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 SO (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 |layer is provided on an insulating surface,
instead of a bulk silicon wafer has been researched. An SO substrate

enabl es parasipt]i [ i j.stor and a
substrate to b W@W‘f@e oreégﬁl\@@rgﬂgg’??)a iEa)%hreﬁa{sjﬁgreatly
attracted attention as an elenment for inproving performance of

sem conductor integrated ¢i it Cut (registered
trademark) method is knomﬁAégwm%%eoﬁ%ggﬁﬁgﬁrﬁg nufacturing an SO
substrat e (fréld ekdeplventicmee Patent Docunent 1). An outline of 20 the
nmet hod for_ manufacturing an SO substrate by the Smart Cut (registered

t radena? k) [%%8tlhod is described bel ow. First, hydrogen ions are inplanted

into a silicon Wak@keshi imdRtidrORlatel ) @bl &5t nimbhowrih@ad SOMsAicHA 64 obubbl e
| ayer at a predeterm ned depth from the surface, Then, the si,Iit(ﬁon waf er

i nto whi chinsHaoRHpsgierand gracthedior ManuReEEng & sepisaRiugior Ut g ™S 1 i con
waf er W t hedy shld£on oxide filminterposed therebetween. 25 After that,
thermal treatment is perfornmed, so that a thin filmof the silicon wafer
into whi ch Rdseriptipd obdiemelabdsAtare i npl anted is separated at the microbubble
| ayer. IOACﬁﬁf)%]i ngly, a single crystal silicon filmis forned over the other
bondedsilrcom wafer. Smart Cut (registered tradenmark) method may be
referred to as dnhypchmbgesrsi an intpgrpled reirgwi mmge@hﬁé?ﬂi(élhcqmphdésfum@‘¥[0004] A

et hod s BSFDL PRERAS LMl ish il et 1S
t r ademar k) surfiace, instead of a bulk silicon wafer has been researched. An SOI substrate enables
parasitic capacitance formed by a drain of a transistor and a substrate to be small, and
15  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 to as a hydrogen ion
implantation separation method.
30 [0004]
A method has also been proposed in which a single crystal silicon layer is

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



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

manuf actured. [Patent Docunment] [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 SUWARY OF THE | NVENTI ON

[ 0006] When ingle crystal silicon |ayer s forned over a glass substrate
by the ab‘B?/tg‘-)qugggF’faHﬁ’ » SRR F PSR OHEE G ‘o(l:’ials?'u%u S@%S,’%}ae i Oge‘&ﬁ% tern
(unevennesgh HeSincrbike@ @ites ahslg than tilieonswifeRcadobhitiheresledsi epensivayan  The

unevenness causes the varjation of characteri.stic f .sem conduct or
el enent s fBhspBIVAIERHJrS BIRY ‘lSB‘?E’irb"ﬁmF%cTﬂ’ég E%%Wﬁ%t(ﬁ?ﬂlﬂ VI @H&t‘e a

sem conducir §@i &8 usdef gl@ééadﬁﬁétﬁtesia@ bhitesubaf@es\MhetRnéve PgtedreadLh is to
be used for a display device is manufactured, variations of

char act®r i $ibstedesgpn b wamfecdietict or el ement used as a switching el ement
affect thep,R0 HhRleay quality very seriously. [0007] In view of the

forgoi ng, one object oOf one enbodi nent of the present invention is to
suppr ess tlR€0Yeneration of the stripe pattern (unevenness) when an SO

substrate pgey %%&?E Waﬁ&e%ﬁﬁmh ek Aphsation s ibahe@2pd a single

crystal sem conductor substrate 25 to each other. One object of one

enbodi ment Pasént Dieeument & chapaniespRublishsd Prisnt Appheasipnd¥e. 2005hgR4qual ity

sem conduct or device with suppressed generation of the above-descri bed
unevenness. [0008] According to one enbodi nent of the present invention, a
depression or a 30 proj ectSUMMARYOOVHEINVIENTAONart (particularly the
peri phery) Oﬁ{) the surface which is to be bonded, in manufacturing an SO
substrate E @ugh t he bonding so that a region where the bonding is not
performed by desVipm 4 Sinflerargthl sHisoh Hayer i fsinag) logerca ghsabubstrate by the

above-described Smart Cut method or the like, a stripe pattern (uncvenness) is
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 to 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.

[0008]

According to 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



2 sem conductor layer forned in the region is renoved in formng a

sem conductor elenment |later. Details thereof wll be described bel ow.

[ 0009] According to one enbodi ment of the present invention, the follow ng
steps are 5 included: a single crystal sem conductor substrate is
irradiated with accelerated ions so that a fragile region is fornmed in the
singl e crystal sem conductor substrate; a depression or a projection is
formed in a region of a surface of an insulating |ayer provided on the
single crystal sem conductor substrate the region corresponding to the

peri phery of thglEP Si n Ie cr sem conduct or. substra agntnhend Ctmg e
crystal sefiORMF R tne Csre38n I3 AHRAY o OBRLE & SHLFPEPEWi th t he

i nsul ati ngelérﬁéf@[atdr.ntBét@ﬂb&ﬁ&eéﬂ%ﬁﬂ‘bbaés}éﬁ&nbeldmer mal treatment is performed
thereon to s%(ﬁarate the single crystal sem conductor substrate at the
fragile r so that a single crystal sem conductor layer is fornmed over

the base subst @@E&dmgwoﬁémn&uﬁﬂdneopﬂw%teaémmmndtutfélwmhgastqrs ar) t he
regi on corresponding to the perip % is renoyved in ern t he single

cryst al’ seitledaliacisle cwtﬂérserwﬁ@ﬁuator sEteisapAdinted gith é‘F 3¢ t° S $br med.

[0010] Accahdi i?&tlte Pegﬂﬁq‘s ﬁ)‘f‘f‘ﬂ&ﬂinrtﬁéq§mé1$ ciyi8l RMRSRMNIctdr BYRRhtb Odeptdigod Ol | owi ng
steps are Included: single crystal sem conductor substrate is irradiated

Wit h accel @rapreigctions fcs*med {rvaregwnfof agiafecerod g gudng By sradevidediomdhsi ngl e
crystal Sem%‘? E&gytglts% 1&H@&?Jr%ﬁl%tra@ Pég?t%sdo%s;%gdlﬁé tFthP 'i)@ﬁﬁﬁ-{y &nd s forned

in a region sur ace of an insulating layer provided on a base
subst r at e, sitgle criegl esmicorduetop switirelg; the &mﬁﬂ pestab pepigongpictph aubsirgg lie cryst al

sem co Oclfcﬁléleé E)bg Bgs%t bsttttagewﬁljl ﬁ%l ﬁ% &t f_@} ]rat %pﬁgsgii'%%bgﬁve%ﬁlbtﬁgﬁlﬁi eis

bonded ase substrate w ayer I nterposed
t her ebet weeenmértt ér popforthedethenemnto separaqaehref simgiedytthi@ﬁmmt@tos gpstrate@t t he

single cry en condu t.or bs i o that a
singl e crytz‘f’ gﬁagl e’l;ﬁglc%h%fuc P st H‘ff éifg oérorrr@g&%rv%f& An%négdsé‘%g&%%arsgt e; and
the singl esubktyd; ahd ﬂmmWilcemicaychmtw eytihia thce@gmn couespemipngmh thg to the
periphery is renoved i atterning the si m co duct or |ayer
to form anP{Phe S SAARLS g h Bﬁe%%%bet 8PglFac\§§|ta? E/Yfli uao?;gla}%c“g&%e& Ng to one
enmbodi pent seficdnigetfi RSNt isitsiveat i on, the follow ng steps are included: a

single cryfstal] sem conductor substrate is irradiated with accelerated ions
SO

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

20  or a projection is formed in a region of a surface of an insulating layer provided on a
base substrate, the region corresponding to the pertphery 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 to the periphery
is removed in patterning the single crystal semiconductor layer to form an island-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



that a fragile region is fornmed in the single crystal sem conductor
substrate; a depression 3 or a projection is fornmed 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 insulating | ayer

i nterposed therebetween; thermal treatnent is perforned thereon to separate
the single 5 crystal sem conductor substrate at the fragile region, so that
a Zlnﬁle cryftal sem conductor | ayer is forned over the base substrate;

and the single crystal conduct o N n.c ondi ng to
the peri ph‘graypﬁoéecﬁ%rhﬁvfé’&n?@n HATEEY (ﬁﬁr ?\5 cg 0sflangqg S@fs% al® ‘gélmﬁilgnduct gr

|l ayer to fkiphan dfshandghapad settmwndenduabaratd &yerbe Bzﬁhd[ed);Oﬂaﬁ]suigiB t he

above-descri bed enbodi nent, it refe e to irradi ate

crystal seRYSYRETEe °W&§@¥“@Wﬂ%PW¢kék’¢$€%FSW%Hwﬁﬁ?t 2 P 518% acterlstlcs
of the si rlﬁ{eﬁposé‘dﬁﬁ&%aétws@nmﬁﬂau&m{ent ﬁxﬁffonm théreonuagepasaxbsiersatgea a gl ass
substrate can be used. [0013] 15 In t ecificati singl e crystal "
means, Wwhefivsilt esmipauster sabsraten at dpg ﬂe QPals°a % w §m§Py§9'gﬁ in which
the cryst alenfraduddCldbl Weemidd bhe ﬁl@nBasgl §UBSAQNadd tﬁd’l)émgp:abfysﬁf a sanpl e
and also in which thefe is no crystal boundaries between cry Not e
that, in tssmicosgectorf lageit inofe TBOnS PHEFRONE G s afhe] PRPHERY SIS Ii‘fmiof"é‘{ &t egory a
crystal f%%ﬁ thd1€sifli1b CEhEN Ri®hYRIG! 1A% St FoMdi I RlaAsiiBsE! | bed
above and IC as no 20 grain boundaries even when it includes a crystal
def ect orf@ndamgWﬁmdwﬁbnd In addition, re-single-crystallization of a
S|ngle bﬁ? sem conductor |ayer nmeans that a semnm conductor |ayer having
a S|ng e CL structure returns to one having a single crystal
structure af ter Iinehmgbqvn-dascajbéd embpdimentatiteisf preferableetos irmdiate Ereysingde
structure

re-singl e- %Yv%tsg clorzlac}%gr}l%g Qﬁﬁ?asg}%?}d mﬁsr &O‘%qg%ggdé%l%gg#&t}gﬁ%erm ayer nmeans
that a si n«g&ﬂal@em&balucmememndudtedmsd azjmratﬂ,sgla&smbsttaai danpedsado form a
single cry@b?h sem conductor |ayer. [0014] Note that a sem conductor device
in this sp ication generally indicates any device capable of
functioning by uhiHii fecifcapn) cOntilctrpsiall inmc tvben sttanten isgad to 3€ktain

el ectro-optic devices, emc uct or . Ci rcui
al | pcrystal axes, a cryst 1 whic ghe crystal axes alrJe :}11ghecf1 ﬂqheesa?n%tdlregno% 19 %X}If ces are

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]



sem conductor devices. [0015] 4 In addition, in this specification, a

di splay 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 element. Alight-emtting element includes in its category
an el enment whose 5 lum nance is controlled by a current or a voltage;
specifically, an inorganic electrolum nescent (EL) elenment, an organic EL
el enent, and the like are given. [0016] According to one enbodi nment of the

present inventiogn .depression..or.a _pfojectlon . I part (the
peri phery) of aPnsﬁqd%éPéle%b\,ﬁ?sbﬁpef’lgc?tgnb% G%Sg?]a ed%vg'? 5h§]’i‘%g ?%rlt%%gteée i%on in

whi ch t he ihanehitghg gevivetandes fiquidreeysty dighmiy glevict.n Tiei lightremiteng dgewer at i on of
stress caused, by expansion or contractian of .g. substrat.e .due to thernal

t r eat nent %ﬁ?ldeﬁé lgﬁgﬁ?@%eﬁ&m hap qugﬂﬁﬁf@?& gﬁﬁﬁﬁéﬁvé?ealfl ‘l’%%esgthﬁ}dst ri pe
pattern (4NeNQIARES) A Ngld-cHiitligs elefieliShabdsaniigaatdyalan dayet whp@017] 15
In the periphery of the single crystal sem'qionduct or .t he bondi ng

|.ayer,
strength mapgace és sanirofleds PY ot eRFoBueTtd YNBSSt ?ﬂ?&‘lﬁﬁ?ls%/o&\n %Y e crystal

sem conducQbrofitisdséat @L) elERRREP6Ranid RE eREEhDARY tHe Bite dr1giveiem conduct or
| ayer is renoved when a sem conductor elenent is fornmed; at that tine, the

sem condudf®¥0]l| ayer in the region in which the depression or the

projection is pravigad ahe AntRdtnt SHONE fresi ehRBNod, e dgRessiBR b -descr i bed
depression or projection does not adversely affect a sem conductor device.

BRI EF DESQRyiETtoNs Orviret DRt KiGs pefipfeng|of 25urpeegvhitinis; tg bepogded, to
Cross-sgectd | ¥i i : Abmidaenry R agt Wit RenA®t hod of an
SA su strfg eaaalﬁe 1ogvgle€nﬂgl\({)mn ugf}%%@ég\rﬁyé?e FI GS. A E%l 2C are

cr 0ss- sectgeoeration/pesissirowidity enpansienp enihctionef apmhifaticdugr o ibermat hod of an

SO Subst AL BEBSRIGHERle hL aeiy QR Rl Y 2
sem conduc(izoevet®y¢s)dea 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 is 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 1F 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 to 4G are cross-sectional views showing an example of the

manufacturing method of an SOI substrate and a semiconductor device.



FIGS. 4A to 4G are cross-sectional views showi ng an exanple of the

manuf acturing nmethod of an SO substrate and a sem conductor device. 5
FIGS. 5A to 5D are cross-sectional views showi ng an exanple of the

manuf acturi ng nmet hod of an SO substrate and a sem conduct or device. FIGS.
6A and 6B are plan views show ng exanpl es of the manufacturing nethod of
an SO substrate and a sem conductor device. 5 FIGS. 7Ato 7D are
cross-sectional views showi ng an exanple of the manufacturing nethod of a
sem conductor device (transistor). FIGS. 8A to 8D are cross-sectional views

(tranststor) PP "o\ GniPoBtar il TRAR thoffing o cRbBICHE AR Y oo o
a 10 sen mahddairg ntbehod 0€ar SOBdbisttoamd.a sbinféSndub@®@Adeocel OH are vi ews

illustrating el onj c_deyices .each using.a sem conductor vi.ce. FIGS.
1A' 11C are Stk ind BB GEHIET S E ar 8 ESHsE LA bRy
sem conduch@hoderanGoI sdtht:RiE TA 4 EhiDERICRMRENVON OF THE | NVENTI ON [ 0019]

Al t hough enbodi nents_of the present invention will be descrjbed with
referente to t hglﬁ%caﬁpﬁngpng‘ed?raﬁsﬁ‘@%",m NE™Sr \é&"&mg iaﬂv‘E‘tﬂrfniplﬁ’n°€§ * be

i mpl ement egaytact?Re WRHoA WS a Srhit&dabr ARERSwrandRBr)t IS to be easily
under st ood that various changes and nopdificatiaons _ in nodes and _details

thereof will beFipPadénic BB foFesssiertiqraly vieyst povdng anvpemBls °bdParting

from the nBARINYADGheHARE 2 UmitARUBHLERNE (HNRRLY. On. Therefore, the
present invention I's construed without being limted to the description of

the enbodi ment FIGRoPA ewhitOR Hee Famtanpsion GRS HrorpePestiond Misvi 8§ @ he same

functi gns Sengt.edRysiihs same reference nunerals in the draw ngs,
and thgpde%%l?ﬁo%té? on tﬁler%o%{m%gﬁ' made only once. [0020] [Enbodinent 1] In

thi s enbodi ment Flohel®xaopl0H ofc wcwnrlstreting lagiranst Hodcosfcagh using a
semiconductor device. |
FIGS. 11A to 1iC 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 thercof 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 thercof is
made only once.
[0020]
[Embodiment 1]
In this embodiment, 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



30 sem conductor substrate (SO substrate) and a sem conductor device using
the sem conductor substrate (SO substrate) will be described with
reference to drawi ngs. Specifically, the case where a sem conduct or
substrate in which a single crystal 6 sem conductor |ayer is provided over
a base substrate will be described. [0021] First, a base substrate 100 and
a single crystal sem conductor substrate 110 are prepared (see FIGS. 1A
and 1B). 5 [0022] As the base substrate 100, a substrate made of an

i nsul ator can be used. In specific, a variety of glass substrates that are
used in the el ectronics. i ndust l.lL.Lcate gl ass
substrate§?mﬁpﬂﬁpﬁgg3?r@PFW5%98%3F§?§3%ﬁ F?aﬁqk?%%h &gariug1 borosi | i cate
gl ass subgpoztles; quartz substrates ceram c substrates sapphire
substrates 10 can be, use 1§0 t the heab resi ance

above- descr i bed I §fta®BasE SYBIPL; &FEPR Seln}lr%)rp %fsﬂbgratenﬁglaﬁ ng a

| ar ge anoygbpaedd (p&rmgsamﬂld(ﬂa’gzw) and nore-practical heat-resi st ant
gl ass can be_aqobtained by a | arger anount of barium oxide (BaO than boric
acid. Therl@%de, it is preferable that a glass substrate containing nore

BaO t han B203 i 4 sus@base AlibsBhRaloby £ kibstrite Thad@lo€ af insElattr ca bt agddudi or
substrate (for 15 exanple, a si ngI e crystal  silicon subs ratta]%‘ may be used
as the basweefipst vasiey afgglass sppstralis Sapaisdushisne clepenicsdn Flhay a gl ass

substrate V\ﬂ&ﬁﬁl@ﬁh&?@ Q18405bdiaks, ARhikcborodBsst | Y. subSEdtes! GMUCHdRm can be

achi eved | ass substrate that can have a_ larger size and is
i nexpensi v@r¢ssllqa@$iasa§ubsﬁ”étebal¥éﬁ§ SEPStrpiay eorpgic sybgate sapphirg pulsEatEy ef er abl e

that t ﬂ? Elfb%q.ﬁt £f e ﬂﬁ?ﬁ?e BUPLIAh& 3-10@3 QGOV%L&Q&%@d' s QIMRRAE s

Speci fical rasonic cleaning 1s perfornmed on the base substrate 100
with the useenily aimpywd obhl wnlagningiad/lrge rasepant sér bcmca@cﬂ] Baihs eV, a

| f d/ h t
hyclr oxi de/ By APEYERAER e Gt A GRS i unfeRRURDL Ul pride | 5,

(DIl F), or(Babg tHan Ibemc it h Thewsme, ngs pa:fﬁmbi@uh@w&lma eulfsirait neriginipg moe 25
R T e R ST
semn conlucé@mphl bshgﬁtoeysﬂal@]llciﬁmfubetwmh@, beaussdl aglhe beseysibsttate 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 base 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



sem conductor substrate forned using an el enent belonging to G oup 14 of
the Periodic 30 Table, such as a single crystal silicon substrate, a
single crystal germani um substrate, or a single crystal silicon gernmanium
substrate, can be used. Alternatively, a conpound sem conductor substrate
formed using gallium arsenide, indium phosphide, or the Iike 7 maybe used.
The typical sizes of commercial silicon substrates are 5 inches (125 mm

in diameter, 6 inches (150 nm) in diameter, 8 inches (200 mm) in dianeter,
12 inches (300 mm in dianeter, and 16 inches (400 mm in dianeter, and

t he typical shape ereof (1.s_ci-rcul ar . e single
crystal se‘ﬂ?ytszboen"gﬁ%t g@e%(?% VAP fgg %rc{a%&ﬁéot% SILF%F%%% tSC%)H%?r?ggﬁg&r@ and a

si ngl e cr yiatd&dmesens kg ti0mng b diamatee Jincdee $2Wdnmhinodiamctepd? anvhed ar shape
or the lik an be used as II.. JFurtbher. .the,.single st al 1 conduct or
substrate @9(8 PR DAl A4 16 1 ﬂleﬁﬁ(g) e?)rrlre‘t%%n&e%’r alffg%llt&glg?li S??gprg Zone)

met hod. [ 0@&5¢f is Leciiio NNblseh@ahe thepb of ileveingle oy simiahdoont @abitment s, it is
preferable that the surface o t.hel Si n@{fg créat% sbem' conduct or substrate
110 be x| edfdungsyimited iy qighlee and@ §ipgln G BLEICBRETT SRS PEFESFSB) . an
anmoni um hy Qcombaier BYAE Q@ ethe &0 usidxsivell( ARMher, ahdstiphc biyewi C

aci d/ hydrogen peroxide m xture (HPM, diluted hydrogen flyorjde (DHF), or
the |ike. Dmicopdertianyypyginl o %ﬂ@r‘?ed@a%ﬁfecﬂ&f%ﬁ% %\E%é?etﬂ‘éﬂorlggﬂgioa?%gcharged
al ternat el y,f.pmete@n the surface of the single crystal sem conductor
substrate 110. [0026] Next, a fragile region 112 where the crystal
structure i°82damaged is forned at a predeterm ned depth fromthe surface

f th i I i i it 1 YPr
0 el ngle C@é&%ﬁﬂg Izﬁﬁgcffqnau%mmwpgf ik, it R prdii@ble thdi@ndase

substrate 100 an ' e crystal sem conductor substrate 110 are bonded
to each otsuehcarpf theasingle saistel iseryichrdpsior subsinatet Bi0pbs elgancH e petillitdn (see

FIGS. 1C gr [ { M8 ankRoditth Siv8RRE N geps essi on
140 (or a %?cg?%@ e%r%ﬁg%%g&flﬁ%{%%?ép%j’{gﬁ aéﬁﬂrq%lgllﬂgglyof t hepglg%?‘nageé of the

i nsul at i ngmizayer(APM), 4 hgdoelgbon acifhydsygemdicnayrideo mikipre PRFMphddytedf t he
single crystal sem ¢ or trat 0 i e the
base subst Yﬁ%eﬁgﬂo%%ggm < iﬂrieg ﬁ%’ crﬁygtteé?&dsrggﬁ%c@%%%%g r&é{ﬂ ‘gf&%\@? 110 are
not borgledvd discharged alternately to clean the surface of the single crystal semiconductor

substrate 110.

[0026]
Next, a fragile region 112 where the crystal structure is damaged is formed at a
predetermined depth from the surface of the single crystal semiconductor substrate 110.
20  Then, the base substrate 100 and the single crystal semiconductor substrate 110 are
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
each other is formed by design (see FIG. 1C). Accordingly, stress caused by thermal
treatment or the like 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



each other is fornmed by design (see FIG 1C). Accordingly, stress caused by
thermal treatnent or the like at the tinme of the bonding can be
suppressed, thereby suppressing 30 generation of a stripe pattern
(unevenness) in a sem conductor layer. [0028] Although the stress is
suppressed by the depression 140 fornmed in the 8 insulating |ayer 114
according to this enbodi nent, one enbodi nent of the present invention is
construed without being limted to this structure. A projection may be
formed i nstead of t he depression. As exanples of the nethod for formng the
depressi on rn| after. t t|on of 114,

mar ki ng by® ?uiag B9 Sﬁtacf%hgﬁp%tﬂ?l SHEPHE™ %’ E‘go@g{éh Iéf g’? \}; r@%ﬁ{

exanpl es Qﬁvdnhen Retdretuddowitioar being hhhed tpitias egidhan, 4 Pprdjetion mgpyalbet er the
formation of th 114, bondin ticcle with an

e insulati of a
appr opr i athmé‘?dzglsfﬁ’ﬁ‘? &‘g Prgﬁ%onof A5 EX9OIRIG & ﬂ'f’?gmlegvgaf{)ﬁfﬂml%éh %the Iike
can 3e ?I V@ﬁgeﬁt{l&p%%eirmﬂl@ aﬁé}t&hél for@htic df&get ﬁ:{@ulﬂﬁx% matn 1 rﬁarkmgdiy baser f
irradiatin e single, cr al . sem conducto ions o
hydr ogen olgghf H@d’raﬁk’g aﬁ‘é@ie)r{r‘&e R%gl‘éenenéﬁﬁwplfsd’g%?ﬂ Odt%E Oin?’rglﬁ ting |ayer
114, a si r&bﬁcﬂcﬁyﬁaﬁ&ﬁm@@ftbpﬁwfaﬁamnlcﬁy@é iSBin@3aydr 184, bodding afide fil m a
S|I|con oxynitride film a silicon nitride fil aS|I|con nltrlde
oxi de fi | rpartégle yltkﬁaémwuaéﬁy?é%e AIHbs Serface 8 HEANHLARE leyprold: 1101 e ks be
formed by a %gg,regal oxi dation nethod, a CVD nethod, a sputtering nethod,

or the Ii ke 031] Note that in this specification, silicon oxynitride
means the 8A]t hat contains nore oxygen than nitrogen and for exanpl e,

o111 cofy QXyni 1 inde (SUER: OXHORKh be 2olbd H9IRRIaR IFOUnghndrselr Ogn at

concentrations rangi m greater than or équal to 50 atom c% and | ess
t han or ecowaliconduct@ salbsamed%‘ with éans of hydregenor thedilia havieg lgngicgpesEy-.c% and | ess
t han or }to 15 atom c% greater than or equal to 25 atom c% and | ess
t han q@uaq to 35 atomc% and greater than or equal to 0.1 atom c% and
| ess than or equal the timsulbfinglayer ¢24, ar gsgledayievef yn imyktihg dayes sidhcasme ni tri de

O e o A SR LN, TS SRR G280 T
hydr ogen asxidOfikE R raadtdchers layanéragf cfandm @Bcéaﬂmeset filas @n bedomiedtly 5
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 using Rutherford

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



atom c% and | ess than or equal to 30 atom c% greater than or equal to 20
atomc% and |ess than or equal to 55 atom c% greater than or equal to 25
atom c% and | ess than or equal to 35 atom c% and greater than or equal to
10 atom c% and | ess than or equal to 30 30 atom c% respectively. Note that
t he above-descri bed ranges are the ranges when silicon oxynitride and
silicon nitride oxide are neasured using Rutherford backscattering
spectronmetry (RBS) or hydrogen forward scattering (HFS). In addition, 9
tgg total for the content ratio of the constituent el enents does not exceed
1 atom c% 032] Before t bondi n 100 and the
single cryby gra[l 9°§ glh% C@Sﬁattfg?%?ﬂgﬁ%osntﬂ%ﬁ?rg e%%%@??gﬁéF%ggﬁlﬁog%fogu%. perform
surface triegg2rent on a surface at 5 which the bonding is perfornmed, that

is, the surfaces of the base substrate 100 and e i.nsul ating | ayer 114
formed on the s%ﬁéf% ‘?}’:‘?Pillngs%ﬁmilleo%ﬁf?cts%sug{%b%waatng ﬁ“fo Stgley f“nriygtxl

?”bof“ rrpntseylmﬁséﬁa@aﬁ sﬁ!isﬁ“gt’é men) ti¢ bi@ pRfdrafk R\perfbfesdofaodireagnatt veagidhcbet ween t he
insulating |ayer 114 and the base substrate 100. [0033] 10 As anpl es of
the sur’f acéhith Bgiradipg lsvvé“{tf‘;f”i‘%]af%ﬁt ‘?‘G&P%"F? Bg*?‘ﬁé’hie, SuByigte @8@5‘9%@“ on of
wet treat nR§fiat@Bdayd Y14 [RRLIRAMS AlglB @By efmicliduter aukstratetl 10 ieaisrent s or
different dry treatnents nay be con%

, ined tqo be perforned. [0034]. As
exanpl es ofmtoREnabt BRERE nETHMONb 2GR RSt FPénPollﬁlé‘]gn@m‘(S’ﬁg’nB‘[’Wﬁ?lbrthe( ozone 15
wat er cl eghigiGing 1ABOANARH theba§BRbAfhte 1000- f | Ui d cl eaning (method in which
functional water "such as pure water or hydrogenated water and a carrier
gas such d89%ltrogen are sprayed together), and the like can be given. As
exanpl g5 of theAqréQﬁaﬁi)EgterfﬁE’surt‘déet k@Mt "RAFBNT dryORQRRed! &R MENt ,
plasma treatnent, plasma treatnent with bias application, radical
t r eat ment , coatbihatipreof Wit dreatmentymd g yteertmar earplisciecnd e Baffqress v ek tpatraends 20
treatment Qqn,. | S ggﬂ 1R Lapgduct or substrate, an
i nsul ati ngor{zlé@ée}?nqgﬁetﬁemg&gn se“?cr?gﬁ%ﬁgrysta C’seér%llc'jconductor substrate, a
ﬁupport sulbsi4late, or an insulating I|ayer formed on a support substrate)
as an effect on the surface of .t bj I IpE.OVv ilicity
and cl eanli nessgsﬁgatg&%gu@?,wett ﬁrga Sntr hg()%étt{eg%nﬁbﬂy%%%g%%a{%ﬁggzgg strates
can bei13 npwawedeandfy),[ B6ORSnic 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 together), and the like can 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 effective 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 case 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.
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The wet treatnment is effective for renoval of macro dust and the |ike
bonded on the surface of the object; the dry treatnment is effective for
renoval or deconposition of mcro dust and the |ike such as an organic
substance bonded on the surface of the object. The case in which the dry
treatment such as ultraviolet treatnment is perfornmed 30 and then the wet
treatnent such as cleaning is perforned is preferable because the surface
of the object can be nade clean and hydrophilic and generation of
watermarks in the surface of the object can be suppressed. 10 [0036] As
the dry tr[g@ it is preferable to performsurface treatnment using
ozone fg‘ean in an active state such as singlet oxygen. Ozone or oxygen
in an active st akehe &yaﬂaamnsntngbeferﬂﬂq@quemmr&@e mmnntolsmgbsb@nces

bonded on the sur.facet . ‘%[Eh'é 1& elrlmvredX oﬁr:nlnan acqpvesgage
ef f ect i vel S O*¥aff¢hEtac Wﬁ%attels'é e %’fyﬁan ozozﬁ’ee?) %%y Pnan active
state suchsudibassdiplit okyg@n y@dits @Bg&ni@&uhmfmbtsrtﬁbdde& dntthd mﬁtmmhe atgéan e

ultraviolet i ht havi ve en han 200 nm so that the organic
Subst arfoed® BB SReTHESELAHERr FEHBToBF SCHERoHE PNoUStIREY e

ef fecti veliy. anSh@mk foufte s@@SES vsfagkpax;tgaﬁrlﬁ@f chbmbmed nighe trogmeny. uslfy [ 0037]
For exanple, irradiation with ultraviolet tﬁ? r the atposphere

cont ai ni ngliraxiglefdieht daviag WBY%t}isdesﬁéP%?% ‘PPreSOs & QTPPIS SIS t he

obj ect. | rgadicbh Qe Wdkte & tHeaMHjQk @n | eIRinobaY e WR¥GIVERIL Rpediss t han
200 ran and ultraviolet |light having wavel engths greater than or equal to

200 ran uﬁ&é@ﬂpﬁlﬁ%t@teﬁﬁgﬁ%@d@é’ﬁlom ning oxygen 15 may be perforned, so that
ozone [[@ ?gl et oxygen can be generated. Alternatively, irradiation with
ul travi oI e rght having wavel engths | ess than 180 nm nmay be perforned, so
that ozone and &pnepampleoiipdiation arth ylirayioks lightamder thogsospiresseaispiing of t he

t ht
navi ng wer P ErtoleefifRa e PerblfylelbattetkeaRbnll e el dsdibion etal 19
wavel engt hﬂtraxgwlaahgxt lahimg wavelgghs l¢se t@@ﬂ%ﬂm@nd@r ulitawioket ghphaneg
cont ai ni ngwav,p}é §tﬂs gEéatg ?’lgl’rl Iorb gc?ual Qaei(ﬁv%m ggdérll\ﬁ(e)ﬂung%ere cogaéxﬁ)g (%ég') o (1)

Q 3P) + 02
15 may be performed, so that ozone and singlet oxygen can be generated.  Alternatively,

irradiation with ultraviolet light having wavelengths less than 180 nm may be
performed, so that ozone and singlet oxygen can be generated.
[0038]
An example of the reaction which is caused by the irradiation with ultraviolet
20  light having wavelengths less than 200 nm and ultraviolet light having wavelengths
greater than or equal to 200 nm under the atmosphere containing oxygen is described
below.
0, + hv(x, nm) — OCP) + OCP) - (1)
OCP)+0; = 03 (2)
25 O3 +hv(h; nm) — O('D) + Oz - (3)
[0039]

In the reaction formula (1), irradiation with light (hv) having wavelengths (A
nm) less than 200 nm under the atmosphere containing oxygen (0») 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 (Qs3). Then, in the reaction formula (3), irradiation with light having

11



25 03+hv(212nm-*Q(' D)+02(3) [0039] In the reaction fornula (1),
irradiation with light (hv) having wavel engths (X, nm less than 200 run
under the atnosphere contai ning oxygen (02) is perfornmed to generate
oxygen atons in the ground state (Q(3P)). Next, in the reaction fornula
(2), 30 the oxygen atomin the ground state (0(3 P)) and oxygen (02) react
with each other to generate ozone (03). Then, in the reaction fornula (3),
irradiation with light having 11 wavel engths (X2 nn) greater than or equal
to 200 nmunder the atnpsphere containing generated ozone (03) is

performed to generate singlet ox exci t Under
the at nospiryekEngBht/a; %,g@eaﬁjf{ ﬂ'r‘arléfﬂi2 %Hnﬁ}ﬁr'?‘ﬁ %F’P?pz\?{e(%%ggnl)mgght havi ng
wavel engt hgnl86s oidﬁ@@%@@peﬁ%m&l @%&ﬁ@atmglaq)xggaﬂﬁaﬁ exaro nete (a( o).
irradiation with 5 ultraviolet |ight having wavel en reatﬁ?r t han or

t
equal to 2@slenithq stmnsplicst seyanEE FEEPESREYLHh %lga‘flﬁlﬁ lighthBAvE oxygen is

gener at ed. wé';la% %HQYé%s %ﬁcidob@rﬁ' i$ BEFARRA 1 rg@ﬁ&ﬁ?%&o&a@n@%mﬁbﬁrvﬂ&ﬂ by, for
exanple, irradiation wth a | ow pressure nmercury nmp (k, = 185 nm X2 =

254 )5 undesvieleidight hodph W@lwﬁtsar@‘ﬁt%ghw%@ﬁal ‘POMG]IH lsmerféalim%%%m e of
the react I(Raf;oﬁqgc{ %%z(;)rﬁb 963‘ %lét (g)ﬁ%eﬁ (s adlb@lehonTiM SddvillabdeANddOdutace | 1 ght

havi ng wave ess t er the atnosphere containi ng oxygen
i s descritatndekanbe 9@rfomlhd' (bX3fon n}ampl@)(m@)mtnonqﬂ;ﬁpy low- prqss:pfe meeIp) + 02 - >

03 ... (5), 15,03 + hv In the reaction
formul a (40P HHP n%“‘? cﬂ%g\t}?{)ﬁ he\:}\ﬁ%%ﬁa%m%h)g%? 3 nm less than
180 nm undep4d]he at m)sphere cont ai ni ng oxygen (02) is perforned to generate
si ngl et oxygen in an e cited state d.,an o he ground
state Bb (Q(3P) An EN%’%‘P of ﬁhetl?‘?%cul‘)ga%bg‘%’ﬁ %%F%EY&E lg?agé{tg‘r? x%&%‘ﬁglg{ omin the
ground st afight ﬁ%@%ﬁvel@@&s oY BRA 180 2)n lirRacihe Winidipleae borndihieg okypegéner at e
ozone (03) Then in the reaction forrmula (6), irradiation with |ight

havi ng vvav‘tqs@ﬁtjflﬁ%OWTS nm |ess than 180 nmunder the atnosphere
cont ai ni ”%%HWA?L&?&éPB?#&@) Lg)perfor med to generate singlet oxygen in

an excited st ate and oxygén. Under the atnosphere contai ni ng oxygen,
irradi ati o®CP)+0,— ;- (5)
15 O3 +hv(i;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 (O2) 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 (OCP))
and oxygen (O,) react with each other to generate ozone (O3). Then, in the reaction
formula (6), irradiation with light having wavelengths (A3 nm) less than 180 nm under
the atmosphere containing generated ozone (Os) is performed to generate singlet oxygen
in 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, irradiation 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
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25 with ultraviolet |ight having wavel engths | ess than 180 nmis perforned
to generate ozone and to deconpose ozone or oxygen, so that singlet oxygen
is generated. The above-described surface treatnent can be perfornmed by,
for exanple, irradiation with a Xe excinmer UV | anp under the atnosphere
cont ai ni ng oxygen. [0042] 30 Chem cal bond of an organic substance bonded
on the surface of an object is <cut by the ultraviolet |Iight having

wavel engt hs | ess than 200 nm and an organic 12 substance or an organic
substance in which the chem cal bond is cut which is bonded on the surface

of the object can be oxidative-dec sed by pzone o I.hal.et en to be
r enoved. ngﬁmFﬁgrﬂ%%gﬂy% 8??%&5“@%B%§H%QP%@a(WEHV?'F éﬂﬁvﬁPgﬁﬁ? icity and
cl eanl i nesie gfrfdcbef @b bbjageanbe bligativbjdeaimpoadil Hyeozbmporouetht osygeh iabe t he
insulating layer 114 5 and the base substrate 100 cap be bonded

suf fi ci ent1®§rovedo04BftbnEe: ,ag%vgﬁg?ci‘?iei ns"ﬁ”gcepé'fefi@?'eﬁredthﬁt H’f‘ﬁ%"@?"éﬁi P r egi on
112 by t hegigmlindsk 6AthE B ace 5Othe bbjett van & BEhrevadl ¥sthadl thempilaondmet 014 | ayer 116

is provided over the base substrate 1%%_ m%%h the insulating | ayer 114
i nt er posendiiks kasetupsiaic [Wean pe bended puthcignt 10 [0044] Wth the thernal

treat nent,oggzjadded el enent is separated out in a mcrovoid fornmed in the
fragile region 112, so that the internal pressure is increased. The
i ncreased pr essd¥est sepgratian i neriamned;ah thedmerls wgiopd 17 Byfhsrna] frsatmepl $hat ¢ he

singl e crygt@l sin 1%%?%%@Qaﬁkwdu§t9pﬁ%lah% it JoviddSRBAmataASk albenge the fragile
region 112. Since the 15 |nsylat|ng Ig%er 114 is bonded to the base

subst rat e withetitralaginmigyer 134 inserpgsed SerpbeveruGeflGSalepnd . separated from
t he si Ie[g%ﬁstal sem conductor substrate 110 remains over the base
substrate 2007 Note that since the bonding is not perforned in the
depression 140 (With thaehgqomalj tesatmant)an added slemepitds eapgrated|out brd wieneid or | ayer
116 is not_ formed in _the. regqi ryes | . io 40, of

t he base sﬁﬁggig%gwlgﬁ?gb?ggg agigﬁt%%Jggggkgg#E%?ﬁﬁflﬁggéggﬁbnq? e film
due t o t heinalemed prasiae icheds § hexkuh ter eagilreegion ¢Hh sbehdt desgngdd crvstabr eby

SUPPresel 10 SERSL OBl 31514 LBSRE! SEHY SLOVRTRSRR) i s e
sem copslucin@ulatingy @fyed 11841 & ibbsidedi af able base substratc 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 pattern (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 to a cross section taken along A-B in FIG.
3A. The irradiation atmosphere of the laser light 132 is not limited particularly, but an
inert atmosphere or a reduced-pressure atmosphere enables the surface flatmess of the
30  single crystal semiconductor layer 118 to be improved as compared to the case of the air
atmosphere.
[0046]
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25 with laser light 132, thereby formng a single crystal sem conductor

| ayer 118 in which the flatness of the surface is inproved and the nunber
of defects is reduced (see FIGS. 2A and 2B and 3A). FIG 2B corresponds to
a cross section taken along A-Bin FIG 3A. The irradiation atnosphere of
the laser light 132 is not limted particularly, but an inert atnosphere
or a reduced-pressure atnosphere enables the surface flatness of the 30
single crystal sem conductor |ayer 118 to be inproved as conpared to the
case of the air atnosphere. [0046] 13 Note that it is preferable that the

single crystal m conduct or 16 b I t
irradiation wt Ofehtg‘atl ’éé%Preﬁrﬂﬁ%/ﬁ’fé ?e C%at L(Sa%'!'al%aélgg:&%’} F,ﬂelbﬁs ln:I

crystal Segmlhlfaqlpwé@by #haﬁﬁﬁdmlibﬁ whth ﬂmlateedigmdﬁpl eTlﬁd;ésbeizduee if the smgle

m crocrystallization_ o t e ngle cr sem conduct | .a ek 116 is
caused by Ay rsg@icapdusive layat i i%lsolfle]faﬁ dog ileé"?lﬁ tg Wvg?rgftgée%ocongbct or |ayer
116 after HQIOEyER Bmidofdlictbr M}%ﬁﬂﬁ@@aﬁ‘s&& ${ adlsbidadet yudléatiohef tiwisiiglee cryst al

sem conductor |ayer 116 is |lowered. On the otqqn han& r}p Fltl al f It| ng can
cause orystrwiialgeBiserdusios deveph g piter heing) ineyl P{Ef’sﬁﬁa SSBITER B t hat

crystal  quahd Ergfstﬁlas@n%nHMr%’y%glﬂﬁlsqm% et e lobiRr E@ﬁl@paﬁ‘iﬁl’r@elﬂfg& single
crystal semconductor er 116 is nelted conpletely, Further try of

oxygen, ni<noyess, crm*altgﬁer hased piihe pandisd; Sﬁlé‘érp%ﬁsf’ PYTUORy 8 ﬂ‘fﬁ&ryéfﬁ
suppr essed lglﬁ}cgﬁwﬁﬁ rg{kﬁ B8 ,%aééd {38hd d 00w HERRS siBleldryieh] semiedhdubtat t he
T

depth to 8 siingl e or sem conductor |ayer 116 is _neltfed by
| aser |i ghllayarrltl@dilrmlie@nomslets al Fethsr, enmapl exyeerd ajopen T thadks fp@rthace on the

i nsul aj ng, | gyer QB%L} 14 Ic&elaﬁlg l{_ﬁg}esée Nbtel tﬁat%ﬂ@#érﬁﬁﬁﬁelﬁﬁ?ﬂleﬁﬂ%emélhﬁéz kness of

t he single cCrys a sem con ayer 116 i's, an upper_ layer of
t he singl esuch yisit ahie depti toonmkdeh:ﬂmrsmmewstall@nn@ndmtmréwelﬂ16 s peltgdnbyg

O O PR SRS MR E Rylol Bl 28K LDBL ALk oD MRAKRE 1R e keopt

ina soli I ng means such t hat
t he si ngl etlergydt (aliat isS @ elmﬂidwert tdaan t}mmlr:krmmﬁ the ﬁ'mglewystad; s¢peicomiuetae | i qui d

S L, Rl PEou R LB SR R P e L
for thes abeur-idadRktidagdsd A€ wheredsadioaier DRer théEbofss & rin@teaumbe heppui sed | aser
oeam v 15, . S0, SIS 0,581 B2cPT IR SSRRER S P B RELLY o,
Wi t hout beidaficdnlitdié@dydr Q16 Q‘hﬁélfed% paireihe ligaid saite @qhmintetrﬁcél.bdﬂ!e@rtﬂe | ess t han
or equal t somg]ig crystal semiconductor layer 116 and the insulating layer 114.
[0047]
20 A pulsed laser is preferably used for the above-described laser irradiation.
This is because a pulsed laser beam having high energy can be emitted instantaneously
and a partial melting state can be formed easily. The repetition rate is preferably, but
without being limited to, about greater than or equal to 1 Hz and less than or equal to 10
MHz. As examples of the pulsed laser, the following can be given: an Ar laser, a Kr
25  laser, an excimer (ArF, KtF, or XeCl) laser, a CO; laser, a YAG laser, a YVO, laser, a
YLF laser, a YAIO; laser, a GdVOy laser, a Y,O; laser, a ruby laser, an alexandrite laser,
a Ti:sapphire 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 COs laser, a YAG laser, a YVO, laser, a YLF laser, a YAIO; laser, a GdVO, laser,

a Y,0; laser, a ruby laser, an alexandrite laser, a Ti:sapphire laser, a helium-cadmium

laser, and the like.
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MHz. As exanples of the pulsed |aser, the follow ng can be given: an Ar

| aser, a Kr 25 | aser, an excinmer (ArF, KrF, or Xed) laser, a CO2 | aser, a
YAG | aser, a YVX laser, a YLF laser, a YAL®3 |laser, a GdVOX | aser, a Y203
| aser, a ruby laser, an alexandrite laser, a Ti: sapphire |aser, a copper
vapor |aser, a gold vapor laser, and the like. Alternatively, a

conti nuous-wave | aser nay be used as long as partial nelting can be
performed. As exanples of the continuous-wave |aser, the follow ng can be
given: an Ar laser, a Kr 30 laser, a CO2 | aser, a YAG |laser, a YV | aser,
a YLF Iase[é0 82 YA1CB | aser, a GdVO4 | aser, a Y2Q3 laser, a ruby |aser, an
al exandr i tl8%%se a Ti: sapphi re laser, a heliumcadmum |aser, and the

i ke. 14 [0048] Itl1§ nécsssﬁ@aﬁasl&rxya\tereagthtdﬁmevl@sceligngﬂhiscn‘wwmngtasaﬂﬁcﬂ ight 132
is a wavel en th wh can .be absorbed by the. s st al m conduct or
| ayer 116.““?r E‘F‘ﬁhﬁt@? ?lgged‘@is'@[ ﬁ?‘W@‘E}/u ‘%b"ﬁ%’i gll raﬁ%r\”ag?lelf &'Skin depth
of tEe |ascﬁ:ienhh@mtm anfkidda@ioni dfethe BRih &epexafHeelasdr hghmmk}enkjkeh gan be set
in the range of

reater than or ual to 250 nm and an or equal to
700 nm? | rexawaiet %wa"% Iengtuprn gy "dgﬁ%‘? fap8st Srepter |thpn o eﬂ‘fﬂzﬁ’[g@
determ neqeésnh&%}%h&ﬂrt@mmn OfIntaa@mw@\tﬁé anglyhieaditytdiend 1a§=,engﬁtugmbaxﬂ32 t he
skin depth of the |aser ht 132, the thickness of the si nglq(f@crystal

sem conduciegietqraiped “]_L‘?L‘Bmdérra??rh@f the wegelengthyolothe fagor ligbh 433, phegikin frath ager

light 132 may. Q&rﬁgﬁm&%e s%ftﬂe@nfgikecry@ﬂganfe&nd&gtogra%}tm &hﬁ@ or equal
to 300 m}/cnm?2 and less than or equal to ml/cnR2. Note that the

above- des dlikieb e heensray\denuitysifithe lpsen Hehtild2 ﬁﬁy é’? é?fpﬁoée’iaﬁlpﬂ-%él Bas@espere a Xed
exci mey, a%@a[ter(t ;’ﬁj ﬁﬁ&ttg 30? cﬂWanH s gRM 0@%%1?211 RUsELILAS eNotd RQA9] The

i rradi atl 0 aser 132 can be pérformed under an at nosphere
15 cont ai nhagboveydpenibsdichergs d@hﬁetyalangeatsmmmpéﬂ oy thgreapnwherest f8Shher e such

as a nit rogen. r?]é;[ %}!{%{;%ﬂ th%??’%ﬁf{ %g%%%gﬂﬁ&hﬁg& In order to performthe

irradi ati on W an 1 nert at m)sphere
irradiatiooeo#djth the laser Iight 132 may be performed in an airtight

chanber while t ?ji rmz Irll %rlt% dilenlaser hfﬁbc%n be% r%}ﬂlteﬁ %(!leggn Fltnlmg %pﬁ Case

where the chanb use anif at nos ere can
sprayi ng adontaiiiig oxy@sn smhlas&feaﬁa&nésphgem gagett atrhdspheseisichesa whtogn | s to be

i rradi with he | r
adi at edatmogpheretor%n a%%g atmosglt;gre

'orc{eg ?0519e]rfonn the irradiation with the laser
light 132 under an inert atmosphere, irradiation with the laser light 132 may be
performed in an airtight chamber while the atmosphere in the chamber is controlled.
In the case where the chamber is not used, an inert atmosphere can be formed by

20  spraying an inert gas such as a nitrogen gas to the surface which is to be irradiated with
the Iaser light 132.

[0050]
The irradiation under the inert atmosphere such as nitrogen has higher effect of
improving the flatness of the single crystal semiconductor 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 is performed under the reduced-pressure

30  atmosphere, the same effect as the effect of the irradiation under the inert atmosphere
can be obtained.

[0051]
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The irradiation under the inert atnosphere such as nitrogen has higher
effect of inproving the flatness of the single crystal sem conductor |ayer
118 than the irradiation 25 under the air atnosphere. In addition, the

i nert atnosphere has higher effect of suppressing generation of cracks and
ridges than the air atnosphere, and the energy density range applicable
for the laser light 132 is widened. Note that the irradiation wth the

| aser light 132 may be perforned under a reduced-pressure atnosphere. Wen
the irradiation with the laser light 132 is perforned under the

reduced- pr essur 0 at nos re .the s ffect .eff he
irradiation und%ltﬁ‘i“f’igzl tﬁ%é’?%ﬁ?ﬁﬁ?ﬁ%ﬁl g%léglrl]e E‘(Saero%t%}a{iggl Ige[r%géﬁ)'{uié Al t hough
the irradigit ol thdr@al R bhentifdritepdnaionad are dinghtrydRAXemscopducfopiaped1jeust after
the thermal treatnent for separation.of the single crystal sem.,conductor

| ayer 116 Djt St?‘i‘i‘bgﬁ’é‘?ﬁ%d% ,°d]6‘?f’§?8ﬂ%t?d?rﬁ§eﬁf ! vgmﬂ%elspcrog%%‘ﬁﬁ Vi'r}h“\%%ti onis
construed puidgh@itted REIBROmMbAdY BashidgOtrédibént Malebe Fértdiinad afitredt therinalmay be

performed after the thermal 5 treatnent for, segaragﬁon of the single
cryst al® serfaERmy fer Papigrep! Peesingls chgbyenicondpgdy; BxenHGr & fPE Gre nany

def ect s i NebibR whidfelBGE aRf midiedeRcRGh hLhYBEADT BEBIERRANEI Smicdrdyedr 116, and
then the irradiation treatnent wwth the |aser light 132 nay be perforned.

The fl at nelg¥erdi6.ang thep fhedmadighion tatmen it the pser Jehtdadimay hgpesteiedayer 116

may be i MRLOWQHess HFdhE RBAdeNSE theT GIATHRA] LERREMRBbr Wykh 11dndyaser |1 ght
132 may be perfornmed. 10 As the above-déscribed etching treatnent, either
dry- et chi rignpoyvedyend ghenthqigradiatiorpiseatmens svith[tpgser lightr 3R apay bgIPeHefirse: not

descri ped | hij )| i : . bi noi.ng: LAgh yed al

e conuct bl AR E Rt E b e e R the 15
| aser |ightsed32. Thinning of the single crystal semnmiconductor |ayer 118 may
be perfor §5£y one of dry-etching and wet-etching or a conbination of both
t he etchi 2@ .77 [ 0053] Through the above process, a good SO substrate where
stripe patters &ughers athoogd notadesbigbedbinathiseanbodngn@ b 4fep Aff tthinnindhe i n

patterni ngSiltlg g cr%gtglgsleglic%l;lxgctt(%l layse?qjlé:l%g)g B thJfor'm%X %%terlt%ig hjrarasagofﬁf‘(}iim the
15 laser light 132. Thinning of the single crystal semiconductor layer 118 may be
performed by one of dry-etching and wet-etching or a combination of both the etchings.

[0053]

Through the above process, a good SOI 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 section 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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i sl and- shaped sem conductor |ayer 120, the single crystal sem conductor

| ayer 118 in the region corresponding to the above-descri bed periphery
(the vicinity of the region where the depression 140 (or the projection)
is formed) is renoved (see FIGS. 2C and 25 3B). FIG 2C corresponds to a
cross section along line AA-Bin FIG 3B. The reason why the single crystal
sem conductor layer 118 is renoved in the region corresponding to the

peri phery 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 sgi.n %e cr conduct o,

stra ved
sur f ace- shape ( @ &d C%%¥Tm ‘yma%§ﬁ?¥%ﬁﬁﬁgdm?gon1$h§@§ﬁ§ ége
pol i shi ng i§lakedhaRsat serBi@otduador tlagerr €gA Ofpetific | methbdr for ofatufetrimgdiirg
strength. [005%1 16 After tth E(g gnduct r dEVI§$ i s manuf act ured
usi ng t he SEBEORIGIE devigrerll be dpsgrige lﬂgﬁt@ I HH’EF@E *Yayer. A specific
met hod forogepuf acturing the sem conductor device will be described in

detail in an enbodi nent belom“ﬁ&SOSG] 5 According to one enbodi nent of the
presentS i nvent i OASOTHIAS ik ARF srbeimeny of he rierent HFERTOL: B BYNHHIEIGAD a

depr essi Oyl si@stiOhb OJoh § de;?@yshcqlegr b préjeht is (drbh@dedPBY b Pagryhe of a
surface which is to forma region in whjch the bondlng IS

not per f oraeephdsy) Cﬂé§PJg"?Pe Whﬁchlﬁﬁ%bffﬁfmﬁlé‘} to &éﬁé‘rrﬁglp%ﬁl whick thedwadiggtised py
expansi on &B'E ?]ﬁ)‘?{ﬁ[e& ﬁ%ﬁés% Ol fhiSHBSES, %Eﬁ‘erﬂiéﬁ o Qrdsh e4utBd bi EgRLG®NG: can be

suppresse reb 0 suppressing géneration of a stripe pattern
(unevenneswptriction qf moubsteatey v to sthermad ritpgenesf cap algfeﬁupp[rwslnthwiyn a

sem Cﬁbﬁucgg%es%l %%Hérado% oﬁgreﬁ? &eﬁ?gﬁ%ﬁ&.&%%fﬂ leloA%BH sdnflednfeto €91 ON

wher e ression or t ection Is provided is renoved, so that the
adverse 1layeeffect of the depre55|on or the projection on a senlconductor
devi ce caq @% suppressed. [0058] Further, as described in this enbodi nent,
accordi ng P éne enbodi ment of the present invention, the depression 140
is formed in th&Wheegi esmioénditrer sienfepice fofmedyehe iscmigblaiui:mg layay an tiie1 4,

CoL£5Pond a8, L5 BRSPS EE SRR 2,
si ngl e1xr y&tead 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
insulating 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 corners of the

single crystal semiconductor layer. Further, in considering the improvement of the

yield of manufacturing semiconductor devices, it is very preferable to form the
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sem conductor substrate 110 are not bonded to each other is forned by
design (see FIG 1C), whereby separation is triggered when the single
crystal sem conductor substrate 110 is separated at the fragile region
120. In this manner, surface roughness of the single crystal sem conductor
| ayer 116 fornmed by the separation can be suppressed. 25 [0059] Although
four depressions (or projections) are provided in the periphery of the
single crystal sem conductor layer in this enbodi nent (see FIG 3A), one
enbodi ment of the present invention is not limted thereto. The nunber of

depression or. roj ections positjqn.thereof, . an | i ke can be set as
appropriaﬂ%?&ﬁ%?“2%7 ngngd&835%%@%%2?%“?3?“%?%#%%??%EE " can be forned in
regi ons coopg&gpondi ng to corners of the single crystal sem conductor

| ayer. Further, _in considering the. ipprovenent. of the ield of
manuf act uri ng sé{ﬁec'g‘ﬁtd EFE?CWEW%PEQ?‘{TB’N Sser@?fiﬁf“eﬂf 8?"6‘?%%?p§el'f‘%1?‘fdo?ym the 17
depr essi ONgideOkoMbiRbE Gl i Hpfoprin®d WhB ARJbder sGudiere adseribedenDrdofsee Fl G

3B). [0060] Note that the structure described in this enbodi ment can be
i mpl ement ednlspimeyds i ghicseiiicd¥ias appropriate with any other structure

descri bed pgﬁﬁhe other 5 enbodinents in this specification. [0061]
[ Enbodi ment 2] In this enbodi ment, another exanple of the manufacturing
met hod of [Embsdimiesbiduct or substrate (SO substrate) and a sem conductor

device using the, ghQ STEANIUSRor %':!Qﬁ%ll%a&feth@sxginﬁwﬁﬁﬁl afethodMdrl a be
described with reference to draw ngs. 0062] First, a base substrate 100
i s prepar egmicedudirGsubsipte ®Qlesubistraiel dodcr ispricondugtor dayicepusre dibstrat e
100 is;pmitte I S ' - - &lrk therRfigts. [ 0063]
15 Nexl? aselnll.“?%@g"é‘%ﬁ?@%?% @PE%%%?%%%‘? ??%?p@xﬁ%{m dorhce 1) M ng film
cont ai ni ng[0Ae2]r ogen such as a silicon nitride film(SIiN.) or a silicon

7 A1 92, 07100 R o o ORI YT BB SHABRBLr e pose
formed in thhbsscanidadic ments consdspopudsust Endodiment 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 (SiNy) or a silicon nitride oxide film
(SiN,Oy, x > y) is 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 barrier 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 is 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 (Rys) of 0.60 nm or less,

30 more preferably, an average surface roughness of 035 nm or less and a
root-mean-square surface roughness of 0.45 nm or less. The thickness thereof is

preferably in the range of 10 nm to 200 nm, more preferably, 50 nm to 100 nm. With
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20 |l ayer for the bonding of a single crystal sem conductor |ayer (a bonding
| ayer). The nitrogen-containing |ayer 102 also functions as a barrier

| ayer for preventing inpurities such as sodium (Na) contained in the base
substrate frombeing diffused into the single crystal sem conductor |ayer.
[0065] 25 Since the nitrogen-containing |layer 102 is used as the bonding

| ayer in this enbodi nent as descri bed above, the nitrogen-containing |ayer
102 is preferably formed to have a surface with a predeterm ned fl at ness.
Specifically, the nitrogen-containing |ayer 102 is preferably forned to

h it rf . f I
and a1 oot "haicegirares BFPERET R LR Spt B b 0® BB 5000

pr ef er abl ygrystdl semiesmeioslayéragebs pagduedss of 0.35 run or less and a

root - nean- 38 re surface roughness of 0.45 nmor |ess. The thickness
thereof id %ﬁeferably in the range of 10 nmto 200 nm nore preferably, 50
nmto 100 rim Weki)a skgld figstflueimaoadictoatsiisate IPrioyegaras (Ke$F6G.i4d above,

t he bondi ng defect of the_single ystal .sem conduct s | aye

br eventied Mo aBRBsH. e Fgies o8 S L I ORiSt UETas 810 1 1 o
prepared (ig@8rhihied af6D the abovlelebdtibsd eeP oflindeate subkteud 0do,; (thﬂ@r shieps of the
single crystal sem conductor substrate 110 is erforned after the

above- descler seavesicasr of p@nyign sndypig Frpelingt. O%&ﬁeﬁ@?em tRYeEUQs 18 £ of

conveni encg a8 XRERAAL | bé}ﬁg apgitdn g apRodideENt DRhill e BicesRBle tAM@NtIioON is
construed wthout being limted to this order. Details of the single

crystal s@mlf@@ﬁmtsbbst@@ﬂé@ prgroanitterChers hecaie Embadimentd wabarierdiodi nent 1
can beyq ﬂd to 10 [0067] Fromthe point of view of renoval of
contanlnan S, is preferable that the surface of the S|ngle crystal

seni conduct or sﬁbsnﬂaiﬁnmmﬁWbeﬁ@f@@m@@lb&C%ﬂ%wnmﬁﬁﬂ%mIE@?@b yibat dben

(AP o DY O e b S S 15 ©
hydrogen facidsnydeezet Eﬂel%)x;deomxm@ ($EM} .anDinimerden Hydrosifethydogar padexidnd ozone
v e Y B AR OBt FATE S RyBh LA UG, e 1l
15  hydrogen ﬂuonde (DHF), or the like. Diluted hydrogen fluoride and ozone water may
be discharged alternately 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 film 1135, 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 tetraethoxysilane (abbreviation: TEOS, chemical formula:
Si(OC:Hs)4) in view of the productivity.
[0070]
30 In this embodiment, thermal oxidation treatment is performed on the single
crystal semiconductor substrate 110 to form the oxide film 115 (8iOy film in this

embodiment). The thermal oxidation treatment is preferably performed in an oxidizing
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Next, an oxide film 115 is provided on the surface of the single crystal

20 sem conductor substrate 110. [0069] As the oxide film 115, a single

| ayer of a silicon oxide film a silicon oxynitride film or the like, or
a stacked | ayer thereof can be used. As exanples of the nethod for

manuf acturing the oxide film 115, a thermal oxidation nethod, a CvD nethod,
a 25 sputtering nethod, and the |like are given. In the case where the oxide
film11l5 is formed using a CVD nethod, it is preferable to forma silicon
oxide filmusing organosilane such as tetraethoxysilane (abbreviation:
TECS, chem.cal .formula; . Si (QC2 4) in view of the productivity. [0070

30 In thi§mgﬁﬁgﬁfﬁ%WL?hPﬂ8$%ﬁfm%@%dation treatnment is perfornedyon[the ]

single crigstidl sem conductor substrate 110 to formthe oxide film 115
(SIOx filmin this enbodi nent)...The thermal oxidatjon.treatment Jis
preferably perf EP&E’H‘H}%EB g#F“B% %ﬁl -LRE] %@Wgﬁﬁsppeﬁ%@%edt O Wi %%H%gﬁy%%fen is
added. [ ORAdonfRiorexmkal0 trharoxkdiziaxittatdhere tb waikhrklotind €pienddedmed on t he
single crystal sem conductaqr. substrate 1 i.n an,oxidizi at here to
whi ch chl ovheseby(be Pxide r}gladlelé,ls f@‘“}ﬁﬂéﬁf@lﬁh %‘ﬁ%ﬂ%x?’ﬂ%a“f’fl'l ke o 1 e

t hr ough chl.qdd Mg Q% idatinDdbntaidind HelloeRrRSBom.t he oxide film 115 is a film

containing a chlorine atom [0072] The chlorine atom contained in the oxide
film 115 BPPHds distortion in the oxide film115. As a result, the

moi st ure absor ptrn0phibtetu@h ctBnQih @& dxideMIhLI5 biindsBXMGMSlin thd bkigo that the
nmoi sture diffusion rate is inproved. That is, noisture which may exist on

the surfac@motlst hdsexral, thiiistus abirptise rafs o6 tserridqdilendly it WERIO¥He oxi de
AT 1P LSS o g o st siioe o be
115, heavytherstrfice of Bre(cgirtsHiles! ISecan O absdrbedgpuickly) intorfhe okige &lm dxd Anchsi ¢
com conductar B He B d0a e KARLAM-IE boRaRet or . "af ter 1 he bondi ng
to the bas@i®ibstrate, inpurities such as Na fromthe base
Further, with the chlorine atom contained in the oxide film 115, 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 to an oxidizing atmosphere to
perform thermal oxidation treatment, and the like are given.
[0075]
Next, the single crystal semiconductor substrate 110 is 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 single crystal semiconductor

substrate 110 (see FIG. 4D). The depth at which the fragile region 112 is formed can
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substrate are fixed, so that contam nation of the single crysta

sem conduct or substrate 110 can be prevented. 20 [0074] Note that the

hal ogen atom contained in the oxide film115 is not limted to a chlorine
atom A fluorine atom maybe contained in the oxide film 115. As exanpl es

of the method for fluorine oxidation of the surface of the single crystal
sem conductor substrate 110, a nethod in which the single crystal

sem conduct or substrate 110 is 25 soaked in an HF solution and then thernal
oxidation treatment is perforned in an oxidizing atnosphere, a nethod in

whi ch NF3 i Z«"«fﬁg@ﬁ% blqueaﬂlg?%:l %{e{zgg%%a %ﬁherﬁ?&gtﬁﬁ@gr&a{e%&hﬁbnﬂ oxi dati on

treat nent, single crysta
sem conduqh@nlkaubﬁkrfaetgﬁe 1~agion $13 isr gkt etdapm;dnmtdmghasﬂne 8épthesdlicer at ed by

an electrical field,. ther f or m reqgion ere ecrystal
structure ai"graa%lﬂ"’é’ﬁgﬁm“afjteptg ‘%Fl?eed@i’ {]3%1 n B ﬁle't lgftqﬁeés (jéiﬂansgl?%e &P ]t
sem conduGde@icondithsy tdyet © b@k&)aﬂ‘zﬁ&lﬂfrﬁh @Ae sﬁ@e chm selgipbdtluator whistedie H@e f ragl | e

regi on 112 is formed can e contr t he ki netic ene
charge,” i rfen derfeatelifgi by be dF ‘g f’itdﬁ%"hl lo%?‘nﬁ% ?rﬁé‘d%f‘?dke%m‘r%‘mfp egél?q er eg| on

112 is forfededper@PRicAde mekbﬁro‘maeudﬁ&@ettlﬂm&mckﬁbes ofauemﬁgec@esalet ration
depth of the rons 130. erefore, the thickness of a S|g]g'é0r§ t al
I

seni conducieBicopgdiriN 14%6T Ierboripairaleretlan porAvehie 10 miypad less, Eonduct or
substrate dyhQnp | al{?ﬁ oFAR fah bt uBYo 50 SniRR RS Blan WhbdhI th60 hans 130 are
e,

added. For exa average penetration depth may be controlled such
that the tlRP®ness of the single crystal seniconductor |ayer |s about

great ey than or tgapal, hgscﬁﬁeawaa@%ﬂ Eéa%néd?@ﬁth%ns%gﬁ'ﬁé Rérﬁ)rmécp

preferably, greater than or equa nm and | ess than or equal to 200
nm [ 0076pn-U0pifh eqebues- Qjengmmpiemamm aﬂmmmqnbn Ay edymeshexgirlp of dis can be

f d b d he n be
eyl cal SHERE SaybRfi ARISTS oBHABI TRt LA o B B8 iR fdthPTo"

non- Mass- sepaatahiofa ptogps geqmlnarfmmedlandmpbjhctpds hsmceseedcts irzadiagad with a process
gas |s per%ﬁq n%dog ?%Sspgcg?%b %er(a:ttgd h1s equ Cp&:?e%? ﬁla{eg tﬂ d)%%g{ Bhg %ro\%%g'd al |

ki nds of Irra ect to be
procesged dfh vuntdpemﬁnnwaSQB @sthott rphsmsa;mrmohh olnt conaﬁ, th@paﬂmplamauoﬂ n

contrast, the ion-inplantation equjpnent nAss- tion
equi prent . SRR S %F STREECB nBY 9 B’r?glr?{lt STHE 967 SRRk Rbh CfhulphR

performs mass separation of ion species of plasma and irradiates the object to be
processed with ion species having predetermined masses.
[0077]
20 In this embodiment, an example in which hydrogen is added to the single
crystal semiconductor 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 H5™ is greater than or equal to 50% (more preferably greater than
25  or equal to 80%) with respect to the total amount of H', Hy', and Hz". Increase in the
proportion of Hs* 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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perfornms mass separation of ion species of plasma and irradi ates the object
to be processed with ion species having predeterm ned masses. [0077] 20
In this enbodi ment, an exanple in which hydrogen is added to the single
crystal sem conductor substrate 110 with the use of ion-doping equipnent 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

hi gh as possible. In specific, it is preferable that the proportion of H3
is greater than or equal to 50% (nore preferably greater than 25 or equal
to 80% mngFJESpECt to the total amount of H, H2 , and H3+. Increase in
the prop 9n of H3+ can i nprove the efficiency of the ion irradiation.
[0078] Not e t haiNcheadypresioal 140yt sadrsjective) addmikdvih e medidreof therswipé 0

equi pnment is used; however, the ion irradiation.is f orned t hrough the
oxi de fil iPa PEEIHIAT b i aﬁg“’é‘o‘)oﬁ‘ﬁmﬁ’&@’ﬁ‘gif’ &ﬁ‘? P%fbphFWagfe@Snﬁ”g%% ﬁ‘é‘(tstfﬂgn of the

si ngl e cr yshidon&@Rircapdtet DI, So/lgst hajostichlPherd e baae titdtreadvy amettad can be
prevent ed as descrijbed above. 0] ressi

21 [0079] Next, .a de on 140 (or a
pr oj ectd onyngls leﬂfétﬁmqulid‘éct‘?reﬁp%ﬁteoﬂot%% ng{ pand ioggach pfhigr Exﬁ%’H’éEdf % m 115,
the regi onyLRALIESAAOAMY WecdriiBalp il \@iiyedy thérenal rB@nentCit gt @he of
sem conduct or substrate 110, so that a portjion where the base substrate 100

and the 5 tP Rgnéng s gl SUBRITFSEHNECEYL SUBRIBEIE #8840 gt & stdre Bifted to each
other is foraRgdhRY in I63EERHELETR fRdudbDlayeficcor di ngly, stress caused by

thermal treatnent ‘at the ti'me of the bonding can be suppressed, thereby
suppr essi N§0¥dnerati on of a stripe pattern (unevenness) in a single

crystal, semi con thd QQ80k sughesN 1 hOalpr@LibR MO BEInShe €SS i S
suppr eisosed by tﬁ%&%@%trag@s{%n 140 foflr{‘é)des:s\%it?he.@%% dle film 1_15me_1ccor ding to
t hi s enbodéxidmfilm bifecerrtiiog itavdis engfodinkeat, pne sebedimpntef thegmeseptgnyegtier r ued

w t hout being limte ture Aﬁroje E 8% Rs d

i nst ead of “tHe gﬁr‘xélglglgﬁéln@mgliegﬁgltgfss S(gl:fuct e r%eﬁﬁ)egﬁ? or ?rornfo%%he

depr essi oninsteghtf tendepgssidit. erAst dxemples mitthomethbd tihe fooxingethé idepressiod, mar ki ng

B oot oA AR BRSSO ST AL =,
t he oxigle #rd e 1ik5 cabGadiveg. oAs axqpapltd of tewhdthodafor forming the projection,
patterning after the formation of the oxide film 115, bonding of a particle with an
appropriate 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 are 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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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 enbodinent of the present invention is
construed without being limted to this structure. The depression or
projection may be provided on the correspondi ng regi on 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

ot trogen. SORAPR 15 orayanct oS SSE R ety Rl SHER ARk bl ¢ e
bonded Wi tds gt Dif Nem’ sdssthah or e4il.to POOBS)” is Bplickd teeonctrivgidpad éhes ubst r at e
wth the MEeEeRRERri R HeauF 1 Th) AiferoiRB bR R 8 C hose
tN?e:Tgbet \é\alee)a,ana{mﬁb 6>diﬁl‘lﬁlnﬁllﬁi’ﬁ¥ﬁlﬂgﬁ%inﬂtd:én?b8)t@f ];ﬁatnethcla pbwgion or whighialie 5\3_ 1h2_2
c an ess than or. equ 0 cn, pr ra a pressur ichis
great er’ t HAFFSUEris dgRid, f’vg‘l“%lfoﬂﬂl%_ °§ﬂcprI§§‘§ngﬁ%ﬁh36?%eé”scfﬁlélag? Eﬁezgo cn2 is
applied t axpifis Rkt i@Nsi@facd hevan8drBhas Cloy&t @l aSgdiogen duad atts subsiy at e 110.
Accordingly, the nitrogen-containing |lagyer , 102 and the oxide film 115

starts borkendigesp aathisdopdipe sieR AR @eHyMel ghngalifrRHalife 5 pressure is
appl i ed, b forms a bond spontaneously therebetween and the bond
expands over the surface. Vander Waals' force or a hydrogen bond acts on

this bonding stNefs tnidbofere shepbmdingpl dhe pase spbsyate P ragd tscsiagle Atk
tenper af ur s%alllclogﬁ)tﬁ:ﬁlr s Er@tftllf'@tit D@ sbld SRR bRt Ofreddiént BAAGuSMRSL rat e 100

and the single crystal 10 sem Conductor substrate 110, it is preferable to
per f or m suwligle thethondingrsmerformes, that is.atbe sefaces,gfi thhoxigrelibyp hidi nrgvifed ¢er f or ned,

that is, 188 Rl 388 BhibRfidblcl flolha B¢ Modeeaibinih e il € Crystal

sem conduc ubstrate and e nitrogen-containing layer 102 formed
over the biagsed obst that msd GObstnatet Ms ire tige dinthedimensy ruifsee ticalaieneatn can

Lprove thg oA als W00hdh BELUECHe Witfogll-b ARG RRBE ANl Bes 102 and
15 film 115.
[0085]

As examples of the surface treatment, wet treatment, dry treatment, and
combination of wet treatment 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 treatment, ozone treatment using ozone water (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 together), 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 (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

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

[0087]
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[ 0085] As exanples of the surface treatnment, wet treatnent, dry treatnent,
and conbination of wet treatnent and dry treatnent can be given. D fferent
wet treatnents or different dry treatnments nmay be conbined to be
performed. 20 [0086] As exanples of the wet treatnent, ozone treatnent
usi ng ozone water (ozone water cleaning), negasonic cleaning, two-fluid
cleaning (nmethod in which functional water such as pure water or

hydr ogenat ed water and a carrier gas such as nitrogen are sprayed
together), and the |ike can be given As exanples of the dry treatnent, 25

u! tr av! olet tr e i}(é?vl éﬁea%rpfé or rém?x’a?% {rhgﬁ%t{gﬁﬁ'tthe Iﬂleat%%edt reat rrent

with bias appli reat nen e can be given. The
above- descdn thesirfue bothe ob;tectteat- ﬂmﬁeanmrmrs aﬂbpta(etfo(ramsiiai (0] éeoompsam

sem conductor, s n i nsul atin 0 | crystal
seni conductf cﬂnc@u“g? rﬁ'g‘e like suhsri & f’%‘m bron%%d?nn{ilﬁlsﬁ%? i) %I]a er
formed on cﬂ)_;&tlppIQfetca@UB%E@ttﬂé dﬂgra&amneéurcn@ﬁ umﬁwbhetrmém:epemfonme obj ect
to 30 inprove the hydrophilicity and cl eanlipness ul t e bondi ng
St r ength’ HBMbenher e S Steles i TR S oeBrb R

treat ment dugra@f §fand bijeeticas bé &ﬁ@é/éllaarpzfndrfﬁrﬂfo@hﬂiu%hd aadrdiibe ofWK&nﬁeﬁMEd on
the surface of the Obl']pedbb@{:‘&tst e dry treatnent is effective for renoval or

deconposi tinde sugpcete %ané’ﬁduﬁpﬁﬁsqdr ke such as an organi ¢ substance
bonded on [[bbgg jsurface of the object. The case in which the dry treatment
such as ultraviolet treatnent is perforned 5 and then the wet treatnent
such as cl eani ngsitke g egmeplgitissrefsrablede perfampaelcEcatpat uHpg PRBEODf t he

bj ect n Z a k
obj ect, (Fa“elgg?mﬁag %Lfgg?eg%g%%mlokygé ang aferb@roa&gegnn Qh a¥RlatBr ks in

the surtac e suppressed. [0088] the dry treatnent,
it is ref esuabhesingletpayfenrenstdesrdrzanis subsancaehmmdesorige @E@ﬁeoﬁhe obigFtéxygen i n

an active Stﬁ%%%véfgrhdegé%ﬁésg(?eﬁéct@@i g%rtbgzﬁx@qre%neﬁﬁﬁ(%‘oioﬂe anm@%'éﬂ ve state

such as single €s organi'c substances d on the surface of
t he obj ectintam ahe/erﬂarte)\sem os suhgtcormwedlnesf foecqombeiegi.wmmﬁewnt B4iee t r eat ment

5119, 0200 Sl B BB a0 OB RS paaRele b
than 200 ngndsd ohhit sﬁJHeceObg&{u objsat b alvec esnoved more eﬁ"ectwely Specific
description thereof will be made below.
[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 light 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,
irradiation 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
light having wavelengths less than 200 nm and ultraviolet light having wavelengths
greater than or equal to 200 nm under the atmosphere containing oxygen is described
below.

30 O, +hv(:, nm) » OCP) + OCP) - (1)
OCP) + 02 —> O3 - (2)
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15 bonded on the surface of the object can be renoved nore effectively.
Specific description thereof will be rmade bel ow. [0089] For exanpl e,
irradiation with ultraviolet |ight under the atnbsphere containing oxygen
is perforned to performthe surface treatnent of the object. Irradiation
with 20 ultraviolet |ight having wavel engths | ess than 200 i nn and
ultraviolet |Iight having wavel engths greater than or equal to 200 nm under
t he at nosphere contai ning oxygen nay be perfornmed, so that ozone and

si ngl et oxygen can be generated. Alternatively, irradiation with

ultraviolet |jght havi el engths I ess than 180 nm may be perforned, so
t hat ozone(shhfd‘%g%'i‘f&éﬁggli?%éﬁ"b@g be generated. 25 [0090] An exanple of the
reaction bgh is caused by the irradiation with ultraviolet [|ight having

wavel engths | ess than 200 rimand ultraviaolet lig havi ng.wavel engt hs
greater than or letgasactien fgguladh) HW&“OPH‘@&&]E%Q’HE%?‘@“%W?%“H éf’oxygen is

descri bed | + : is beklorm& &P) + 02 -+
5520 T R 04 e i G 09 o bt 1
(1), iry adieatiaerpxygantatomsyintthe pp)ndsote (g9 RAly e Nerginae reagtiondpryuly 695 t han 200
nm under t I QJ ' f enerate
oxygen at otﬁgogrég? %@%#ﬁ&%g{bﬁg?ﬂg&( T{5§;3£;) ) c{ﬁg%ﬂ d?%%’?ﬁeﬁﬁﬂggagﬂogﬁr_ fﬁ) o?rml a
(2), the ogepgrew abwm(Osh tFengndhe tasticat ormudy §9) radition wpgdiehl bp)ing eact with

each other to nerate ozon 03). The i n b f -a (3),
irradiati o?ﬁa‘ﬁeflgtﬁf f’ﬁﬁ’ffsr%?ﬁ?eﬁghé“ AV ;e[ﬁ%? %%mF%%‘Q?%mtg“?g‘?“é"s &r %ﬁ%#h%r equal to
200 run ungfertdez@eTo9INSiHrachoajenirag singletetyatren a0 zecied $@B)O(' P)per f or ned
to generate singlet ox%gen in an excited a‘tﬂfte %@# g([i) Hngevrinthe

at mospHer eURdshitBS #FPRsPRRS gantainimg: Siesti Brawfeh Wi PETSIeE Liefl §R 4 avi ng
wavel engt hgaJeasht has 12R0200Mih Sis pefbaiciad defergie b, @nd 20attatioa ndith
irradiation with ultraviolet |ight having vvaveLen t hs reater (%han or

equal to 20tavielpt light hayipgprrelenedis gergnyser eBBhE, 2o P ARPTYTRE! & oxygen

i s generat gy, Jhe BORY 85 468 ShbRedxyweh iaEMeralddealhe Moveabschibedairfacd med by,
for exanple, irradiation with a | ow pressure nercury
treatment can be performed by, for example, irradiation with a"low-pressure mercury

15  lamp (A, = 185 nm, A; = 254 nm) under the atmosphere containing oxygen.
[0092]

An example of the reaction which is caused by the irradiation with ultraviolet
light having wavelengths less than 180 nm under the atmosphere containing oxygen is
described below.

20 O, +hv(r; nm) - O('D) + OCP) - (4)
OCP) + 0y — 03 - (5)
05 + hv(As nm) = O('D) + O, - (6)
[0093]
In the reaction formula (4), irradiation with light having wavelengths (A; nm)
25  less than 180 nm under the atmosphere containing oxygen (O;) is performed to generate
singlet oxygen in an excited state (O(ID)) and an oxygen atom in the ground state
(OCP)). Next, in the reaction formula (5), the oxygen atom in the ground state (OC’P))
and oxygen (O) react with each other to generate ozone (O;). Then, in the reaction
formula (6), irradiation with light having wavelengths (A3 nm) less than 180 nm under
30 the atmosphere containing generated ozone (Os) is performed to generate singlet oxygen

in an excited state and oxygen. Under the atmosphere containing oxygen, irradiation
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15 lanp (XI = 185 rim A2 = 254 nn) under the atnosphere containing oxygen.
[ 0092] An exanple of the reaction which is caused by the irradiation with

ultraviolet |ight having wavel engths | ess than 180 nm under the atnosphere
contai ni ng oxygen is described below 20 02+hv(;~3 nm -, (D +Q(3P) ...
(4 O0O(3P) + 02 -* 03 ... (5) 03 +hv(2,3 nm -* QD + 02 ... (6) [0093]

In the reaction fornmula (4), irradiation with Iight having wavel engths (A3
nm 25 less than 180 urn under the atnosphere containing oxygen (02) is
performed to generate singlet oxygen in an excited state (' D)) and an

oxygen atom, n.t he ground st at - I I

(5), hehoéngggﬂra&%e%hﬁ%% g Silsalti T :Eff@éﬁﬁ PR AT ety

Wi eac ind @ @eepat @zerosren : inglehoxylgen i iagd.  Thor mul 6),
irradiatig%)mjéh Li@ﬁt Eav?% v;?gﬁﬁgzs %2?% nn; quigﬁﬁén 1 ngyuﬁdér)
30 the at nfS¥H ?Sénl%egrfﬁg?%iq?ﬁg‘be\é\‘ﬁ%@a eé% STEHSY B35 awPIs A lr‘r)élﬁ Ejoa gener at e

singl et oxygeRiméUARmEHaate sindtgherrdnaingaxygddnder the at nosphere
cont ai ni ng_oxygen, irradiation 25 with ultraviolet |ight having
wavel engt hi¥%P4¥ss than 180 nmis performed to generate ozone and to

deconpose 0zone (PemPAYERHA.of 98 orghdic sbiiglcebomieigarnhe sugeaef ai sect he
above-descri bed surface treatnent can be perfoyned by, for exanpl.

. : ) b ,
i rradiati offtivt e aplrggolehighidiavingywavsiepetin dess e -4t Mls SAL A8 @8 S i ng
oxygen. 5 [ ROk Chemsal sitefkceh whithAhIBRintcaBbRAAAE FhRAREBhdN0L he

surface of an object i's cut by the ultraviolet |ight having wavel engths
| ess t han tosufse ofiihg ohisctery hnpridativgisiseamproseddyy FANGPIGHREIR o8 858 IARte I n

uhich tdie eheuidal wilnthd SnGiladtiieh 3rhONASHAN HeheydvpilinGg aha t he
obj ect can be oxidative-deconposed by ozone or singlet oxygen to be 10
renoved. WWleanlingse ofitho werfate o€ thelvbitceaniba dmproveh st the piwzeiyenéiing i city and

cl ean! | nesg, gf5 0 SULGAE DL 405 10BhERN FRBCAR | mproved, So that the

nitrpgen-coﬂ ai ni ng ayer e oxide f1'lm 115 can be bonded
suf fici ent [0p95][ 0095] Further, after the bonding of the nitrogen-containing

layer 102 and t ri‘ﬁu.rtlgi)é(r,l %‘faer the bonding 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
is 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 (RTA) 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 fragile region 112 by thermal treatment, so that a single crystal semiconductor
layer 116 is 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 out 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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15 film 115, it is preferable to performthermal treatnent for increasing
the bonding strength. The tenperature of this thermal treatnment is set to
a tenperature at which separation is not perfornmed at the fragile region
112 (for exanple, a tenperature which 1is greater than or equal to norna
tenperature and |l ess than 400 C). Alternatively, bonding of the
nitrogen-containing |layer 102 and the oxide film 115 may be perforned 20
whil e heating themat tenperatures in this range. For this heat treatnent,
a diffusion furnace, a heating furnace such as a resistance heating

furnace, a rapi d ther ._apn i hg t ! eating
apparatusfn%&RFﬁehWPk ¢al g%%%ée@.ﬂ&ﬁgﬁg%%g%éé?,w@%pﬁ?Q%@%%mg¥§?ﬂe singl e
clz r1 gs}) al tﬁeﬁnm' J ﬂdit WGdir Odyes Eltﬁsiepa?ed Hbh ihs sin.glefooyst@denlxiﬁﬁldaptot :h?stfataglq Ie regi 226
y ermal tre nt, so si e crystal.senicon . layer
s provi adaave vl me sSnEPh: NIp A Fert VRSB BUBRREERE i ng” Tayer
[18(2)97iand ttﬁedﬁj{r&s@iﬁnﬁhm l(‘arllie@rbjabtemp,aﬁedn%lge;rye@d Elent@ndfcse@dayet GF is4@ and 5A) .
Wth the thermal treatnent, an adde engnt .i s sepa out in a
i or ovel 0 ouue BB CoHOPPTTE 4R g ionon 15; OLBe PhSpRat 0D ehal
pressure ighithedveaseect bhGirest BE RFIRNL 1S &S UbEeCRGBEd ehefihdlateaintent he
fragile region 112, so that the single crystal. sem conductor supstrate 110

i s separ at®@8 bsllewmepetHBorP LI PESTREFFAraiqD O SHtHpePIE (WBEVIRSH Bifihg | ayer
114 i s bondegdh@uddigayease substrate 100, the single crystal sem conductor
| ayer 116 separated fromthe single crystal sem conductor substrate 110
remai ns ovi@PYdlhe base substrate 100. Note that since the bonding is not

perforfpd in the,depr 63pE00: #E%ifdl R8I Kb &RhdGNayert NG SiiRgifecr ySt al
sem conductor layer 116 is not 5 fornéd in the regionh corresponding to the
depr essi onwitld Biserdight Hg, Baxby Suéng ativgle oOystabsemicopilediordesee d Keingfliget  of

SUress on b6 AL S0 AR IBAERMIS ! RAITL 8 GBggcan e

| essened, ereby Suppressing generation of a stripe pattern (unevenness)
in the sef® exhfendbA) ayd. 5§ 0OeBponds @ Nevoss seetinn Blerf dleng B WHdGsi ngl e

crystal semcopductor.layer 116 is irradi Wt D, I 2,
thereby fo -ﬂ@ﬁgﬂg@ﬁ@ng*g%yéFngégk%gﬁﬂ%ﬁif%?“ﬁQ&@ﬁh%%ﬁkﬁﬁhﬁh.éﬁ§ t he
fl at ness ofert hensplidaoea rglutadppressest awndsphére enahidsahe eirfade flletes afshe educed

éﬂsgﬁ gF'IAES' sri?lgﬁgfl%ntgl sgr%ic%lqguc%@ a'yeﬂ lgto Eec in%:?nrnte Saggcprggaré&) to edaSSSE tﬁeegi} ion taken
atmosphere.
[0099]
Details of the laser light irradiation treatment are omitted here because
20  Embodiment 1 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
semiconductor layer 116 in this embodiment, one embodiment of the present invention

25  is construed without being limited to 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 irradiation treatment with the laser light 132 may be
performed. As the above-described etching treatment, either wet-eiching or

dry-etching can be used.
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6A. The irradiation atnosphere of the laser light 132 is not [imted
particularly, but an 15 inert atnosphere or a reduced-pressure atnosphere
enabl es 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 treatnent are omtted here because
20 Enbodinment 1 can be referred to. [0100] Note that although the
irradiation treatment with the laser light 132 is perfornmed just after the
thermal treatnment for separation of the single crystal sem conductor |ayer
116 in thl@} odi ment, one enbodi nent of the present invention 25 is

const rued out belng limted to this node. Etching treatnent may be
perforned aftefFutthe, sienghot deativenh hsrenseganat,i ostepfof tthienisg g e cryst al

sem conductor |ayer 116 o re n_where ther defects
in the surf2lecgral sRIOPAY; Oé Iﬂeggfipayéﬁﬂ?rg ft?frt}l ga?iﬁgqtﬁg%ed then the
i rradi ati Ofsck rigat ment mmﬂﬂng hog thasiglel tighil i@ﬂcdﬁd}(ctoﬂ)&yﬁeﬂi&mdbe The
flatness of fhe surfac of the single crystal sem congduct er 116 30
may be 7 gped byppe @Hﬁ‘t‘%‘lﬁﬁnflé{‘%fﬁffﬁl& 0{%@&?%% ﬁf'*e ﬁﬁé‘?’%‘& | i ght
132 may bepiggrfornmed. As the above-described etching treatnent, elther

wet - etchlng or dry-etching can be used. 27 [0101] Further although not

described in thiT8rughdhe fBRYe, PRceTep &° tﬁ?hﬁﬂﬁ@a h@hmﬁlﬁéﬁﬁch§@¥al

senlconduq?g&wﬁ@¥ s dedfcclRYn RS RERdqor ned after the irradiation with the
| aser |ight 132 h|nn|ng of the single crystal sem conductor |ayer 118 may

be 5 perfdP%®d by one of dry-etching and wet-etching or a conbination of

both tfig et chi ngger L ﬁlatt ugb i BRANERiQHASRor RyQONQ Bl abubstrate
where a stripe patter nevenness) I's réeduced can be o%talned [0103] 10

Af t er t hatislandrshpped mpm@u@tﬁlelawn@loeﬂ]@rweatryg@lnﬁe@m@amqsrlayeaﬁﬁ lr!1_18 into
an 'S'a”dmé*?ég?ﬁﬁc&?eg} g%tﬂ?é aﬂo@élﬂéscﬁ@é?i Fg(ﬁlgl ci @Yéﬁéﬁk rS§8) conduct or

| ayer 118 in orrespondi ng t ove ed peri phery
(t he vi ci nwhere ¢fe depesmcggld@r(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 treatment can be suppressed, thereby
suppressing generation of a stripe pattern (unevenness) in a single crystal semiconductor

layer.
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where the depression 140 (or the projection) is fornmed) is renoved (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 sem conductor |ayer 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
sem conductor substrate has a curved surface-shape (called Edge Roll-Of)
resulting fromthe surface polishing treatnent, so that the region is in
short of tﬁﬁﬁﬁonding 20 strength. [0104] After that, a sem conductor
device isl factured using the above-described i sl and-shaped

sem conduct or | ®yef.a densiperliétoc clembiitod foonedyein famitorductgr ddyer isérei conduct or

device will be descripbed in detail. in an enhodi nent bel aw. ..2 05]

Accor di ng F8RBK er@ﬁﬁd@?ﬁ?ﬁsﬁﬁn %&%HH@E%P&%?{P g’lgﬁcglé ATT Ol ﬁ?’ 5 %Jaﬁ;@hﬁg?%g%euri ng an
SO subst regt& dPyhelilop@isitg, ordhed@pPe@Baionn samicandicoy dotideann bssypprsieded in a
part (the eri phery) of a surface which is to be bonded, to forma region
in whidh tABonding is not performed by design. In this manner,

generation of SNoRSfhat AUEREGH DN ue MPRBEEIRR (8F padedtiony) r actrovidall im tisubstrate
due to thermal treatnent can be suppressed, _there% . Su reﬁf](%] generation
AkBhisED

of a stri preriphary ef fhesingls anvdsepicopdugtoslgysr & ©psya | ayer .

28 [0106] MhennRdsamt CPNAY GHEnehERbh it Sof URFRE, héBe. SER GonBcsor | ayer
in the region where the depression or the gro ection is provided is

removed, slspreirenst(ne peaiiptiense positipe dherent, aethadise €83 P8 Aelots PREPHFS] ection on
a Sem {pn %ﬁlt Qhmy @,V&eéf'esﬁ@rﬁs(;a? glr%gﬁa%ﬁs? %ﬁg be f(ﬁlﬂﬂ@ 19 ze]gid}{@tc@rr&slf}@ﬁdi@é though four

depressions (or projection provided in the periphery of the single
crystal sewmeondlcthorsitghy erystah sehiieongyrtordjavemt Huster, Apeongidyring dhfe

enbodi nent._of t pr i i QN i.m hgt nber of
depr essi ongPoF ngrrlt(ﬂfgl?:ef}ﬁ %hrilg ??ﬁg%%%%ﬂgﬁse@%?é&c ,rtdgﬂfjési ﬁgsexlte?%(%;g%gar? Iﬂn’lt;e set as
appr opr i atte forifOthEdeprasxiangioe progreponsy Bi tharsgioo to Iy lefeeteriogesrecdd @) f or ned i n
regi ons co[bﬁl@pondi ng to corners of the single crystal sem conductor
| ayer. Fur , In considering the

15 . Note that the structure described in this embodiment can be implemented by

being combined as appropriate with any other structure described in the other
embodiments in this specification.

[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 to 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
semiconductor 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 is manufactured using the semiconductor substrate manufactured according to
Embodiment 1, the semiconductor substrate manufactured according to Embodiment 2

may be used as well.
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i nprovenent of the yield of manufacturing sem conductor devices, it is very
preferable to formthe depressions (or projections) in the region to be

| ater renoved (see FIG 6B). [0108] 15 Note that the structure described
in this enbodi nent can be inplenented by being conbined as appropriate

Wi th any other structure described in the other enbodinents in this
specification. [0109] [Enbodinent 3] 20 In this enbodinent, details of the
nmet hod for manufacturing the sem conductor device described in the
above-descri bed enbodi nent will be described with reference to FIGS. 7A to
7D, 8A to ? and 9A and 9B. Here, a nethod for manufacturing a

senicondué or'device including a plurality of transistors, as an exanpl e of
t he semn conducTotonteMheehold soldessafilhdsl.a pfNopeinhaity sleménd sechlas lhd@nof

sem conduc or.deviceg 25 can, be. forne

i.th
descr i bed BEMBUD; ¥ BEHBY T 6RPE FRHTbY © EP@R Suickq:gé’ Hgs%%%%égag%glﬁﬁ Vi ew
showi ng a tﬁbaﬁdded)ftota’ﬂeexﬁﬁﬁmdhﬁmdllﬁ}teﬁr709u®iﬂ‘ﬁa‘hat:®‘respmldslftadh¢.lI’Sa‘(gl%.clc@ﬂljl ng to
Enbodi nent 1 e FIG enbod l,t hough
descri pt i ogﬁmi“g’ H‘E Ly &ESemrc]Ig@ Eﬁher‘% %gﬁ’é‘ ‘glb Hﬁ‘ﬁ%‘fﬂ A9 e\I}% g’ea%gﬁﬁ
manuf act urgd Sking of iR EHUHIGUMEE 0in BuilBhgdl 8 appiopfiaet LH’oeGbxﬁ:ﬂlﬂe),rajl ng to
Enbodi ment 1, the sem conduct substrat e manuf ctur d a i
EnbodlnentpEmeﬁﬁ?nﬁéeﬁgﬁatﬁéwa%1F’aggm' %?m?d’ ﬁﬁngﬁgg ﬁggﬂlvoltages
of TFTs, )Sﬁﬁzrltﬁgﬂéﬁlbﬁt)ds SdRIeN foriEkbrASgiBe bOA p-ch@ndNT U Min @ddn@’:ﬂ l'i um or
an n-type i el ement such as phosphorus, or, arsenic added to a

senlcondudﬁ@waaﬁéwﬂ?@UnEVﬂﬁﬁﬁmﬁﬁﬁr G@ﬁﬁ%“@Bb?ﬂ%mggﬁﬁﬁéh@V§§ﬂﬁﬁt
sem cofucy 9&01|5E‘%ﬁ{(§/0;11?‘§11(1]gssﬁl3(ﬁ'0r%@a1 tofy % $67 QRmiMAgs%e the inpurity elenent is

added and the e inpurity elenent can be changed as appropriate.
For exanpl@®]td p-type inpurity el enent |s added to a formation region of

an n-channel TF]}11 req; %Jﬁdﬁé’t@@%&&pwd OBt is&nﬁlqg%g rtcpfoqua,prrmtl on

region of a p-chanf above- described inpurity
el enents, stehﬁcodduﬁﬁgéihﬂiﬁ?ﬁil hed alsemlt:mgiuemt ﬁhn TorbreoFlGe@Bal o dis ti@e,thx 1015

at ons/ sz Ellrl?g e lc?y%’%l SQII%QOH%I{JCtglq i’layer h% the rgglon %619&5014&1@2{0 the periphery
15  thereof (the vicinity of the region where the depression 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 (see 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 can be 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, whercby an insulating

30



[0112] Then, the sem conductor |ayer 700 is separated into island shapes to
forma sem conductor film 702 and a sem conductor film 704 (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 fornmed) is renoved (see FIG 2C and the
like). [0113] Next, a gate insulating film706 is formed so as to cover the
sem conductor filnms 702 and 704 (see FIG 7C). Here, a single layer of a
silicon oxide filmis formed 20 by a plasma CVD nethod. Alternatively, as

the gate insul ati film.706 single.layer or sing a

F1 T m i nol iyt p resess R eier Tyl o dajal é°o¥mrlﬁﬁn?il‘%éﬁ%a§?°5§§“agﬁﬁ%ﬁ’ nitride,
haf ni um oxjrérabB| gvatatharotiedeal t¢ 2nmaind tesoKiader equal tbHE nhi ik dormey shas f or med.
[0114] As a, manufacturi ng met hod ot her than a plasma CVD net hod, a

sput t eri ng© b9 8 spofarbH e SeeenEOLRIMS: i di zi ng or nitriding by high density
plasma tregtmgnt can be given. Hi gh-density plasnma treatnment is perforned
using, for exanple, a mxed gas of a rare gas _suc el ium .argon,
kryptor® or xen&FidgHer gr @5@‘1"’2‘8&!?%&1%" ém%rﬁl,ugtﬁ’f ﬁf%bgﬁatﬁeo%od@%e%?ﬁ'ﬁ%‘ﬁi a,

ni trogen, 195h-AMANPHREHN hrhils LATE-phikY r@X G, bitDihBlesd hdiMterfhdtstduct i on of
m crowaves, plasma with a | ow el ectron tenperature and hi %g)gﬁlens' ty 30 can

be gener atdasityThriwensrthe saie msplatpge iy ARG tileach 6F teiSERCoRtUsTOs 4 284" or

nitrided byg MG dmelySididtciadbGales HRYerBordnsbH Baa) arerdiRtdy 0gen
radicals (NH radicals na be included) which are produced by such

hi gh- densi exdipida srraitridgse be e drigh-Aensitatnlesga geptmentymwhcrchy avatipik Hess of
great efo t Mikks C8fe fuhid TANE RS formBAMNaR b HAired @l 205RM ihe

preferably, greater than or 'equal to 2 nmand | ess than or equal to 10 nm
is forned soiasdude figns are ovitgdeterwitalhfilthle  eveni wberdube onrfpeasnsf tho115] 5

Oxidation or .nitri I of .1 i . | -ab escri bed
hi gh- densi Stegl l(bqng%crtr%at%ﬂrnggf ené’ﬂ?&?dsﬁgwss gﬁ‘iﬂgf-‘%%giagilédeg%?g%%%}ﬁ%p?%g?}gf ore, the
i nterface shateteaens) 4 gatb atsnipeng file vgit Bgh meiidratiyrigd flov mizdgeastade each of

(1 S0 CORMR! S Bk REnd2 BB S0 B YASBRER: Pl
hi gh- densi fraanpéd sied foe phrrehidr, thevhiire ate inawlatatg film dfra transistor as described
above, whereby variation in characteristic of the transistors can be suppressed.
[0116]
Alternatively, the gate insulating film 706 may be formed by thermally
oxidizing the semiconductor films 702 and 704. In the case of using the thermal
20 oxidation as described above, it is necessary o 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  equal 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. 1In 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 film 706 and the semiconductor film 702, and at an
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10 thickness of the insulating filmto be formed can be suppressed. Since
the sem conductor filnms are single crystal filns, even when the surfaces
of the sem conductor filns are oxidized by a solid-phase reaction by using
the high-density plasma treatnment, a gate insulating filmw th high
uniformty and low interface state density can be fornmed. The insulating
filmformed by the high-density plasma 15 treatnent is used for part of or
the entire gate insulating filmof a transistor as described above,
whereby variation in characteristic of the transistors can be suppressed.

[0116] Alt.e f

thermal |y m{%&? ]%e?‘”ééh eeg%emsﬁge%ﬂkng?ééjg?d bt %@%ﬁ%bﬁﬁnﬁ '?%gb case of
usi ng the dﬂ’eeui\rmlred&edom dation as described above, it is necessary to use
a gl ass su@z rate having a certain degree of heat resistance. [0117]
Further al 8ativel y, a gate insulating filmcontaining hydrogen may be

formed as the ORkEaicoadikcaid filgh fsifbrmedOber a:mgatehem@mimgtﬁlmﬁ@é;mdnhemt a

terrperature hi gher than. or 25 e uaI tQ 350 C l.ower, t han equal to
4507C ny e CpUcbyBln foParapu EtHyHD di8 BuArarHY marrAs S &
i nsul at i nGelddiof? 76¥anki Ah @lekidtieSR UTafOB AL cVer fhi bemichiidciantiim 7@andlthe t hat

case, silicon nitride or silicon nitride_ oxide formeg‘ﬁ; ¥ ?%@I as
met hod carseBdcondustpraiin {84 geectivalyutsst G 1P mIPOCOngYfEvh rrper ature

may be s%nﬁ&iﬁﬂ"@Wtﬂ&Ho@%sﬁﬂféﬁhg hRh38 LrGhe lik. The SondRANE Film Ry BUIPP! yi ng
hydrogen to the 30 sem conduc I'ms 702 _and 704, defects.in the

seni conduciooned jusing Fomaigriel Fok, aattnalum (Tor riapasteBef Woe fiankd ddpe
i nsul ajg “%Egt&@dﬁ%ﬁp‘%&hﬁmﬁ?m) Cc%ggéx"%é [ cHrbhl¥ad @2), oPfidbidk &®). 3 i nterface

bet ween the gate I nsulating fil t he sem conductor film 704 can be
ef f ecti vel alloyeutaicnd. cqrpninigg thb)@tbovead@@ﬁiﬁécmﬁ@b af |4 AL CPHPAEEt Vet the gate

I nsul ati ng‘j fn{pop?ld7 Q)@ltanﬂ% Egﬁ&e-c% (.Ifil}gd ﬁl@ﬁgfﬁg{% b selila mefl S REQefRE

(patterne erm ne ape, hat an el ectrode 188 and an
el ectrode skﬂxﬂcoad@tdronatsr@hl owdr ast oty ceeshillos rsdison.owhith isnebrogeddyddaping a

e conduck bl B hEASEH LG AR bnet e aptigtapyd 1 m can
conducts vemby bemseehn be formed using a material such as tantalum (Ta),
tungst en ([\81119]“ tanium (Ti),
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. FEach of the electrodes 408 and
20 710 may be formed of a plurality of conductive films which is stacked. In the case ofa
two-layer structure, for example, a molybdenum film, a titanium 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 film, 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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10 nol ybdenum (M), al um num (Al), copper (Cu), chromum (Cr), or niobium
(Nb). An alloy material containing the above-described netal as a main
conponent or a conpound containing the above-described netal nmay be used
as well. Alternatively, a sem conductor material such as polycrystalline
silicon, which is obtained by doping a sem conductor with an inpurity

el enent that inparts a conductivity type, or the like 15 may be used.
[0119] Although a single-layer conductive filmis used as each of the

el ectrodes 708 and 710 in this enbodi nent, the sem conductor device

according to one enbodi men f he, .present i I L Imted to the
struct ure.alﬁgﬁ?ﬁr%cfsetsﬁaé)eéﬁ%%? g)g&%&s' iy mﬁﬁ‘&a}ééﬁ%%%n%%gg%%%&:%%& %1)]?%%.
plurality fofmabdiset an approprime pdrieahby 8 dedpde kiégthargamiethed catheutofsirg a t wo- | ayer
structure, for anpl e, | ybdenum fj | a titanjum.fil titani um
nitride frin?sl?ﬁ gfer he #?Hi%nﬁﬁ%‘a‘@g Iﬂgth%d a{gﬂe% f°o ?la}j%(g]él} ,Wh@g%nl}j%éor?lleéﬁ umi num
filmor thenlik&s BypréRerimed asnpabitioppee disgharged | or tefretedase fofn aa
three-layer structure, a stacked-| aﬁlfe‘r strugt ure of a nmolybdenumfilm an

al umi num fRTPIRTCTEEA RARSM PR B HAES a0 1A Jeh Methed IUUE RIS 25 structure of a

titaniumfpollm] an alumnumfilm and a titaniumfilm or the |like may be

used. [0120] Note that a nmask used for formng the el e%trodes. 78}& and 710
may be formed udiergtirelyathe rqlepirodssc I8 ands 7Y (@R Rsx famed ys Prhieg s t ri de

oxide. In tRabctGRFfn tPhavk GReGled tapRrcl QhdPe DY of iRk cBYcdipled flalth@CR) si licon
oxide film a silicon nitride oxide film “or the like Is additionally
needed; hostehieg methpdwhers thetetdingtoandifionsds 25 BggEopeef sectin energs#plisd et chi ng

is s ma‘H]e r t:gt DaBidahaterbic L€ ag'ﬁﬁﬁts5f OB ?érgy %gplfeh ab dhGe@bBSbhagdes 708 and

Iy
710 W 2 a nore precise shape can be formed, Al ternati vel ﬁ t he
el ect r odessubgBitanide, 7400 thmyglsetrodedempatatins drathe substipspsidgraracentiplied 6¥ n by a

dropl et dischar iy t t [N € | ef; di scharge
met hod r ef ?%5%{%%3%%{]%%8%@ r?ﬂ%%icgﬂsdép%ﬂ)tﬁtee{irsﬁ’s@grﬁ fn?fntglf: gﬁagge(jest er m ned
conposi t i oeicking gak, s chlarigebesed gay sch eslchlorifiep bonon chibrige, sdiste chipndsl opat t er n,

o0 1ol TRIB e sl BB Bl . (e
have ailslesérmstodenflaotdt; shape doyhedikeicadbrotsed & appopuipkeed pl asma (1 CP)
[0122]
Next, an impurity element which imparts one conductivity type is added to the
semiconductor films 702 and 704 by using the electrodes 708 and 710 as masks (see
FIG. 8A). In this embodiment, an impurity element which imparts n-type conductivity
20 (e.g., phosphorus or arsenic) is added to the semiconductor film 702, and an impurity
element 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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etching nethod where the etching conditions (e.g., the anount of electric
energy applied 10 to a coiled el ectrode, the anmount of electric energy
applied to an electrode on the substrate side, and the el ectrode
tenperature on the substrate side) are controlled as appropriate. The

t apered shape can be adjusted by the shape of the nmask. 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 tetrafl uoride,
sul fur fluoride, 15 or nitrogen quoride oxygen; or the like can be used

22n352:?5r §E$WB%P%§K%ﬂS§%c@6 nlégﬁ q%@?@%%&kQS%%&E%f?ﬁﬁ by usi ng

the el ect rse@@sndifRtr afilths 700 asl TimiskSBy( ﬂeeaddFtioﬁ of8ikp . imporityhélsmenthomi ment,  an

t I t wh 1 t.y .20 h
SRR et R o R ST i IR e v o

whi ch i mpajb andthle ¥@BicSMBIEE iy 704y rdspecfvely.boron) is added to the
sem conductor. . film 704. Note that when the inpurity elenment which inparts

n-type colBilidivity is added to the seniconductor film 702, the

sem conduct or leeiaﬂ Z %e\tvéll WY &hodda dnrﬂi)élﬁlﬂé emrfaeé GfﬁhélblewdﬂnbdéWOBna)ﬂrat s p-type
conduct|V|Hé is ad is covered with a or the like 25 so that the

impurity e W@Htﬂﬁm &WlP‘i‘rﬁarﬂt‘esSIﬁﬁ pyrfee SBH&F&?‘WW? y1q Qe%gEfétf%el e ivel y.
Fur t her, thf\;lﬁ@aﬁ@?lé diﬁﬁ%sk%l%i%ﬂﬁéat d)%%khmﬂw%%@ IErntnMQﬁn ﬁ@ﬁl%ﬁnﬂ ty is

added to t sem conduct or the sem conductor fil 02 to which

t he i npur i soyasgloeqomen the\aqteclnsqlﬁgariﬁlgi e g the hrstredasviO8yands7Iddd Py s covered
W th aqra I{an%ﬁlgtéf@ﬁlg |8 iR alifie s M@ risBRUL EinRECRERY Ml RibchBBALL S P-Lype

COﬂdUC{IVI ect ternatively, 30 one of an inpurity
el enent V\/rﬂamhtmmipantobjept tby»petcb@hdm@m thattthe gatel Hﬁvﬂam@ﬁm 10p masedtEn®e  whi ch

| mparts " cidtled tpﬁl%&gfﬁ& ! P%gﬁ@! | 8&&??’&&&%& ai:.&% ﬁ%gi‘h%l%ngf fil{r8 702 and

704, and t enent I nparts type
conduct i wfo;amagldhe Bﬁew&ib Tlgpardi ﬂﬁ el sn@mtla)whloch starqbai layenusiygpe @@nductl vity

may be added to o onductor .. fil he
addition oPmjaung silicon; ?éco&og}%hs[llc con n'i{nae sﬂlcon nZtgge %pg%{%ﬁdde?ﬁgitﬁ i mpurity
r egi on15/ 1l4anadrgardfi©martall or thoéiks amydx&rfdnmetdor Il’f ﬂnllsmmtiﬂﬁnmndi t(9enrs¢nclconduct or

Sur face o SIHE CBHE LR S A C PRSI P18 FEoPe PR B e side
surface of fidHF;eine Gklie8 an/Busesd e aNdtt €haB) probhg for forming the sidewalls 716
and 718 are not limited to this process described above.
[0124]
20 Next, an impurity element which imparts one conductivity type is added to the

semiconductor films 702 and 704 by using the gate insulating film 706, the electrodes
708 and 710, and the sidewalls 716 and 718 as masks (see FIG. 8C). Note that the
impurity element which imparts the same conductivity type as the impurity element
which has been added to the semiconductor films 702 and 704 in the previous step 18
25  added to the semiconductor films 702 and 704 at a higher concentration. When the
impurity element which imparts n-type conductivity is added to the semiconductor film
702, the semiconductor film 704 to which the p-type impurity element is added is
covered with a mask or the like so that the impurity element which imparts n-type
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-type 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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sidewal | s 716 and 718 can be forned by, for exanple, newy formng an
insulating film so as to cover the gate insulating film 706 and the

el ectrodes 708 and 710 and by 10 partially etching the insulating film by
ani sotropic etching mainly in a perpendicular direction to an object to be
etched. Note that the gate insulating film 706 nmay al so be etched
partially by the anisotropic etching described above. As for the insulating
film formng the sidewalls 716 and 718, a single |ayer or a stacked |ayer
using a film containing silicon, silicon oxide, silicon nitride, silicon
oxynitride, sili . nitride oxide, 15 an organic material, or the like ma
be forned}s?ak%ﬁagggg'bdinent, a 100-nn}thigk silicon oxide filmis forn%d
by a pl asm@lZ®yD net hod. As an etching gas, a m xed gas of CHF3 and helium

can be used. Note that th oce E i t. i | |.s, 71 and 718
are not limt edth% %&dﬁl hc?nsbyptf%?)(% &3S "%%‘g{@% %‘Iedgnoartlbog\q)téé Q‘%B%%ﬁ %ﬁ% ’ ?\Ié%(’f?f an

i mpurity elighvedsticenshatich irhpypidy tegionn §2¢ cnphicsfi lowtopndeppatidnsimpddgdegions he

sem conductqr filnos 7 and 704 b Si t he gate.insul atin ilm 706, the
el ectr &gesba?ﬁg aa“rli‘annf’%’fm%ﬂ?& TPgen Z%%’é%\g‘%“gg‘ﬂ ¢ g%“f’%%‘:t%rsﬁlwgzsoés Egs ee FIG
8C) . Not e ddapionf bg thieMphbveidysceibeimabditivdi «fh tHempagiry tddenaaren gatrdoftivity
type as the inpuritﬁre[enent “hi92 has_bﬁgn added to the sem conductor
films 702 HEyconsataHoR HEPYSIOEIRENTS 740-dhPais 8 VAR Heg Ry RS EE8duct or
filnms 702 ARdadd4 chAdnndl folghieh €08 g8 ad fodfed @B st ondudu Flhy7oel ement

whi ch inparts n-type conductivity i.s added to the sem conductor film 702,
t he seni cohfubigBreoRgepimtpy 4y regiens hE0papd, the highsPnaeptrafos s added i s

cover eth W fefiods IB6 Kadl sebfd€ad & K6ure® of Radrathh8nd MRULI AndnBARIAN inihdigh | nparts
n-type conductivity is added selectjvely. Further, when the inpurity
el enent whieglang A prd thydloy=coperatralimdinsridi fogiops 738 e t6va Me2s &M onduct or

film704, &by LEQRENELR, film 702 to which the inpurity elenent which
i nparts n-@lgpf%duct ?I\%Eitgty is added is covered with a mask or the |like so

that the il¥pdflity el ement which inparts p-type conductivity 34 is added
el ectively. LR hat e 3ALH O eGP B HERREIP 3o of Of the

inpurity elenents, a p i gh-concentration rnpurity regions 720, a
pai r of5 | csderatldé B forateil omeri thesemicopdneer Wms7045madR;, formed @ astiahavelthd or mat i on

129190 T2 RS, AP R SR8 L8Pl 999 1 B Y e
channel length), or may be formed so as to have different lengths. It is preferable that
the sidewall 718 over the semiconductor film 704 which is included in a p-channel
transistor is larger than the sidewall 716 over the semiconductor film 702 which is

20  included in an n-channel transistor. This is because boron which is added for forming
a source and a drain in the p-channel transistor is easily diffused and a short channel
effect is easily induced. By making the length of 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 cobait silicide or nickel silicide. In
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hi gh-concentration inpurity regions 726, a pair of |ow concentration
inpurity regions 728, and a channel fornmation region 730 are fornmed in the
sem conductor film 704. The high-concentration inpurity regions 720 and

t he hi gh-concentration inpurity 10 regions 726 each serve as a source or a
drain, and the |lowconcentration inpurity regions 722 and the

| ow- concentration inpurity regions 728 each serve as an LDD (lightly doped
drain) region. [0126] Note that the sidewall 716 forned over the

sem conductor film 702 and the 15 sidewall 718 fornmed over the

sem conducfor film 704 may be faroed a the..s . hin a
direction WhEME WFE :a?rsseﬂmgucf(g Igefnrse@? i aélﬁ 7Ip())graaf?l?{hg?’ Jtﬁgm%e gega g)éﬁf]%é channel
| engt h), OfrodBRY tdkotlonis E theSemRrsnduaton fies HiXffnar7emt Aengrhbmatetialivsedr ef er abl e
that the sidewall . 718 qver the sem conductor film, 704 which |shncluded in
a p- channefor S“tﬁ\é\%ﬁ%t}"é‘t g’? fi’]io‘ﬁ'lﬁg G OF BT (e (Q'Ié‘b/id}“fkeg Y\’,{C}\L}‘ggrmfl ﬁ‘eﬁ)’

sem conduckgkbddnlm (¥R, OPAIET o), Sirdniind ¢¥y dethiin (Hf, anahan(Te), vemadivei st or .

This is because boron which is added for forg&g& @Vso#%ie aﬁy ﬁ{drain in
the p-chant¥dl needymiyma (3. j chroumumy (Cryy; plptiuway (G Palladpy, Fdl o WE) Nt fect i s
easi |y i ndpcedy o BYiciiRidyBGah ARo bE NENBA BY lab&tersiidewal the Tik8 in the p-channel
transistor larger than'that of the sidewall 716 in the n-channel

transi st ori01Bdron can be added to the source and the drain in the

p- channel ”a“Siﬁx}dﬁgh%e B SHas<C QAE RIS @dveD an afchani® thdbiStof 1182 r@Ei st ance of

the source and the drain can be reduced. [0127] In order to further reduce
the resi stpbandftransisosBdraceforner. t Aoteithal #ithough qopdycize fijoy jayingas2 pe f or ned

by Si11e1 Ll AllaBle BAL kitiPbicl iR SEROCRAREROe Skt ANELC BE. o

seni conductor -f e silicification is performed by nmaking a netal
i n cont act st30tun nbluding teerhdwhvduinoserfing e wawe clecistdsgr a drainlesivhe bet ween
the netal and,sil.icqn in em conductor filnms by heat treatnent (for
exanpl e, a ERINFAEE S%FH?HQQQE%TA net hod). The silicide |ayer may be
formed fropaieopalt silicide or nickel silicide. In 35 the case where the

sem conduct or fi 702 d 704.ar.e.thi SiliCi I I roceed to
bottoms of the ﬁ%@ﬁﬂﬁﬂ@{}% i 73?161315 %ﬁwgtnoac © %)rzfﬁé %ghagﬁ %e%:agﬁﬁ%iﬁgrapgl used
for silcifeGaitapil rhibetdrai3h gwe FYG.RD). bEhginvemingt fltnaTicusmétTiepsssailekel (N ),

S HN R T G e e
(Pt), pall ggiauand Behikal@fe-dahB rhdtd Erom entering the n-channel transistor 732 and the
p-channel transistor 734. In specific, the insulating film 736 is preferably formed from
a material such as silicon oxide, silicon nitride, silicon oxynitride, silicon nitride oxide,
20 aluminum nitride, aluminum oxide, or the like. In this embodiment, 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 nitride 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-channel 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 material, it is also possible to use a low-dielectric constant material (a low-k
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Further, a silicide |ayer can also be fornmed by |aser irradiation or the
i ke. [0128] Through the process described above, an n-channel transistor
732 and a p-channel transistor 734 are formed. Note that although a
conductive filmserving as a 10 source electrode or a drain electrode is
not fornmed in the stage showmn in FIG 8C, a structure including the
conductive filmserving as a source electrode or a drain electrode my be
referred to as a transistor. [0129] Next, an insulating film736 is fornmed
to cover the n-channel transistor 732 and 15 the p-channel transistor 734
(see FIG. The nsulatln film736 i.s n e r ed;

however , glﬁll)st?i %thxf‘l‘be F¥m l}lﬁ%n c%’tslie’p:rglelg/oennfi1 hridh Egﬁ%ﬁl e"’sd’%tﬁlgg gans%%n al kal i
metal and Iﬁtmldabkﬁta | F9Er @hbdphosiidatd glisepmpsm(eouop@spmlimatc lghss)pdlumbinansi st or

732 and the p- channel transistor, t.he | I film 736
i s prefer 2810 e ndtfrs fnfloxaedear F%t'lresg?f@ﬁ%‘gg r%%"f m(%lc‘)lﬁmgm §26| S%?nr}gon
nitride, sihiblanfoRsdinisidgl Qﬁlox&ﬁd—ﬂa@émmaﬂehdﬂldé& mﬂlﬁ@ma@ﬁalal Tihe siloemd t ri de,

al um num oxide, or the like. In this enbodi rre a SIlIC]%Vn]amt“de oxi de

fil'mwiX h 8sip Ik islde.obesidsd hydmeen rih 1Pt 988 ¢ a%“oflﬂ% 8H a8 P m 736.

In that casfatid Hﬁh@éﬁ%ﬁ fes chshrdnihy tiopogRatieoRsgittg fily 78® npgT bor ned
after the formati'on of the silicon nitride oxide %‘;’l m No that al t hough

the insul gl by Isckisg aaliradity of prpuistingfidms domied; iem 4oy ¢hj aé)%%dl ment ,
the insul ating.fil m736 may have a 25 stacked-layer structure. For exarrpl e,
in the case of the two-layer structure, a stacked structure of a silicon
oxyni tri del0i31]lm and a silicon nitride oxide filmmy be used. [0130] Next,

an i nsttLatl ng fid %Z%@h&aﬁoﬁ &rtﬁggl%,%gﬂrg dﬁl ggnglglfatd“nlgg fbthHa d3GheSRe@S tO

cover e n-channel transistor e p-channel transistor 734. The
i nsul at i ngdep&@iutg bmtl?esﬁlatmyl dfethe dnywbating sfilmg 7Hn aoﬂj@nméthﬁﬁt%lsli“ﬁ‘le%w ng heat

oSt St ance  RE Ny A PRLALN 5 ASEH o RSERSYALEMIRACH 5hRl dAThEIS. o

epoxy. As Wi ter asop33|be 0 use a
| ow di el ecinethed mo:trslblamlsahmﬂgemedtod((a,gl enAtk-je8Betimd.eaciean printings pt ofghe resin,
silicon oxide, sili 5|I|c n ni_tr i nitride OX|de
PSG ( phosphfg4ing): 8&9‘3“ mﬂﬁf—”g‘g ?%oracl)n Ogselbﬁggif??(@zge?e& tkfegg(se) alumna, or
the like. jdesm, the sil oxane reS| n corresponds to a resin including a

ﬁ;{ g: |S|a| bO_I’Il_ﬁ e 211};1%2 éz:qgta(f:toholes are %d n %he msue}é}mgbta]meg%rrgndetﬁk élllllsuﬁ’?mg starti ng

film 738 so as to expose parts of the semiconductor film 702 and the semiconductor
film 704. Then, conductive films 740 and 742 which are in contact with the
semiconductor film 702 through the contact holes and conductive films 744 and 746
20  which are in contact with the semiconductor film 704 through the contact holes are
formed (see FIG. 9A). The conductive films 704, 742, 744, and 746 function as source
and drain electrodes of the transistors. Note that in this embodiment, as an etching gas
for forming the contact holes, a mixed gas of CHF; and He is used; bowever, 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 (Ti), tantalum (Ta),
molybdenum (Mo), nickel (Ni), platinum (Pt), copper (Cu), gold (Au), silver (Ag),
30 manganese (Mn), ncodymium (Nd), carbon (C), silicon (Si), 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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5 resin may include, besides hydrogen, at |east one of fluorine, an alkyl
group, or aromatic hydrocarbon as a substituent. Note that the insulating
film738 may be formed by stacking a plurality of insulating filns forned
fromany of the above materials. [0131] 10 For the formation of the
insulating film738, the follow ng nmethod can be used depending on the
material of the insulating film738: a CVD nethod, a sputtering nethod, an
SOG net hod, a spin coating nethod, a dip coating nethod, a spray coating
nmet hod, a droplet discharge nethod (e.g., an ink jet nethod, screen

printing, ar of ringing).,, a doctaqr kni i curtain
coater, a t%ﬂis 19 36 ’cs;%gt —é‘& alrbﬂlr Jl‘{%h éltﬁef gan glfga}[ef) Mr?\lgrx{ 854(%( 8% '([P ag%r'?srtﬁgﬁées are
formed in hfebdwdsdll ating film 736 and the insulating film738 so as to

expose parts of the sem conductor film 702 and the sem conductor film 704.
Then, condf&t4lve films 740 and 742 which are in contact with the

sem conduct or fiAsnn7@dmblr llghallofecoaiige tlumtiuas aand mapndugionue, 41 | s 744
and 746 20 which are in contact with the seni%OEductor.fiL 04 t hrough the
cont act3 hoalley cqplgmingoylpmupsaseitsopan compone and alsy Gaptpiingrtichel camde 745

744, and 746 f URE Li@RoR SnSAY CRntaditth Shidintbeat meae Sodporkiicadd aasi st or s.
Note that Tn this enbodinent, as an etching gas far form ng t he cont act

hol es, a nfopiihipggicksl aghHus Odﬁﬂthﬂécﬁrko%@éicf,ﬂ?cﬁﬁmw,betﬂﬁ@naéla FAPYas is not
limted th@éﬁé&f?- Aaénil%%%h amﬁmﬁﬂt@ﬁhu&i {MSsif, iliidh 740 low fedistafddandaid 746 can

be formed by a CVD nethod, a sputtering nethod, or the Like. In specific,
t he conducinpxpensivd, gt spiteble 4@ matenial fop frgmingsbe selueiey eABRFEH0.f/Fond % uni num

() §SBIER Yy LSS OYRT S0 IR o Shingarnie,
(M), neodymventad( fidn, genamabing if @sist shakingodt {1si time of rafeningkeFuffisE.edver, an
g T
each of thsdli@anductive 37 filnms 740, 742, 744, and 746, either a
si ngl e-1 ayﬁ)r135<]t ructure or a stacked-layer structure nmay be used. [0134]
15 In the case where each of the conductive films 740, 742, 744, and 746 is
formed to have a stacked-layer structure, a stacked-layer structure of a barrier film, an
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 film 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 & five-layer structure including, for example, titanium, titanium nitride, 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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As an exanple of an alloy containing alumnumas its main conmponent, an 5
alloy containing alumnumas its main conponent and al so contai ni ng ni ckel
can be given. In addition, an alloy containing alumnumas its main
conponent and al so containing nickel and one or both of carbon and silicon
can al so be given as an exanple thereof. Al um num and al um num silicon
(Al-Si), which have | ow resistance and are inexpensive, are suitable as a
material for formng the conductive filnms 740, 742, 744, 10 and 746. In
particular, alumnumsilicon is preferable because a hillock can be
prevent ed qu%i] generating in resist baking at the tinme of patterning.

Furt her, d terial in which Cuis mxed into alum num at about 0.5% may
be used i nst eadaefihe @hlluctiod filthdAB5F42, 784, land t7ThE mmenwﬂ'efde femcet bgfa t he
conductive filnms 740, 742, 744 nd 74 's forcged%.f_[l? have %staﬁked | ayer
st r uct ur e, chemical, yaper depgslion Jpsthod BRe gr Whe 1$8% AREA T &S Y B8 B num
silicon flAlE&na%méiy,amhga'éd ﬁfrmEdl o1 hydragb@ ekidtidray £ Wt thare bensed s ahebar ri er
film an alum numsilicon Im_,a titaniumnitride film and a barrier
film o twadyctigefiligy/48e 42u75‘@dandf P exanpl e. Note that the barrier film
refers togfAl mfornmed using titanium a 20 nitride of titanium

nol ybdenum a"nitride of nolybdenum or the like. By formng a  conductive

filmso as to i ﬁh@ﬁ@@%’éﬁ‘@nﬁ@ﬁﬁﬁoﬂmﬁ U2 preconpgered) Ve Gegh-toReHAIM er fil s,
generati OQm%Ensl IJQ%EASO% Af tha b Wik M sisr WD NUMSIdnlG@Re Glils b had t her
prevent ed th In the case of formng the barrier filmby using
titani um tH&tare somnehiegHp yihe highrpohtsnisatianeingMeity ECSIoRs 726,in die Pwl‘?ﬁ%l ch woul d
be formad o], 1543973s4em conductor films 25 702 and 704 is reduced by the
titani um co tAihed in the barrier film so that contact between the
conduct i ve0ilddins 740 and 742 and the sem conductor film 702 and cont act

bet ween the con efllms 144 746 ﬁg Qhardfdel M 704 can
be increased. %tt?% lari glegll %%ﬁ%olgm qf%lglgtog? gdggﬁ%% ha eof barrier
films. In ﬁdm&ktocmmehare ithampden FEAOA. offerdie coondestibn ledied allons i10, 742,

744, and 7 be forned.to 3 udi ng, f or
exanpl e, é&%ﬁ%%?%ﬁ?oﬁﬂ? Wﬁ&ig?ﬁa OFa ﬁ%p\{lart?{ ?ﬁ/ m%ucw {“ﬁi{s?ﬁp Eﬁ]lz andg
titani wm nj44[ adde746 and thie Snsoladey flnfsOM3b tahke 7 380t dling hlmrareeormttectind’dc}l Wyer
structure including nore than five layers. 38 [0136] As the conductive
films 740,99%1 744, and 746, tungsten silicide fornmed by a

Note that although the case where the n-channel transistor 732 and the

p-channel transistor 734 include their respective one electrode serving as a gate
electrode (the electrode 708 and the electrode 710) is described in this embodiment, one

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

[0140]

25 In this embodiment, the transistors are formed using a single crystal
semiconductor layer. Accordingly, switching speed of the transistors 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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chem cal vapor deposition nethod using a WF6 gas and a Sil gas may be used.
Alternatively, tungsten fornmed by hydrogen reduction of WF6 may be used as
the 5 conductive filns 740, 742, 744, and 746. [0137] The conductive fil s
740 and 742 are connected to the high-concentration inpurity regions 720
in the n-channel transistor 732. The conductive filns 744 and 746 are
connected to the high-concentration inpurity regions 726 in the p-channel
10 transistor 734. [0138] FIG 9B is a plan view of the n-channel

transi stor 732 and the p-channel transistor 734 which are illustrated in

FIG 9A Here, ross,section : I | DL rresponds
to FIG oA For NefeSitne F??C“Fﬁgg%glﬁ%u%t i qopﬁnsm?i%;, f’%@l&l‘?@ﬁ? and 746
and t he i n&itdgatomiginéd larsappRpriatadwitB Sangndthtthetriidike deseritodi int 8¢ pthelF| G 9B
[0139] Not e .t hat §Lt OQ%h.gggicase where the n-channel transistor 732 and
the p-cha R R g B9 Fnc) ude their respective one el ectrode
serving agomygate electrode (the electrode 708 and the el ectrode 710) is

described In this epbodi mrent, one 20 enbodi nent of the present invention is
not |im tdfMP8dspstlst ruct ure. The transistor manufactured according to

one enbodi nent of ihemps@aeR! eledxant d@RefBychhang be seilichndug@dt dedta uct ure in

which a plurality of electrqdes serving as gate el ectrodes ar .I ncl uded
and el ect rinemchiredasrIdingdo ths 38p appofimant p ’6‘?&'6‘]%' useg &‘ﬁ%‘lsﬁﬁgﬁa fodi ment ,

the transighifeSeatiBed RidEREGES1 110t0a 081 MIIFEGS NYAk@L 1C.Seni conduct or | ayer.
Accordingly, swtching speed of the transistors is increased as conpared

to the cad®lddlere an anor phous semi conductor |ayer, a non-single-crystal

sem cofpduct or | a\&fectrfic Elfeds nftGuiaSubéd %@lin§ EUEhdEhduciod dbhdpafibastiyent, a

preferable single crystal sem conductor l'ayer w thout a stripe variation

i s used, sodisplay deded).athi dellawingencheagiser cppearns sushsviEdsy w@mera #4si st or s
can be sup S n g Lk Enoufted SEPIGON HAGTMond S)stenR, W th high
characteri@%ﬁ%§%g§%°%g%%?g§?dé§%%fggﬁ%f éb ﬁbteﬁ%haf th% ngﬁﬁpuré

descri bed dudiat teprodigringndtivives (sudaas dapaidipéampenens), ¢gpynputers, game machines,

portable information terminals (such as & mobile computer, a mobile phone, a portable

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
terminal 1605, 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]

FIG. 10B illustrates a digital camera. An image receiving portion 1613 is
provided in the front side of a main body 1611. A shutter button 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

1611. The semiconductor device according to one embodiment of the present
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bei ng conbi ned as appropriate with any other structure described in the
other enbodinents in this specification. [0142] 5 [Enbodinent 4] In this
"enbodi nent, el ectronic devices each using the seni conductor device

manuf actured according to the above enbodi nent, particularly using the

di splay device wll be described using FIGS. | CAto 1 OHand FIGS. | IA
to 11C. [0143] 10 As el ectronic devices manufactured using a sem conductor
device (particularly a display device), the follow ng can be given
caneras such as a video canera and a digital canera, goggle-type displays

(head mounted..di spl a avi [ . , wiaugli.o i pg.devi ces
(such as é%\‘eng%ilg uéé(;d'rsn).i)% ﬁgentdéﬁ?agcgér}ftﬁﬁ%@%? gg‘tfrlrtg1 %cﬁ%ﬁ%@?&q%or@%é%l e
i nf or mat i cRcdréingi nalose (@uipidinsit aofiriliy Ipeesesmpuyeion, & ridiily-eliphlonad a

portable 15 ga machi.ne,. and an_e-boo eader), and i nmage reproducing

devi ces pmgﬁﬂg%nﬂﬂcﬁdﬁﬂmrcgﬁﬁad’% e%’&?ﬁ% (specifically, a device provided

with a digpi device that can reproduce a recording nmedium such as a
P14y

digital versatile djsc.(DVD) and display the inage), an h i ke. [0144]
20 FIG> 10A il Eg{"riﬂceéé”étr’[“)éﬁ é‘v?‘B‘i"B °§Sé’¥alo?°nép“ﬁ%'ni ?\Ofnagxr g%&ypz?islohsal
conputer. pT@ﬁdedtﬁkfﬁa/ic%rb@ﬁd 3614, o4 eith@alnMhdcasn @it 1616, fpdnIomiing dergut er

i ncl udes a housing 1601

1 a _suypport stand 16 .a display portion 1603,
speaker potEPond howng 1622 jnckating %BﬁPlayP%‘F’ﬁPﬁg% lfé'ﬁgfhegﬁ‘ﬂﬁ'tﬁﬁ’éa‘l? }D‘%‘B’ The
sem conducie@i, dgyk CemAGHAENEVIR QRErddiEb afliohe Nmbo@fmdnhi & PheSiedent NVeNt i on
is used in the display portion 1603. Wth the sem conductor 25 device

accor di ng ineenbioe iesediiirehe dplayheorhprsldRd | MiBntheospmisPngigM ¢evied i abl e and
hi gh- f el evi Sk ' AvemtiddEr S MiaHIv-6QAPUt B&d can be
provi 8@{1_ OJCF%?%E] {OFIO%? %&@aﬁﬁs?ﬂr{ g{@;sryr%sagi gital (’:amsr%‘l.ly An i mage receiving
portion 16tgh-pegfompupgilapéap tiersonticompyarcas bgarogfded nai n body 1611. A shutter
button 16@ 473 provided at 30 the upper portion of the main body 1611. A
di splay p %I n 1612, operation keys 1614, and an external connection port
1615 are provi d&UG.d6Dtillestiats kanabéle gpmpiter inelirding o dgain b@ly 1163 redismd®i conduct or

devi ce accordingsbo, Ong LS JTRRbn Rys! 484 PIERENEd pdY 1635, 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 to 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 plurality of display portions 1652 are attached to the main

body 1651. The semiconductor device according to one embodiment of the present
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invention is used in the display portion 1612. Wth the sem conduct or
device according to one enbodi nent of the present invention, a

hi ghly-reliable and high-performance digital canera can be provided.

[0146] 5 FIG 1OC illustrates a | aptop personal conputer. A main body 1621
is 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 conductoy .deyvi ce 10 accor di t Q.oNng e I -t he present
i nvent i on, ™¥HPY AP )}l-s‘?éllrf ilbfi @138%3 PYITR- ipét;grg'f o&n@n@lg Fég‘ggdé’gﬁ (g{)arr gévﬁéﬁ conput er
can be proyisieng [00bA#] efbd@imé Dof Ithe giresatte snvantimbi 4 chighdyrpalipele amicl udi ng a
mai n body 1631, a display .portion 1632, switch 1633, operation keys
1634, an ﬂH@?HﬁgﬁmﬁﬁPka%§3$h§%§mPH%mpf%gi 15 An active matrix display
device is pisyji ded in the display portion 1632. The sem conductor device
accordi ng to one_enbodi ment of the resegi Lnéfatiéﬂ,js u%?ﬁ qu t he

di spl ay® porti onFi¢39G Mpsirates RevideoriamisHid uct B Pady 180128 PEP I Ho*bne

enbodi ment . @fidi NSnRicBSE Bbrti IH6ENE irdBote Bcohir@hteyeiv @b i pbida 863, h ghaper f or mance
nobi | e conputer can be provided., 20 [0148] FIG 1CE illustrates an i mage

repr oduci nigeaieing pertionl ¢R%: A bitsay 1 06G4an fudio HPE AR 13P%-1ind opFranKSYhor t i on
1644, ar ef(%@d' ﬂ%o[f%%éé&rﬁ@ﬁﬁ&ﬂw%%tdi%y%n 2w is efeRhad iome kRS 1646.

Further, a housing provided with speaker portions 1647 and a display
portion 16u8lyi k6at t Breheshicondudies desicn apesding gy ene qrkedinaeRt o ARFUBEHRE 25 devi ce
according to. one ; I 14 SoRbE ST, | VAN 0 QerhiSord@er idavieach of the
display?po?f?g%ﬁlézgggﬁﬁE@%éﬁ%1%g?gy portion f644. VVt}Fthe_seniconductor
devi ce’ acsoodingg td¢ cnenenbodinditmehtthofpredset preesten, # niighlyireligbleg and

hi ghl y-relj.apl e _and high- ] oduci ng devi ce can be
provi ded. %%§3§$mn§ﬁmﬁwgfc%ﬁéL? u §2?§§g§ﬂ£§ gctronic book. A mai n body
1651 is prpnbted with operation keys 1653. A plurality of display portions

1002 are ot achssol Ryl el BLDs RASH0BY e RSVl o 7
15  housing 1672, a display portion 1673, an audio input portion 1674, an audio output
portion 1675, operation keys 1676, an external connection port 1677, an antenna 1678,
and the like. The semiconductor device according to one embodiment of the present
invention is used in the display portion 1673. With the semiconductor device
according to one 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 electronic 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 external

commection terminal 1717, and the like. The housing 1702 is provided with a keyboard
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41 invention is used in the display portions 1652. Wth the sem conduct or
device according to one enbodi nent of the present invention, a

hi ghly-reliable and hi gh-performance el ectronic book can be provided.
[0150] 5 FIG 1OGillustrates a video canera. A main body 1661 is provided
with an external connection port 1664, a renote control receiving portion
1665, an imge receiving portion 1666, a battery 1667, an audi 0 i nput
portion 1668, and operation keys 1669. A housing 1663 provided with a

di splay portion 1662 is attached to the main body 1661. The sem conduct or

devi ce acc ne enbodi t of t i used in

t he di spl a& ﬂd"rnt E?ﬁ“ g’@??“ﬁ%ﬁq?ﬂea lgrésn%t’)ggrﬁ %& ﬁgllltclgy‘?%%co %’Ir?]eg to one

enbodi mente@findl Ng2pr wgané 11ké]V€Iﬁtak1®1Illon aarhargdsﬂny-w eicb@bfa&damd:he housing

hi gh- perfornance vi deo c ra c rOV|ded at 51] FIG 1C0H
i | 1ustrat ek nIBqufiﬁl‘)BH%E}ée ARPKE- FISCP ﬂﬂ‘@%‘re a%?ﬂe%ggy%%?limah 1%65 housi ng
1672, a duﬁ&h@ydgg&;bpmmkﬁgannﬂaumuﬁhanlnput portion 1674, an audi o out put

portion 1675, operation keys 1676, an external connection port 1677, an
ant enna 169841 and the |ike. The semi conductor device according to one

embodi ment of  t he NeREBAIuctdr NY&Hel AofdSngl &L Gnk NerioginGtinG Rifathe pRedebon 1673.
Wth the sem conductor device according. to _one enbodlgggt of .t he present

i nvent i on,imgenkipyH ymogtorades) @ Ard display Hogirp il or AdnteRobinlayed e can be
provi ded. ({gééo%l in! Cbﬁe“} the- fAdgk B &%ﬁ‘ayeb)l it St BdpPayoStdnUct Uiaously aRAlges of a

portabl e el'ectroni evi ce aving functions as_a tel ephone and an
i nf or mat i odepemsling erathe UEIG, chle o the pertgblepplectropicedgvicE |l #0. 1 MpPeven thack vi ew,

and Fl 3 11&51% ﬁ%rﬂmb PG YL §Ws 1706 f&o§atn?em enih £l pRbiRRis Hevise 1700 has
functlonsa 0 atee one an an 1 n

ormation termnal and is an
el ect r oni cplaevimbles @elcalchléwﬂa iswaest (shroal led whdeobhdns). c vdbhat B spaakebus dat a

processt No NESLIFR pQlofifont Arls oo Rl nl S0 AL BIL SayPhR GLD Ot Ecofifi CC 1700

i ncl udes h u5|ng 01 is providedwith a
di spl ay potepiodicidg] bfttheehks pelakibe cdbd Wherea stilldmeghores mevingimaggarathobn keys

1714, a pol%y”&s‘n? hg ﬁans ?’?23 ZI:'L c?ame?a d ) ﬁle:]h?glllt6 1 JZQ{, t}(l:ead]%'iﬂ%” po%nel)%ﬂsqgkd
15 asafinder. The operation keys 1714 are used for operation of incoming and outgoing
calls, simple information input for electronic mail or the like, scrolling of a screen,
cursor motion, and the like.
[0155]
The housings 1701 and 1702 overlapped with each other (FIG. 11A) can slide
20  and be developed as illustrated in FIG. 11C, so that the portable electronic device 1700
can be used as an information 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 by inserting a recording medium into the external memory slot 1722, the portable
electronic device 1700 can be used for storing and moving a large capacity of data. In
addition to 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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connection termnal 1717, and the |ike. The housing 1702 is provided with a
keyboard 42 1721, an external nenory slot 1722, a lens 1723 for canera, a
| ight 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 small size nenory device,
or the like can be built therein. 5 [0154] The sem conductor device
according to one enbodi nent of the present invention is incorporated in
the display portion 1711. An inage displayed (and direction in which the

i mge is displaye i.n the display rtion i .

dependi ng on t hés %Sﬁﬂgedrﬁ?age’ ﬁfpﬂ?}é,%& IR &0 %&%ﬁlérg%lerﬁé%?%@géﬁc%gﬁ%ggo.

Mor eover, i€ ad@ th pRbeay ientidnotenlbel dscdnidr elketrdnéndevidlt faiougdiesisa whi ch
are provided on the sa | ane .enabl es .voi,ce call. wih_ i .50-cal |l ed
videophonéﬁ@eﬂﬁf@mﬁﬁﬁpggﬁﬁpgﬁgﬁRgpg Té%ﬁﬁﬁm?ﬁgm%¥%§%%%@%%%%%féﬁban be
used not ol YiHePEratRkERsGel it odksanodimenedn i spgeificatiepr oduci ng, or the
like. In the case where a still inage and a noving i mage are shot by using
the ler’s 1723 for canera (and the light 1724), the display portion 1711 is

used 15 as a fiRERr appiRGHRAPGS abdse e YRpanédet Mt Uapslichein apedlatibon of
i ncom ng and outgoing calls, sinple information in%gt for. el ectronic mai

or the | i K¥0824941|filetywish Japan RrtewsrDifice. on SeRtemRst V0% he PHEC FPRE™S [ 0155]
The housin . Mth each other (FIG 11A) can slide
20 and be &/%%op%g&goﬁ Iu@%ﬁ%%}g%pei?ﬁwg G 11C, so that the portable

el ectronic device 1700 can be used as an information termnal. |In that
case, the keyboard 1721 and the pointing device 1715 enabl es snooth
operation. The external connection termnal 1717 can be connected to

vari ous kinds of cables such as an AC adopter or a USB cable, which
enabl es chargi ng and data communi cation with a conputer or the |iKke.
Further, 25 by inserting a recording nmediuminto the external nenory sl ot
1722, the portable electronic device 1700 can be used for storing and
noving a |large capacity of data. In addition to the above-descri bed
functions, a function of wreless communication by wusing electromagnetic
waves such as infrared rays, a function of receiving television, and the
| i ke can be provided. Wth the sem conductor device according to one 30
enbodi nent of the present invention, a highly-reliable and high-performance
portabl e
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el ectroni c device can be provided. [0156] 43 As descri bed above, the
appl i cabl e range of the present invention is extrenely w de and the
present invention can be used for electronic device in various fields.

Note that this enbodi ment can be inplenmented by being conbi ned as
appropriate with any other structure described in the other enbodinents in
this specification. 5 This application is based on Japanese Patent
Application serial no. 2008-249401 filed with Japan Patent O fice on

Sept enber 29, 2008, the entire contents of which are hereby incorporated
by reference. 44 WHAT IS CLAIMED IS: 1. A nethod for manufacturing a

sem conduct or device, conprising the steps 5 of irradiating a single
crystal sewHearduaiAdMBEISstrate with accelerated ions so that a fragile
region is formed in the single crystal sem conductor substrate; formng a
depression or a projection in a region of a surface of an insulating |ayer
provi ded on t he1sihnfidteodcfoy staghfagers o Behbicdmainctot Boticeat@nprisivg the giepn
corresponding 10 to a periphery of the single crystal sem conductor
substrat e;%bondi ng the single crystal seniconductor substrate to a base
substrate with thiatihpsuliadlé Rgstaby@hicoriueop osstatt hamehetloaed; iopesd or m ng
thermal treatnent thereon to separate the single crystal sem conductor
subst rat e Het afFagile rogipnyipforaed Hribe desle ?féfftale?e@}"%@‘f"étoé¥‘j”§?§f’; sem conductor 15

layer is formedQuge § B6rE388 of WRdjbdioR;in @Nekise BDY kitthct € af ilgléngr yst al
sem conductor layer 1n the region corresponding to the periphery in

pat t er ni nglaydyerasiideglan the gisglsicnsBhPayaREster subsliale, thhisaion CeRFPE ctor
el emenfq i S f Hﬁﬁn’ i thgekhalidramifaet uri ng a sem conduct or
deviceﬁ)aagggﬁl g t%ﬂg%%ﬁgg%ygﬁhhergin(ihe singl e crystal sem conductor
| ayer is irradi &bedngibesingleseystdl sghicondycionpibeivaie tochbgsa etbsipls tiikdhof ¢ he

single Cryﬁ&ﬁ&g%?%k?9@9@%&9@@%3¥§£mr3' The nethod for manufacturing a
or a

sem conduc vi‘ce, cording to ¢laiml, _
performing thermal treatment thercon to separate the single crystal

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

15 layer is formed over the base substrate; and
removing the single crystal semiconductor layer in the region corresponding to
the periphery in patterning the single crystal semiconductor layer when a semiconductor

element is formed.

20 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,

25  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
30  that a fragile region is formed in the single crystal semiconductor substrate;
forming a depression or a projection in a region of a surface of an insulating

layer provided on a base substrate, to which a periphery of the single crystal
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25 wherein a glass substrate is used as the base substrate. 4. A nethod for
manuf acturing a sem conduct or device, conprising the steps of. irradiating
a single crystal sem conductor substrate with accelerated ions so 30 that
a fragile region is fornmed in the single crystal sem conductor substrate;
form ng a depression or a projection in a region of a surface of an
insulating |ayer provided on a base substrate, to which a periphery of the
single crystal 45 sem conductor substrate is to be bonded; bonding the
single crystal sem conductor substrate to the base substrate with the
insulating |a ea i nt etfr)?ﬁotsedt tbhgre g_t ween; performng thermal treatnent

t hereon t e@é%ﬁ UL SHIEAE G PE PRy St al 5 semi conductor substrate at the
fragile region, beidghit sihghi cigdial semycshdictos enbstatedo clicobase lsalygateivatf or med
over the base substrate; and regfgvi nglthe single crystal sem conduct or

layer in tAeUFRIngHaYes FYERSEhEFIEC¥E ™ t he periphery in patterning the

single crystal gefirgniduBéghl | @s@herto fifepom an sdpatagndhs hspgle sgsmiconduct or
| ayer. 10 5. The method for manufacturi ng‘éﬁli‘ seni.c nduct](;r devi.ce, according

to cl ai‘m semicRadyciar subsigtesatyflp draghs, qeifn. % Frithpds GRsEhyreqndiehr o g at ed

Wi th | aserjyldr @b dvBPhO¥Re seRahecdn@r i stics of the single crystal
sem conductor |layer. 15 6. The nethaod for manufacturing a sem,conductor

devi ce, accor di EInQvénschasipgla crysigheempsanducten laes s gqgioy cormegpopding ts ¢ he

base substat e iifery AnMBitAIn Ahc "MK Al | Rehi@nIRMCRHGUAS Obrilex ce,
conprising the steps of: 20 irradiating a single crystal sem conductor
subst r at e iwandshapekcicaricondertirdysr.so that a fragile region is formed in the
si ngl e(prystal sem conductor substrate; form ng a depression or a

pr oj ec]tlon in a region of a surface of a base substrate, to which a

peri phery of t hé. Ehergéthodioymraifacteirgaonnirondictos dpges; agcerding toglays 4honded,;

bondi ng the, si.ngle.cr 4| - - t tbstrate
weh o | LB S SRGAMUTL AL i CHRITHEA Rl Iy B aESUOR T
treat ment dHaecedstics of the piaglatceystahensiomgh@ordayest al

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

wherein a glass substrate is used as the base substrate.

7. A method for manufacturing a semiconductor device, comprising the steps
of:
20 irradiating a single crystal semiconductor substrate with accelerated ions so
that a fragile region is formed in the single crystal semiconductor substrate;
forming a depression or a projection in a region of a surface of a base substrate,
to which a periphery of the single crystal semiconductor substrate is to be bonded,
bonding the single crystal semiconductor substrate to the base substrate with an
25  insulating layer interposed therebetween;
performing thermal treatment thereon to separate the single crystal
semiconductor substrate at the fragile region, so that a single crystal semiconductor
layer is formed over the base substrate; and
removing the single crystal semiconductor layer in the region corresponding to
30 the periphery in patterning the single crystal semiconductor layer to form an

island-shaped semiconductor layer.
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sem conductor substrate at the fragile region, so that a single crystal
sem conductor layer is fornmed over the base substrate; and renoving the
single crystal sem conductor layer in the region corresponding to 30 the
periphery in patterning the single crystal sem conductor layer to form an
i sl and- shaped sem conductor |ayer. 46 8. The nethod for manufacturing a
sem conduct or device, according to claim7, wherein the single crysta
sem conductor layer is irradiated with laser light to inprove
characteristics of the single crystal sem conductor layer. 5 9. The net hod
for nanufacturl nduc . e [ ..7wherein a
gl ass substrate 3ﬁm§0 SPRED égggsu chf%g;&%&%,&Qmﬁh@%gbﬁnnl

wherein the single crystal semiconductor layer is irradiated with laser light to improve

characteristics of the single crystal semiconductor layer.

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

wherein a glass substrate is used as the base substrate.
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