﬁgSEEQQEN@Pmﬁﬂﬁ@HﬁkﬁﬂsBBE@éPWH@@%%@WHH?wéﬁEQGQUﬁW#hod, a

spi n coat i agheBkhodicrd, i RiIGAAE kAt ARLERMds o §RERY ifeRAlINPSIBLIInd 2
dr opl et dlschargﬁ)nethod (e.g., an ink-jet nethod, screen printing, or
O

of fset priWPIhE) ormedigepep stprmebasedrnitrial gaeetarting watetial n Thoatenne a kni f e
coater,s Orreﬁihemlﬂ)l' Kﬁalucﬂel,s [b@éi@%] hydrogen, a Lo offORE Ef%rincgl &0 aﬁc%? gﬁo%{an%p in the
p

insulating film736 and the insulating film738 so as to expdse parts of
the seni coHaWaiOPYIPFHPFORS AntbstHeens enNeloribiiicthorinfuldting704n 7Fhemy bonduct i ve
films 740 : } r@ k1Bl GO - W ! C fi,lm702

t hr ough thgﬁg%d?n;ﬂsgc%ﬁg{geg pzuﬁ%}néodgg%g‘g%t\l}g ﬁﬁém%1§§%ﬁ§@$365p% Wi'eh are in
contact w mplexisieé sem conductor film 704 through the contact holes are

f ormed (seﬁlth. 9A). The conductive filnms 704, 742, 744, and 746 function
as source and ‘drain electrodes of the transistors. Note that in this

enbodi Hent, as dior dtechinmgiog as tht dusufaangithg 78 hahe illbadiy Mah&scandbeisked gas of

CHF3 and I.sy.used; . however, .the. etchin is |imted thereto.
o5l0133)  SereRitERE O MATKE] e e PR 38! 5 4D ot o 1 or e
by a CVD nmtthod an@Xpuicthed) agpimesdiag mditodt Aaip dos@ng MBHSRECigkdyCooatife
conducti ve fhl$§ %Ao,hgﬂﬁ% 744, agf 746 can be forned from alum num (Al),
tungsten (W04 FAPGhigeRasge methadaicdm qomak et mpithas srrash piveine. i elsst (NI ) |
plati num (Hinking ) 9@P&6r Kif) a IoﬁlQJoﬁi[ex(, /Q\léﬂuna_liﬁ LN&T a hﬁ‘gz)qoalel?;%r pRnganese (M),
neodynhfnaﬁgﬁé, carbon (C), silicon (Si), or the like. Mreover, an alloy
n

cont ai above-descri bed nmaterial as its nmain conponent or a conpound

containing the j . i:al . . of the
i ning 2R GoARSAII QM. TANRK ] B Ak BRA 73EULENRL yggﬂ@g

conductive_films 740, 742, 744, and 746, either a sing ucture
or a stacklida F3yer astor aeper pariveyf the sasieehdubo1 Sk 7823 aad tex sompt@doftomn al | oy

cont ai ni ngga! vl NuM,as dot.8,J18l v 743N al | oy cont ai ni,ng, al um num
as its main qonponeﬁt’aﬁa&gﬁg%qggﬁggﬁﬁ%ﬁ%‘ﬁ?cwgﬁhc%ﬁ ]ecﬁPﬁzﬁW“qgh%ddition,
an al |l oy cemiaindiotey aluidhtmwmd the sommit hoksmpdrentucdnd fiahs 844 ant 24 ng

excampl &7 nePEE e i Bt G SR Bt TR P& S ol o ow
r esi st ancefoand! @eeFliGNRXpe i enduatie Gliuist7ab] B12a%14QaBley nadtichQE s§Edm ng t he
conduct | Vean]:iidlrarlrg ci?aéll'?ddez (13112 the Zl‘gr?s’istors. Note that in this embodiment, as an ctching gas
for forming the contact holes, a mixed gas of CHF; and He is used; however, the
etching gas is not limited thereto.
25 [0133]
The conductive films 740, 742, 744, and 746 can be formed by a CVD method,
a sputtering method, or the like. In specific, the conductive films 740, 742, 744, and
746 can be formed from aluminum (Al), tungsten (W), titanium (T1), tantalum (Ta),
molybdenum (Mo), nickel (Ni), platinum (Pt), copper (Cu), gold (Au), silver {Ag),
30 manganese (Mn), neodymium (Nd), carbon (C), silicon (8i), or the like. Moreover, an

alloy containing the above-described material as its main component or a compound

containing the above-described material may be used. Further, each of the conductive
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10 and 746. In particular, alumnumsilicon is preferable because a hill ock
can be prevented fromgenerating in resist baking at the tinme of
patterning. Further, a material in which Cuis mxed into alum num at about
0.5% may be used instead of silicon. [0135] 15l n the case where each of the
conductive filnms 740, 742, 744, and 746 is fornmed to have a stacked-I|ayer
structure, a stacked-layer structure of a bather film an alum numsilicon
film and a barrier film a stacked-layer structure of a barrier film an
alumnumsilicon film a titaniumnitride film and a barrier film or the
li ke may bginused, 740748X8004E, cihBl Lsihfl@taybh QrRALOSY o fhdiuiGfPiPuctRea film
formed using titanium a 20 nitride of titanium nolybdenum a nitride of
nol ybdenuni®@%Pe %58 | i ke. By forming a conductive filmso as to interpose an
al um num sjgisgon film between the barrier filns, generation of a hillock of
al um num or al'um numsilicon can be further prevented. Filthier, in the
case of form ng 4he pammileef pil lkHehponsinmg alinnianinugs thakin songpdnigh hy

reduci bl e L inids LR i fil: L.ch rned.qn, the

sem cotr?ducfﬁ!) ”E?;;Elfa%& %@@b@gﬁﬁs %Jilv}cé\m?(ggﬁeé\%g} glf/(pt% %‘Iet%fl ﬁ?éﬁ%ﬁ %nc%no]ﬁ? ained in
t he bat her gif¢i. min gdditihat arc eiftyacentyeinpedminie coitdurti venfddensantdfisand 742
and the sem ] Ay a cont act...bet ween the.conductive filnms 744
and 746 an nﬁ?@%%&rﬁ%é&%ﬁ%%%ﬁ %3&8) aggﬁlh A R EQDS SR Y RS ¢ s

al so possi theeof 0 Adtmackimaargl durainiimysilafon fAL-6i)ewhich lhase lobnrebis@bcccagae f or
exanpl e, each of. the conductive films 740, 742 744, and 746 .can_be forned
Co have. eVt e GIREE bl TR P itips 0 Seafeidiva Mhie P40 B dm i

titani Um nirdr 74te, Tal pemiicules) Siuliieem,silicob aRigrefecraBRAbédab RNk UMYkt £dndge i N this
order fromthe egoé_tom or a stacked-|ayer structure includi ng more t han
five | ayer&CVenjqg g sencrating Ag riepl Bftlwéhét itRfFe fife] pg PytigEning.4oFurthen a and 746,
tungsten suhwiisleanfvafigeduby ndx&ham SahintaPar aldePeSHE ey LEBLLPHUSI Y a W6
gas and a SiH4 gas may be used. Alternatively, tungsten formed by hydrogen
reducti on D¥OWF6 may be used as the 5Sconductive filnms 740, 742, 744, and
746. [0137p1391e conductive films 740 and 742 are connected to the

hi gh-concentration inpurity regions 720 in the n-channel transistor 732.
The cohductive [t capgavin) cach of teoadectivordimetdl, 742,tHd, and 746 is

hi gh- conceghaf i Qfavé TRBEIYIaf & A R0 Fre! 2 Sabilal i RE-GAAANS!: LhNLRSI st or 734
aluminum silicon film, and a barrier film; a stacked-layer structure of a barrier film, an
aluminum silicon film, a titanium nitride film, and a barrier film; or the like may be
used, for example. Note that the barrier film refers to a film formed using titanium, a

20 nitride of titanium, molybdenum, a nitride of molybdenum, or the like. By forming a
conductive film so as to interpose an aluminum silicon film between the barrier films,
generation of a hillock of aluminum or aluminum silicon can be further prevented,
Further, in the case of forming the barrier film by using titanium that is a highly
reducible element, a thin oxide film which would be formed on the semiconductor films

25 702 and 704 is reduced by the titanium contained in the barrier film, so that contact
between the conductive films 740 and 742 and the semiconductor film 702 and contact
between the conductive films 744 and 746 and the semiconductor fitm 704 can be
increased.  Further, it is also possible to stack a plurality of barrier films. In that case,
for example, each of the conductive films 740, 742, 744, and 746 can be formed to have

30 a five-layer structure including, for example, llanium, (tanium pitride, aluminum
silicon, titanium, and titanium nitride in this order from the bottom; or a stacked-layer

structure including more than five layers.
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[ 0138] FIG 9B is a plan view of the n-channel transistor 732 and
the p-channel transistor 734 which are illustrated in FIG 9A Here, a
cross section taken along line CGDin FIG 9B corresponds to FIG 9A. For
simplicity, the conductive filnms 740, 742, 15744, and 746 and the
insulating filns 736 and 738 and the like are omtted in FIG 913. [0139]
Note that although the case where the n-channel transistor 732 and the
p-channel transistor 734 include their respective one el ectrode serving as
a gate electrode (the electrode 708 and the el ectrode 710) is described in
thi s enbodjgreat, one 20 embodi ment of the present invention is not |limted
to this structure. The transistor manufactured according to one enbodi nent

of the present i‘hVEREPHRICHEIHEE0a7Hul7t#-agdt780.stuprgranilesidenforsec by a
lurality ofenfl®GhpOdeSoSEEY nehRS & ®Whechl ades &g J :
glectricalIfnconnegﬁeﬁﬁ?o Jng ahotﬁgg; [Olgg% 251 n ?%§§hg§%§g?%éﬁ?? t he
transi st or &ltamatnfehk eresiesi fagned BY dyHeser yatualiors efriYonday thor usedyaer the

Accor di ngl YonasMe Gl 0945 PeE G401 liRgst ransi stors is increased as conpared to
the case where an anorphous sem conductor |ayer, a non-single-crystal

seni conduck®?7l ayer, or the like is used. Further, in this enbodinent, a

preferabl e singlg,.C ] .sem t ayer. w t.-hou .stripe variation is
used, so that véﬁ?d%%gﬁﬁwﬁqggéﬁgpgggéﬁés%?é§n%%%ﬁegn&9ﬁ%é1?5ﬁ?F?ﬁ8?s can be
suppr essedingnoggtegions 7R sn tenndiapnd ixenkooAdlct e dediaee ik 7hl ghd

Geacribed 115 T Ssg Pl MR BENhisn drenreros b dPhh BTt s
appr optd at eansistdn 7861y ot her structure described in the other enbodinents in
this speci&ﬁgﬂtion. [0142] 5[ Enbodi nent 4]

FIG. 9B is a plan view of the n-channel transistor 732 and the p-channel
transistor 734 which are illustrated in FIG. 9A. Here, a cross section taken along line
C-D in FIG. 9B corresponds to FIG. 9A.  For simplicity, the conductive films 740, 742,

15 744, and 746 and the insulating filins 736 and 738 and the like are omitted in FIG. 9B.
[0139]

Note that although the case where the n-channel transistor 732 and the
p-channel transistor 734 include their respective one eclectrode serving as a gate
electrode (the electrode 708 and the electrode 710) is described in this embodiment, one

20 cmbodiment of the present invention is not limited to this structure. The transistor
manufactared according to one embodiment of the present invention may have a
multi-gate structure in which a plurality of clectrodes serving as gate clectrodes are
included and electrically connected to one another.

[0140]

25 In this embodiment, the transistors are formed using a single crystal
semiconductor layer. Accordingly, switching speed of the {ransistors is increased as
compared to the case where an amorphous semiconductor layer, a non-single-crystal
semiconductor layer, or the like is used. Further, in this embodiment, a preferable
single crystal semiconductor layer without a stripe variation is used, so that variation in

30 characteristics between the transistors can be suppressed enough. In this manner, a
semiconductor device with high characteristics can be provided.

[0141]
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In this enbodi ment, el ectronic devices each using the sem conductor device
manuf actured according to the above enbodi nent, particularly using the

di splay device will be described using FIGS. 10A to 10H and FIGS. 11A to
11C. [0143] 10As el ectronic devices manufactured using a sem conductor
device (particularly a display device), the follow ng can bc given: caneras
such as a video canera and a digital canera, goggle-type displays (head
nount ed di spl ays), navigation systens, audi o reproduci ng devices (such as
car audi o conponents), conputers, gane machi nes, portable information

termnal s (SUChI&&e@uﬁ@@ihﬁmﬁ@@@&kﬁﬁq!ﬂ1ﬂﬁb%h%d&mgﬂ%m1Eeﬂﬁ&%ﬁ@h&ib}5 gane
machi ne, and an e-boqk reader), and imge reproducing devices provided with

a recor di n§RRdiONEdpet irPPiealialy, with geyi etlier pivatee ddaribeda inditkplogher devi ce

that can repr@dMess & hRGRESHRAHAedi um such as a digital versatile disc
(DVvD) and dizg{ay the image), and the like. [0144] 20FIG 10A illustrates a

tel evi si onld or a nonitor of a personal conputer. The television set or
the nonkt ofpfodt&REr sonal conputer includes a housing 1601, a support
stand 1602, a display portion 1603, speaker portions 1604, a video input
term nal 1605, dndhismboiliveent, Tikstrowinideviefuetch rusthgvihe scasontudiongievioe one

enbodi nent : i i S Ln the di.splay..portion 1603.
Wih the soaang R pEnhe WIKERL B GHaR ghc by BUSF HE4BBH ¢HEe pr esent
i nvent i on, wal bd dga¢ribed ebingB1@S.d A4 thil Offh ap®FIGH. ibace! el evi si on set or nonitor
of a persogﬁhgconputer can be provided. [0145] FIG 10B illustrates
a digital aﬁgra. An image receiving portion 1613 is provided in the front

si de of0a main bodyechbhil.deticshubhdiculied tong 4 &Gichsiupopudbded paticuldly t he
operation keys

upper portign of the i ,ﬁod 161%. A display portion 1612, o
1614, and &F°BRY SPRED: BSHRRCETS SThor € rB18 A E BrbvF Acieorise! Bisbksi de of
the main boigyal l&kikra, TheeRapC ARPIUGE Qhead MbER.ACEPIGENGal BaRRe spidadi ment  of
the present invention is used in the display portion 1612. Wth the
seni conducti® HBPFEEN L ERET I HEh fooUREIEBBRPHEHY. GmPHise. graeBiehingivent i on,
a hi ghl y-r griz8R!ligfoanstidni @hiRas &QEIWQﬁxo‘éh‘gb&ﬁ+ut&§%milsiﬂo&?a RoAYHIged
[0146] SFIG 1CC.illustrates a | aptop personal conputer. A nmain body 1621
is 15  game machine, and an e-book reader), and image reproducing devices provided with a
recording medium (specifically, a device provided with a display device that can
reproduce a recording medium such as a digital versatile disc (DVD) and display the
image), and the like.
[0144]
20 FIG. 10A illustrates a television set or a monitor of a personal computer. The
television set or the monitor of the personal computer includes a housing 1601, a
support stand 1602, a display portion 1603, speaker portions 1604, a video input
termuinal 16035, and the like. The semiconductor device according to one embodiment
of the present invention is used in the display portion 1603. With the semiconductor
25 device according to one embodiment of the present invention, a highly-reliable and
high-performance television set or monitor of a personal computer can be provided.
[0145]
F1G. 10B illustrates a digital camera. An image receiving portion 1613 is
provided in the front side of a main body 1611. A shutter bution 1616 is provided at
30 the upper portion of the main body 1611. A display portion 1612, operation keys 1614,

and an external connection port 1615 are provided at the backside of the main body

i611.  The semiconductor device according to one embodiment of the present
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provided with a keyboard 1624, an external connection port 1625, and a

poi nting device 1626. A housing 1622 including a display portion 1623 is
attached to the nmain body 1621. The sem conductor device according to one
enbodi nent of the present invention is used in the display portion 1623.
Wth the sem conductor device 10 according to one enbodi nent of the
present invention, a highly-reliable and hi gh-perfornmance | aptop personal
conput er can be provided. [0147] FIG 16D illustrates a nobile
conputer including a main body 1631, a display portion 1632, a switch 1633,

operati on #eysioh634useanini el afsfldy ARitionl 6302, anGyt He Lt!nh@ondu%tgr %%e]x@& tive
. e

matri x di splay device is provided in the display portion 16
sem conductEPiaggyite eotsc cBPatiREt ol erseYi mepltionf ¢ Huelpy-edishle endent i on

is used i miph@edaRhaydiBed tRda 183% pWWiliky t he sem conductor device
according to one enbodi rent of the present invention, a highly-reliable and

hi gh- per f ol’hétice nobile conputer can be provided. 20[0148] FIG 10E
illustrates an iH@IenE eRLQGUE! [ ' od 1.1 vi.ded with
a display portion 1644, a recorg?ﬂgy&%ﬁfﬁﬁfg@gﬁfﬁg éo%?ﬁbﬁoi%ﬁg?lé%d

oper at i on Keyided g4Ba kpyhopiddeh624 santratesiah gorg 4 ngroovicdé tindiativirsing dlegite por ti ons
1647 and aygdiSph E-ON; i.s;.attached t.he in. body 1641. The

sem conduct or’ 2§%a§€$ggﬂggégéﬁgﬁéhﬁg%bﬁgﬁghggafﬁélgﬁg?l?ﬁglﬂ?%§8iﬁ

i nvention iR@lusdtei seneanbuabr thdcdisspirdivg por bhornibbdieand it e shespl ay

portion 1644, M th the sep conductor. deyice rding to qne enbadi nent of
the present f%@%ﬁ ﬂgﬁ?‘g '?Q%F §¥éPF§WIZ%§%daﬁ§Bh§ e%?ﬁ? K@ CRdgfe
repr odifci ngeadingce car babptiowided. the0p4ednt 3RFEMGon1 Gl RigH}-HshbBt 881 an
electronigquok‘ A nain‘boq% 1651 is provided with operation keys 1653. A
plural ity B¥RFLEPATCIRYER BARONFRISIEE calt beqrAwdct o the mai n body 1651. The
sem conduqtps7]devi ce according to one enbodi ment of the present invention
is used in the %hgpl%{.po[tions 1652Wth the sem conductor device according
to one embodi mefifdf tHEsEseReblerpamuies icluding gyl adyilabl e disday
hi gh- per f giop@iCRs 38| £6k#@N 633D atlkeDS 1 970U Hehred }96'15%35, and the like.
15 An active matrix display device is provided in the display portion 1632, The
semiconductor device according to one embodiment of the present invention is used in
the display portion 1632,  With the semiconductor device according to one
embodiment of the present invention, a highly-reliable and high-performance mobile
computer can be provided.
20 {0148]
FIG. 10E illustrates an image reproducing device. A main body 1641 is
provided with a display portion 1644, a recording medium reading portion 1645, and
operation keys 1646. Further, a housing 1642 provided with speaker portions 1647
and a display portion 1643 is attached to the main body 1641. The semiconductor
25 device according to one embodiment of the present invention is used in each of the
display portion 1643 and the display portion 1644. With the semiconductor device
according (o one embodiment of the present invention, a highly-reliable and
high-performance image reproducing device can be provided.
[0149]
30 FIG. 10F illustrates an electronic book. A main body 1651 is provided with
operation keys 1653. A plusality of display portions 1652 are attached to the main

body 1651. The semiconductor device according 1o one embodiment of the present
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5FIG 10Gillustrates a video canera. A main body 1661 is provided with an
external connection port 1664, a renote control receiving portion 1665, an
i mge receiving portion 1666, a battery 1667, an audi o input portion 1668,
and operation keys 1669. A housing 1663 provided with a display portion
1662 is attached to the main body 1661. The sem conductor device accordi ng
to one enbodi nent of the present 10 invention is used in the display
portion 1662. Wth the sem conductor device according to one enbodi nent of
the present invention, a highly-reliable and high-performance video canera

can be proyigafnals hQW £O8k- ik e 14 vl Wst cah; {PRiL & phone,
whi ch incluges.g mai n body léfl%ﬁibnf%ghgﬁginghg%§%,ggﬁ§%§%f§§(%gg%ion
1673, an at@Peiignput opporembedinee7 of Hie @uditd owepinn, porigldprdBPE, aoper at i on

keys 1676, n@Ro@Xbalial ol GIRRELLOB AN o kg4, an antenna 1678 and the 1ike.
The sem conduct or device according to one enbodi nent of the present

i nvention i035sed in the display portion 1673. Wth the semi conduct or

devi ce accordi n@;t0 : odi ment of the,present ipvention, a .

hi ghly-Tel i abl eqéﬁ'dl%ﬁﬁgg‘ﬁ?spé‘er &Y SHRYE nOBTYR 8‘%%:Hgf’1c‘§ﬁ’“b"éd°6r%\b‘? fied.

[ 0152] extern#| @BneclibA oot 1443, ial teusli¢ abErA 18taitiag Wortlone X@Fplag igfag@
portable el ectronic. deyice.l 70 ving.functions t el ephone and an

i nformati on tern (r)fg Oﬁé%‘lc&a bflfﬂyﬂgglg aflragﬂ’f’ lei?“é@?f,’“‘ﬁf%%é@fe&%e@%a}@ks vi ew,
and FI G 11689 sAshoaeivgllogedrovidewwilihe dpplay pbtn 1252 64 gedch@niccihdemice 1700
has functiggﬁvﬁ% bot.h a LeI% hone and an information termnal and is an

el ect roni cPYEVI%®E s el acieh FEShHRRIdg Crencscnbadaping obfha/piesesihis dat a
procesri nginbasiodes weica gal hisplkPiRAon 1662,  Wwith thEhenl@dlialbe deligst ronic
device 1700 includes housings 1701 and 1702. The 30housing 1701 is provided

with a di sSPPEPI8ofe i YN $reedimgnis eéaler Prevan | inyetiogy gpHughdy-1etieBle epkr at i on

keys 1714, high-POdHiaRG I8 etk bhBbe Brdvfid alibhBoOr camera, an external
connection termnal 1717, and the |1 ke. The housing 1702 is provided with a

keyboar d
FIG. 10H illustrates a mobile phone, which includes a main body 1671, a

I5  housing 1672, a display portion 1673, an aundio input portion 1674, an audio ouiput
portion 1675, operation keys 1676, an external connection port 1677, an antenna 1678,
and the like. The semiconductor device according to one embodiment of the present
invention is used in the display portion 1673. With the semiconductor device
according to onc embodiment of the present invention, a highly-reliable and

20 high-performance mobile phone can be provided.

[0152]

FIGS. 11A to 11C illustrate a structural example of a portable electronic device
1700 having functions as a telephone and an information terminal. FIG. 11A is a front
view, FIG. 11B is a back view, and FIG 11C is a developed view. The portable

25 electronic device 1700 has functions as both a telephone and an information terminal
and is an electronic device so-called a smartphone which is capable of various data
processing besides voice call.

[0153]
The portable clectronic device 1700 includes housings 1701 and 1702, The

30 housing 1701 is provided with a display portion 1711, a speaker 1712, a microphone
1713, operation keys 1714, a pointing device 1715, a lens 1716 for camera, an externa)

connection terminal 1717, and the like. The housing 1702 is provided with a keyboard
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1721, an external nenory slot 1722, a lens 1723 for canera, a |light 1724,
an earphone termnal 1725, and the like. In addition, an antenna is
incorporated in the housing 1701. In addition to the above-descri bed
structure, a wireless IC ship, a snmall size nmenory device, or the |like can
be built therein. 5[0154] The sem conduct or device according to one
enbodi nent of the present invention is incorporated in the display portion
1711. An image displayed (and direction in which the image is displayed) in
the display portion 1711 variously changes dependi ng on the usage node of

t he portableekseeitni I . r r e. 1 hsP, ion 1711
and t he Ien?z_71%[Fgghggﬁgygﬁﬁﬁi%ﬁgé?ghg?géﬁégg&%ha#%@'gg%ﬁhﬁ%gﬁghénables
voi ce cal | tefmingl | fadgand thyolikea| redddifiete gphoneaa iNDcerpphgtd ihhiéie dpesiker 1712
and t h_e m ?fmph%‘@dcﬂi%ﬁm%@ alggveuéc%gri%gtsu%ﬁb% fa%irc\:\j\gs'scf% ﬁa% la bxﬁatll %LCSO for
recording, reproducing, or the like. Tn the ¢tase ere a sttt | rtage and a
movi ng i magemanedesisotortye lilsicaybe heltitlenen. 1723 for camera (and the |ight
1724), ghe(gg§$lay portion 1711 is used 15 as a finder. The operation keys
1714 are used Tor operation of incomng and outgoing calls, sinple

i nf or mati on i nputhef samiedrdottporiedeeramictordingt foe ohd lkeabodieweat |dfn@eofregnscr een
cursor notjon..and the |ike.. [0Q15 The housjngs 1701 and . 1702 overl apped
with each OYREr (R Corﬁ%ﬂt)egclgnigglaﬁ%féay Eﬁmﬁﬂdll ﬁg d {}eﬂn@}g%cﬂ‘ﬂ’zayiefll(ﬁ’éq rated in
FIG 11C, dieectibain wiieh ponimhabl iedeplegdd) anihe dipial 9ertibiQ01 Cadidagy Us@tdeds an
information termnal,. |n tha cgﬁq, th& k?yboar 1721 _and_t he pointing

devi ce 171%°PEXHBY 8% ‘@#&8&%1“8%) T ARARA & ERPREE 187°C bfifecMUFOCRMS nal 1717

can belcondiggéegoition VAL aas ki 106 1 Dfs Lakh@srasuebh ak fOviA&! 3HaRE efmor a USB
cabl e, which enab) es char ing and data comuni cation with a conputer or the
n

li ke. Furti@he cnablss yoice cald wifygpages egpbivhyidaeionsh i Nots tnethexperkanl memory

sl ot 1722, 11ihend® Metn@bloBh@lcagit o e HeY h&@nk/BPv GNP I8 1 QLcoidif %i ng and
noving a |l arge capacity of data. In addition to the above-describe

f unct i ons, TeROflugies: iopHredikewi Hethe sasecdirumpidhitmhass aby ausiving elage ereotmygnet i ¢
waves suchy,asiidhe phdrIsam%s carferd BRAAYAORRH 73 8CHL Yl ist o .and the

| i ke can bgﬁb;§Vided. Wth %%e'sgﬁ?g%ﬁ@%@ﬁ%%ﬁd@é¥§ggg§§%§§ﬂﬁg Sém%ﬂe
30enboldi measta fofder. hdhp rpereimn kayy éht4 on usal foi ghdrgtionalfiiadblingmd outgoing

hi gh- perfao > el ectroni evice cay provi.ded.. [0156]

As descriB%gga%owg?B%ﬁgggng$@£%Pgh%g%6%D%q‘?h@egﬁgsg%?ﬁ$%6ﬁﬁt?ﬁﬁnis

ext renel y amsgemanch, ahéthprl@sent invention can be used for electronic device
in varioui {g | ds. Note that this enbodi nent can be inplenmented by being
conbi ned 8 éﬁpropriate Wi th any other structure described in the other
embodi ments in tht sospreilicaid D2 overlapped Thihscadip Pih£ati&on A)aRaged on

Japan %€ Pat ntﬁgﬂ li,cation serial no. 2008-249401 filed wi th Japan Patent
OFfi c? on agégfé‘ Peg §s ‘IE@E@‘?‘ i CehtGrse thalheprrigblsrelgpein dayiee hg}{’eby
i ncor por ategfl Heyuse@fa€r@NB@mation terminal. In that case, the keyboard 1721 and the
pointing device 1715 enables smooth operation. The external connection terminal
1717 can be connected to various kinds of cables such as an AC adopter or a USB cable,
which enables charging and data communication with a computer or the like. Further,
25 Dby inserting a recording medium inlo the external memory slot 1722, the portable
electronic device 1700 can be used for storing and moving a large capacity of data. In
additton fo the above-described functions, a function of wireless communication by
using electromagnetic waves such as infrared rays, a function of receiving television,
and the like can be provided.  With the semiconductor device according to one
30 embodiment of the present invention, a highly-reliable and high-performance portable

electronic device can be provided.
[0156]
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CLAI M5 1. A nethod for manufacturing a sem conductor device,

conprising the steps of: irradiating a single crystal sem conduct or
substrate with accelerated ions so that a fragile region is forned in the
single crystal sem conductor substrate; form ng an insulating |layer on

the single crystal sem conductor substrate, the insulating |ayer having a
depression over a peripheral area of the single crystal sem conductor
substrate or a projection over a peripheral area of the single crystal

sem conduct or substrate; bondi ng the single crystal seni conductor
substrate to a bas@e&%b&imﬁh@,m&Eﬂﬂk&ﬁckﬁ%@b@ﬁbﬁﬂa&ﬁyﬁﬁehﬁ&%!@&%ﬁg
t her ebet ween,; separating the single crystal senlconéuctor su sp}ate at

the fragil e"fegrdabe BErsendpveaian fyl &° cwyd il elewnisodrtinet ior vdriayefields. f or med
over the b@?&ﬁe 814b 8l 3hRdirddd can be ﬁ)ﬁﬂaﬂélﬂgi @It?]éil?gaa'}m 1erde§|a§[}roﬁ}fjat% Qﬁthsl ngl e
crystal sem conductor |ayer, the region of the single crystal sém conduct or
| ayer bei ngbathet dacwre daserited pr dis sitsnembodimentpinghisspécfication. 2. The met hod
for manygfacturing a sem conductor device, according to claiml, wherein the
single crystal semiconductor layer is irradiated with laser light to

i nprove char act ef{Ust peisicafont He Bisagl en clapsicat Bapitc onglictipn kayer no. 3.
The et hod ) feact Uk m conduct.or, devi.ce cecordi.ng to claiml,
wherein a gzlbggé gﬂ%@gsﬁﬁéﬁ a"%”rélll %aﬁggt 1[;l?a(gf%tc gﬁn 'Eg%tgm %rb@t F%@eﬁw entireepnieRisypt hod
for manuf a®f whichgreshessbyiigonmugedby g¢érémce, conprising the steps of:
irradiating a single crystal sem conductor substrate with accel erated ions
so that a fragile regionis formed in the single crystal sem conduct or
substrat e; forming an insulating |layer on a base substrate, the

insul ating | ayer having a depression on a peripheral area of the single
crystal sem conductor substrate or a projection on a peripheral area of the
single crystal sem conductor substrate; bondi ng the single crystal

sem conductor substrate to the base substrate with the insulating |ayer

i nt er posed t herebet ween; separating the single crystal sem conduct or
substrate at the fragile region, so that a single crystal sem conductor

| ayer is fornmed over the base substrate and renoving at | east a region
of the single crystal sem conductor |ayer, the region of the single crystal
sem conductor | ayer being outside of the depression or the projection to
form an i sl and-shaped sem conductor | ayer.
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5. The nmethod for manufacturing a sem conductor device, according to claim
4, wherein the single crystal sem conductor |layer is irradiated with |aser
light to inprove characteristics of the single crystal sem conductor |ayer.
6. The nethod for manufacturing a sggjégﬂguctor devi ce, according to claim
4, wherein a glass substrate is us e base substrate. 7. The

met hod for manufacturing a sem conductor device, according to claim 1,

further coppg S @rﬁ{aﬁe Qhrin aseﬁlgédﬂdegg ex}l@é‘dh&bh&% tﬁ‘é’ﬁég{écﬂgl udi ng

nitrogen over the base su straebe ore l'e” cr
sem conductor substrate to the base substrate. 8. The net hod for

manuf act ur irfhgmamg%rﬂn%%\d@@ﬁabﬁendemhdi@tor&ﬁbﬂfa@i Woh ecdldraieidns NBLEI Radile
i nsul ating ltfe% under the region of the single crystal sem conductor |ayer
bei ng praoR HarBed 41 Be swela Gestdasmicsidseioppubsiatepr oj ection is renoved in

patterni ngfo%ﬁ}gszﬁsrg%sglgﬁg%% o 8 sﬁx‘?élg l&g)cs?efl él:l?lYC%E'xductPr sub%tzfat-gmﬁlenggula%d f or

manuf act uring devi c€; cor
i nsul atayeghbaygr depdssion beer epérgrhent atdaeofshcﬂgxhglmyﬁﬁladelrﬁedﬁdaeﬂ@d weHshatd ayer
ssion or the projection is renmoved in

32{ ter B %é'l’%ﬁ%logﬁu%'r g%e%l#&ar%@ﬁﬁr (Be RaaiE Gt lagBicondicior subsirae;
bonding the single crystal semiconductor substrate to a base substrate with the insulating
layer interposed therebetween;
separating the single crystal semiconductor substrate at the fragile region, so that a
single crystal semiconductor layer is formed over the base substrate; and

removing at least a region of the single crystal semiconductor layer, the region of the

single crystal semiconductor layer being outside of the depression or the projection.

2. The method for manufacturing a semiconductor device, according to claim 1, wherein
the single crystal semiconductor layer is irradiated with laser light to improve characteristics

of the single crystal semiconductor layer.

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

a glass substrate is used as the base substrate.
4. A method for manufacturing a semiconductor device, comprising the steps of?

irradiating a single crystal semiconductor substrate with accelerated ions so that a fragile
region is formed in the single crystal semiconductor substrate;

forming an insulating layer on a base substrate, the insulating layer having a depression
on a peripheral area of the single crystal semiconductor substrate or a projection on a
peripheral area of the single crystal semiconductor substrate;

bonding the single crystal semiconductor substrate to the base substrate with the
insulating layer interposed therebetween;

separating the single crystal semiconductor substrate at the fragile region, so that a

single crystal semiconductor layer is formed over the base subsirate; and

45



removing at least a region of the single crystal semiconductor layer, the region of the
single crystal semiconductor layer being outside of the depression or the projection to form

an island-shaped semiconductor layer.

5. The method for manufacturing a semiconductor device, according to claim 4, wherein
the single crystal semiconductor layer is irradiated with laser light to improve characteristics

of the single crystal semiconductor layer.

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

a glass substrate is used as the base substrate.

7. The method for manufacturing a semiconductor device, according to claim 1, further

comprising a step of:

forming an insulating layer including nitrogen over the base substrate before bonding

the single crystal semiconductor substrate to the base substrate.

8. The method for manufacturing a semiconductor device, according to claim 1, wherein
the insulating layer under the region of the single crystal semiconductor layer being provided
outside of the depression or the projection is removed in patterning the single crystal

semiconductor layer.

9. The method for manufacturing a semiconductor device, according to claim 4, wherein
the insulating layer under the region of the single crystal semiconductor layer being provided
outside of the depression or the projection is removed in patterning the single crystal

semiconductor layer.
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