SO SUBSTRATE RATE AND MANUFACTURI NG METHOD THEREOF BACKGROUND OF THE

| NVENTION 1. Field of the Invention 5[0001] The present invention
relates to a nethod for nmanufacturing a silicon-on-insulator (SO)
substrate, the SO substrate, and a nethod for manufacturing a

sem conduct or device using the SO substrate. 10 2. Description of the

Rel ated Art [0002] In recent years, instead of a bulk silicon wafer,
the use of a silicon-on-insulator (SO) substrate where a thin single
crystal sem conductor |ayer is provided over an insulating surface has been
consi der ed. BeCSOBSUBSTRAITE AND MANUFACITYURINGMEEIODTREREO¥T ai n of a
transi stor and a substrate can be reduced by use of an SO substrate, SO
substrates are attracting attention as substrates which i nprove performance
of sem conductor i ntegratgdckidyiuid-of PARINVERTIGN known net hods for

manuf acturing SO substrates is a Smart Cut 20 (regi stered trademark)

" met hod (f ol- Bgldppthe Inalorpat ent Docunent 1). A summary of a met hod for
nmanuf acsur jgagipn SO substrate by a Smart Cut nethod is described bel ow
First, hydrogen ions are inplanted into a silicon wafer by an ion

i mpl ant ati on netWEd; pressnls , ingentionr gplatsh| éo | ay encthasl f Hr maepnpfactyripg edet er i ned
depth fromg:he _si | & I j 1 n ions
have beenn’lglﬁ%p a%{gglﬁ%gr E)é(?ﬁ?é%ug s‘%%&éﬁléo%?gﬁm%%i (li%:g{r?ﬂlv(\)/a er(rmavfnﬁg%ﬁgﬁ ilicon
oxi de fi | mnisemieonglustetidavivensibg theeél substaer t hat, t hrough heat treatnent,

part of the silicon wafer into which hydrogen ions are inplanted is
separated as a thin filmalong the m crobubble |ayer. Accordingly, a single
cryst all0si RiRaoriptemerf theRelaoedrd over the ot her bonded silicon wafer. [0004]
30A net hod 6@5 formng a single crystal silicon |layer over a base substrate
made of gl 59 ]by using such a Smart Cut nethod has been proposed (for
exanpl e, see Patl@mécent years, instead of a bulk silicon wafer, the use of a silicon-on-insulator

(SOI) substrate where a thin single crystal semiconductor layer is provided over an
insulating surface has been considered. Because parasitic capacitance generated by a
15  drain of a transistor and a substrate can be reduced by use of an SOI substrate, SOI
substrates are attracting attention as substrates which improve performance of
semiconductor integrated circuits.
[0003]
One of known methods for manufacturing SOI substrates is a Smart Cut
20  (registered trademark) method (for example, see Patent Document 1). A summary of a
method for manufacturing an SOI substrate by a Smart Cut method is described below.
First, hydrogen ions are implanted into a silicon wafer by an ion implantation method;
thus, a microbubble layer is formed at a predetermined depth from the surface. Next,
the silicon wafer into which hydrogen ions have been implanted is bonded to another
25  silicon wafer with a silicon oxide film interposed therebetween. After that, through
heat treatment, part of the silicon wafer into which hydrogen ions are implanted is
separated as a thin film along the microbubble layer. Accordingly, a single crystal
silicon layer is formed over the other bonded silicon wafer.
[0004]
30 A method for forming a single crystal silicon layer over a base substrate made
of glass by using such a Smart Cut method has been proposed (for example, see Patent

Document 2). Glass substrates may have larger sizes and are less expensive than



Docunent 2). d ass substrates may have | arger sizes and are | ess expensive
than silicon wafers; thus, glass substrates are mainly used in
manufacturing liquid crystal display devices or the like. By using a gl ass
substrate as a base substrate, a |large-sized inexpensive SO substrate can
be manufactured. 5 [Reference] [Patent Docunent] [0005] [Patent Document 1]
Japanese Published Patent Application No. H05-211128 [ Patent Docunent 2]
Japanese Published Patent Application No. 2005-252244 10 SUWARY OF THE

| NVENTI ON [ 0006] As described above, in the case where an SO
substrat e iBcdaSQateds s sgm,ﬁ tstiBn@tel Qfe MafilysPledVin ARMUBELEHE Bq@ Bystdl qui d
crystal display devi ce is necessary that an SO 15 substrate have a

structure iilﬁplwft‘,’lf?e&%@ﬁ bl“‘e dnusing|a %?SIS Febsifate Bs # base sphstatet lgges@d over a

l i ght-trangpi é;e}lélptgsémggtfa@g&nbgﬂ{ahﬁﬁgwﬁn order to forman el ectronic
device such as a TFT using the single crystal silicon thin film it is

preferable that the flatness of the single crystal silicon thin filmbe

hi gh. [000d.:28].8; @ method for manufacturing an SO substrate (for exanple,
Pat ent Lnent g&, a tenperature higher than or equal to 400 C and | ower

t han or eqiPatentBo®@@nT i s enpl oyed for exanple, as the tenperature of heat
treat nent gﬁbﬁorned when a single crystal silicon substrate and a gl ass
substrate separated at an enbrittled region in the single crystal
silicon suﬂ&&nﬂbamaﬁheﬂJh@h&gIhbmﬂedPManethm@bhéb HeSPUOI0O8] In the Smart

Qut et hOd[PaEenFDocumenm]r}gpaneser}ﬁg 151”21 bater!i{ phca!tlgn 0. 2(%%55%4' ed
10
SUMMARY OF THE INVENTION
[0006]

As described above, in the case where an SOI substrate is used as a substrate

for a display device such as a liquid crystal display device, it is necessary that an SOI

15  substrate have a structure in which a single crystal silicon thin film is provided over a
light-transmitting substrate. Further, in order to form an electronic device such as a
TFT using the single crystal silicon thin film, it is preferable that the flatness of the
single crystal silicon thin film be high.
[0007]

20 In a method for manufacturing an SOI substrate (for example, Patent
Document 2), a temperature higher than or equal to 400 °C and lower than or equal to
600 °C is employed for example, as the temperature of heat treatment performed when a
single crystal silicon substrate and a glass substrate are separated at an embrittled region
in the single crystal silicon substrate after being bonded to each other.

25 [0008]

In the Smart Cut method, the following mechanism is used: in the embrittled
region which is formed by addition of hydrogen ions, bubble growth due to gas
aggregation is caused by heat treatment for separation at the embrittled region in the
single crystal silicon substrate, and a single crystal silicon thin film is separated using

30  this bubble growth. Bubbles tend to become large as the temperature at which the
single crystal silicon thin film is separated becomes high, and surface roughness of the



region which is fornmed by addition of hydrogen ions, bubble growmh due to
gas aggregation is caused by heat treatnent for separation at the
enbrittled region in the single crystal silicon substrate, and a single
crystal silicon thin filmis separated using 30 this bubble growth. Bubbles
tend to becone |large as the tenperature at which the single crystal silicon
thin filmis separated becones high, and surface roughness of the single
crystal silicon thin filmincreases when the bubbles grow | arge. Such
surface roughness induces various failures in a |ater step, which causes

reduction gifelyicBh@l SfichelinCRIRC ihGieates BHRABRY ButBles $L6W AR USLUEH sidfivE Ces.
[ 0009] 5In VIeM/Of t he above oblenl an object of one epbodi nent of the

present i nipaainegintuces yarqys fpi Stepotigich sasey fedyctiqanin sl o€t or | ayer
when an Sqenﬁé&aﬁdt&le?enieitsrm@éﬁua&dd%@fidéwcekzondl ng a base substrate and a
sem conductor substrate to each other. In addition, it is another object to
provi de a B8MIconductor device with high nanufacturlng yi el d by suppressing
the roughness. I0LARALOL the above HOBRALADbiR: 8P EneBRRHiIER tor e hlAEenP! €SENt

i nvention, a region where a sem conductor substrate and a base substrate
are pr evenmé@ntlpndsnt@éumgcsscﬁww Tosglenesh obp emidepdugtar lagsy evisor an 881 (al so
referred t i a region
wher e gas %s%%ﬁpe&? F%?n%g&?%a%g%fw %%'rttl cq’léﬁfcr{)ﬁamﬁfer%%h%g??phery) of
t he surf acechiileh ﬂsaﬂwhb@ib&nd@dmwbwananuﬂ@md&mﬁmgmamMQKudsu@swnhte

t hrough t descri bed bel ow. [0011]

One enbod?ﬁ%ﬁ%g&fp%ﬁn%’ﬁaL‘Tsﬁtc‘up:g?esse]% th‘é‘r$ughgé%s met hod for manufacturing an
SO subst r@de0] i ncluding the steps of |rrad|at|ng a sem conductor substrate

ided with 20 t Wt to f mbri t d
Phe. sem conduct eGP “HRIPHY THbe SissEoRHTRPbr * SUBEL PAFE Bind o base

substrat e jomi@adhoctstsiBiiraw dod abusé Rt feCprévayRd fiofl BsiROs@ded ftedaeet ween
and form ng. a space mhich.isiﬁﬁrr unded by the oove thlon in the
( ah

seni conduc?'B¥ BB PREL AR stﬁb3§t3r éfECBSS HEI“@ QrvEY #he

sen conducCie@drred U Sdsr @tregléﬁ v&H&ﬁs gﬁ’ébfsl Er&ﬂp@ﬁi) ise@irabd By ﬂ&%aﬁ&ﬁ&‘lﬁ&ﬂé so that
a 25 sem conductor | ayer formed over the base substrate with the

i nsul al3 ngPeriRhey) P%thérsatsfg@dw{nﬁ% refebfbepfed, in manufacturing an SOI substrate
through the bonding. Details thereof will be described below.

[0011]

One embodiment of the present invention is a method for manufacturing an

SOI substrate, including the steps of irradiating a semiconductor substrate provided with
20  a groove portion with ions to form an embrittled region in the semiconductor substrate,
bonding the semiconductor substrate and a base substrate to each other with an
insulating layer interposed therebetween and forming a space which is surrounded by
the groove portion in the semiconductor substrate and the base substrate, and separating
the semiconductor substrate at the embrittled region by heat treatment, so that a
25  semiconductor layer is formed over the base substrate with the insulating layer
interposed therebetween.
[0012]
Note that the above method can also be described as follows. That is, one
embodiment of the present invention is a method for manufacturing an SOI substrate,
30 including the steps of irradiating a semiconductor substrate with accelerated ions to
form an embrittled region in the semiconductor substrate, forming an insulating layer on

at least one of the surfaces of the semiconductor substrate and a base substrate, bonding



[ 0012] Not e that the above nethod can al so be described as foll ows.
That is, one enbodi nent of the present invention is a nethod for

manuf acturing an SO substrate, 30 including the steps of irradiating a
sem conductor substrate with accelerated ions to forman enbrittled region
in the sem conductor substrate, formng an insulating |layer on at |east one
of the surfaces of the sem conductor substrate and a base substrate,
bondi ng the sem conductor substrate and the base substrate to each ot her
so that a space surrounded by a groove portion in the sem conduct or

substrat e @aGehREndiRfe sibddate Alde tHeSbdse siBsrateNtoABachNfiBér §cL@iabR Wateh is a
peri pheral portion of the sem conductor substrate and the base substrate

and does rropRise BY 8 BIQONE PHHRR ibihe serpicensiucton sthstals andithe Rgje SURSFAERS 5 in the

enbri tt| edphagl BhnUSled SegiMEWRIBREE: SUHphOHNSRGoDdt thd SerbiEAUGoPRbLHAN 1 n the
sem conductor substrate and the base substrate as a trigger by heat

treat nent and thechase subatratpendsdogs e mensk ep endpasten hetwof, aud gangiating 3 ek onduct or

| ayer is far or the. t I it ois
desir abslse @hlg?%ﬁ{eﬁél? fe{i rljél’ t0 {r?req%tﬁlggﬁeip%é{ri%ogﬁnrrrg%p %%Ye%r %ﬁoé@i%@gg‘é% r?l % he

vi ci ni ty ofemidegdustacebsithieahd the basey subsiratieas asyiggen by head Gvatmenito senardt t he
i d t :
SEM conducy Olc.gid s‘i"?’%ﬁ gulg;%} e Qoeﬂfr?%gﬁ%eﬁ’éég&{c%ﬂa&?q? E&g%g%@r 128,

sem conduct or su he envrit regi on. itron, the area of
t he groovesupgratd.on (which refers to the cross-sectional area of a plane

par al | el t[(rqgi e surface of the substrate) is 1.0 mR2 or 15 nore, desirably,
25 M2 or . The depth of the recessed portion (also referred to as the
gr oovel{porti on) h thegb&at &ris dd3iablo thaehga tredtmerit/vk @Briogped fte paizhate gresat er t han

or equal to 1/10,. nor referably,greater an or equal to.1/2 f the
t hi ckness Bf h@c‘%}'ﬁ"g‘o 8uPteT "Silstr rEHn egﬁr%%\ﬁgoc’d’tgr?%?‘fl r]r%u}g enetrate

the sem coRgiwhdlictsdisstbRaad tHe@®AdAhbsttdantl RepaddiOthe serhibendycionsBstRds ti on i n
t he sem conduct or. substrate is desirably formed in a of E}Eg
n the

sem conducttéie sypitisdgesion. p Jp pediton, Hle@rfi?d\fél%?quﬂaﬂﬂwaigﬁi@? ’Feéfff?r@

base substdgdsQedton® R8Sht 4 Ané p&haNE th ke SrABY 6f BRI fubsitd) s § Dam&@ i conduct or
substrate. The bondi ng of, the sem conductor substrate and the base

subst rbt e @i JeaiBrn)y: By %%?QH@OF?- orhbg dpiik pt the Fecpsted prstianidse SHERIRYBAS subst rat e
wher e the gL 9% PHibN) QD glefterlPa bodudied 1/ ﬂoggérsﬂeragg gCreatérpthatm @Rgve, the

tenperature Of the heat Treatnment is desira 5 or lower. The
sem conducl/&f. nrasg prefepably grdater thareer eghd t 42 eolthpthiakaess of e gemicenyriyr subj ect ed

to laser | Jugmaté.. r r’fl’lg igﬂ)&)b@ﬁbnigxpﬁxg)oﬁéktrate the semiconductor substrate.
[0014]

20 In the above, the groove portion in the semiconductor substrate is desirably
formed in a comner of the semiconductor substrate. Further, a groove portion may be
formed in the base substrate at a position facing the groove portion in the semiconductor
substrate. The bonding of the semiconductor substrate and the base substrate desirably
proceeds from a position in the semiconductor substrate where the groove portion is

25  provided.

[0015]

In the above, the temperature of the heat treatment is desirably 500 °C or lower.
The semiconductor layer provided over the base substrate is desirably subjected to laser
light irradiation.

30 [0016]

In general, the term ”SOI substrate” means a semiconductor substrate where a



In general, the term"SO substrate" neans a sem conductor substrate where
a silicon sem conductor |ayer is provided over an insulating surface.In
this specification and the like, the term"SO substrate" also includes a
sem conductor substrate where a sem conductor |ayer formed using a nateri al
other than silicon is provided over an insulating surface in its category.
That is, a semi conductor layer 5 included in the "SO substrate" is not
limted to a silicon sem conductor layer. In addition, in this
specification and the |like, a sem conductor substrate neans not only a
substrate fioraedesiditcBP iy REPAARAUGIRT alBinGlaidly Rutfacs] SOmaktis
substrates 1 ncluding a semconductor material. Nanely, in this

speci f i catdpevificatigntand the ke, thadernsCFOL sebstraigt @bso|iscladesr seraicersetor n t he

cat egory of %ra?eenkgggd%eﬁ((?ondﬁﬁgrsiagr tt%;;méldoll rgglz]maten tﬂépttl'ﬁmtsmt)n i§ this

speci fi cat% n-an m "SI ng cryst means a crystal in
whi ch, V\heproﬁdﬂiam‘zeman mm}aﬂnglsuﬁ'mesm s q‘:a:begossed Thaths, d|splat§t>11dmtooﬂay18he crystal
axis is_orjen ed | ar direct any ortlon That
is, the singpded ﬁEtPSEfﬁTés lsan%tr@‘?{t%ﬁ E}l %(ﬁ?%ﬁe”f“ﬁ%“ tPeéatyF f crystal
axes is unidaion) ﬁ&hﬁ @E&:’iﬁoﬁﬁ&l aoue 1it§ a%‘éﬁ[boﬂdl\ﬁfbrlsﬁbéuﬁié|mﬁiﬁ§ né calyst al
defect or a danglln ond. [0018

] Furt her, th| ) spe%ldl cation and
the like, %“ﬁ@a[‘%foﬁm%‘ésﬁﬁg(ﬂﬁlﬁdﬁEQI‘BFOI’GEVPTCIQ“&‘H@&HEM%H? Fh¥ratesdn 2 can

operate by, & S \PEARLRDA Fhd (e 1ikE e SOTTWsate@ di Spl ay
devi ce andseg%\éﬁhglt;dé&?%at?e ‘circuit are | %\C| uded in the caet egory So? et he 20

semi conducﬂsaksodm]udcdemtHQl@ﬁ’erymfra@emlmn@@togS@p@@ﬁf| cation and the like, the
di spl a O deté'bgﬁ includes a light emtting display device, a liquid crystal
displag , and a display device including an el ectrophoretic el enent.
A light em ttingNaethaci thizGperdfatian bdytie i) ﬁ:bitelga éslix@lmmrstalambaas diquid

crystal display devi i ncludes a li UId Ccr he .
1 ot - e SV B A B PR i SR ¢ AReEPRALHE TRBLESs
| um nance jsrie@bd frod i&ﬂarbﬁre@tuﬁﬂhraﬁﬁboﬁbn afyedra;ﬂge Thaﬂd &B@@g]feldﬁﬁi:ally
i ncl udes an inorganic electrolum nesc

L el e n Qo C
el ement, aweludese ¢rygal invdvehothe Agecsiogio %(jryﬁ‘@ tire I%Vﬁﬂng’ r?éﬁfs"&#’g‘fﬂ@vﬁl scl osed
'nvent15)”’ev%n%gﬁﬁ%c‘lﬁ'&%§cﬁ§’t§1de?ec§6m§hﬂgsooh@r”Ed in part (the periphery)

of the surface to be bonded. Accordingly, an
[0018]

Further, in this specification and the like, the term “semiconductor device”
means all devices which can operate by utilizing semiconductor characteristics. For
example, a display device and an integrated circuit are included in the category of the

20 semiconductor device. Furthermore, in this specification and the like, the display
device includes a light emitting display device, a liquid crystal display device, and a
display device including an electrophoretic element. A light emitting device includes a
light emitting element, and a liquid crystal display device includes a liquid crystal
element. The light-emitting element includes in its category an element whose

25  luminance is controlled by a current or a voltage, and specifically includes an inorganic
electroluminescent (EL) element, an organic EL element, and the like.

10019}

According to one embodiment of the disclosed invention, a region where gas is
trapped is formed in part (the periphery) of the surface to be bonded. Accordingly, an

30  SOI substrate having a semiconductor layer of which surface roughness is suppressed

can be provided. In addition, the yield of a semiconductor device using such an SOI



30 SO substrate having a sem conductor |ayer of which surface roughness is
suppressed can be provided. In addition, the yield of a sem conductor

device using such an SO substrate can be increased. [0020] A

sem conductor substrate can be used plural tines by being subjected to
reprocessing treatnent, so that cost for manufacturing an SO substrate can
be 5sufficiently reduced. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021]

FIGS. 1A to 1G are cross-sectional views illustrating an exanple of a
met hod 10 for manufacturing an SO substrate. FIGS. 2A to 2C are
Cross- sectguggiﬁltedéh%\@wfaagddstrat| ng an exanple of a method for manufacturing
an SO substrate. FIGS. 3A and 3B are plan views illustrating an

exanpl e of[082%et hod for manufacturing an SO substrate. 15FIGS. 4A to 4G

are Cross-secti %ﬂ@émlydn%@mf bioddis 2hh 8 AR %mmrﬁesoﬁy %eﬂgtshsaéct&prt
manuf acturing an SO substrate. 5A1 and 5A2, 5BI and 5B2, 5C1

and 5C2, amprosddingritraguony s dhaji gk for mmfa%mmgg a@x%%ﬁ@@str@tﬁ ¢MebShape of a
groove or;mn tlv red FIGS. 6A to 6D are cross-sectional views
illustrating a AN exa ucefe of a nmethod 20 for manufacturing an SO substrate.
FIGS. 7TA to 7C are cross-sectional vi evvs illustrating an exanple of a

met hod of reprocessing FIGS. 8A to 8H
ﬁﬁﬁ%ﬁ?ﬁus@fpﬁ aﬁ‘k%%ﬁxﬂ%e &

are cross-sectional views 1l rating an ex a method for
manuf act urfiopZljan SO substrate.

FIGS. 1A to 1G are cross-sectional views illustrating an example of a method
10 for manufacturing an SOI substrate.
FIGS. 2A to 2C are cross-sectional views illustrating an example of a method
for manufacturing an SOI substrate.
FIGS. 3A and 3B are plan views illustrating an example of a method for
manufacturing an SOI substrate.
15 FIGS. 4A to 4G are cross-sectional views illustrating an example of a method
for manufacturing an SOI substrate.
FIGS. 5A1 and 5A2, 5B1 and 5B2, 5C1 and 5C2, and 5D1 and 5D2 are views
illustrating examples of the shape of a groove portion.
FIGS. 6A to 6D are cross-sectional views illustrating an example of a method
20  for manufacturing an SOI substrate.
FIGS. 7A to 7C are cross-sectional views illustrating an example of a method
of reprocessing treatment for an SOI substrate.
FIGS. 8A to 8H are cross-sectional views illustrating an example of a method
for manufacturing an SOI substrate.
25 FIGS. 9A to 9D are cross-sectional views illustrating an example of a method
for manufacturing an SOI substrate.
FIGS. 10A and 10B are plan views illustrating an example of a method for
manufacturing an SOI substrate.
FIGS. 11A to 11H are cross-sectional views illustrating an example of a
30 method for manufacturing an SOI substrate.
FIGS. 12A to 12D are cross-sectional views illustrating an example of a

method for manufacturing a semiconductor device.



25FI GS. 9A to 9D are cross-sectional views illustrating an exanple of a

nmet hod for manufacturing an SO substrate. FI GS. 10A and 10B are plan
views illustrating an exanple of a nethod for manufacturing an SOT
substrate. FIGS. 11A to 1111 are cross-sectional views
illustrating an exanple of a 30 nethod for manufacturing an SO substrate.
FIGS. 12A to 12D are cross-sectional views illustrating an exanple of a

met hod for manufacturing a sem conduct or devi ce. FIGS. 13A to 13D
are cross-sectional views illustrating an exanple of a nethod for

manuf act uri ng apEeE LA ABDI ardl @fbsERectional views @histrddny i Exdfifle ajfen
cross-sectional views illustrati n&l an exarrpl e of a method for manufacturing

a semi condoethest fogmanufecturyg aggmiqosdictes d¢wee- ar e vi ews each illustrating an

el ectronic devi egz@CLOr Qﬁd‘%}ﬁ %&Bﬁs@@ﬁ&aﬂ%ﬁ&woﬁmhﬁﬁn@%ﬁ%&% lenptent i on.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022] 1O0Hereinafter, %nbodl ments are

descrl bed hethebfoampenufadtirinetaremipondiiciyslevispt e that the pyesent invention is
not |1 ted Lo bRgs.dsaGEh Bk biifls LBRiRIRAME R UeroRloids doforiRR® ent 1O

those skilled in e art At hodes an s ca ed”in various
ways Wit howe edbpdimentnd tHermesentinvention.i t  of the present invention disclosed
inthis specification and the like. A structure of the different enbodi nent
can be 15 inplenmented by conbi nati on appropriately. Note that in structures
of the present invent DEFAHER DESECRIBEHOOIOF TBRIDIVEMNIIONons and porti ons

havi ng a s[lﬁad,!ar function are denoted by the sane reference nunerals in all
di agrams efldescri ption thereof is omtted. [0023] 20 (Enbodi nent 1)

Hereinafter, Embodiments are described in detail using the drawings. Note

that the present invention is not limited to the description of the embodiments, and it is
apparent to those skilled in the art that modes and details can be modified in various
ways without departing from the spirit of the present invention disclosed in this
specification and the like. A structure of the different embodiment can be
15 implemented by combination appropriately. Note that in structures of the present
invention described below, common portions and portions having a similar function are
denoted by the same reference numerals in all diagrams, and description thereof is
omitted.
[0023]
20 (Embodiment 1)

In this embodiment, an example of a method for manufacturing an SOI
substrate will be described with reference to drawings. Specifically, the case of
manufacturing an SOI substrate in which a single crystal semiconductor layer is
provided over a base substrate will be described.

25 [0024]

First, 2 base substrate 100 and a semiconductor substrate are prepared (see
FIGS. 1A and 1B). In this embodiment, the case where a single crystal semiconductor
substrate 110 is used as the semiconductor substrate is described.

[0025]
30 FIG. 1A illustrates the base substrate 100, As the base substrate 100, a
substrate formed of an insulator can be used. Specific examples thereof are as follows:

a variety of glass substrates used in the electronics industry, such as subsirates of



In this enbodi nent, an exanple of a nmethod for manufacturing an SO
substrate will be described with reference to drawi ngs. Specifically, the
case of manufacturing an SO substrate in which a single crystal
sem conductor |ayer is provided over a base substrate will be descri bed.
25[ 0024] First, a base substrate 100 and a sem conductor substrate
are prepared (see FIGS. 1A and 1B). In this enbodi nent, the case where a
single crystal sem conductor substrate 110 is used as the sem conductor
substrate is described. [0025] 30FIG 1A illustrates the base substrate
100. As t hayhasgiskbsibdsaii8mteBorosliSad Sihdsaimd HabitiEbraaflical gldigul r.?lhﬁi can be
ass

used. Specific exanples thereof are as follows: a vari e'éé of g

subst r at essubgiEp; | f qerenie| whitragni ¥ PneARBRiFY subsral- adNaly _?tré’ché% tB?_ _

al umi nosi | 15t 6B ARa glad! HBLRRDLSRSMY L ERLR aHbAHDF R RRIde YBUOPIASi | 1 cat e
glass; a quartz su st?at e, a ceramc substrate; and a sagphl re substrate.
Not e that bonignacihhematsorectiseln hpabmesibtant aslass spshbe abtaingdnt dnpersfore, | hriger anount
of barium Qxj ( i 1 i - i nt gl ass
can be Hoy el G b AL g m D BEQATHRE, nisi ek BRALET

cont ai ni ngsubsirae Ba@ toHmme B2O Esibancs e Nowhtat inlis ginhedimenibs desgriptiondeds t o

have heat r.esistance. te that pn_thi I I pgA is given
of the cas%w%%f: e asgel“ésegeisl E‘g% F’ugts%&t? éssﬁsgggggdse%ées%gg%gzg%sm e2100. Wen
a gl ass sugladsrabsrawhivhich can ey e largbrasigreandsiszieexpankivesisi usek petiss basei s used
as the basebsubs{@ate I1)03 a cost reduction can be achi eved. 10[ 0026]

Al t er nat i vP§HTate, L3 oSG8 AL PRHATIXPE such as a single crystal silicon

substrege @o2# single crystal germani um substrate may be used as the base
substrate 100. Here, aﬁ a sem. conductor substrate, a.s I;a?;ys%ja e silicon

(SOG- Si) subst r {E™8VERea | SRR SIPSTAC SHFR & nih¢ sicon

pol ycryst abdbiihfe SISO GhIGTerBaidsh bisBatdBay!de ubeied thelfasd subkie case of
using a SOG Si substrate, a | ycrystal |l i ne sem_conduct or sub te, or the

> tr
Tke. manuHeis: 4 HieBdNcorabRBE 8 Jolenarda s iR SO0 Bt oade 1 using a
single cr yl'i%y?"be %iséld. C%rl‘t_eﬁfdﬁiélﬁ at ﬁolWr%sttahl@né seBeoniGeas dubsttate m&ﬁb%'dsélﬁt rates

the single crystal sem conductor substrate 110. As the 20 single crystal
seni cohduchothe segsf uging a18QG-Si sehishafeed polyyyplling prorerTdUetoOIbETRIS1F at e

formed usigpg@an ﬁé@%ﬁﬁﬂ@%ﬁﬂ’% BY rdRcd QURmbAreR o tiREsE QticCa Liaptke, such

as a single crysta ubstrate, a single crystal germani um

subst r at e, ciystalzilsomgibetrage ysthaliksi | i con ger mani um substrate, can be used.
Furt her, a[ %Qﬂpound sem conductor substrate using gallium arsenide, indium
phosphi de,"or the |i ke can be used. Typical exanples 25 of commercially
avai |l abl e sil i cdiGstuBstivsates the eingler @ydtalrsegiidondustorswbsitataad By Wi & are 5

e 2T R s ST b TSl g, (200
di aneter. iNoied tdigd ad blemsitdpngihg thEraipnigl & the patodic taldei sudnauzsioglesubstrat e
ORI R R N TS N P e
Further, tpamahiagl Qubetast @ BelbedonGusthed) a Sdvbpbimi eenlitéhdoanr bebsrramuf act ur ed
by a Czoc hlasairllgs lg(eilllilgmcgl)“senrﬁé, QI(l)dcijunqrphgsp]iAd%? (tirl tlﬁg liig Qa?n lgeFqu)ed.rTEfyg?cgl e:[a?n% eg]
25  of commercially available silicon substrates are circular silicon substrates which are 5
inches (125 mm) in diameter, 6 inches (150 mm)} in diameter, 8 inches (200 mm) in
diameter, 12 inches (300 mm) in diameter, and 16 inches (400 mm) in diameter. Note
that the shape of the single crystal semiconductor substrate 110 is not limited to a
circular shape and a single crystal semiconductor substrate which is processed into a
30 rectangular shape can also be used. Further, the single crystal semiconductor substrate
110 can be manufactured by a Czochralski (CZ) method or a floating zone (FZ) method.
[0028]



Note that in this enbodi ment, the case of using a single crystal

sem conductor substrate as a sem conductor substrate is described; however,
one enbodi nent of the disclosed invention should not be construed as being
limted to this structure. For exanple, as a sem conductor substrate, a

pol ycrystal Il i ne sem conductor substrate or the 5 |ike may be used. [0029]
In view of renoval of contamnants, it is preferable that a surface of the
single crystal sem conductor substrate 110 be cleaned with a sulfuric

aci d/ hydrogen peroxide m xture (SPM, an amoni um hydr oxi de/ hydr ogen

per oxi de m xt ur iotARMin t8s dBbSMALACHE Qi Gf BGihElh REIQBRMI BaMiONIddaoM Xt ure
(HPM, diluted hydrofluoric acid (DHF), ozone water, or the like. D lute

hydr of | uorsubstests & @ prinieangretomerbelraterisydaseriberskanavge ana prbedyac| of ther
cleani ng. JQ930 ueiton SolRCER MR 4RGN thAQ edhsiOw! Blsihuedlrd ORGP a 01 oove

portion) is torne a region corresponding to the periphery of the
si ngl e cr ystmplesan ssonebuducr sybdtrater apelydrygaliine sammigpnducter sybwtesartiba rat e (see
FIG 1Q) . As.a _neth for form ng the recessed portion 140, a mask is
fornedg%vé#mfﬁiqgﬁﬁg'e crystal sem conductor substrate 110 and the single
crystal sgxzxdnductor substrate 110 is selectively renoved. A resist mask
may be used as the. mask whi is, forned. over.t i.ngl e cr .

sem conduct or 2%“ 5B f%?%’ag%om m]%arﬂ?r?ﬁt hod eﬁe{)ar%%ftgartr?i%%a eh%‘%ée:g(l:n % ed
portion, fg@ystasamiRbiductr witistret Ahd be clerdddodith a sulfwyicetidiydggerepdradde or a
conbi nati on, of a etching nethod and.a. dry etchi,ng t hod, | aser
processindnﬁﬂFﬁdﬁpﬁénaﬂl??ﬁ@ﬁﬁpc%§$8§@§@¥%6g%hPﬁ8§@ﬁam§$F?IgH) tedsing

met hodyy a Kydfdcaltia atidmy@egasShockidehbade (MPMY,hRluted kgdmlyoricacits @HF)The dept h
of the recessed portion_140_is gnga er,thgﬂgﬁr equal to 14%%0 algrcfferably
great er 25°ZPRaNah opfgdiket PHyig fydraguaricse é’ﬁ?‘% Yerer o schaigp equal to
1/°2, of thgehhicpkResSa?lg t he single crystal sem conductor substrate 110.
The recessed portion 140 may penetrate the single crystal sem conductor
substrate 9% [0031] FIGS. 5Al and 5A2, 5Bl and 5B2, 5Cl and 5C2, and 5D1
and 5D2 illustr g 30-ZREE phbiibn SMPRES Serrt ' Jsgm%omﬁ s emRAGYi ded in
the single crystal sem conductor substrate. FIGS. 5Al and 5A2 illustrate

t he cake whesgenacoremending to dhet pesiphay @F theysipgle ichglak sempigandastos gbsedhduct or

substrate ljiﬁosgrvjﬂ?gsasaa l?o?lﬁisﬁ@ltrat%qg&q?IGF ié‘} 2% thénd Rk #tming the recessed

portion 140, a mask is formed over the single crystal semiconductor substrate 110 and

the single crystal semiconductor substrate 110 is selectively removed. A resist mask
may be used as the mask which is formed over the single crystal semiconducior
20 substrate 110. As a method for forming the recessed portion, for example, a wet
etching method, a dry etching method, or a combination of a wet etching method and a
dry etching method, a laser processing method, an ultrasonic processing method, a drill
processing method, a microblast processing method, or the like may be used. The
depth of the recessed portion 140 is greater than or equal to 1/100, preferably greater
25  than or equal to 1/10, more preferably greater than or equal to 1/2, of the thickness of
the single crystal semiconductor substrate 110. The recessed portion 140 may
penetrate the single crystal semiconductor substrate 110.
[0031]
FIGS. 5A1 and 5A2, 5B1 and 5B2, 5C1 and 5C2, and 5D1 and 5D2 illustrate
30 specific shapes of the recessed portion provided in the single crystal semiconductor
substrate. FIGS. 5A1 and 5A2 illustrate the case where a recessed portion 1402 in a
single crystal semiconductor substrate 1400 has a conical shape. FIG. 5A1 is a plan



view of the recessed portion 1402 in the single crystal sem conductor
substrate 1400, and FIG 5A2 is a cross-sectional view of the recessed
portion 1402 in the single crystal sem conductor substrate 1400, of a pl ane
which is perpendicular to the substrate surface. FIGS. 5Bl and 5B2
illustrate the case where a recessed portion 1404 in the single 5 crystal
sem conduct or substrate 1400 has a triangul ar pyram dal shape. FIG 5Bl is
a plane view of the recessed portion 1404 in the single crystal

sem conduct or substrate 1400, and FIG 5B2 is a cross-sectional view of the

recessed paéw ofmhelidbidsddpoktitt FIODGh eheCdiyé BlysBEsntevndutsodubstaksiqoat e 1400,
of a plane which is perpendicular to the substrate surface. FIGS. 5Cl and

5C2 i | | ust3EEGHHE I8 asEostprerionah view ot dhesgosserdipopion 4851 the single ¢s@l ngl e

crystal smﬂ@&e@&r@ﬁm&%qho@b@a gﬂQQWH@ﬁ 1s%3eﬁ5éﬁéﬂ:lﬁﬁlttb el sMbeslelsididecal shape
whose part_is | acked 5CI is pl an view of the recessed portion 1406

in the singGé. éBﬂ,@pé|5B§’rewhhasﬁ@ﬁmﬂv@tqaﬁe yhersta @péssqdzlwwladd%mhse@gl% a

Cr 0Ss- Sect i onalseiciillor WIRrAE G86SREA POLAIIR plAMRAH Bndphe FlCNEBE iG] VSt 2l
sem conduct or s?elgsctrat gr140t6 g a aane g%él S pelrl_%)en |cu%r1to t he
substrat e manefew of HieGScesSBIpoatiah Bm mlthm@nglatcerswheermqdeQ swhetrate a
recessed ki al S e 1400
has a quagﬂ g?lg gr%ég%jsﬁatclp%séﬁ%gléﬁ E éﬁtﬁ%ﬁe%g &ﬁ%i%“e@vlﬂ%f t'IEg'gete recessed
portion 14f@gstalserhicendictogbubstaty 344, OSeprlanfowﬂuhtwm&sﬂaatbehclms}ratand FI G
5D2 is a cr I f .t recessed portion 1408 1 single
crystal %%%ohdui(tt'%g@uaﬁl\sét ratlﬂuﬁr&gaothe 54 W% Prec\?\ﬁ%ecpﬂmf“sm E)!(Ladr%pnelg% cular to
the s utﬁst r srigde &gﬁtﬁl&emcoﬂ&lcdﬁ salfstrbted49(bbasa, subkt&ntml:la pﬁuﬂhca’l @hatpla evhogcessed

portion in the SI n m cond or sub e i s.a,coni cal
shape, a gp&#é#@ s §H’ V‘%‘ﬁ %rea?estsf P&‘L&g g]ﬁl 9He shape or
a quadr angmrj;sﬁedl samjoaﬂauéﬁ;lr sSbaRe, 1@0cyﬂd le} iscalis &hﬁﬁﬁrseﬁfon@l ﬁe\by;gcmcal prism
shape such as tr|an rismatic 0 adr an snatlc
shape. Furlfffé Roﬁ‘@ncg%ﬁclalt S Fiaps Céiff’éfi ICBQJWCWH%:"‘&'*EP“@% a%le in
their respgkitih mq)eﬁﬁﬁﬁa%tsmasusﬁﬁﬁméeal FYGE S DA Gk m&sa@@ t@eras@
substantially cylindrical shape each of which part is |acked, respectively.

[0032]15  wherpp¥gcessgthporian 1405 indhe sigels crystal semiqogduater subabinter 14RO basayl e

crystal S%&faﬁlgﬂ'&tp%mmaﬁ@t ?1@15@)1(1§§§1aﬁlv£éw18)the f‘ét%&séd}%%eﬁf 408 i ayer 114
can be formed using a single | ayer of an insulating layer such as a
silicon oxhelgngle |cmstahse§m:qné@<ﬁowpma@q 1498, and| KG. FDXis|a caess- SPﬂtloﬁfild’@Wl‘l Im or a
silicon ni ns. These
i1 e can Berd et Borioh Mo fho S P W oo R Al 08 074

sput t er i ngplanstwiodh is perpedecullar kethe Mdiseate ierface.heAs d\@uulwduah‘gfel. @zyehapimﬂ is not

neces il . o fa t he
reces?eyt’j p%? %cgéée‘figm%ﬁdﬁg%i glk%? e%&g%g&cg&ﬁﬁ&éﬁgﬁ%@%#ﬁl% (#%na gogncfgi he |i ke,
t he t er m cshypu, ta ipdiygomel grysanbidalastaps Lost ance tumulaccpylrm@ﬂ shape omxaygen
(atoms) than.nitroge s r.,ex con, ox n|tr|d

Subst ance THLPHETRI BB DY « SEhLTAIRRT ook PoUERLIRN 15 Piges of
greater thamgnlaremisﬁ:hué @hdi»e @ta %{w}mhghlasmﬁﬂam ﬁrapeqtfa:hhéxp tliéOcca:ﬁca% greater
than or equal to dles tha reu to 15 at. terthan
or equal tyaRFsangt A)ca aP‘T‘léﬂ? 3%%“‘?6 8Ttegﬁ7”e%1ﬁcf than or
equal 190 Gohicalt sﬁéparwldlaesaastahiaﬂlyoeylmn@thpd eaohoofaﬁvh%h paes iserabkeael y.
Further, the term nitride oxide refers to a substance that contains nore

ni trogen ("8IEEEEM han oxygen (atoms). For exanple, silicon nitride oxide is
a subst anqggeizjcl udi ng oxygen, nitrogen, silicon, and hydrogen in ranges of
greater than or equal to 5 at.% and | ess than or equal to 30 at.% greater
than or equal t & aninsylatipglayersHl4ip formed oxefithe sioglestysial somicondsaiobr t han or
equal to @bﬁfate@l%“@eém lﬁj‘a”THémElﬂatﬁﬁ%:!rertl‘M%én Bt fHfmeANdinge@kA¢ than or
equal to 10 at.% and | ess than or equal t.% respectively. Note that
rat es ¥¥ daweﬁ anripgulatige dayes ishghcasna sibipen hyd% @@fe,na ﬁlélpqm ekmfiride fila, a

af orenent i rg usi ng

Rut her f or ggé@gig?g]rl’l %gat ?%‘é“gﬁﬁg’%w}?( S)%§gr %EE%# g%n&?‘% &g?%gscatterl ng
(HFS). Morfgdoser Thashdilmotan bef formechby e dimroak oxidadtion n@lthqdhe @dhgtethodent

el ements is maxi num at 100 20at. %
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[ 0034] Next, an enbrittled region 112 is fornmed at a predeterm ned
depth fromthe surface of the single crystal sem conductor substrate 110
(see FIG 1E). [0035] 25The enbrittled region 112 forned in the single
crystal sem conductor substrate 110 at a predeterm ned depth fromthe
surface can be formed by irradiating the single crystal sem conductor
substrate 110 with an ion beam i ncludi ng hydrogen ions or the |ike having
ki netic energy. The depth at which the enbrittled region 112 is formed can
be controlled by the kinetic energy, mass, charge, or incidence angle of
the ions, gatérdi@ Be&hdd, ke theltilke. emotd thal 8@ ihRgitag 1dyk? 114 isf Ryt MREbsaily

approxi mately the sanme depth as, the average penetration depth of the ions.
Ther ef or e, Pre¥ided ¢ %Rﬂé%gmgfe apddhe,btienguyfagenf thegeerssed pationd 01 ayer to be
separ at ed oy the single crystal sem conductor substrate 110 can be
adjusted wth'the depth at which the ions are introduced. For exanple, the

aver age penet r afNognthgept hisgpecBisatiaanandotbp dikes theHemn gkynitide trpfesidiess of a

single gry, ] t I | | at pi.or equal
to 10 nffn a%g&‘:mecg ?H%tﬁ%%ggﬁ Ig&gq(g(é' ént gﬁ%%sgggér}nf(hﬁ ?de aé‘%??‘, fga(gre%x?%ale’t han or

equal to Sdlisgmoaxpeittideds atsnbgtange insdudag exygQOMitragen, silicon, and hydrogen in

ranges of greater than or equal to 50 at.% and less than or equal to 70 at.%, greater than

or equal to 0.5 at.% and less than or equal to 15 at.%, greater than or equal to 25 at.%
and less than or equal to 35 at.%, and greater than or equal to 0.1 at.% and less than or

10 equal to 10 at.%, respectively. Further, the term nitride oxide refers to a substance that

- contains more nitrogen (atoms) than oxygen (atoms). For example, silicon nitride
oxide is a substance including oxygen, nitrogen, silicon, and hydrogen in ranges of
greater than or equal to 5 at.% and less than or equal to 30 at.%, greater than or equal to
20 at.% and less than or equal to 55 at.%, greater than or equal to 25 at.% and less than

15  or equal to 35 at.%, and greater than or equal to 10 at.% and less than or equal to 30
at.%, respectively. Note that rates of oxygen, nitrogen, silicon, and hydrogen fall
within the aforementioned ranges in the cases where measurement is performed using
Rutherford backscattering spectrometry (RBS) or hydrogen forward scattering (HFS).
Moreover, the total for the content ratio of the constituent elements is maximum at 100

20 at%.

[0034]

Next, an embrittled region 112 is formed at a predetermined depth from the
surface of the single crystal semiconductor substrate 110 (see FIG. 1E).
[0035]

25 The embrittled region 112 formed in the single crystal semiconductor substrate
110 at a predetermined depth from the surface can be formed by irradiating the single
crystal semiconductor substrate 110 with an ion beam including hydrogen ions or the
like having kinetic energy. The depth at which the embrittled region 112 is formed can
be controlled by the kinetic energy, mass, charge, or incidence angle of the ions, or the

30 like. The embrittled region 112 is formed at approximately the same depth as the
average penetration depth of the ions. Therefore, the thickness of a single crystal

11



[ 0036] The above-described irradiation treatnent with an i on beam can
be performed with an ion-dopi ng apparatus or an ion-inplantation apparatus.
As a typical exanple 10 of the ion-doping apparatus, there is a

non- mass- separati on type apparatus in which plasnma excitation of a process
gas is perfornmed and an object to be processed is irradiated with an ion
beamincluding all kinds of ion species generated. In this apparatus, ion
species in plasma are introduced into the object to be processed w thout
bei ng nmass-separated. In contrast, an ion inplantation apparatus is a

MBS s- separRiniAductordBRAfode WeparatbiEfro thd Jipliadty ailiseiconfioa butstrats 1 BN
apparatus for irradiati n&i an object. to be processed with an i gn beam
c

i ncl udi ng §3BrPesydeted sviinhe figpth & uich the igpsareiprodureds s FebpEAmps: dbe of i on
speci es i NyyR}a3s Ponetrh@A3ehttl Hay P SorBBRQHHIE Mat tRANBKASPSEa siﬂ%mfefy@tm hydrogen
is introduced into the 20 single crystal sem conductor substrate 110 with

t he use ofsemdrondisicidpyicnds anppaiiatiely Srepteddbany qringyal to 1§ 4un awshicss Hrmer hydr ogen
i s used as i i i on of
3+ o o erEHapHOF EnitRroraf, el @lFon udt Sy pOhB ARl HaPHIPNC
proporti ommf H3+ be set 50 % or higher (nore preferably, 80 % or higher)
wth resp B(ﬁo the total anobunt of Ht, H2+, and H3+. Introduction

ef ficienc o% ions can be 25 inproved by increasing the proportion of H3+.
[ 0038] Not e t hafThe ebyeideschbibed imtadmtioc trehtmem Wit anl jombtand camobé parmoéd hydr ogen.
lons of heliumor the |ike may be.introduced. |0 t i.ntroduced are not
| ted ovIhE BkPRe sy et MKichQePBRUAG il e s RRmith ERRHEG,

exanpl 8 idf thééomsdmpingodpppatikptheteny a3flon-mbssacpatitioanysdf agpachhagernwldeid hel i um
concurrentH usingﬂ?n ion dqging apparggus ﬁ%pe Q$nber gf stegs can be
reduced asPEGRpEIHEIYOh AP S BT SRTPEPH AY PROPEILE PORTSF N ogen and
hel i um i n segiakatvits hefen badhl isdidige all Nondghstens Pbcies génagked. chy Hial

sem conductor |ayer to be formed l.ater can be further suppressed. [0039
apparatus,yion species (1311 plasma are introducedainto tﬁe oblject to {Je progfpssed without [ ]

being mass-separated. In contrast, an ion implantation apparatus is a mass-separation
15  apparatus. The ion implantation apparatus is an apparatus for irradiating an object to

be processed with an ion beam including ion species having a specific mass with mass

separation of ion species in plasma.

[0037]

In this embodiment, an example in which hydrogen is introduced into the

20  single crystal semiconductor substrate 110 with the use of an ion-doping apparatus is

described. A gas containing hydrogen is used as a source gas. As for ions to be

introduced, the proportion of Hj' is preferably set high. Specifically, it is preferable

that the proportion of Hs* be set 50 % or higher (more preferably, 80 % or higher) with

respect to the total amount of H', Hz*, and H3*. Introduction efficiency of ions can be
25  improved by increasing the proportion of Hs'.

[0038]

Note that ions to be introduced are not limited to ions of hydrogen. Ions of
helium or the like may be introduced. Ions to be introduced are not limited to one kind,
and plural kinds of ions may be introduced. For example, in the case of performing

30  introduction of hydrogen and helium concurrently using an jon doping apparatus, the

number of steps can be reduced as compared to the case of performing introduction of

12



Here, surface treatnment is preferably perforned on surfaces to be bonded 5
before the single crystal sem conductor substrate 110 and the base
substrate 100 are bonded to each other. Surface treatnment can inprove the
bondi ng strength at the bonding interface between the single crystal

sem conductor substrate 110 and the base substrate 100. [0040] 10As
exanpl es of the surface treatnent, wet treatnent, dry treatnent, and

conbi nati on of wet treatnment and dry treatnment can be given. Different wet
treatnments or different dry treatnments nay be conbined to be perforned.

[0041] As %aipeh @9d Aelifl SinVRbarhicCASIE BAd sQFRBEOLEIBRETEBNE sitfpldgrye@pne wat er
(ozone 15 water cleaning), nmegasonic cleaning, two-fluid cleaning (nmethod

in which fsgmicondursr layst ©rbedorated Jaderoan be {psthersuppressedir ogenat ed water and a
carrier 9390 ch as nitrogen are sprayed together), and the |ike can be
gi ven. As exanples of the dry treatnment, ultraviolet treatnment, ozone
treat ment, pl asiigre rsedaoseimeament ds meeferellyt prstormed e shifeess 4p drei kaadedn,

radi cals treat et . | j LHRY SarlesEeiohest surface
20 treast nebne?(;ron a%m%lgﬁg}é{%??% gﬂd%?tg%gg)ggﬁg?gﬂglﬁﬂgfe c%[s%%a?&sem conduct or
subst r at e, boaded s vdcht othey. | Siyréace fieatmedt osre improwe thyl kondingsstghgtbeatitbonduct or

substrate,, a.support substrate. or _an {nsk I far a
support su'f%’fhrngt"g rf?‘lcgijegvr? CBt Tec g?%?ry?[anlpsg%\a;%oﬁ%dc? e y geolg% iaﬁ?glle?%égénd

cl eanl i nessibgifatd 108. surface of the object to be processed. As a result, the
bondi ng stnrogg(gth bet ween the substrates can be inproved. 25[0042] The wet
treatnent ffective for the renoval of macro dust and the |ike attached

to a swface of Ashexaghjeecif the Wefapy oaesErer. wetheeadhiontt dgatreament] anef f ecti ve
for the renoval or ecorrposit%]gn of mcro dust, sucg) S an g&gﬂani Cc substance

attached t@mPatiPr ghwetfreaipat 3gdoy freatyent sabegiuens o fPilleppnt Web REAUDEIG i oy ¢ he

dry treat ngiffsbi ryPeatflent thiydd Rbdinetl iewd pePimés perfornmed and then the
wet treatnent such as cleaning is perforned is preferabl e because the

surface of[%P#d object to be processed can be made clean and hydrophilic and
generation of Wal&KHRHKS oPhe WL MRS Bzddtk theB@ncdPiidd odoRe BRter (0zone

15  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 nifrogen 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 to be processed (a single crystal semiconductor substrate, an
insulating layer formed over a single crystal semiconductor substrate, a support
substrate, or an insulating layer formed over a support substrate) has an effect of
improving the hydrophilicity and cleanliness of the surface of the object to be processed.
As a result, the bonding strength between the substrates can be improved.

25  [0042]

The wet treatment is effective for the removal of macro dust and the like
attached to a surface of the object to be processed. The dry treatment is effective for
the removal or decomposition of micro dust such as an organic substance attached to a
surface of the object to be processed. The case in which the dry treatment such as

30  wuliraviolet treatment is performed and then the wet treatment such as cleaning is
performed is preferable because the surface of the object to be processed can be made

clean and hydrophilic and generation of watermarks on the surface of the object to be

13



processed can be suppressed. [0043] As the dry treatnment, it is
preferable to performsurface treatnent using ozone or oxygen in an active
state such as singlet oxygen. Ozone or oxygen in an active state 5 such as
si ngl et oxygen enabl es organi c substances attached to the surface of the
object to be processed to be renoved or deconposed effectively. Further,
the treatnent using ozone or oxygen in an active state such as singl et
oxygen may be conbined with treatnment using ultraviolet |ight having a
wavel ength of |less than 200 nm so that the organic substances attached to
the surfacgoQksdalgn PPdupplessde@. be processed can be renmoved 10 nore

ef fecti veI Specific descrl ption thereof will be nade bel ow. [0044]

For exarrplé0 43lrradiation with ultraviolet light in an atnosphere containing

oxygen is perf orqin. 49 REEIALM & BRSHIE AP SarlokRALARR rclinch QDR Lo e

processed. Irradiation wth ultraviolet l1ght having a wavel ength of |ess
t han 200 nenoabigenih e astivelsiate seeh 3sisifiglet haxdeng QzangwePBiTgR M Bfachiyedater t han or

eaual Lo 208 uhAeAl, BLIARREL G0 ALALAG NG R TR O ared. SO

t hat oZone an oxygen c e gener at ternatively, | rradi ation
with ultr aMIb@Ipectce$sb¢1tmbehmowg Oadw@momdgﬂqctoiblﬁ eEsrthenahp U@OneRuBEY be
performed, so that ozone an oxy I dfhed 5]
20Exarrp| es0 B PEAEYEBNS Vegcpageurgu y&gpgeh?%ior m g I r?g\%l atl ond ‘Qﬁﬁ
ul travi ol eﬁrealunginmﬂng.\ulmioaaem@ltte]hwhgtmwa*feléngﬁasoftlharthaﬂﬂ)m,awdthaﬂ the avi ol et
l'i ght havin vel engt h. o ea r .equal 00
at nospher €° g?fﬁ‘f \é\ﬂ%ﬁﬁaﬂcﬁs é‘ﬁfaﬁc{]to %%?‘?%%8‘9“63 E ’i?ce(s?% b rr§ © fe-néovﬁ?3P) +
0(3P) 1d 1) mBfePRectiveB?2 Spect dcscrfpﬁ)m BlorédBwilhbe X belww. - > 0(D) + 02 . (3)
[0046] In thﬁﬂabove reaction formula (1), irradiation with ultraviol et
l'ight (hi' ving a

For example, irradiation with ultraviolet light in an atmosphere containing

oxygen is performed to perform the surface treatment of the object to be processed.
Trradiation with ultraviolet light having a wavelength of less than 200 nm and ultraviolet

15  light having a wavelength of greater than or equal to 200 nm in an atmosphere
containing oxygen may be performed, so that ozone and singlet oxygen can be
generated.  Alternatively, irradiation with ultraviolet light having a wavelength of less
than 180 nm may be performed, so that ozone and singlet oxygen can be generated.
[0045]

20 Examples of reactions which occur by performing irradiation with ultraviolet
light having a wavelength of less than 200 nm and ultraviolet light having a wavelength
of greater than or equal to 200 nm in an atmosphere containing oxygen are described.

0, + hv (A nm) —> OCP) + OCP) - - - (1)
OCP) + 0z > 03+ -+ (2)

25 Os;+hv(hmm)— O('D)+0,- - (3)
[0046]

In the above reaction formula (1), irradiation with ultraviolet light (hv) having a
wavelength (A; nm) of less than 200 nm in an atmosphere containing oxygen (O2) is
performed to generate an oxygen atom (OCP)) in a ground state. Next, in the reaction

30 formula (2), an oxygen atom (O(’P)) in a ground state and oxygen (O») react with each

other to generate ozone (Os). Then, in the reaction formula (3), irradiation with
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wavel ength (Xi nm of less than 200 nmin an atnosphere containi ng oxygen
(02) is perfornmed to generate an oxygen atom (0(3P)) in a ground state.
Next, in the reaction 30 formula (2), an oxygen atom (0(3P)) in a ground
state and oxygen (02) react with each other to generate ozone (03). Then,
in the reaction formula (3), irradiation with wultraviolet |ight having a
wavel ength (A, 2 nm of greater than or equal to 200 nmin an atnosphere
cont ai ni ng generated ozone (03) is perforned to generate singlet oxygen
O(D) in an excited state. In an atnosphere containing oxygen, irradiation
wi th ul trayigli&tt idhd BivillRy WadeléhgtBps hah of Ere%r 1188 $r EQAD 12 BN & per f or med
to generate 5 ozone while irradiation wth ultraviolet |ight having a
wavel engt hatopsphere sostainitgagenerated paeme (@) ZOperfpmnpd tq eeeetiiagietooxyeerer at e
singlet o by d i1.ng =de ihe LA -of r eat ment
can be. per s oD o B L AR o Bt e lry
lamp (Xi =ult®5olpiniigh® Hading a=w2edength) of lessatham 209 gwhdy perfoomediin gengraxy gen.

10[ 0047, exanpl e o I I ich, i u
i rradi as.lti R ohi E""ﬁﬁ& ar‘fé?\?’i"gﬂ”e’%h f)%ggw?ﬁﬁ%é‘%tﬂ%"%@maa@%?%%&@hgfﬁ?fe?és@*? Ran 180 nm
i n an at nogjohlans @0¢ amtiapaiforged xy grmaratessingdes oxydee dylietouposB ozotey [Re3 nm) - >

0O(1D) + 0O(3P 15Q(3P) + 02 -> 03 03 h 3. . => 01D 02
057 000 above-desbieasiticdieatinent sanche hrfprb gty artyls, Bfintor i) | *
ul travi ol ebwlirgire Bastéurg lanp\ay & B8504H, {,A3 20MhmPin hesnokplRfe doBhining i N an

at nosphere contai ni ng oxygen (02) is 20 performed to generate singlet
oxygen O( 1BYe¥h an excited state and an oxygen atom (O(P)) in a ground

st at e. g\ex 04~}]n the reaction formula (5), an oxygen atom (O(P)) in a ground
state and oxygen (02) react with each other to generate ozone (03). In the
reaction fornul &n(@pmplerafdk westion Whiehhis grused by dheciragiptiga with pitgyiolst

wavel engt hy: i : Ll

gener at edhhoélgﬁgﬂ%%ﬁgaivél% ?gg%e%&?}) 25 gqlé%fe}rzi g%@%?ﬁg?%@%&g%‘%hp% an

exci ted stdeseitedtielowygen. I n an at nosphere containi ng oxygen, irradiation
with ultraviolef |igh i ng:a waygl ength of |ess than 180 nmis perfornmed
to generat 2%&%{%@“&‘&&;{%%5@@%@ dﬁngl et oxygen by deconposing ozone or
oxygenis The¢appoe-gdescri(ped surface treatnent can be performed by, for
exanple, irradiation with a Xe excimer W lanp in an atnosphere contai ni ng
oxygen. 30Poohofis nm)—>O(D)+0; - - (6)

[0048]

In the above reaction formula (4), irradiation with ultraviolet light having a

wavelength (A3 nm) of less than 180 nm in an atmosphere containing oxygen (O») is
20 performed to generate singlet oxygen O(ID) in an excited state and an oxygen atom
(0(3 P)) in a ground state. Next, in the reaction formula (5), an oxygen atom (O(3P)) in
a ground state and oxygen (Q) react with each other to generate ozone (O;). In the
reaction formula (6), irradiation with ultraviolet light having a wavelength (A3 nm) of
less than 180 nm in an atmosphere containing generated ozone (Os;) is performed to
25  generate singlet oxygen in an excited state and oxygen. In an atmosphere containing
oxygen, irradiation with ultraviolet light having a wavelength of less than 180 nm is
performed to generate ozone and to generate singlet oxygen by decomposing ozone or
oxygen. The above-described surface treatment can be performed by, for example,
trradiation with a Xe excimer UV lamp in an atmosphere containing oxygen.
30 [0049]
Chemical bonding of an organic substance or the like attached to the surface of
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Chem cal bondi ng of an organic substance or the |like attached to the
surface of an object to be processed is cut by the ultraviolet |ight
havi ng a wavel ength of |less than 200 nm and the organi ¢ substance attached
to the surface of the object to be processed, the organic substance whose
chem cal bonding is cut, or the |ike can be renoved by oxidative
deconposition with ozone or singlet oxygen. The surface treatnent as 5
descri bed above can enhance the hydrophilicity and cl eanliness of the
surface of the object to be processed, making the bond nore preferable.

[ 0050] an obRKio, belpaR 288 & catBy the altfivib) Lightthat g aSiElketE by Bksthan
sem conduct or substrate 110 are bonded to each other with the insulating

|l ayer 114 399tk gadthg orgreicsnaianse attachedktotheguriper afpthe oliceet IbrpAeFsicde base
substrate d0@apd stib\@ansé RBb& HedidaBbork@dh £UNH Uk R likUBHtBAkRoTelOpyf 0 each

other with the insulating |ayer 114 interposed therebetween, a space 141
sur r oundedoXidptive eleepmamesidion oyith ezpnienort seglel prgigen. c rThet girfase eatdsaiuat or
substrate #;Q.[ €Al A5 fars 94 fRnagd [ ' forned as
foll ov\g’f t he bgggbé‘%bcs?tgr ate %%gé%%&ihﬁ%ggia%lce crygstg?ﬁgesﬁg%ég?&% or
subst r at e dbj®t trbe pdicsgsod enpking thd rad nwapretrable with each other with the

i nsul at i ng[ er 114 therebetween, and then a pressure of greater than or
equal to 1 n2 and | ess than or equal to 500 NNcnR2 is applied to a

porti on of the basgtlsbbstubitatc@0 aod thehsingld argdtd semigendukctos ewbstdadllt or

Substrate 110. ondi ng between th se hstr an -nsul ating
| ayer 114 ﬁrgg%"éiﬁ%%aetag]ﬂog?r W’#bmﬁf)g‘}'s?lla@nr‘gbﬁ%erv@%%:lﬁer?%ég%r%%ggt&vfz %1 ﬁ'ts'%e%{gm i ed and
spont areoutF)boRd bawglingy the badsubishteUugdand the Ginglervpgstal sdmicanibctoesubstrdtace from
t he portiop., Thi§ bondi i s. performnmed der the action of the der
Waal s for CQO&P € é’d?tgﬁre?i&gg?‘?df]ﬁ’gmé‘ﬁdayc?ér]lwgéneiﬁg?slﬁgm%’eﬂee?’oao?‘ﬁaf% rature.
[0051] ljt Zsig&o@ticﬁ_ﬁ %S(@lifﬂf%o&d%qio_rt}jdﬂgn .M'hgrmm{gstﬁafsembohmfﬁrtsmtmshg e@h of the
recesse ortion provided jin the si e, crystal sem conduct or
substrat e ti}igaseéélémaﬁ% 190 ﬂﬁ%ﬂpﬁipﬁ@dlﬁ&)‘% PEfﬁgngdp%fé Bﬁ‘i‘ﬁsi 3}?8%%1%%%? ed by
naki ng t hejgpondi the sk CPReh! fstai¥bhdiRioP QEbstra@N.10 lafe allstd ANclod E@@HcON Where
the bonding is not performed can be reduced. [0052] Note that heat

treat nEnt Wik cadhcotbersvitly thromarlaénestayen bichthrghernecny epd Sheneti PROSUEF Obr
bondi ng. THiReNR& of £t !EFﬂN/dn? RANEQ AR quA bR RhY {EapplicdWdl £

separation at the enbrittled region 112 does not occur (Jaor exanple, a
t enper at ureertign efithe BashisgisantetlfRAr te singleadrystad sepispmdugiop apbstrate d14indd | ower

than 400 cao‘ndﬁh befWRad .{h\é%laéle suBg{&té) A0%nd the insulating layer 114 is generated at the
| portion to which the pressure is applied and spontaneous bonding proceeds throughout

20  almost the entire surface from the portion. This bonding is performed under the action
of the Van der Waals force or hydrogen bonding and can be performed at room
temperature.

[0051]
It is preferable that the bonding proceed from the position of the recessed

25  portion 140 provided in the single crystal semiconductor substrate 110 (see an arrow in
FIG. 1F). The space 141 can be sealed by making the bonding proceed from the
position. In addition, a region where the bonding is not performed can be reduced.
{0052]

Note that heat treatment for increasing bonding strength may be performed

30 after bonding. This heat treatment is performed at a temperature at which separation at
the embrittled region 112 does not occur (for example, a temperature which is higher

than or equal to room temperature and lower than 400 °C). Alternatively, the base
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substrate 100 and the insulating |ayer 114 may be bonded to each ot her
whi |l e being heated at a tenperature in this tenperature range. The heat
treatment can be perforned using a diffusion furnace, a heating furnace
such as a resistance heating furnace, a rapid thermal annealing (RTA)
apparatus, a mcrowave heating apparatus, or 5the |ike. [0053] Next ,.
heat treatnment is perforned for separation of the single crystal

sem conductor substrate 110 at the enbrittled region 112, whereby a single
crystal sem conductor layer 116 is fornmed over the base substrate 100 with
the insul afbfhd B3Lindl@d 1dbuiaBhE1RES e fnbBPHeDEAWAED casLembr ¥hilelbing [ 0054]

Here, the heat treatnent for separating the single crystal sem conductor

substrat e heagdja pdpmprut &t this tenprEtBteuraBshel BiF O SRATBFH 98I PR of the
base subst at,eneOfking! DI SARGA! fuldafa I BEMing FRmB& aeﬁfaeranﬁghsﬂaﬁden&aanga api d

t hermal anneal (RTA)” 15 apparatus, a resistance heating furnace,

m crowave fhoacd, agapip germalgoneating (Rd)| apraratupg migrovwRYAheAdBE BBRAAIUS, 8H RTA
appar atsua_ﬁéige gas heating nethod using a heated gas (a gas rapid thermnal
anneal ( 5 apparatus), an RTA apparatus of a |anp heating nethod (a | anp
rapi d ther[@@i3]anneal (LRTA) apparatus), an RTA apparatus enploying both a

| anp heati ng nmethod and .a_gas. heati t t i a given. In:
t he case of 20 Iljdsqef(ﬁgheggéﬁ%egbpmar effég?éﬁeﬁgpg%pﬁa%gggt gféﬁécgﬁlg%e%}g@ at hi gher
t han or eouealicohduchdrOsubstentd 110 wnethet dnabnitided egioal 1120 whEftbyCa amgle thwstal r eat nent

time can be set . to |l on than qr e t0 .0, 5 niaut and.shorter than or
equal to GOTFHORGYC %.laﬂeﬂ?{qﬁ’é Q%IE? 03?&5‘21’?‘?8 Subsjraig @Qghtgzlleh%%ﬂl%ﬁlé 1$5& nace, the
t enper B ur B4GaBrpbediaketatwdsh geeFIG. han or equal to 200 C and | ower than or

equal to G%ﬁ ﬁ and the treatnent time can be set to |longer than or 25
equal to ABUrs and shorter than or equal to 4 hours. Further, after the

single crystal sRp, GAOHET GeatidldS tdrateparkdifl ithe SRR alvedl séiBRéndubiAat ment may
be perforned at a tenperature of 500 C aqr hjigher so Eﬂ?% t he @oncentrati on
of hydr ogesybstrast 110dpraerfermed, at y emprragire belpy thesstrannamt o disdiess SO rate 110

i's reducedgg] 0G@g] h%@ Batdift B88be tycBBt®Nhising At faPRUARENALMATl GREAF EPAr at ed

out into voids which are forned in the enbrittled region 112, and when the

t enper Bt urapparptus.cAvgtisanse heating frhagens midfewgvethealingAppraus of Hielksseds and t he
anmount of ' : i S,
@t Rﬁ‘ggpﬁag?cﬁ%%g gkg%;égpéggﬁ§ i ga%_he&ﬁ@%ahmsﬂig%aéeg G o3

whereby the in voids 1's 1 ncreased. By the 1ncreased
pressure, mpidrtharial annepd (BREAabpimtug); an Bl epparytedofiadgmnp heating methed (a

accordi ngl %{b i Y§ Ry s AUl s iSE 1‘333}1 ? hS1 arated at
the enbri t%‘{ng r?deglle%%il%% @kge%aﬁ%}eaggﬁe i nsu Et I ng 'ﬁgy r& 14%'s EEonded to
t he base shedettg method @0 atghe heiting Ineetiody andathe dikmicamhelgovenr Ihaleeas¢ 6 which i s
separated from R single crystal sem canductor. substrate il}o i ns over
Che bath st HREA PR el RiarRECCtaE BoRAUAYY ten Beaps 51 6Ra ac ¢ he
recessed piatlbR thétor gl t5168Q1E, AidYtEé BbatmOR tERNEHALGet fod@der thdf of S not
formed in a region of the base substrate 100, which corresponds to the
recessed pwuglterP.5 minutes and shorter than or equal to 60 minutes. In the case of using a
" resistance heating furnace, the temperature can be set at higher than or equal to 200 °C
and lower than or equal to 650 °C, and the treatment time can be set to longer than or
25  equal to 2 hours and shorter than or equal to 4 hours. Further, after the single crystal
semiconductor substrate 110 is separated, heat treatment may be performed at a
temperature of 500 °C or higher so that the concentration of hydrogen that remains in
the single crystal semiconductor substrate 110 is reduced.

[0055]
30 By the heat treatment, introduced atoms are separated out into voids which are

formed in the embrittled region 112, and when the temperature or length of time of the
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10140. [0056] In the case where the space 141 which is surrounded by
the recessed portion 140 in the single crystal sem conductor substrate 110
and the base substrate 100 is not provided, when the tenperature or length
of time of the heat treatnent is increased and 15 the anount of atons
separated out increases at the tinme of heat treatnent, excessive atons
becone gas, and the gas aggregates in the enbrittled region 112. \Wen the
aggregat ed gas (bubbl es) becones | arge, the shape of the bubbl es appears as
it is as unevenness (roughness) of the surface of the single crystal

sem conduglenf trdaBH&f islERased Bnd I8 RRuS ofhoths PAThISQ BaliBEBLscs Wheksivd e 110 is
separated. 20[0057] I n one enbodi nent_of the present invention,
since t he gt become aapi Whereby the dntgmaeressHie ¢fitée 3Py e increpsedal BEdbs conduct or
substrat e 110, 3 gk, Q%%fck%y et AddCin RO ednBrichid f%ﬂm ﬁgpﬁfdagcb&mngfy the
single crystal sem conductor Substrate 110 can be triggered at he tine of
heat tr eatthesingle Trystal senpeonduatoresubsiratehl LOHs separaterl atthe e ygkélregw 112.

sem conduck oy, s%liﬁéﬂlglﬁamg%g?% f1§4 ﬁ%ﬁa&tt‘a%&ﬁa&e sﬁﬁgeb@%ﬁégngxcgga iding a
trigger for the ‘Separ at fort of  the si ngle crystal sem conductor “substrate
110. The saengioedtmtqrslasadr Hénwhioln du seraratsl frenr tie esitigl) cyaial bamisesiastat ed bef ore

the aggreqa bubbl es) ridat | r.eqi l.arge by
suppr essi %ggetﬁteqflenper are ﬂé Bvﬁ%% S%ﬁeeiog ng tee t@%ybggag?@gem %olrsl Sgt or
subst r at e petformesd aﬁﬂpaewsad,pomarléb,ythmmgle nryeml;se(nimgmwdsy)er 16 B@ot he

Next -5 neloER & iaoh OLUE b P e TR DBk ro TRl A eyRphgrasee: 100%C

sem conduct4or substrate 110 provided with the recessed portion 140 is
separ at ed %%g]eat treatment. [0059] FIG 6A illustrates the base
substrate [ and the single crystal sem conductor substrate 110 shortly

after they are maﬂ%é@h@a@& Dhare141 Hhi0W&urrounded bylthe rBBstd pottiéd at es a
schematic view in a vicinity of the hondi gﬁdﬁnterface 50 bet ween t he

base subst48t8 @wgd%erysfﬁlesegmaﬂwwy%ﬁﬂaw 4end &% bsieain L9 et 110

i [T ustrat edolifed Wien B/ thdpeithR 8 &4 R HRNRAT Aldthent Y inkRAGH Andf time of
the heat treatnent is increased, stress concentration occurs in the

vi ci ni By ohe ameunsgrditems patied ouf inceeassspt (theotiing 08 hea tesamcat, £5985Sihi ch ar e
close to th t e l«ge Cryst al
sem conduct%ﬁggt%g% r%tge%%iﬂgetg?ﬁ %ﬁ%}%?@%&%ﬁ%&%ﬁ{%ﬁ ?1? |Wget§%ed by a
t her mal exaggresitot geoefubbled) dhetomesoengeuthe ghapei ofi the bybblesrappenss b3 Kds 8% t he base

substrate J00. 308 (g Yrind LxBbabe 8 WAR AYGh VerntiRG LR S el Wlen [ 0061]

the single crystal semiconductor substrate 110 is separated.
20 [0057]

In one embodiment of the present invention, since the space 141 which is

surrounded by the single crystal semiconductor substrate 110 and the base substrate 100
is formed, separation of the single crystal semiconductor substrate 110 can be triggered
at the time of heat treatment. The temperature at which the single crystal
25  semiconductor substrate 110 is separated can be suppressed by providing a trigger for
the separation of the single crystal semiconductor substrate 110. The single crystal
semiconductor substrate 110 can be separated before the aggregated gas (bubbles) in the
embrittted region becomes large by suppressing the temperature at which the single
crystal semiconductor substrate 110 is separated, whereby unevenness (roughness) of
30 the surface of the single crystal semiconductor layer can be suppressed.
[0058]

Next, a mechanism will be described in which the single crystal semiconductor
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15Bubbl e growth portions 152a and 152b are likely to be generated in a
portion where such stress concentration occurs. Therefore, the bubble
growt h portions 152a and 152b (bubbl es) can be nade to grow | ocally by
formng the portion where stress concentration occurs (see FIG 6C). Thus,
the bubble growth portions 152a and 152b are made to grow | ocal ly, whereby
a crack is generated in the enbrittled region as a 20 trigger for
separation of the single crystal sem conductor |ayer so that the single
crystal sem conductor |ayer can be separated (see FIG 6D). Thus, the

singl e crysbatatS AN PRGN tht RY&EcdRRIdIE 40 ePRpahedbRhead kMgt t enperat ure
conpared to the case where a space is not provided. Since the single

crystal selffnduct or | ayer can be separated before the bubble growth

portion grows | gf@elayildatisihd Bie SMREAE DG afiht AmGle ofytad YerhidoRIuEOHIhNess of
the single crystal sem conductor |ayer can be suppressed. In addition,

si nce t he sbpeiatli0shordy afteraheyerd bpndeditogackothésner t enperature as conpared to
the casg o[foogo]si ngl e crystal sem conductor substrate which is not provided
with a space, 'in a region other than the bubble growth portions 152a and
152b, |ocal sep&iGt¢Bnllehyates @ sthematc geaveimtvdch a vigisite of ithe beeding r at e,

generat on,Qle ) 1M} BoGLaF iR nARSuBRAR! A0 Bt BT s UhsAP SetiBiifipEPs due to
y 1 n snooth separation, I ch”are cause y "high heat treatnent
t enper at urspstchte Hotilhstatad in FGx 64 erenlazggedef Asthe taaperdhercox pogthefitinhal t he

the heat treatment is increased, stress concentration occurs in the vicinity of the bonding

10  interface 150 (regions 151a and 15tb which are close to the space) between the base
substrate 100 and the single crystal semiconductor substrate 110. This stress
concentration is influenced by a thermal expansion coefficient, modulus of rigidity, or
the like of the base substrate 100 and the single crystal semiconductor substrate 110.
[0061] '

15 Bubble growth portions 152a and 152b are likely to be generated in a portion
where such stress concentration occurs. Therefore, the bubble growth portions 152a
and 152b (bubbles) can be made to grow locally by forming the portion where stress
concentration occurs (see FIG. 6C). Thus, the bubble growth portions 152a and 152b
are made to grow locally, whereby a crack is generated in the embrittled region as a

20  trigger for separation of the single crystal semiconductor layer so that the single crystal
semiconductor layer can be separated (see FIG. 6D). Thus, the single crystal
semiconductor layer can be separated at a lower temperature compared to the case
where a space is not provided. Since the single crystal semiconductor layer can be
separated before the bubble growth portion grows largely within the substrate surface,

25  surface roughmess of the single crystal semiconductor layer can be suppressed. In
addition, since the separation can be performed at a lower temperature as compared to
the case of a single crystal semiconductor substrate which is not provided with a space,
in a region other than the bubble growth portions 152a and 152b, local separation due to
stress generated in the eﬁtire substrate, generation of minute cracks, and generation of

30  surface roughness due to difficulty in smooth separation, which are caused by high heat
treatment temperature, do not occur. Further, an effect can be expected that the

amount of bent of the bonded substrate in the case where each substrate has a different
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amount of bent of the bonded substrate in the case where each substrate has
a different thermal expansion coefficient is suppressed. [0062] One
enbodi ment of the present invention is effective in the case where
materials or the |ike of substrates to be bonded are different, because the
separation of 5 the single crystal sem conductor |ayer is performed using
stress concentration. Also in the case where substrates using the sane
material or the |like are bonded to each other, a sufficient effect can be
obtained in that surface roughness is suppressed. [0063] In FIG 1G the
singl e crygtdlal SQahGONeEcRht B¥lsprdsadde 117 provided with the 10 recessed
portion 140 can be reused as the single crystal sem conductor substrate 110
servi ng asl®8Yond substrate, by perforning reprocessing treatnment. The

depth of the reggasgshoRfhdok VT hd risenIiRatiRh khafechive @NWA cds® WhetdO,
preferably greater than or equal to 1/10, nore preferably greater than or

equal to lmaieriglt or the likppE ubssaiesoip berbendadrge Eifferopt baraustthp censention of
substrad e ﬂl&gmglg[ggisﬂﬁseqrﬁ&%gﬁﬁ%#g%ﬂét ;%Pfoﬁﬁ&i 1%2@%&5&%@&&9&0%! ngls igrystal 15

seni conduct or rate 110. , e single crystal sem conductor
substrat e the Fase avhetgcsubstratts asing the saine giateriglor shedikegepbandpditoctagh otbetbat rat e 110

Il lustrated +n_Fl heh o OVl 15 0t sed portion 140,
after the Srueﬂ[i)crl%n(tzggﬁéﬁt %% %@gﬁn}ﬁg% &af%lﬁtg%qoﬁéﬁf%sg?ﬁlgﬁgg%ﬁace of the single
crystal sef@énductor layer 116 is irradiated 20 with laser |ight 132,

t hereby form ng.,a_si cr.yst al m condu | # Q. t fl at ness
of the surface iIréF?(lF‘qurq%@éedmﬁacpﬁ AU er u%??%}lgﬁtg%fél‘&é%% ‘Sce%1 tt(ﬂgee FI GS.
2A andi(®B abssdd fortichA)40 FnChe RBsedcasriks piagld Sristal acmicagmcwe sutisoate tldken al ong
line A-Bin FIG 3A e that tial nmelting or, conplete |t S

per for med ¥5'eft? ﬁ&n%gutbf%e’iyr%%énﬁlW §?p§?°e§sér% %%?ﬁﬂffg)ofhel %‘{b‘zﬁ‘r Ofltﬁg by

i rradiati opcabddpobtim 148 5€sredtérdiin ckIdual tPH1 00, prefatiblyrplebientin obaps toel ti ng

the single crystal seniconductor |ayer 1 i diatjion with
g 1/ 10,ymore preferably greater than or ea/ua{ to 1]72 0 ¥he tEurcﬁness 0 t%e smgfe crystal

semiconductor substrate 110, or the recessed portion 140 penetrates the single crystal
15 semiconductor substrate 110. Thus, the single crystal semiconductor substrate 117 can
be used as the single crystal semiconductor substrate 110 illustrated in FIG. 1C which is
provided with the recessed portion 140, after the reprocessing treatment.
[0064]
Next, the surface of the single crystal semiconductor layer 116 is irradiated
20  with laser light 132, thereby forming a single crystal semiconductor layer 118 where the
flatness of the surface is improved and the number of defects is reduced (see FIGS. 2A
and 2B and FIG. 3A). FIG. 2B corresponds to a cross section taken along line A-B in
FIG 3A. Note that partial melting or complete melting is performed as melting of the
single crystal semiconductor layer 116 by irradiation with the laser light 132. “Partial
25 melting” means melting the single crystal semiconductor layer 116 by irradiation with
the laser light 132 to a depth smaller than the depth to an interface on the insulating
layer 114 side (i.e., smaller than the thickness of the single crystal semiconductor layer
116). In other words, it refers to a state in which the upper portion of the single crystal
semiconductor layer 116 is melted to be in a liquid phase whereas the lower portion is
30 not melted and remains in a solid phase. Further, "complete melting” means melting

such that the single crystal semiconductor layer 116 is melted to be in the liquid state to
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the laser light 132 to a depth smaller than the depth to an interface on
the insulating layer 114 side (i.e., smaller than the thickness of the
single crystal sem conductor layer 116). In other words, it refers to a
state in which the upper portion of the single crystal sem conductor |ayer
116 is nelted to be in a liquid phase whereas the | ower portion is 30 not
nelted and remains in a solid phase. Further, "conplete nelting" neans
melting such that the single crystal sem conductor layer 116 is nelted to
be in the liquid state to the interface between the single crystal

sem conduch@intdrBy¥Sbhetddd: tBOEng18 BrybiSddhdlohdittdrasier 116khd tl00@Mdtink layes
preferable that the single crystal sem conductor |ayer 116 be partially 5
mel ted by HHe irradiation with the laser light 132. This is because, if the
single cry[sab?zg} sem conductor |ayer 116 is conpletely nelted, it is

m crocrystallized due to disordered nucleation after being in a liquid
phase, so that fthis prefpeblsl thainthe singleewaipl sreipedyeter lager 1 Kebypadiplihand,
partialg el L e h i@y b f : - .6 of a
o ol oq el by i SMiafhy Bk lnc Ui 130 0RCk HRAIRE ie LB BASUE O ed as
conpar ed tsmi®ntitordgse 1 1thie cemplelsinplidde itds ystredrystadhivied dnel tredisnrddredyer 116 i s
conpletely lted.. I n.additi.on, Jncorporat i £ . Al g or the
i ke from%ggea%mr?s% A ?uﬁ%ml %%ll%urld Riiagg’csgﬁﬁ) t?E‘ascu Baﬁléné%&g{rodggllg%sregor he

above- descihé bihdr hend epartidl gidltingr alladis atyistah grosvtiptol eegbroaset on the pawd effabl y used.

15 This is_bec e high ener.gy can_be obtai.ned and thus a partially nmelted
state can Iﬁ’é‘é‘?‘%&f]’aﬁgh%g%ﬁﬁg%r&gmfﬁlg’ F‘Sﬁé’f“?"@%‘%ﬁ cfl%? 3 “P%“"b?deﬁsecgg‘ﬂ?f"&?? %hut not

| i mtemh t othe 2Bger whdrdreicadingl@ tgahesentibmduasr Rgetall6tio cdmpleteingheli@iss It han or
equal to 10

\VHz. Exanpl es of the pul sed er.inglude, an Ar |laser, a Kr,
| aser, an ¥HoRgPcqRY OD(OAPFYgeRrIP,gog?é‘Ci‘)tLﬁ?QE"efF‘?m &e&ﬁ?lal%ﬁ%@y?r Qﬁ% | aser, a
YVat | aserpe sapptedsed.aser, a YAL03 | aser, a GIVO4 |aser, a 20 Y203 | aser, a
ruby laser, an alexandrite laser, a Ti:sapphire |aser, a copper vapor
| aser, a g8P@flvapor laser, and the like. Note that a continuous-wave |aser

may be used if ighr GEAbARURErBA lab@NighBlrhdifthn, £y 18sePfs prdigasi9Rtdanuous- wave
| aser include an Ar laser, a Kr laser, a CO2 |aser, a YAG | aser, a YVat

| aser, 1% VYIS isdhoequse biglyaagy eaaderobtained e thus apertially mebiedbstaty gy casiy r upy
| aser, an féesfsaﬂééﬁ! t @nd A§REitioR rakd 'iS PRAGLEIS, bASKY: tifid¥eld, UWppasikdyn 25! aser,

and the |i
greater than or equal to 1 Hz and less than or equal to 10 MHz. Examples of the

pulsed laser include an Ar laser, a Kr, laser, an excimer laser (ArF, KrF, XeCl) laser, a
CO;, laser, a YAG laser, a YVOy laser, a YLF laser, a YAIO; laser, a GdVOy laser, a
20  Y,O; laser, a ruby laser, an alexandrite laser, a Ti:sapphire laser, a copper vapor laser, a
gold vapor laser, and the like. Note that a continuous-wave laser may be used if it can
cause partial melting. Example of the continuous-wave laser include an Ar laser, a Kr
laser, a CO; laser, a YAG laser, a YVOy laser, a YLF laser, a YAIO; laser, a GAVO, laser,
a Y;0; laser, a ruby laser, an alexandrite laser, a Ti:sapphire laser, a helium-cadmium
25  laser, and the like.
[0067]

It is necessary that the wavelength of the laser light 132 is a wavelength which
can be absorbed by the single crystal semiconductor layer 116. The wavelength may
be determined in consideration of the skin depth of the laser light and the like. For

30 example, the wavelength can be set in the range of greater than or equal to 250 nm and
less than or equal to 700 nm. In addition, the energy density of the laser light 132 can
be determined in consideration of the wavelength of the laser light 132, the skin depth
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[0067] It is necessary that the wavel ength of the laser light 132 is a
wavel ength whi ch can be absorbed by the single crystal sem conductor |ayer
116. The wavel ength nay be determ ned in consideration of the skin depth of
the laser light and the |like. For 30 exanple, the wavel ength can be set in
the range of greater than or equal to 250 nmand | ess than or equal to 700
nmln addition, the energy density of the laser |ight 132 can be determ ned
in consideration of the wavel ength of the laser light 132, the skin depth
of the laser light 132, the thickness of the single crystal sem conductor
layer 116, ofQfe 82 1ibhti82, (hE thicknes: QY dQRHld oyl sbiRoddASOF labérdiNk, k3R MY be
set, for exanple, In the range of greater than or equal to 300 mJ/cnR and

| ess t han 18w edbaenergy doatyaf er Nphtd 32 gy be 5 I9pexpaPleaiiyibe 51ge e ener gy
density i Sy afe AR Quilto BOE B B8 18An % Cua® ¥ 80RLY/Bm? . 236te fruRVeEl engt h:
308 nm is used as the pulsed |laser. [0068] The 1rradiation wth the
| aser | i githe aBxegangeloé thseanprgy Wewrpity As ame: Hlea ease wheraiantetd essipigen such as
an air at i.nN8k h as a nitrogen atnosphere or
an ar go‘r’ﬁ ?%Qﬁ%@%egé‘hﬁ?%r é%“%%%??@%%lﬁ#gadi ation with the laser |ight
10 132 in0ég8li nert atnosphere, the irradiation wth the laser |ight 132
may be perfor medy) i an dh ol (SORTRE! 1 ¥ U:od REALIPEPICLEd MAde Chamber
is controlled. I'n the ¢ade ere a é]ﬁan%)er I's Bt used, an I ne at nospher e
can be obt@ntaédndyxyigbonichgs ain air amidsplpas osarciner stnasplicta agk s gagrogen t he

surface which is irradiated wi.th the l.aser |.ight 132 069] 1 e that in
the inert APRWLFKST &8 Egehatposhers og%?ﬁderttﬂgelfﬁf Wg‘iigg%iﬁh@eiqsﬁai\g@% crystal
sem corductrin kA Ykt alilépbas, theirtatftioy eith s leseefifledB2 wal Ye phdsimed it he ai r

at nosphere. In addition, in the inert atposphere, gene ion _of cracks and
ri dges carPihdttighhphamberyhehy @?‘nglﬁe\ﬂ@llggfﬁﬁ'ﬁ”efﬂﬁgmogﬁ i’fm’fs‘ffﬁ%r e, and
the appli cpidr€ a @RAAKEY ishen %Eéd%aﬁ ﬁi&ﬁeﬁﬂl@sghérb Qanl BS BbtaihédIhy blbWahg 4 imérelened.

Note that irradiation with the laser 20 light 132 npy be perfornmed in a

reduced- pré§ Sufhes gmingpiheasdo thegasiace pyhigh i irradiatad; itk thhlesqright 13 ght 132 i s
per f or med [i0@69=} reduced- pressure atnosphere, the sanme effects as those

obtained by the irradiation in an inert atnosphere can be obtained.
15 Note that in the inert atmosphere such as nitrogen, the flatness of the single

crystal semiconductor layer 118 can be improved more effectively than in the air
atmosphere. In addition, in the inert atmosphere, generation of cracks and ridges can
be suppressed more effectively than in the air atmosphere, and the applicable energy
density range for the laser light 132 is widened. Note that irradiation with the laser
20  light 132 may be performed in a reduced-pressure atmosphere. When irradiation with
the laser light 132 is performed in a reduced-pressure atmosphere, the same effects as
those obtained by the irradiation in an inert atmosphere can be obtained.
[0070}
Although the irradiation treatment with the laser light 132 is performed just
25  after the heat treatiment for separation of the single crystal semiconductor layer 116 in
this embodiment, one embodiment of the disclosed invention is not construed as being
limited to this. After the heat treatment for separation of the single crystal
semiconductor layer 116, etching treatment may be performed to remove a region
including many defects at the surface of the single crystal semiconductor layer 116.
30 Then, the irradiation treatment with the laser light 132 may be performed.
Alternatively, after the flatness of the surface of the single crystal semiconductor layer
116 is improved, the irradiation treatment with the laser light 132 may be performed.
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[0070] Although the irradiation treatment with the laser light 132 is
performed just 25 after the heat treatnent for separation of the single
crystal sem conductor layer 116 in this enbodi nent, one enbodi ment of the
di scl osed invention is not construed as being limted to this After the
heat treatnment for separation of the single crystal sem conductor |ayer
116, etching treatnent may be perforned to renove a region including many
defects at the surface of the single crystal sem conductor |ayer 116. 30
Then, the irradiation treatment with the laser light 132 may be perforned.
Al ter nat i ViIght¥ thatfe @fchind SrefithRh 18550 ithbeet Sehing 62 d@fetdnlig. Si ngl e crystal

sem conductor layer 116 is inproved, the irradiation treatnent wth the
laser |ighP0%d2 may be performed. Note that the etching treatnent may be
ei ther wet et chipgghQr aio%gleh6MidiBribddOf /this embodimdal 4 B@P -orahinhak Ghe not
described in this enmbodinént, a step of thinning the single cr_&/lstal

seni conductirgle trystal semi@ndugjordayepe 1§ meyrbe perferaied mfier the irgpdiasion gthvibe h the 5
laser 149 fohi PR ASa A& AEL. ARR Vier i 4fth WY sihge LR)sA1 t he
single écr;%%%ﬁégfe%ug%rﬁcfg%t oér11 ?S;yer 118, one of _fy etcﬂlﬁlg %%Elgj\f\et et chi ng
or a conbi ssatidonduatdr limer 1% fone e dirt esdhiinggpndrvest etvbingraplagpadinafigoaitotiHe at

treat nent a_ft.enper at.ur i.gher than or equal to 500 C and | ower than 10
or equal t(gft%ﬁc"h&l Snglayt%epgﬁyg@ned on the single crystal sem conductor

| ayer 118 [@0TQ3r the irradiation treatment with the laser light or after the
t hi nni ng proces By this heat treatpent, the defects. of the single crystal
seni conduct or |3&?&#@%@%‘%&@8@@%5’5&?&%9’&&“3630 %&q'a(% tP8H W h the
laser {j 9hdr edd4 to AP PRaPhd poRA&LOrANRE sifli18 bRkl RMihdid@ 15jeP gl sater ySt al
sem conductor |ayer 118 ‘can be relieved. For this heat treatnent, as an 15
RTA appar athe gradiatign srestaontavitthibe haser Lighh erafter Rithipniag peacassusByshigkeaper f or s
heat treat iBfhelS @.gieﬁecg' SNk SRR ALUEEsBRASorActEr hg&gmlugsggéhﬁht%fterml anneal

(LRTA) apparat us ich perfornms  heal treatment usi g can be
used. For mraired|by,imediationawvitlethe dasanlight a2 tdan e felimirated and distostion ef theat
t r eat ment t : I Sg | rough the
above st epsg,géf %ggg%ﬁ{ e;sng%)sgﬁ r é%ela)%gg}%‘éingt% %&%ﬁ] e%%r%glé%g%o%ﬁ TErs P glgyer wher e
the sutf ackTA appharess: g rapiuthedhat anndak (GRTA) apmrdtsewhich @efBuanbeal| G 3A) .
[sg?n7§]onéﬁl:t?% h(% y@%‘i%%m”?@-&mpter@%res ugra]; a%%a qgmlta hrgtpi : ﬁ'lgrmal Sl Carn¥§at1 a(ILRTA)

apparatus which performs heat treatment using lamp light can be used. For example,

when a resistance heating furnace is used, a heat treatment may be performed at 600 °C
for 4 hours.

20  [0073]

Through the above steps, an SOI substrate having an excellent semiconductor
layer where the surface roughness is reduced can be obtained (see FIG. 2B and FIG.
3A).

[0074]

25 In this embodiment, the surface of the single crystal semiconductor layer 116 is
irradiated with the laser light 132, whereby the single crystal semiconductor layer 118
where the flatness of the surface is improved and the number of defects is reduced can
be obtained. Here, in the case where the surface of the single crystal semiconductor
layer 116 is rough before the irradiation with the laser light 132, the film quality of the

30 single crystal semiconductor layer 118 tends to deteriorate by the irradiation with the

laser light 132. For example, even in the case where there are minute defects (such as
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irradiated with the laser light 132, whereby the single crystal

sem conduct or | ayer 118 where the flatness of the surface is inproved and
t he nunber of defects is reduced can be obtained. Here, in the case where
the surface of the single crystal sem conductor |ayer 116 is rough before
the irradiation with the laser light 132, the filmaquality of the 30single
crystal sem conductor |ayer 118 tends to deteriorate by the irradiation
with the laser light 132. For exanple, even in the case where there are

m nute defects (such as partial chipping of the film in the single

crystal sweﬂpﬁhgbfdhamﬁ) ﬂa]tﬁa sﬁgl@&@stdles‘eﬁ@doﬁdﬁc&ﬂdaytemm@me@ddfaﬂger by the
irradiation with the | aser is considered. that. this is because

a seni condeid @rbefs?m%‘largégb&ﬁheplgﬁ@m‘&#h fh@ lesselight ddte 1 iércoatideredithat i o
where the tﬁisng&aﬁgeYasﬁeﬁhco?ﬁﬁQt&OSH%% h pteﬁmﬁ;all&@lel intfel ddectsSa WRidEd by the
irradiation 5 with | aser 32 and the sem conductor in the region
i s moved Wh%ﬂﬁeé@tglﬁt enystiloypmigon ‘Pf‘éorl lpyes 116 gothsy is melted Iy dhe ivphiatiene case
where tfe hf 19 kil Smbdohdlcr if BRIGARPE S8 biRfacdthfsidS Ough, a
def ect sgueélitﬂgﬁltg%g gace rougﬁness terf S t(g'g%e catj)sed théur:ef orle it is 10
i mpor t ant Qrtthesldcppress surface roughness of the single crystal sem conduct or
| ayer 116. obTs particular, in the case where irradiation with the | aser

| i ght 132 [l gnpl oyed, the follow ng nmethod described in this enbodinent is
extrenely eff ecf[huse irf the gabeawbere izt suofaceanfithe lvmglel dopsta fsemnivendsictog layecr y st al

sem conduc surr ion 140
in the si nlgﬁé g’taafl cgr%ugg F’che ?Sgﬁ%ndﬁ(bwg%}ls (ﬁ%ﬁe%(gfgrg ﬁég substrate
100 i siof orlmpdrta:mdo bippress ngtaee eoughieas osﬁmsmghd:mﬁm sesichsiuctat lmyesli$epar at ed,

wher eby surface roughpess of. the i.gonduct er 116 is
suppr esse(L)ir aﬁﬁ?‘i‘%f i the CasgsWhere 1338%\}"@ %‘%B {S‘ﬁgl l‘é?rﬁ ngp]gwy fth
sem conducfoRswing Yiethol Wscibed Hﬁhﬁ%b&dihﬁ:hﬁabﬁtrémé}y bféecpiad foe pmmzaﬁmlo an

i sl and- shaped semc duct or the 20 patternin

desi r abl e aAdbe ket %ﬂP%eEWf/fé ﬁv%ﬂew&%? 593591‘5 TEStRdedy éih? egi on
cor r espondiefi@sddOpdritth PAY inPhE s é‘é B9stil Sehntiédndudbr édBQI&&@QﬁSﬁﬁﬁﬂjéQfaEé on 140)
be renoved (see FIG 2C and FlI FI G 2C corresponds tqQ a cross section

al ong 15 nesupstptq H0G-jsormesl angefhs Sl’i‘&‘n“e C%ﬁbF@%QW?taT suhstipie dhapesth | ayer 118
in the regiRRRUAFEIRONILES of fie kiaSleRBfsiP Rei¥orldictbaRY ¢ s REGAHSS@ T egi on
whi ch cannot bé used for a sem conductor 25 device 1s caused by formation
of the cl d88tPlspace 141 and because the possibility increases that peeling
of the sem cond ol f ng
strength. Note hﬁg{)ﬁ h%xg Eq)trQ ééﬁgs() %ﬁ%ﬁ)%ﬁ%%%@gﬁg?hn??é}gﬁggg because
t he edge cdubsthate myfmcmﬂolmed hato sinnigland-shaped s¢micenduciondayer 320.sUbghe ate has a

pol | sithg TRESIRaRL: st P T hadd Lohid B R AR BUAGF,

provi ded idrespengiog tto tr @ripberg @thaenciwfy d)ﬂnhe seaegpcd poxtrpstlé()) bermmeeatiuct or

i %l osed WL For™ EthdE i Fit e P RPards S ek P SBRRREATH o ana

the like oFIGtm rHﬁeStﬁednﬂebfyisﬁh&nﬁékﬁhdﬁcadi‘r lbger 488 uﬂhe &rgmnopnt@bmdmg\lote t hat
in consi der | on. rove in the uf act g %)I el d of d?lerri conduct or
devi ces |n‘° rgfsg%m"?’% §31}§%§|f‘?gé%1|‘§ 14 s ¢ % 8 SHISTHEFBh 140 be

fornmeds n déaﬁ;e regh@ad vy fembiohestome dldsed apdcatlan it GRcds€ eheFpdssiBilty however,
one enbodi nent of the disc]osed jnvention should not be onstrLtleﬂq as being
limted t oP¢Reses &hat peslingeof the semiconductor layer occurs due to the shortage of the

bonding strength. Note that the shortage of the bonding strength is caused because the

edge of the surface of the single crystal semiconductor substrate has a curved
surface-shape (called Edge Roll-Off) resulting from surface polishing treatment.
30 [0077]
Although the recessed portion is provided in one portion at a corner of the

single crystal semiconductor layer in this embodiment (see FIG. 3A or the like), one
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[ 0078] Next, another exanple of a nethod for manufacturing an SO
substrate will be described with reference to FIGS. 4A to 4G 10[ 0079]
First, the base substrate 100 and the single crystal sem conduct or

substrate 110 are prepared (see FIGS. 4A and 4B). [0080] Next ,
the insulating |ayer 114 is forned over the single crystal sem conductor
15substrate 110 (see FIG 4C). [0081] Next, the recessed portion 140

is formed in a region which corresponds to the periphery of the single
crystal sem conductor substrate 110 serving as a bond substrate (see FIG

4D). As a diolirshnt & thé SikdIbdRE idvaRtidnas ASIRE el BekdtON THQumderTBS podisod, or med 20
over the si ngI e crystal sem conductor substrate 110 and the si ngl e crystal

seni conducindrthe dike 1of 4he repegyed pordions 9 wan Pe Sehdiy aRPromiafe s Note aEI ey be

used as t%nﬁa&&&fm ﬂo$enf1&ﬁ me B fabthensSTinE o8 sémivsidaboS@viceomdtICt or
substrate 110. }t) for formng the recessedwgortl on, for exanple, a

dry etchi rigtehﬁtfﬁmo‘dls @Sﬂ@l%&@bm?dweéwddfor@ﬂwé’p st ORMery InibE Hesom dbea dry
et chi ng; ﬂﬁglggﬁ d & Ha%&fstﬂw GEFIENIBITRNRMer, B UhboAROR G ®e dNcRRESS NY

nmet hod, a pr ocessi met hod, @ m crobl ast processi ng nethod, or the
| i ke may bevamsemlshoiﬁldemdbmdnsmiedtahéemkb@sgbf@fb@ﬁtﬂlcﬂﬁe 140 is greater than or
equal to , preferably greater than or equal to 1/10, nore preferably
greater than or equal to 1/2, of the thickness of the sem conductor
substrate. The it\bmesmmﬂ;br praplonf ddﬁthndfﬁorpmafacaﬁag th 80% subgtrate will/be al

sem conduc or 48 0 Next, the enbrittled region 112
S N AT e -

is formed mthe surface of the single crystal
sem corcduqnofw]subst rate 110 (see FIG 4E). [0083] Det ai | ed

desorBLIon O FhsPRghiect ST o TS S BRERTE B TS L
FI G 4Q t hearspRpsed RedFIGS. 42And BYC and FIGS. 3A
[0080]
Next, the insulating layer 114 is formed over the single crystal semiconductor
15  substrate 110 (see FIG. 4C).
[0081]
Next, the recessed portion 140 is formed in a region which corresponds to the
periphery of the single crystal semiconductor substrate 110 serving as a bond substrate
(see FIG. 4D). As a method for forming the recessed portion 140, a mask is formed
20  over the single crystal semiconductor substrate 110 and the single crystal semiconductor
substrate 110 is selectively removed. A resist mask may be used as the mask which is
formed over the single crystal semiconductor substrate 110. As a method for forming
the recessed portion, for example, a dry etching method, or a combination of a wet
etching method and a dry etching method, a laser processing method, an ulirasonic
25 processing method, a drill processing method, a microblast processing method, or the
like may be used. The depth of the recessed portion 140 is greater than or equal to
1/100, preferably greater than or equal to 1/10, more preferably greater than or equal to
1/2, of the thickness of the semiconductor substrate. The recessed portion 140 may
penetrate the single crystal semiconductor substrate 110.
30 [0082]
Next, the embrittled region 112 is formed at a predetermined depth from the
surface of the single crystal semiconductor substrate 110 (see FIG. 4E).
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and 3B can be applied. An SO substrate can be manufactured by perform ng
the steps in FIGS. 2A to 2C and FIGS. 3A and 3B after the step in FIG 4G

[ 0085] Further, the single crystal seni conductor substrate 117 illustrated
in FIG 4G 10 can be reused as the single crystal sem conductor substrate
110 provided with the recessed portion 140 illustrated in FIG 1C, by
perform ng reprocessing treatnment. The depth of the recessed portion is
greater than or equal to 1/100, preferably greater than or equal to 1/10,
nore preferably greater than or equal to 1/2, of the thickness. of the
senlconducﬁ@g3substrate or the recessed portion penetrates the single
crystal 15 senlconductor substrate 110. us, the recessed Rgrtion 140

needs to be f or Msthilehsscrption erSteBﬁé‘bH&)Sef‘? aﬁ‘li GEdp omitipd degayss, the gfeps

manuf act urj, WFQBHI%HQEBEﬁEQKﬂWQEFEby the single crystal sem conductor
substrate 11 ?or ot her sem conduct or substrates) can be manufactured with

hi gh produi®84li ty. [0086] 20The structure described in this enbodiment can

be usedsin appr %@ﬁ%@%ﬁ%ﬁ%@&éﬂ %’hwzfc@t}fef}?epfﬁ{ﬁi@é%&ﬁ) HEHRIHARIA N Ot her

enbodlnents hi' s enbodi nent, the case
where repr mde%}saanglye apEatlmeAn SOE sybeirdto cancht roanufdstirgbbygienfiginaing ﬂ;esstea'ﬁ

o otk dicRUR LR e Hids AU Rk by dlfnt £ S 20 Ll b
7A, a proj@ogHd portion 126 is formed in the periphery of the single
crystel sem congieher o3 b o fulahih i DRALCE IR S, 0
remai NiNg &nnigd eeusddysd Ble SHYR eoRAlcaiconduyer sibratealld prbeided mﬂhmheng
oL SYEl L RO, DR, BODed 0 N5 BESE AR §rd 00 1
depth of the recessed portion is greater than or equal to 1/100, preferably greater than or
equal to 1/10, more preferably greater than or equal to 1/2, of the thickness of the
semiconductor substrate, or the recessed portion penetrates the single crystal
15 semiconductor substrate 110. Thus, the recessed portion 140 needs to be formed only
once or once every plural times each for manufacturing an SOI substrate, whereby the
single crystal semiconductor substrate 110 (or other semiconductor substrates) can be
manufactured with high productivity.
[0086]
20 The structure described in this embodiment can be used in appropriate
combination with the structures described in other embodiments.
[0087]
(Embodiment 2)
In this embodiment, the case where reprocessing ireatment is performed on the
25  single crystal semiconductor substrate 117 illustrated in FIG. 1G or FIG. 4G will be
described with reference to FIGS. 7A to 7C.
[0088]
As illustrated in FIG. 7A, a projected portion 126 is formed in the periphery of
the single crystal semiconductor substrate 117 after the step in FIG. 1G or FIG. 4G
30 The projected portion 126 includes a remaining embrittled region 127, a remaining
single crystal semiconductor layer 125, and the remaining insulating layer 114, without

being bonded to the base substrate 100. In addition, the single crystal semiconductor
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substrate 117 includes a remaining enbrittled region 129. [0089] The
reprocessing treatnent of the sem conductor substrate includes at |east two
etching treatnents: an etching treatnent for renoving the insulating | ayer
114 5 (hereinafter, referred to as a first etching treatnent) and an
etching treatnent for renoving the remaining single crystal sem conductor
| ayer 125 and the remaining enbrittled regions 127 and 129 (hereinafter,
referred to as a second etching treatnment). These are described in detail
bel ow. [0090] 10First, the first etching treatnment is described with
reference §iBstkhd174As1udds a d@sahihPadbbleyRgiohheo first etching treatnent is
etching treatnent for renoving the insulating |ayer 114 fromthe single
crystal sel¥PBYUnduct or substrate 117. Here, the insul ati ng |layer 114 can be
removed by a wetrhet&ldRgide RAMBNST HE bdddchda@biiubfRitiaithdds At 1Rest fvglr of I uori c
acid as an etchant. "As the solution containing hydrofluoric 15 acid, a '
m xed sol uetFlne deatmentsi g Bighinsf repgpe BE | EMoRRgOWP URFFIIE! fger 1dhd a
sur f actant : : | cﬁgfgl wasn.f a

Cor por a"’tai oglf%l%(l)lrﬂﬁfrhg)‘_r"flglfil ethi Eég‘ragufst'r%g ;g%%a%%ﬁﬁga%tt et c{ﬁi@ang t_?_fggt ment is
pr ef er abl yrepevingrthe dehaining Gingds orydg!l semitopiocior dayneid 25 fapd th sorpaieing

appr oxi et gl 00 58RO PHSunal 99 ke ALl KLENLHR SAEH FBGLRAN DE
performed in suc marner that the si ngl'e crystal sem corfductor ‘Substrate
117 i s soaKiede ame descsibédunidotailibelow. t reat ment tank, a plurality of single
crystal se 'g@nduct or substrates 117 can be processed at one tine.

Accor di ngI@) fficiency of the reprocessing treatnent can be increased.
Furt hetg since (tHres, ithesfidsaétching braaterentlid descsibeewith ecfefeycet focfIlGi 7AL At chi ng
treatment and.dqes not_need tq .25 be rempved .by the second etchi

L r eat mont , SPHIDSE, BRFR G i ST SOCRSRL B S AT roeREYRy B0

sem conducin@ilating 1apdrdily fRin€ Redsihdle thgtal sésitorRiucbl Rdstrateal e riere,tthe anount
of the single crystal_ sem conductor substrate, 117 renoved b%estc‘re. et chi ng

can be rediEEHnEnYThblintAmHRS TeROvefl thysa oF et HEAMRY W UHeR eased.

[0092] 30! ghntdiang hyEbAIirkMDad s ichBA! , Adthel RAFTon tddBaInREULAI MGt ayer 114
needs to be renoved, and dry etching treatnent nmay be enpl gyed.

Al ter nkt i vasigs, a isixedrseluing R hYdrafieris poidt eRmgUTT daPTta Y be used
in conmbi nag QPR pRGIue danft ERALND0, produced by Stella Chemifa Corporation) or

the like is preferably used. This wet etching treatment is preferably performed for 30

seconds to 1200 seconds, for example, approximately 600 seconds.
[0091]

20 Since wet etching treatment can be performed in such a manner that the single
crystal semiconductor substrate 117 is soaked in a solution in a treatment tank, a
plurality of single crystal semiconductor substrates 117 can be processed at one time.
Accordingly, efficiency of the reprocessing treatment can be increased. Further, since
the insulating layer 114 is removed by the first etching treatment and does not need to

25 be removed by the second etching treatment, the etching time can be shortened.
Moreover, since a semiconductor is hardly etched in the first etching treatment, the
amount of the single crystal semiconductor substrate 117 removed by the etching can be
reduced and the number of times of reprocessing can be increased.

[0092]

30 In the first etching treatment, at least the insulating layer 114 needs to be
removed, and dry etching treatment may be employed. Alternatively, wet etching
treatment and dry etching treatment may be used in combination. For the dry etching
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treatnment, a parallel plate reactive ion etching (ME) nethod, an

i nductively coupled plasma (I CP) etching nethod, or the |like can be used.
By the first etching treatnent, the projected portion 126 including the
single crystal sem conductor |ayer 125 and the enbrittled region 127, and
the enbrittled region 129 are left in the periphery of the 5single crystal
sem conduct or substrate 117. [0093] Next, the second etching
treatment is described with reference to FIG 7B. In the second etching
treatment, the single crystal sem conductor |ayer 125 and the enbrittled

regions 12t?eat%teit 1e2Parkltd Plasd RELtReGOY SicBing SRIE)CARHHE L@l inthRyiedly tafpla@nd the 10
enbrittled regions 127 and 129 are coIIectlveI referred to as a damaged

sem conduddasmarEef)stohingnethod o8 thedike sar fe poedy nBY sheoiisteteing Bratmen: 126 in
FIG 7B ar gy ﬁto?&teﬂ\ﬁ%h%nrlgm&&hmé\ﬁé @méﬁec?ﬂ'sftdl Géthic¥ndubk la?EICfES%dtﬂﬁeeat ment is

performed usin as an etchant, a m xed solution which includes a substance

that oxi diewsitiedsesive dAdurndobe wabeitied resion 42iharcdat dn fiearerighas o Wes t he
oxi di _z§d %ﬁl&@gﬂ%&ﬂmﬁﬁ%ﬁfé@gm@@ﬁ a substance that 15 controls the speed
atio

of oxi e sem conductor nmaterial and the speed of dissolution of
t he oxi di Z8@P3dem conductor nmaterial. The second etching treatnment is

pref erabl y per { Qreff,0lo:30R5 A IRbEhY: Lol Gl Rt a1 exarpl e

approxi mately 2 mnu |t|on e tenperature of the
m xed sol uh¢ Gacond qaa:lmigluadum;mtsehe amglapcpyﬂadl smtlein;iuclér Byt 130 a@] thor
exanpl e, 25.C

, 0[O0 bov tr eat i.dis
pr ef er abl f"ﬂ]’éjé%e%f Fogs h?‘l ﬁ?%é%é g%? GteS crﬁtclsﬁ Con dr s e% lltzgﬁ%g tﬁ%at
oxi di zms tdfﬁﬂarﬁtﬂﬁﬂﬂrﬁ@ﬂﬁhﬂﬂ@hd%ﬂa’ebalﬂecuwwdﬁrkadab axa émnatged sempicafdectabl y used
for a chen cal tion i udi_ng the ubstan th sol v e OoxXi d| zed
seni conduch%‘Pn)nﬂ ’é i35 1InC 8‘5 i thaﬂcP‘i?JeF? pﬁ"é‘f"é’r% s E]'tscég}sti’)’F %5 e&%‘é"’% cal
sol ution imagmbid. nm&agjesmbatyaﬂe@t&}tﬁagmaﬁﬁnt @l erfoheedspgrasah eaxindad | on of
t he sem conduct or materjal and the speed of  dissolution of the. ?XI di zed

seni conducted seirgen which ipclpdes ac*&?%a%ﬁé]l""é oxidizes @cpemifondyciy wateralid i ¢ acid

(concentr a§ub§i£ilc@fthfzt0d1¥¥%lv9§“th@ oxilivel QéthidekdubtoR Ghatbrlag OGN bliRtaheN taf 50
wei ght;’? and acetic acid (concentration of 97.7 weight% is used as an

et chants, ' i qonirels ghefspeadhpk okidation RE the Semisorsiucten materfal andcthe speedygf e t han

0.01 ti WSm&Bﬂmhﬁ%? ﬂtef@&ulﬁeaesehﬁdsﬁd&%orhﬁ&a@al asTHeN@torf et treauﬁsmds and be
nore than 0.1 tinmes and [ ess than 100 tines as |large as that of

hydr of | uorpreferblyd perfermgdt fos sppraximately hyeninstd dorid n@temtas,b@r nBe@plehan 0. 01
times and %,ﬁ if&:ﬁ@ﬂ fnﬁ%&és”t%szt FintBd 98n aa?dlhlblgt thgft xﬁﬁe“radn% Gl -mikey exanpl e,

it is pref e volume ratio o Ic acid, nitric acid,
and aceti cSoanmdlme&raBtyketatﬁpﬁomateny mwmop °Qy for braunpildg 85 °(Note t hat the
vol urre rat 08 :3:10 is expressed as BF: HNOB: CH3COOH: H20 = 52.1:3.3:11.6:7.4
in a %li o of molecules. There is no particular limtation on the
ConMposi tl on of theneodthes trsatinemuhmc adi® @9k ferably uselrfoit i ehanlical @olxpi essi ons
using a ratio, the c emc sql.utions aqr the nol ar. Uﬁb rﬁ each. .have a

S

margin of Bfipdipe g su thappxigigentht semisqndisier YRRty sHEFTRYREE adid i

preferably used for a chemical solution including the substance that dissolves the
oxidized semiconductor material. Acetic acid is preferably used for a chemical
25 solution including the substance that controls the speed of oxidation of the
semiconductor material and the speed of dissolution of the oxidized semiconductor
material. In the case where a mixed solution of nitric acid (concentration of 70
weight%), hydrofluoric acid (concentration of 50 weight%), and acetic acid
(concentration of 97.7 weight%) is used as an etchant, it is preferable that the volume of
30 nitric acid be more than 0.01 times and less than one time as large as that of acetic acid

and be more than 0.1 times and less than 100 times as large as that of hydrofluoric acid,
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10 the volune ratio of hydrofluoric acid, nitric acid, and acetic acid is
1:3:10, x:y:z (hydrofluoric acid (x), nitric acid (y), and acetic acid (z))
may be in a range of x =0.9to 1.1, vy =2.7t0 3.3, and z = 9 to 11.
Simlarly, in the expression that the volunme ratio of hydrofluoric acid,
nitric acid, and acetic acid is 1:2:10, x:y:z (hydrofluoric acid (x),
nitric acid (y), and acetic acid (z)) may be in a range of x = 0.9 to 1.1,
y =1.8to 2.2, and 15z= 9 to 11. [0096] In the damaged sem conduct or
region, there are crystal defects, voids, and the |ike due to the

i ntroduct i g tRd vdI@RS oPRMArdfitSrit héi@be Sfdrd ﬂia:i Obbﬁnﬁﬁ ﬁﬂitﬁré&s tARES kigleS8s €asi | y
I nto the damaged, sem conductor_regi on. Accordin , In the damaged

sem conduceiee adhaterfiasatic apid. JFoE ERAYPIEr KB PEsiera ?é%aééb%vwamd‘m&f rom a

surface bufysadferié ba8) bR Acﬂﬁ'aﬂ@ace‘ﬁée&ié beabliy, 1206, e5ahioNgr irngs. to
proceed in such a manner that a deep hole is forned in a direction

per pendi cuNeie that thee vellmperationr F:3d@ iof exprrssedu bs tHEHNOxAH:EQOM K2 hol e i s
expanded. 593%'@; lgﬁ{:ﬁjﬁ]ﬁla!r Eat}om?tt:flﬁémﬂgd 'f‘%p%lﬁglﬁ%%tc&%{ ﬁxﬁﬂén% on h' ng

treat nent ‘procee er e ess
sen1conduammmomagmdhh@ommhmﬂaﬁkmon danaged sem conduct or reglon Fbre,
etchlng rﬂb@ﬂ means the etching anmount (anobunt etched) per unit tinme. That
‘a fil ose etching rate is high" represents a filmwhich is easily
et ched and "a fi kha aﬁaosexlﬁbssibhmgsmgtaerahs the Wherheglr @heiohs of tifel holawhi ch i s
difficult to be etcg I n a(gltlon "to obtain etching selectivity" nmeans
that, for Wyahercach Bavieamarem of farop of 4y18,%8 Eorexupplfel Rier@restipR fgbndi t i on

wher e idq er@e ivdluthe3ftis Wil hydikioriél Iati‘de WRAS &cReLUP aBetichRiEIChi3Ng, kate of the
| ayer A and the etching rate of the
(hydrofluoric acid (x), nitric acid (y), and acetic acid (z)) may be in a range of x =0.9 to

1.1,y=27t033,andz=91to 11. Similarly, in the expression that the volume ratio of

hydrofluoric acid, nitric acid, and acetic acid is 1:2:10, x:y:z (hydrofluoric acid (%),

nitric acid (y), and acetic acid (z)) may be inarange of x=09to 1.1, y=1.8t0 2.2, and
15 z=9%toil.

[0096]

In the damaged semiconductor region, there are crystal defects, voids, and the
like due to the introduction of ions and the like, so that the etchant penetrates easily into
the damaged semiconductor region. Accordingly, in the damaged semiconductor

20  region, wet etching treatment proceeds not only from a surface but also from the inside.
Specifically, the etching tends to proceed in such a manner that a deep hole is formed in
a direction perpendicular to the plane surface of the substrate and then the hole is
expanded. In other words, in the damaged semiconductor region, etching treatment
proceeds at a higher etching rate than in a less-damaged semiconductor region or the
25 non-damaged semiconductor region. Here, "etching rate” means the etching amount
(amount etched) per unit time. That is, "a film whose etching rate is high” represents a
film which is easily etched, and "a film whose etching rate is low" represents a film
which is difficult to be etched. In addition, "to obtain etching selectivity” means that,
for example, a layer A and a layer B are etched under the condition where there is a
30  sufficient difference between the etching rate of the layer A and the etching rate of the

layer B. Moreover, the less-damaged semiconductor region means a semiconductor
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| ayer B. Moreover, the |ess-damaged sem conductor regi on neans a

sem conductor region in which the degree of damage is relatively |ow
conpared to that of the unseparated single crystal sem conductor |ayer 125,
the enbrittled region 127, the enbrittled region 129, and the |ike. [0097]
5More specifically, the etching rate of the danmaged sem conductor region is
twce or nore as high as that of the non-damaged sem conductor region (or

t he | ess-damaged seni conductor region). That is, the etching selectivity of
t he danmaged sem conductor region to the non-damged seni conductor region

(or the | eggofanbgrich IRNdeEESI OE damagLt Qtively BwotortipétEto th[odARS]

In this manner, when the wet etchln treatnent. i s perfornmed u5|n as an
et chant | tWECRATSIRISIBER ATYH SRRICORIITHE| lg¥E s 2on dhes eipitlet &egitpal 2 oxhti zes t he

sem Conducérﬁ};‘ntfr&f.r@élb@hgg hheme kst ance that di ssol ves the oxidized
sem conductor material, and the substance that controls the speed of

oxi dat i on 8P9The seni conductor 15 material and the speed of dissolution of

the oxigli zed 59@[&9@9%%&3[13;,% %fch%'g’rafehcﬁ" e BeetiSemiGARHM REioh §91 On can

be selectively renove Accord t he amount™ of the sem conhduct or
renoved i niwidreor gprogedidngs ﬁhﬂéaltf n@ﬁtﬂoeaiﬂmwdr setiecmductembgione(onthber of

times of rgpr b r wet etching
treat nent, feg" tﬁﬁﬁggﬂ% ?“ési‘?rﬁré gﬂ)cr%l%ﬁ% @g%ﬁg%l %or solijg%‘t(?ﬂfdgs 117 can
be proces sadnca:md@@orcrﬂgxen td themohalamagedf sfenmoedwyorofglorh Grrthplescdmmigad)
treatnment can be increa ed?f Rurthernore, since the second etching treatment
can be persreor Ted G h #'e i %e efficiency of the reprocessing treatnent

can bel0 ncloegsied aI so for this reason. [0099] Note that the thickness of

t he danmaged sem conduct or in the pro ect d 25 ion 126 (the
Single Cryst al  VonEdTRI: SR a o 8RR SpREE i PrEFREl e Buvt 27y i s

gL eat IK di diéehgnthef r&}lﬁfﬂdtn{')seluhbill Cgrﬁﬁﬁsuﬁfudéshethdamgﬁﬁbh fesamcoﬁdﬂed qu region in
the other regio tee_ritere Therefore, the etching

sel ecti vi t¥f od ToRBjeERh %“i‘“&% @%31 %‘éesp@miﬂ S SEBICOHECISE her

regi on (th@ae@! 4wl the QhHst09 tHab cJﬂﬁblsCtﬁélﬁﬁe%ﬂtof@Hfdhtﬁkﬁl $thiBle S@AREEIEHE NI Ng
treat nent. 30[0100 Specifics are described below Imrediately after

the sebbndnaenali g the saesfent dissolutionr plofiic e¥idize sepjeepdueinr asfraiak tthe regi on
is first eaa&iageh Ea%ébnuﬂctsm%@ﬁ%@sé SdecBOLLY kQRovEd 6 @é&rdﬁ%hﬁe fhdige region;

thus, the etching selectivi is approxinmately 1. After e damaged
seni conductfdhe segicensuptar m@vségn &e r@prﬁé?ssm&arﬁatmqét pndieceducgd.pmdtthon 126

(the enbri ﬁu&ﬂb%f]of ﬁgésQ:rf I ﬁc)esé g(illgg gan J?&ea[s@&m \'ﬁﬂheli Wthl‘: %?ctglﬁg?ged

sem conductor region or 't anage sem conductor’region Is exposed
inther eglr@nnmt,rvaﬂumhiamftsmlem}aé@ledoqﬂmtm PSS, llf/ lkasbe prieesstdrrbiged

sem cosduc r i r Qi e e r

rem)ve%jj égg’t tﬁg{e@ i %g}g?)gcﬁ S[ﬁ % ypegl%ggstrsmg frl: fbg }éa@ldhe damaged
sem conducKwthemage,osindentht Isecopd oajtcéﬂngeuleqmmexttlcan beﬁerXohhei m mg;hert ¢mest al

sem conductpr. | a rittled re |on lﬁugml s etched to be

emoved. | HEeried et ied T PESRETcerle Fagieane S of il reasde
[0099]
Note that the thickness of the damaged semiconductor region in the projected
25  portion 126 (the single crystal semiconductor layer 125 and the embrittled region 127)
is greatly different from the thickness of the damaged semiconductor region in the other
region (the embrittled region 129). Therefore, the etching selectivity of the projected
portion 126 (the periphery) to the other region (the central portion) is not constant
during the second etching treatment.
30 [0100]
Specifics are described below. Immediately after the second etching

treatment is started, the damaged semiconductor region is first etched both in the
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10 non-danmaged sem conductor region is exposed also in the projected
portion 126; thus, the etching selectivity returns to approxinmately 1.
[0101] In this nmanner, since the etching selectivity varies during
the second etching treatnment, the etching can be finished in consideration
of this For exanple, by 15 stopping the etching treatnment at the stage
where the etching selectivity is reduced to | ower than 2, the damaged

sem conductor region can be renoved while the anount of the sem conductor
removed by the second etching treatnment is reduced. In this case, the
reprocessi figjeble@afofiil 186 Nande S e loyheP Sbfioh;Maths Ak atchialf seldc@ity number of

| i mes of reprocessing can be secured. Note that the etching selectivity may

be a val ueARPEPX3BRiEly lf e ASREE® dainagsy sEBendier FpoadhByrraien ¢the Batdlint s of
reduced t hj6ieBRS Spoktibn 126 ARt SHBANAH rddidtE 109 & etcR KL GENEROGL, Itheri NUt €) or
a value (a differential value) obtained by conparing the anounts of reduced
t hi ckness kess-damageds semiconduotpp apgign tasr the eonrdapgrefl seisPiyrier degiet 43

sem conducton.diay el ARiANBihkD thah SR Hbfied ol hbs;! fils " 891 @iimed®7 and 129
whi ch are %@L%stratgd%?h_FlG. /B are @gﬁbseajby the_etc%ing tredt ment

per f or med ssmitonductirrrggien ¢ ¢het prpjestedriperinn U2 o prefisentiedy eemoved, andehsur f ace of
the single,.gr: . 1 t Q. Sty i 3 1at a
single cr yeétgﬁ'a%@ é%é@ﬂi%%@@%%‘ﬁsoggﬁi Egt é f%ggle%\zﬁa%%d %%sléﬁ%gﬁ(ﬂors%g? %t(i:'l‘g is
formed as thk pugdctedtpedionr 26Kt single cifistal simiginducterylgyea (125 e the paibmitiledt
substrate 133 be .rreyseq as th i nal e, 30 tal sem conduct Substrate
T10°H | FustPRPRGRT h Brate 36 te i R, MRty o RET R
mechani@ al ngpedanmbedhgn(ianductorGeEipn éaexpbeed alkodd thelrofeomd pbrtian $26;ftase of t he
single crystal senﬂc.nduc%%L substrate 133, the surface is desirably

pol i shed b SEPPES i Spﬁ%aP%“’i‘S‘ﬂgW n thickness. After polishing,
since polimhong particles and the like remain on the surface of the single
crystal sem conductor substrate 133, cleani.ng with hydrofluoyic .acid or RCA
cleaning is 5 péh Bt MERMICNE%E tﬁ%ﬁt_f’ / el&?@&ﬁg’ﬁ’@esﬂg‘\‘@éé{‘ﬁ FLLHEURE ng net hod
for a sem gQndug! B SsRSd cal 8 MG ih ScolQ¥RhRMEss Ms. Radt QxémplBOb@t | on of
Anmerica, in which chemcal in which hydrogen peroxide as a base is added

with alkal florpingalbp gtching fecatneat aifhe Atage Mberc dhq pighing selesdivity Haipdycsdidd ng t he

singl e cryghal 18Ln] GRS seRttBRdcR) FegtdBeantieGeMBY R Widle B &hogth of he SOT
substrate can be reduced.
the semiconductor removed by the second etching treatment is reduced. In this case,

the reprocessing treatment can be surely performed and a sufficient number of times of
reprocessing can be secured. Note that the etching selectivity may be a value (a
20  difference value) obtained by comparing the amounts of reduced thickness in a
predetermined time (e.g., 30 seconds or 1 minute) or a value (a differential value)
obtained by comparing the amounts of reduced thickness in an instant.
[0102]
After the remaining single crystal semiconductor layer 125 and the remaining
25  embrittled regions 127 and 129 which are illustrated in FIG. 7B are removed by the
etching treatment performed on the single crystal semiconductor substrate 117, the
surface of the single crystal semiconductor substrate 117 is polished, so that a single
crystal semiconductor substrate 133 having a smooth surface is formed as illustrated in
FIG. 7C. The single crystal semiconductor substrate 133 can be reused as the single
30  crystal semiconductor substrate 110 illustrated in FIG. 1C.
[0103]
As polishing treatment, chemical mechanical polishing (abbr. CMP) can be
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[ 0105] Note that the structure described in this enbodi mrent can be
conbined with any of the structures described in other enbodi nents as
appropriate. 15[0106] (Enmbodi nent 3) In this enbodi nent, anot her
exanpl e of a nethod for manufacturing an SO substrate will be described
with reference to drawi ngs. [0107] 20First, the base substrate 100 and the
single crystal sem conductor substrate 110 as a bond substrate are prepared
(see FIGS. 8A and 8C). [0108] Next, a nitrogen-containing |ayer 102
(for exanple, a layer including an insulating film containing nitrogen,
such as a gkhi cRNsMbdth iadQurfadd N ihd kihfle Odryslal SdehlicoBiucty subitratde3nxhele (Si NcOy
(x >y)) film is formed over the surface of the base substrate 100 (see
FIG 8B). fuofapois desirably pplishad by sgemsiamdlailningo | 18yapr 1 dbicknssredifien t hi s
enbodi nment__f [ : di: | L ngl e
crystal se%llgfoﬁ%%usg%%r&?lgye% %%ﬁﬁhgé I%%(?g% %E@%ﬁa%rﬁ&%ﬁgﬂggycﬁégi ni ng
| ayer 102 @aysd stmivonduotes substrate b3, cleaning wyth hydrofluqricagidmr Régh desninggtiri t y
contained in.the b I . sQdi | s ' Lng into
ho. of ol craaRs 18 MOREA Sning 161835 s bl o 5 ABhAbIAIBEN, T
t he ni tr ogaibstexs) tediichi in gevedyped by RadiosCarperdtiasofaAena) mgwhigly ehenipal tili s
enbodi nent ; thys, the nitrogen-containj |.aye 02 is,prefer v formed
such t hat ﬂ“ﬁﬂgwplfoﬁﬁ% pﬁra??dggaﬁraég’g?eef’sn?#ég “c’l@%ra g{%& oF 4L hEes gtgf)lé}éi fically,
t he temperature.

[0104]

10 By reusing the single crystal semiconductor substrate 133, the material cost of

the SOI substrate can be reduced.
[0105]
Note that the structure described in this embodiment can be combined with any
of the structures described in other embodiments as appropriate.
15 [0106]
(Embodiment 3)
In this embodiment, another example of a method for manufacturing an SOI
substrate will be described with reference to drawings.
[0107]
20 First, the base substrate 100 and the single crystal semiconductor substrate 110
as a bond substrate are prepared (see FIGS. 8A and 8C).
[0108]
Next, a nitrogen-containing layer 102 (for example, a layer including an
insulating film containing nitrogen, such as a silicon nitride (8iN,) film or a silicon
25  nitride oxide (SiN,Oy, (x > y)) film) is formed over the surface of the base substrate 100
(see FIG. 8B).
{0109]
The nitrogen-containing layer 102 formed in this embodiment functions as a
layer (a bonding layer) for bonding a single crystal semiconductor layer in a later step.
30  The nitrogen-containing layer 102 also functions as a barrier layer for preventing an
impurity contained in the base substrate, such as sodium (Na), from diffusing into the

single crystal semiconductor layer.
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5 nitrogen-containing layer 102 is fornmed such that it has an average
surface roughness (Ra) of 0.5 nmor |less and a root-nean-square surface
roughness (R) of 0.60 nmor |ess, preferably, an average surface roughness
of 0.35 nmor |ess and a root-nean-square surface roughness of 0.45 nm or
| ess. The thickness is in the range of greater than or equal to 10 nm and
| ess than or equal to 200 nm nore preferably, greater than or equal 10 to
50 nmand | ess than or equal to 100 nm Wth the surface flatness inproved
as descri bed above, the bonding defect of the single crystal sem conduct or
| ayer can fog1@grevented. [0111] Next, a recessed portion 140 is formed in a
regi on corresponding to the 15 periphery of the single crystal .

seni conduct or  sy¥sheniicred APV HIPEECHIHYAY laé’ﬁbéQf&t‘é‘e‘% e ey . As a
met hod forla?é}riﬂltlﬁg ehbB&IiM&REHRE InPRitb éﬁtbo;iﬂigﬂngala?@fslkn!i§p1fe%r:f@§dfd?ﬁﬁ€d t he
single crystal sem conductor substraie 110 and the single crystal

sem conductush ®eibis rearfecel hes jasprsdetermrinedefisareee pbviainesy 1 Brecificalashe may be
used asst hl%?‘ggeﬁl-%omin% fﬁ;?%fl%m Y8 budhNBatSt RE £ KeMst SbrfRE Thugandyct or
. AS a 0]

substrate for Tormng 20 the recessed portion, for
exanpl e, a(Rapof 0ct whionlgssamd Aadot-raeadrsquase sinfapgronehnest -0 of 6.68 omisir legs.i on of a

o o MSkERNE dn A0t ke TAL, PRSI B 122 Ghq BBASAGRAGAE! NOd, 2N

ul trasoni ¢ processi ng processi ng net ast
pr ocessi ngsutfatdhmdghress ¢fe4d imker by  heubiekhessTien theptdgeoil gtdater freoessed

portion 140 | reater..th or e I 1/.100 er abl reat t han or
equal to 1?%,‘°9r8r“81 ﬁ}delf"sg?g%l%}'eﬂ%wg? %éio'?nenrl’ ql%rgﬁr%%rglgel&é%t%ggd 228 &Joa]l t he
t hi ckness ©f 50 iR @i Neps ahar ySéqahl ®ertoconduwithrthes nbfice dhmesslihprovae as ecessed
portion 14 penetrate the si.ngl g crystal sem conductor, substrate 110.
POn12] " Nextestai TR 9 gty dereed o Rl SRR G I SRR S o
sem conducp@ventfd. substrate 110 (see FIG 8E).  The insulating layer 115 is

formed al on% t he recessed portion 140 in the single crystal sem conductor
substrate P18 The insulating | ayer 115 is not necessarily formed over a

si de surface andyet,botdcested Woltdmae14 ist REmEE G %S REionP&rickndibd Qo the Vi ew of
renoval of contam nants, it is preferable that the surface of the single
cryst al5 supgsiphew ©f thecringde eryeialserniqonduchy sestratyi WA serving|as grbopd sds@thy dr ogen

per oxi de mixt Hicg sbﬁp'\{&s a MARATBP FrR YA %@ﬁecﬂ%&l\zﬁ& g;ﬂ?,rsi AK€ F-ABM) . a

hydrochl oric aci d/ hydrogen peroxide m xture ] i 'uted hydrofluoric

aci d ( DHF) gves thssingheecrysital serpiepnsiuetos snbaigate biP avfl thednglaystalispmigondugor 115,
Dilute hyd |Fis 3Gk e QL& iRy m3e ve LN kGHaR IiRdHgt €l y T or
cl eani ng. {@%@f“ﬁsg&k%@wﬁgﬁﬁgti ng éyer 11§ can be }%oran%fh\?\n(’r.tﬁ a single
| ayer of afosinkd oom thexdingde ¢riyitah semiconductasulpapiei 110 deAs & methodfor foeming ke, or a
st ackeg. | ayer_ of fLl h . indat i J met hod, a
put t of] ngtRare FSptp, for lbik, € Bl SR, 5 U BELER b Yo

i nsul at i ngednahjiration f.a Whteetchihg mettod| antli ngryl etyleng tibfoidsa flasenpaedsying CVD

met hod, a silicon oﬁade.fi Imis pre erabl(ﬂmf or nmed. usi'e L, Pr.gano il ane such

as tetraet WSB?? i 7 SErapoie PR EssTIe o R thob rocessing sm )

chBWr R FoY mik &8 S HO4) .
[0114] processing method, or the like may be used. The depth of the recessed portion 140 is

greater than or equal to 1/100, preferably greater than or equal to 1/10, more preferably
25  greater than or equal to 1/2, of the thickness of the single crystal semiconductor
substrate 110. The recessed portion 140 may penetrate the single crystal
semiconductor substrate 110.
[0112]
Next, an insulating layer 115 is formed over the single crystal semiconductor
30 substrate 110 (see FIG. 8F). The insulating layer 115 is formed along the recessed
portion 140 in the single crystal semiconductor substrate 110. The insulating layer 115

is not necessarily formed over a side surface and a bottom surface of the recessed
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15In this enbodinment, the insulating |layer 115 (here, an SiOx film is
formed by performng thernmal oxidation treatnent on the single crystal

sem conductor substrate 110. The thermal oxidation treatnent is preferably
performed in an oxidi zing atnosphere to which a hal ogen is added. [0115]
20For exanple, the single crystal sem conductor substrate 110 is subjected
to the thernal oxidation treatnment in an oxidizing atnosphere to which
chlorine (d) is added, whereby the insulating |ayer 115 is forned through
chlorine oxidation. In this case, the insulating |ayer 115 contains

chlorine gipih 1400 1ikbliew? 87 RMoGH 00 EbitnBERE St 1§ﬁ1@feﬂdﬂ1’@lﬁaﬂtﬂe fpcd sxamd ating
llayer 115 formdistortion in the insulating layer 115 a result,

noi st ure oWt sisteh spbstrateot 1O he clogaed an jadynraydth 21y fP‘éc iafidfydregenand

di ffusi on ﬁe?&x‘?deOfmJﬂBfeSt(S‘ﬂ‘lﬁ?'ﬁn'dﬁﬁ&ﬁ&ﬁdh ydbbh  psroxiteRlixiRE Stave exi sts at a
surface of the insulating "ayer 115, the noisture existing at the surface

of the i nsiydzchlege peigdydrogen prsoxidramigtire KHEMsilaten dedrafiuoriss 20id )i nt o t he
i nsul at4 n e e can be
reduced [t ftke ekt sithofh b shidfydnl MO AL o TR

i nsul at i ngpzong waterlihay, beishgreedidtemiatels foe bleagng=e, Cr, Ni, or M) that is an
extr|n5|cé;?P§r|ty can be captured, so that contam nation of the single
crystal nduct or substrate 110 can be prevented. Mreover, after the
bonding to the b‘hsmselahnglaameuﬂcambmfd)md vhﬁnam;mgle lmBefsusliﬂmsMamée; such as

Na, can be.fi o tha n ion of . t conduct or
5subst r at eﬁ]f'lé iopm B’S’“ﬂ?é?/ﬁﬁ? %qucfi‘ér]a S%Cke({]ﬁ g%teﬁ%ﬁff@/ %h%?rglé n at ons
cont ai 1ed dxidatibe metisd) acvmgnétwﬁta sﬂ:ﬂl&rﬁig eneftid, dm the likdcdntheChiplovied @ at ons.

The insul ati ri.ne ato t hqd for

e eul g R A RIS YI LS e B ol O B Eieg LT
substrate @¥b, m@thdS@tahﬁlﬁcdnnoMﬁ'é &ilin tlmremmg& &oﬁa:[e)dsllsﬂig S@ifosidg UGtlDhs SUbstrat e
110 is soaked in an HF solution and then subjected to thermal oxidation

treat nent tEtacthoxgsiiaeg @PW@VI&?%?Bﬂér@em&ah@m@a $UPGHsBh t her mal  oxi dati on
treatment fggiferformed in an oxidizing atnosphere to which NF3 is added, or

the Ii ke can be used.
15 In this embodiment, the insulating layer 115 (bere, an SiO, film} is formed by

performing thermal oxidation treatment on the single crystal semiconductor substrate
110. The thermal oxidation treatment is preferably performed in an oxidizing
atmosphere to which a halogen is added.

[0115]

20 For example, the single crystal semiconductor substrate 110 is subjected to the
thermal oxidation treatment in an oxidizing atmosphere to which chlorine (Cl) is added,
whereby the insulating layer 115 is formed through chlorine oxidation. In this case,
the insulating layer 115 contains chlorine atoms.

[0116]

25 The chlorine atoms contained in the insulating layer 115 form distortion in the
insulating layer 115. As a result, moisture absorption rate of the insulating layer 115 is
improved and diffusion rate of moisture is increased. That is, when moisture exists at
a surface of the insulating layer 115, the moisture existing at the surface of the
insulating layer 115 can be quickly absorbed and diffused into the insulating layer 115,

30  so that the bonding defect due to moisture can be reduced.

[0117]
Further, with the chlorine atoms contained in the insulating layer 115, heavy
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[0119] 15Next, the single crystal sem conductor substrate 110 is irradiated
with ions accelerated by an electrical field, whereby the enbrittled region
112, where the crystal structure is damaged, is fornmed in the single
crystal sem conductor substrate 110 at a predeterm ned depth (see FIG 8F).
The af orenentioned enbodi ment can be referred to for details. Note that
heavy netal nay al so be added when the enbrittled region 20 112 is forned
usi ng the ion-dopi ng apparatus; however, the ion irradiation is perforned
through the insulating layer 115 containing hal ogen atomns, whereby

cont am nath&R @hchtd FeSCH K CoraVySthal is 98 Rkeiasiel iap ity deb@etéa@ﬁ@ed]-w&dﬂe to the
heavy metal can be prevented. [0120] Next the base substrate 100 and the

singl e cryoramitagam ofribrichgle TyHdY ’Fe&tl‘éf’nﬂ‘_%OrZSl sirate Johfal beoPreeifdot her with
the insul ayibREvdrayet weltonkiil ?Eﬂf) Ft’ﬁbsﬁ'ﬂe %ﬁ&&@t@eﬁﬂﬁﬁﬁei 68 tEé fase 8@straf®y bondi ng

t he base substrate 100 and the single crystal sem conductor substrate 110

to each otfel agiNahcahbe iﬁmctusatthatg:omaymanm@ftbﬁ%mg:lw@@tat FeRieodugieen, a
space 1 e, by tedroove portion in the single crystal

sem co%ucst%gé %uggtrat epr%%gl and the base substrate 100 is forned. 30[0121]
Next, the [§iHdl e crystal sem conductor substrate 110 is separated at the
enbrittled regi 1 g r Hﬁgt e single
crystal sem con ttjec[}l E]?éalglagége ﬁsgcé ornéépaﬂ%vmtgrlﬁﬁ%e alg%e?glt}gh?%%g 100 with
the nitr ogianiteﬂaut;hlbﬂﬁem;omayé?hemmaangilayhellﬁ ey |iwdhidedlubsyeatod.5 Ayt er posed

therebetwee G 8l-1 0 sur f Ace of, the sin Ie crystal
sem conducltl%P&FggfeﬁuTing ?)gzi?qul %’zﬁ%e '\%’? ﬁ’fatpne angsee‘r:ryfta1 Aot \Aﬁtere%y a
si ngl elcr yabgatates ¢10, aomehcd o vﬂﬁc}hethe Isiiigle oryedai @dmtdﬂuétbﬁuinﬁﬂe dafiotihe surface
|S|rrproved d. t he er of fects is re ce is formed (see FIGS. 9B
and 9C anoGO ml‘ﬁ%}{['} ?r—gr? onggad ‘g‘f’lt SuEgEs o e 06%‘35{1%%&6%8’%“& &&h al ong
l'ine A-B idkiditifz aft&bpheld)[(0helBdd in which ﬁsiehﬂﬂltgiﬂahblﬁtrbefu&t&dllﬁbbxﬁﬂmkd @at ment
with the laser light 132 is perfarned st afﬂ&(r t he heat treatnent for
separ at i orfigFidiFeg %@héreéPyétcglNFééﬁd@IS‘ﬁd’ﬁ&ed PREU9AE in this

enbodi nmentpiie enbodi nent of the disclosed invention is not construed as

being limted'to this Etching treatnment nay be perfornmed after the heat
treatnént for 188y singlererfal spwicandigtos Se?%teatlosiérﬁfé%fa%tlﬁlr opHyer 116,

to remove Q.56dia% 'aﬁ%ieuﬁitcatgﬁét@%e%y%é antrttﬂédt%g@wﬁ@c@n&é thb RByshi Ngl e
crystal sem conduc er 116, and then the irradiation treatnment wth
the | aser Stltugtme IEW b"efop@?df f@rthéﬂlﬂgwctﬁtﬁhﬁtmlv@d}wwaﬂt@mtﬁ A&0 #Y &t ness of
t he surfac I %&PI ved, the
irradiati Oﬁ (?er eat}ﬁd%l m (SeeCFrI eéPlaaserg%tﬁg Hﬁ&{%ﬁ elﬂ% Yeneper obr%rrrg Ex’lilot e that
t he et chi ng Od¢taibsat Netwtthatdy:ahemetal ey atsetbeeatddtﬂ Wgemthemnétedmgtga

20 112 is formed using the ion-doping apparatus; however, the ion irradiation is performed

through the insulating layer 115 containing halogen atoms, whereby contamination of
the single crystal semiconductor substrate 110 due to the heavy metal can be prevented.
[0120]
Next, the base substrate 100 and the single crystal semiconductor substrate 110
25  are bonded to each other with the insulating layer 115 interposed therebetween (see FIG.
8G). By bonding the base substrate 100 and the single crystal semiconductor substrate
110 to each other with the insulating layer 115 interposed therebetween, a space 141
surrounded by the groove portion in the single crystal semiconductor substrate 110 and
the base substrate 100 is formed.
30 [o0121]
Next, the single crystal semiconductor substrate 110 is separated at the

embrittled region 112 by performing the heat treatment, so that the single crystal
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[0124] Al t hough not described in this enbodinent, after the
irradiation with the laser light 132 is perforned as descri bed above, a
step of thinning the single crystal sem conductor |ayer 118 nay be
performed. In order to thin the single crystal 25 sem conductor |ayer 118,
one of dry etching and wet etching or a conbination of both of the etchings
may be enpl oyed. [0125] Through the above steps, an SO substrate
havi ng an excel |l ent sem conductor |ayer where the surface roughness is
reduced can be obtained (see FIG 9C and FIG 3010A). [0126] After the
above st epgmidon@uctdrn@yer CIIGStigl fos@ed CoVlUgeOlbated sabstehikd 100t I
substrate nmay be patterned into an island-shaped sem ¢qonductor |ayer 120.

In the pat®EPgfirrgutaming; layeg dQs angfhe insplgting %fé?%g!@%?@%ﬁ etWERR ductor

| ayer 118 gyg; e region corresponding to the periphery (the vicinity of the
recessed portion 140 (or the projected portion)) be renoved (see FI G 9D and
FIG 10B).[0M&le that FIG 9D corresponds to a 5 cross section taken al ong
line A8 in FIGNIOB, éd@erc@ ,ofmaesm%wa&ﬁm%aﬁbe&ucﬁﬁﬁayepﬂ%qgwdﬂte@y@&h 118 in
the region corresp oné periphery is renoved because a region which
cannot be the dasef bghtalﬁemh@@h:d@car@e dmiabeemlsor@aetgrekﬁmylIfSOWbICbrth%f t he
groove por of the
sem condu tﬁdtﬁ)ég g{/]ﬂel? ng'gagg?ssn@ h%éf(ﬁ%%gfcgg%ﬁd&%g%%@%% rgeengt h.

10[ 0127] FIGS. 9Blan¢ 9€Chad FKBtIIQAl)LngIGh%Cwen@@ms tparctdspeeciion faemaldng n one
portion at r.n the single crystal sem conductor layer in this
enbodi mentlm(espég ?f&q{{%A or the Iike), one enbodi nent of the disclosed

i nventiton [0$23jot limted to this structure. The nunber, the posi ti on, and

e | cons o UBRGR B PR Thelth WherBt SR ABLT BRIRBRSL 10 e
sem Condgcaf?r tﬁiﬂiéhﬁ@éﬁtﬂﬁéht dorl sapaemm&tcgphe sihgle sndﬁs kdnaisﬂl ndudthrelaydrieé iecessed
portion be_ for in the regjon t e.r in alater see FIG
10B) ; home‘@?@remrgeg‘@eéﬁ’rﬁ%lr Regtimegt of the ‘H?CE‘Z?P%%’GNF’H\}%H‘F °8H5t§‘ﬁ‘gﬁ? Mot be

construed agitd#etonthid. | Midnsk tr@atﬁlemsmsﬁ Ibd Cettfofined BftetSthe 2MNeHéatmaniobner

exanpl e of a nethod for manufacturing an SO substrate is. described with
ref er elce teparplianf the singlg crysial sm&%@rcwr layer 11 fodgmoyqypregiotiandvdag r at e 100
and the siggleid¥Shhe SEALCOHNELSGHRAE cHHRB dnBEchdddilr RIS 176 eRARA theee FI GS.

11A and 11C).
irradiation treatment with the laser light 132 may be performed. Alternatively, after

the flatness of the surface of the single crystal semiconductor layer 116 is improved, the

irradiation treatment with the laser light 132 may be performed. Note that the etching
20  treatment may be either wet etching or dry etching.

[0124]

Although not described in this embodiment, after the irradiation with the laser
light 132 is performed as described above, a step of thinning the single crystal
semiconductor layer 118 may be performed. In order to thin the single crystal

25  semiconductor layer 118, one of dry etching and wet etching or a combination of both
of the etchings may be employed.
[0125]

Through the above steps, an SOI substrate having an excellent semiconductor

layer where the surface roughness is reduced can be obtained (see FIG. 9C and FIG.
30 10A).
[0126]

After the above steps, the single crystal semiconductor layer 118 of the SOI
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25[ 0130] Then, a nitrogen-containing |ayer 102 (for exanple, a |ayer
including an insulating filmcontaining nitrogen, such as a silicon nitride
(SINk) filmor a silicon nitride oxide (SiNxOy (x >vy)) film is formed

over the base substrate 100 (see FIG 11B). 30[0131] Next, the
insulating layer 115 is forned over the single crystal sem conductor
substrate 110 (see FIG 11D). [0132] Next, a recessed portion 140 is

formed in a region corresponding to the periphery of the single crystal
sem conductor substrate 110 serving as a bond substrate (see FIG 11E). As

a nethod f@bst@f HaPbel filtefes am508 BIRA-EiRPed 46nicendieBK ldyer 20, nE4 the over the
single crystal sem.conductor substrate 110 and  the si nal e.crystal

sem conduckagemingpitiy deswrable that thesunele pryyial SFicoRgduRter layer (118 frsthe fegign py pe
used as t ft%dg?p%ggm@ ke R?jhf@&r[%@ vRYREy diiiR Séedet Qoftioh S tielor BV BrsRAGHICT O

substrate 110. a met or form nﬁ t he recessed portion, for exanple, a

wet et chi repris)escremaved (jeedflEnTIh gn &¢B)- oNote hyHGM pUFFsBdataket et ching
met hod And, gusdLiof Lhdh ot ﬁgﬁf&g‘a- aﬂ{}ﬁw RicRS %%Mr%gtcﬁ%éﬂgéﬁg&du@t@r

ul trasoni ¢ processing rrg ri processi ng , a mcrobl ast
processi ngayatii8dn tr regiva dortespondips e thespatiphamiids deprvied decauprea megies sed
portion is_gr n | / . f L oijdan or equal
to 1/10, nor 8§§§F%$G%F%?%ra§g¥%rp m@@lg}% d(%‘?‘ 9%153:(%1 e§%9%ﬁ2§1,ag§)‘$@€tﬁegtohi ckness of
t he si ngl epactions il beawse clon pessibdity snchmsasahs retiing Thike senmesddtopdayer on may

penet e (SO Bl TR RAL Lo et 10 (S
surfacm of[0t2m single crystal sem conductor substrate 110 (see FIG 11F).
(01341 200et 1 o SeechABLAL oL EReu L L B0 0 AL LT =0
for steps @t tRElel dipstd seicbducloblayéd i thish@ntsidenst (see FIGI0A9% the 1iRE), and FI GS.
égf\f g? % El'gol?le%%lrl])octlji%e%tp opfl tflee 1'sc1c';“sgd %%rntlsolflltgss Igort?igznei\teg ?'ontlubs%trunz:a'tlrllrlél:?c a’i;]tleuxrlu%ndbelb,y
the position, and the like of the recessed portions may be determined as appropriate.
15 Note that in consideration of improvement in the manufacturing yield of semiconductor
devices in a later step, it is desirable that the recessed portion be formed in the region to
be removed in a later step (see FIG. 10B); however, one embodiment of the disclosed
mvention should not be construed as being limited to this structure.
[0128]
20 Next, another example of a method for manufacturing an SOI substrate is
described with reference to FIGS. 11A to 11H.
[0129]
First, the base substrate 100 and the single crystal semiconductor substrate 110
are prepared (see FIGS. 11A and 11C).
25 [0130]
Then, a nitrogen-containing layer 102 (for example, a layer including an
insulating film containing nitrogen, such as a silicon nitride (SiN;) film or a silicon
nitride oxide (SiN;O, (x > )} film) is formed over the base substrate 100 (see FIG.
11B).
30  [0131]
Next, the insulating layer 115 is formed over the single crystal semiconductor
substrate 110 (see FIG. 11D).
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25 the steps in FIGS. 9A to 9D and FIGS. 10A and 10B after the step in FIG
11H [0136] The structure described in this enbodi nent can be used
in appropriate conmbination with the structures described in other

enbodi ments. [0137] 30 (Enbodi nent 4) In this enbodi nent, details of
t he met hod for manufacturing the sem conductor device described in any of

t he above-descri bed enbodi nents will be described with reference to FIGS
12A to 12D, 13A to 13D, and 14A and 14B. Here, a nethod for manufacturing a
sem conductor device including a plurality of transistors is described as
an exanpl ep@fzit he sem conductor device. Various seniconductor devices can
be formed wth the use of a conbination of transistors described bel ow

5[ 0138] FINext, BArqeessed pprieq- KA0cisi torasd 0 @wregiop comespopdige Jarthe of a

sem Conducﬁseg{p%%g R$ e Mtz &R s%ﬁid&ﬁ&l}éfo?]gﬁl&é&% 19004 0ME R a tbBRd SRLRAY

descri bed odinment™ 1 or the like (for exanple, See FIG, 2B or the

| i ke). Not@ea R 1HEX hdagimethed fon famijecthe recessedrpersing d¢d, @rmaepkyis fampd

manuf act ur [ t ] 5 Sibstor f 1] sdidi edpment 1 is
descri bsted (?‘%r F%isishgleencgﬁéaﬁ%ﬂrﬁ&?ﬁg%s% gfb?leedﬁtgsaga?g sg{ag;i/gs%%%%] "3 scgﬁnqﬁcqnduct or
substrat e fubstraeel T0nis aglgetivély réreowetlheA resmb odbkveay be nwy abtheunasl whidhig9)

In order to control. threshold voltage a p- i 1.y el enment
such as bo@gﬁ?(p%‘feﬁ %ensllfl r%?e %I?St%asﬁnfcﬁlrln 8?01'3{1]1;3%5%%% i‘?r%%ﬁgﬁlghg@ Lejfrroren €such as
phosphor ustherectised pegivne forryariysle,aal dedetthing ne€wilc @ dducttling ngegtexd, 700

(correspondi to the single crystal sem,conductor .|layer 118 in.FIG 2B). A
region to %% t‘f’ﬂé’?ian‘ﬁ?fr%f?n%%ﬁ@ﬁtan?sa%a%%}%awmg’ KB BPCPNEE i npurity
el enento t Ozlnbmo@ddﬁdlﬁad;ﬂcg@r&b@ﬁ%@eﬁietasd,a@rallﬁﬁpprioeé.sa'?g Frgthagix aahr’rﬁijce?blat p-t ypg
impurity elenment is added to _a formation region, o n n-channel TFT, and an
- type. | npRiPPsging e of dieairemaY e 2ty A ISR PO AeCTeeh PR dRnel TFT

20 The aboygatkasM bt equall 8 TADD, rﬁﬁﬁﬁggegr@dﬂé}%bn&k cgudl @5 B'10 map preferhiint el y
hi gher than or equal to 1 x 1015/c and | ower than or

) ual] tp 1 X
1017/ cnp. gmoatgpfhan or equalyion 172y é the fhicksrtsuek Hie $iagle cryald SPRICGRdCWEd i nt o

i sl and shag@si i 1{® MR rsQBicAGdtin Bhy bekahie 1R sRBR dystdbmRBAuRIRr | ayer
704 (see FIG 12B). Note that at 25 that tine, the single crystal

seni cohtuctubptratald 118 is desirably renoved in a region corresponding to
t he peri phﬁﬁgﬂ(the vicinity of a region where bonding is not perforned)
€,

(for exanp see FIG 2C or the like).
Next, the embrittled region 112 is formed at a predetermined depth from the

surface of the single crystal semiconductor substrate 110 (see FIG. 11F).
[0134]

20 Detailed description of steps in FIGS. 11G and 11H is omitted because the
steps in FIGS. 8G and 8H can be referred to.

[0135]
As for steps after the step in FIG. 11H, the steps in FIGS. 9A to 9D and FIGS.
10A and 10B can be applied. An SOI substrate can be manufactured by performing
25  the steps in FIGS. 9A to 9D and FIGS. 10A and 10B after the step in FIG. 11H.
[0136]
The structure described in this embodiment can be used in appropriate
combination with the structures described in other embodiments.
[0137]
30 (Embodiment 4)
In this embodiment, details of the method for manufacturing the semiconductor

device described in any of the above-described embodiments will be described with
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[0141] Next, a gate insulating film706 is formed to cover the

sem conductor |ayer 702 30 and the sem conductor |ayer 704 (see FIG 12C).
Here, a single-layer silicon oxide filmis forned by a plasnma CVD net hod.
Alternatively, a filmcontaining silicon oxynitride, silicon nitride oxide,
silicon nitride, hafnium oxide, alum num oxide, tantalum oxide, or the
like may be forned to have a single-layer structure or a stacked-I|ayer
structure as the gate insulating film706. [0142] As a manufacturing nethod
ot her than a plasma CVD nethod, a sputtering 5 nethod or a nethod using

oxi dati on Rferdhct fd BRIS. anARY 1bDIIB AN $iD, Yandl 12ANERAN14BAL MR, 2 GRdthddefodi VEN.
H gh-density plasma treatnent 1 s perforned using,. for, exanple, a m xed gas

of a rare yawlacEzasemieprdysior dreesHrcRdppt Biyraligy of trapgptors S%Ebﬁéés such as
oxygen, nity @ashio%kdRe séiBHustor frae&i_laagemoeg sEMdbRESH0r _dEﬂcéshba‘il gase, by

exciting plasnma by introduction of mcrowaves, plasma with a | ow el ectron
t enper at ur formerdiwith & vere{gicombingtienef tisasigeisdesstiberd beltve surfaces of the

sem corngﬁ@% | ayers are oxidized or nitrided by oxygen radicals (OH

radi cal’'s y Ege i ncluded) or nitrogen radicals (NH radicals nay be

i ncl uded) whi ch FiG.d2prinacrossdscotjonsiciew hillugtratéherpaittof a senaisomduciphenbstnie an
insulating filmis_ for .t hi =19, 80) A4ahe §iRe 1 NM and
| ess thang”(‘)fi;ud!é(ﬁsua utf%c%‘gﬁﬁr??loglrné%e?a ?égfgsrggﬁée(fﬁt an orénetgual %‘('1)11262 nm and
| ess t han @or expnalle,tsze IFIGNrABs or ake tlikehe N&ei thatcaltitoagh thé tchset wbere a

sem conduct or. | rs 0143 Since.the oxidation,qr Nitri i on of
the sem co??ﬂﬂ%‘?@%? At ch’ ' H‘L@B&ﬁmf usiR, e e g%cnosri St“)? pteagonae‘?r%%at nent is
a sol i th phegbodigagt 1 03, désbabddntie rihiacembddihentdéinds tngediess weerayt it gat e
insulating fi.lm 706 and each qf. the em('m%ond cé.or | ayers 702 and 704 20 can
be drasti cHMHSPAURISHEETate fPrmg F{lm%‘é&gee ‘cif(‘fﬁﬁﬂ lPSPtSPi?fié’Fé‘se e directly

oxi di zed opimitrided by the high-density plasma treatnent, whereby
variation in the thickness of the insulating filmtaq be,fO{mad can be

suppressed. Si ndoretossorireighrsholb yoliagsrais Edp e RIRGIEPEIY SRt ufhs - even
when t he S&rﬁ@&ﬁﬁﬁmﬁ;ﬂ,ﬁorsﬁm&mé&?ﬁ%el iRPRAG Mrfen® ¥l &MlofoRs 90! | d- phase

reacti on by using e high-density plasm treatnment, a gate jnsulating film
25 wi t B hi gpenimmpnbaaddpd o samygpndpgter ey & 0Q (coriesneadias £, the sielserysit med. Waen

an insul at éeﬂgcof bt 1B s AWFTO! £HY: dﬁ@é%&ﬂto%ﬁ@ﬁ@e%ﬁﬁ{tﬁ@l@&pﬁﬁs sRsgr i bed
above is used for a part or whole of the gate insulating filmof a
t ransi st or andvthe kiag o thei imputitrrahement foshg adsded aan rechspgndras epprapriqio 1 491

example, a p-type impurity element is added to a formation region of an n-channel TFT,
and an n-type impurity element is added to a formation region of a p-channel TFT.
20 The above impurity elements may be added at a dose of approximately higher than or
equal o 1 x 10"%/cm? and lower than or equal to 1 x 10" /cm’.
[0140]
Then, the semiconductor layer 700 is divided into island shapes to form a
semiconductor layer 702 and a semiconductor layer 704 (see FIG. 12B). Note that at
25  that time, the single crystal semiconductor layer 118 is desirably removed in a region
corresponding to the periphery (the vicinity of a region where bonding is not performed)
(for example, see FIG. 2C or the like).
[0141]
Next, a gate insulating film 706 is formed to cover the semiconductor layer 702
30 and the semiconductor layer 704 (see FIG. 12C). Here, a single-layer silicon oxide
film is formed by a plasma CVD method. Alternatively, a film containing silicon

oxynitride, silicon nitride oxide, silicon nitride, hafnium oxide, aluminum oxide,
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30Al ternatively, the gate insulating film 706 may be formed by thermally
oxi di zing the sem conductor |ayer 702 and the sem conductor |ayer 704. In
the case of such thernmal oxidation, it is necessary to use a gl ass
substrate having a certain degree of heat resistance. [0145] Not e
that hydrogen contained in the gate insulating film 706 nmay be diffused
into the sem conductor |ayer 702 and the sem conductor |ayer 704 by form ng
the gate 5 insulating film 706 contai ni ng hydrogen and then perform ng heat
treatment at a tenperature higher than or equal to 350 C and | ower than or
equal to 45Qafkm biidéNbrSthHeaBQ mhalefirBed 16 Wadd iangndlblaFer’ GBuctia® deea f or med
using silicon nitride or silicon nitride oxide by a plasma CVD net hod.
Further, asdskelaser srachyeapthgeateiiesujsting BmiP8 set to be | ower than or equal
to 350 C. 14[054 ydrogen is supplied to the sem conductor |ayer 702 10 and the
sem conductor "l ayer 704 in this manner, defects in the sem conductor |ayer
702, in the senAsontaetfentutingaethod athepthap eplpsiee CVEL methed. e eritiereg gat e

i nsul atd n ' 70, g ' : : jhterface
bet wee nd tﬁ%g%g%r%lggﬁ%s}%goﬁﬁ%ﬁg %%Hg#ldg&% llf)?g%gﬁe%gng%yh u%?%?éﬁng%rc M]704 can be
ef f ect i vel e giewhu c High-JeddityGilashBNesatmentisperfomrstivsio g, fot gramplef amined gaver t he
gate insulating film 706, and , C A i i r sed
(patternedSaft?ﬁ 088 ;S)urcécfiesthee?mnjinhe 8g’ha Sn’vﬁgﬁégéi ae{llﬁ JeFJies{:T%drcg E(’% and an
el ect r ode niftOgearaxidepammdnioystrogene oskyriregend ulnt this casey by exd@ngpldsnhdiey

sem conductor, | ayer. 704, respective see FIG.  12D). The ,canductive film
can be for‘ﬂgﬁd%sg O%WBY%’{Vﬁ%d),?aSg‘as hi/? g}v\’ ﬁ‘a"%‘ﬁ%‘?‘?‘%ﬁ?" aﬁﬁe}”ﬁf S?SI he
conductd vecahibk getepate 0 The sirticsesf thkSientcondBRbrdayesd ars txiblizedort rmided byn ( Ta) ,
tungsten (W, titani (Ti.),, molybdenum (M).. alunm.n . _copper (Cu),
chr oni um (gyﬁ?‘l Blicals Z%Mleﬂwaﬁaet%awgf‘l %%lg?gegﬁ%F#%%‘Bﬁsa‘F‘E%om ai ni ng
t he above-gleser i dvhidt at pRiuded By Such MENCRALTY flasnik, WOBRBY AL 1eanRtiag ni ng the
above-descri bed netal can also be used. Further alternatively, a

semi conductlgy isrgrnediigp thigkness geaigrchancarraralls | Ag @ Ipedirnmicghl 1205

obt ai ned by, dRPkRBly &R IHANG UGt to MMuhnd kst (RN bE bghalttb QOB sot 336 bé Mparts a
conductivity type, ‘may be used. [0147] Although the el ectrodes 708 and 710

are fobhedingentae vathdhhspmicomgycter lpssiducti ve filmin this enbodi ment, the
sem conduc[t{ﬁh]devi ce according to one

Since the oxidation or nitridation of the semiconductor layers through the
above high-density plasma treatment is a solid-phase reaction, the interface state density
between the gate insulating film 706 and each of the semiconductor layers 702 and 704

20  can be drastically reduced. Further, the semiconductor layers are directly oxidized or
nitrided by the high-density plasma treatment, whereby variation in the thickness of the
insulating film to be formed can be suppressed. Since the semiconductor layers are
single crystal films, even when the surfaces of the semiconductor layers are oxidized by
a solid-phase reaction by using the high-density plasma treatment, a gate insulating film

25  with high uniformity and low interface state density can be formed. When an
insulating film formed by high-density plasma treatment as described above is used for
a part or whole of the gate insulating film of a transistor, variation in characteristics can
be suppressed.

[0144]

30 Alternatively, the gate insulating film 706 may be formed by thermally

oxidizing the semiconductor layer 702 and the semiconductor layer 704. In the case of

such thermal oxidation, it is necessary to use a glass substrate having a certain degree of
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30 enbodi rent of the disclosed invention is not limted to this structure.
Each of the electrodes 708 and 710 may be forned by stacking a plurality of
conductive filnms. In the case of a two-layer structure, for exanple, a
mol ybdenum film a titaniumfilm a titaniumnitride film or the |ike may
be used as a lower layer, and an alumnumfilmor the |like may be used as
an upper layer. In the case of a three-layer structure, a stacked structure
of a nolybdenumfilm an alumnumfilm and a nol ybdenumfilm a 5
stacked-| ayer structure of atitaniumfilm an alumnumfilm and a

titani um fiehidesifthnckhe |i ke may be used. [0148] Not e that a mask used
for formng the el ectrodes 708 and 710 may be fornmed using a material such
as silicor{gb‘}é]de or silicon nitride oxide. In this case, a step of 10

formng a mask l?ﬁbte_oﬁﬁttﬂéﬁﬁg_@ﬂ céhtsihdd ©QRe Ptk dRukiihdTilng 766 hoag ©B diffidséd de oxi de
film or the like is additionally needed; however, _decrease in film

t hi ckness 8o thegemigenductpr laye 703 ghd thesgmijconductor dayer Fd by forping thesgade of usi ng
a resisf %lgz&;ng'rﬁm} WY .cohtBfid! Rfdrégdemd B8n FRetorfdifly WehthrRhntPitEF 1 Se

shapes ca med. Alternatively, the electrodes 708 and 710 may be

sel ect i vel tympertaechigher thad oo pduat todd 56 CRzangd dowrs tthamcbr\giva du450%6. ndn thisrask.
Here, 15 a dropl et discharge t hod refers t . ;Rgg vl .dropl ets
cont ai ni ngcaﬁe’glfe &ﬁlél ‘%atrllngoﬂ gloﬂ%ocsafl S}F otﬁmgfl e’ sscﬁgg ge oér%éljwé}éﬁgﬂg{ o forma
pr edet er m ¢x@dt Wed pievhin CDdndthval uBeshearn prodesy ©mperetureoid peofictatitheetito ke in its

category. [0149] Alternatively, the electrodes 708 and 71 an formed by
coendotY vt traar e a5d TG i et TG e ot e nerag I8

i nduct jovel phdGRRkEG MR R ef 76 it Glakhig, dBRIcRQA el sbiicaRdictR ayst ®2adj ust ment
of etching conditions t he apount of electric power applied to a

coil ed el éé@%‘@@écopﬁ@féﬁﬁgﬁﬁ?o"@ﬁt thy warfare batwema thegnt ingdating Hng988rd at e- si de
el ect rode,tgé Eﬁgi%@ﬂ&ﬂ%@fa%ﬁ@f arldf UGS Serdbdone %Eﬁsgﬁﬁn ang 7ode |ike).

The tapere e can be adjusted with the shape of the mask. Note that as
an et chi ngandshegemicoadusigrdayien @d4ras be cliepsiveliietduged. chl ori ne, boron chl ori de,
silicon ch[lrog)ﬁ']de, or carbon tetrachloride, a fluorine-based gas such as
carbon tetrafluoride, sulfur fluoride, or nitrogen fluoride, oxygen, or the
| i ke cEn be usedVeat azppduspyd flmeis HMEojveNdk tgatednsulatipg filn 706 @#éﬁ/ﬂﬂ,i nmparting

one ConChL XLl P A S Gl T SRRl laend e
FIG 13A).ecltatrotii 73R wwitao dienteate, 7180 arei fopuadiovyr thé samecindiictpainyer 762 and the
semiconductor layer 704, respectively (see FIG. 12D). The conductive film can be
formed by a CVD method, a sputtering method, or the like. The conductive film can
20 be formed using a material such as tantalum (Ta), tungsten (W), titanium (Ti),
molybdenum (Mo), aluminum (Al), copper (Cu), chromium (Cr), or niobium (Nb).
Alternatively, an alloy material containing the above-described metal as a main
componeﬁt or a compound containing the above-described metal can also be used.
Further alternatively, a semiconductor material, such as polycrystalline silicon which is
25 obtained by doping a semiconductor with an impurity element that imparts a
conductivity type, may be used.
[0147]
Although the electrodes 708 and 710 are formed using a single-layer
conductive film in this embodiment, the semiconductor device according to one

30 embodiment of the disclosed invention is not limited to this structure. Each of the

electrodes 708 and 710 may be formed by stacking a plurality of conductive films. In
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n-type conductivity (for exanple, phosphorus or arsenic) is added to the
sem conductor layer 702, and an inpurity elenent inparting p-type
conductivity (for exanple, boron) is added to the sem conductor |ayer 704.
Note that when the inpurity elenent inparting n-type conductivity is added
to the sem conductor |ayer 702, the sem conductor |ayer 704 to which the
inpurity elenment inparting p-type conductivity is 5 added is covered with a
mask or the like so that the inpurity elenment inparting n-type conductivity
is added selectively. Further, when the inpurity elenent inparting p-type

conduct i Vighy cass c2ddRe-14yer kA nie of enslipld, armélgdiRhund Fm, & HiGanfenfizgrduct or

| ayer 702 to which the inpurjty elenment inparting n-type conductivity is
added is c%%?‘@d‘lwﬁfﬁh‘hogﬁ?léﬂ‘ﬁf“aﬁfﬁéuﬁ?% aslawwspfe?’m@ aﬁﬁﬁ‘ﬂ’%?%y f &rent

i mpar ting R li¥dBaF oS hi M dppet RySddBtnd Ehss 8 £hirdcMaYer striirdr@ravddckyel y, after
one of the inpurity elenent inparting p-type conductlwlt&;épand the inmpurity
el ement i rgaetrngl 8- mplybdenspd fém.i 94 up ey a8 1 HeeldbneB itk tor | ayers
702 and 7Qs‘%ackédlgy&tsneém@fofamwmmrh,taﬁ_aﬁmﬁiﬁﬂ il "Rl At SR the
conductivity and the inpurity element inparting n-type conductivity may be
added to dikeynayheuséd. t he sem conductor layers at a higher concentration. By
the additi El4sﬁf the 15 inpurity elenents, inpurity regions 712 and inpurity
regions 714 are formed in the sem conductor |ayer 702 and the sem conduct or
| ayer 704, respdbtd thatlaymagkQbed for forming e xtectraded @0% pids 7 I0Bayabefofwedhed on
side surfaces of the electrpde 708 ar [ .S 7 o, n side
sur f aces o‘fsn{ghaemgﬁtelél%ltsfl 813:1‘53 S/l@ n(osxg(ge f‘sgﬂ:oig%ﬁ &@%ge'Zégglﬁ %gﬁfgﬁgg Igfg and 718
can beld orformink s, miskrbyepastegping, a sibwinyoxfider filimg slivon midfl@dxidg fifm,|ants® as to

cover the gat.e jnsulatin ilm706 and the el ectrod 708 .and, 710 and
Corely ! of RS aR, pered: hivbhrer RediiGe i BRRIE SR itk Baftalbdn i
Not e that dnplegmbethatimuthatdsagf hdingna %ot mByrial] Gos, e déctioded J0arhd a0y by the

ani sotropi c, etching descri bed abpove. For the insulating, fi u for

f or mi ng E Uit TgERABIeiES SREenAp by Fmsd-fi‘}lwg"%nfg%l%f‘ﬂ“ﬁ e%i"'bén %‘ﬁ?ij%i li con

oxi de, silhgPre fldefivdlilormbd by ®Broprey BiséHatg@enetisdd! Wibat Wiy d dleskoxHeR, an

organic material, or the Iike may be fornmed to have a single-I| ayer

struct Uy e »rdreplelt disgharee) mybed sefefic durde tsihod By 3duRR @9pleRe FARANDE Sputtering

met hod, Or%g&kgeﬂg%ﬂéﬁ -coﬁl?i)/stitmnsar@ RO SR cjcRted Q0 61 & BleakiedlihddCite@xi de film
Y

is forned ] asma. CVD nethod. In addition, as an etching gas, a m xed
gas of CHPBWddrgiudsepp inkretaneting and & likRidt &S ¢ate8PTY30 the steps of formi ng the
sidewal | s jif,1and 718 are not limted to the steps described here. [0152]
Next , irrpu[r )} el ements each inparting one conductivity type are added to
t he sem conduct dvteinageals the XleptrddeB0208) 9ndh 710 haan gt Eormad Lhyaetichige fthe m 706,

the elggtr : . I I (see
G 30 SRR P R Yl bl BAcE 0O ol ol R pRERIRERS (T TV Ly
types as tdichingmmathbd withlappeptiste 3diwktineht dfeorchittgeeonditidae-2,che owwef conduct or
| ayers 702 .and 704 in it pr evi tep..ar . { n.conduct or

| ayers 70231%1%%0 DR &P plfﬁrastﬂg rco}él?)cﬁ%&g%tfofl g’t tihgrﬁ@ .Ogrﬂg)?%}e%%ﬁé) %%te ﬁgdﬂlhgr%gor?t y

el ement i nqubsthtersidd elegtipele Cihe demgieratire \ofitlse adbeteade-tide eletraiemimiothd like)or | ayer

702, the sem conductor |ayer. 704 to which t -type | rit l.enent is
added is C&Fet?%eﬁe‘v\ﬁ%f’?le ‘ﬁmra'i’éé‘ﬁjuﬁth ?’HE e, Slly@pesﬁ%]ﬁ?sw hgloteg@ﬁla? f%etg Frent
i mpar t2ng gt ¥ PElodAk-baeedi it suvh by clilsrid d6@n SBlogiat,i sileoy chiotidd, Recarbaen t he

impurity element inparting p-type caonductivity is added to_the
seni conduceBichiozide, a Atpering-hased 35 S @R catPoR a%%’rfﬁ“?ﬂ%’ 9 B PFden&T n- t ype

inmpurity ehighRRtlosidRdeesin] o RN an b¥ided adappisitia®l the |ike so that the
inpurity e[lo%r(ﬁnt inparting p-type conductivity is added selectively. [0153]

Next, an impurity element imparting one conductivity type is added to the
30  semiconductor layer 702 and the semiconductor layer 704 by using the electrodes 708
and 710 as masks (see FIG. 13A). In this embodiment, an impurity element imparting

n-type conductivity (for example, phosphorus or arsenic) is added to the semiconductor
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15By the addition of the inpurity element, a pair of high-concentration
inpurity regions 720, a pair of |lowconcentration inpurity regions 722, and
a channel formation region 724 are forned in the sem conductor |ayer 702.
In addition, by the addition of the inpurity elenent, a pair of

hi gh-concentration inpurity regions 726, a pair of |ow concentration
inpurity regions 728, and a channel formation region 730 are forned 20 in

t he sem conductor |ayer 704. The high-concentration inpurity regions 720
and the high-concentration inpurity regions 726 each function as a source

or a drai Nayeand2,tdne ah %&ﬁﬁ@ﬁﬁkﬂﬁmpgﬂmg @mw;]d dondiictigite (Br &dihpii)8otolp
I ow—concentratl on inpurity regions each function as a |ightly doped

drain (LDOy addef éh thy ma‘}ndEStRbtkﬁ’e{ ﬂﬁi‘ t Nete sthafewasn dhey ¥epury f<BYer t he
sem Condu%lértthYE-rtyp%O%oﬁHﬁgu%ﬂe §I sRua! Jos tﬂel%eﬁaﬁbﬂiﬂﬁto?Vﬁaﬁrert e serd conduct or

| ayer 704 may be fornmed so as to have th e same | ength or different |engths
in a di rectemmendystartayen7Qdte r“{hélhsthwﬂ{ﬂ Herpeng W@é@&iﬁ%ﬁ?%@%ﬂmﬂéﬁ‘ a

so-cal led a‘&ﬁ&i‘{é%vér&gg th or ﬁféq{ﬁglsgtha?ﬂﬁhm?ﬁm%réﬁ: e Over the

sem conductor [ ayer constitutes par -channe tranS| stor is
pr ef er abl yCOBQJCItlmtmddd@ snbvievely | G, w@nglnemmwnméenmnt Aoy prisipehi ch

carriers W'\égu Elbﬁyn it %: u?of th& %8 c&{lﬁu%%ﬁ ldﬁ{elgﬁyéﬁ ltleS sefdndVcEdr IL}Q}? I_gﬁf @8 conduct or

| ayer 702 cons nel transistor. By increasing
t he | engt hehicl tﬁehmpsntyealahém nﬁﬂﬁﬁng‘ nitype qadivamitels addedims¢oyersd with shor t

channel effect .on _of oron. c pr or e,
boron can IB%?( 0&&5%1 %% H%l Sd“f’ng%mgngﬂ nr% %ﬁ% coﬁ&?:cggl e%st]a‘r%iggl on.
Accor ditngl s,elecﬁm r eAlterhaihedy, offtet hanes ofl rthe 1mpdntlyhe1enh|em mn;mtmg)qa typauced.

[0155] 5In order.to rther re ucethe resi stance .of .the sour nd t he
Grarn o Sopey Syt e el doayRE srngoelriites MR BT | ne
sem CondUCsIeﬁﬁcoh&)tﬂfraayéesZ7(ﬂrui1d77@4 thd ldeheB bf the lidlpurits efeﬁfeﬁeﬂlﬁamnglpa@pmg a net al

in contact with the s mconduc or |layers and caus are bet ween t he
metal and EPATEEHY PRt WY & EF%‘?"“F%FY?"‘ S?/“‘*‘f&tg‘f‘tyt?‘éy ‘?r% d(t% g., a
GRTA net haghy g w&geﬁéﬁﬂ%toﬂﬁyei‘% alHikR} corkc@tratib® By the addition of the
15  impurity elements, impurity regions 712 and impurity regions 714 are formed in the
semiconductor layer 702 and the semiconductor layer 704, respectively.
[0151]
Next, sidewalls 716 are formed on side surfaces of the electrode 708, and
sidewalls 718 are formed on side surfaces of the electrode 710 (see FIG. 13B). The
20  sidewalls 716 and 718 can be formed by, for example, newly forming an insulating film
so0 as to cover the gate insulating film 706 and the electrodes 708 and 710 and partly
etching the newly formed insulating film by anisotropic etching. Note that the gate
insulating film 706 may also be etched partially by the anisotropic etching described
above. For the insulating film used for forming the sidewalls 716 and 718, a film
25  containing silicon, silicon oxide, silicon nitride, silicon oxynitride, silicon nitride oxide,
an organic material, or the like may be formed to have a single-layer structure or a
stacked-layer structure by a plasma CVD method, a sputtering method, or the like. In
this embodiment, a 100 nm thick silicon oxide film is formed by a plasma CVD method.
In addition, as an etching gas, a mixed gas of CHF; and helium can be used. Note that
30 the steps of forming the sidewalls 716 and 718 are not limited to the steps described
here.
[0152]
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10 suicide region, cobalt silicide or nickel silicide may be used. In the
case where the sem conductor |ayers 702 and 704 are thin, silicide reaction
may be nmade to proceed to bottons of the sem conductor |ayers 702 and 704.
As a netal material used for the siliciding, the follow ng can be used:
titanium (Ti), nickel (N), tungsten (W, nolybdenum (M), cobalt (Co),
zirconium (Zr), hafnium (HD, tantalum (Ta), vanadium 15 (V), neodym um
(Nd), chromium (Cr), platinum (Pt), palladium (Pd), or the like. Further, a
silicide region can also be formed by laser light irradiation or the |ike.
[0156] Thivexd fnfubiy ab@wes sdctpfpartifg Snccdvatittivity fypa atesidded 638 and a

p- channel transistor 734 are fornmed. Note that alt gh conduct | films
each ser vissBucRadusta dayerse/03 gnd F e sing e gste 3’3@?%‘?#‘181%& fhg gtec ‘é‘@’élﬁ%t been
formed at jjhe7 9t a8 thesifidvalls 136 and BI8" ACHMAR (ACFIEI130).t hesie teanaCct i ve
films each serving as a source electrode or a drain_electrode nmay al so be

referred tigwastyaclements impasting [y gme sendpctiviy PR Sathe NgPIIYNFI9B8 s f or med
SO as 10 f@ﬁglglah Pl £E3%he LhADRSHA 1ayefO708 38d FMintASprBviciAaire

transisto see FI'G 13D). The insulating film 736 1s not necessarily
provi ded; dddedktoethe sericonidueior ayem Jo2 pnchy0A® T pnsgEdionsapiere wlen such as

an al kal i n L he-ear - I Azveannel
transi st orﬂgﬁuﬁjgﬁf I%gn t%@%ﬁ%ﬁﬁf%ﬁ%ﬁ%ﬁ%@ 18721%(%&] t%gieﬁe [ cgﬁb%,r ?y%e

i nsul at i ng702i thw asconduqterethpsr 8K yto fwiricte theustypg impwely ealéradnt syeddedds si | i con
oxide, silicon,nitride, ,siligcon,oxynihtride. sil.ic (A QXL de,

al uni num ni%’ ?’ie%ev,“ Iaurﬁ"ﬁmhkur%r otﬁk? ?f‘(la(g S\ér httaflégﬁ ?IE‘Z[H‘* n e‘?ﬁ'ﬁg %h%gﬂ?%eﬁ?é a

si | i coro nidontialeivitx iscidddd delectivelyh Futthirckinaghe infpus pypaloxdntratkyngg6pem i s used
as the insulating fil 6, In thi ase bove-descrihed [ ogenati on
step may b‘ﬂé’ng‘é‘?‘f"& ,tpeqiﬂi]g;?oe{he Sf“ﬂgog‘? cfoé iweﬁ%lﬁit%es%nﬂo g“‘fq?rl B ?rs')agg? med. Note
t hat al t howgibh tHeen-iyps ih@irity glefiehtnis d36dhasowreal wigh & nlasly er thetlikasd tiiae i n t hi s
enbodi ment, it is tygedllgisﬂs t.0 sa theht t he .i n@gl atli ng film736 may have a
st acked- | at}‘_%i‘mI%‘WXJ P‘BF%.““P%’F‘“%&'&%IC%‘} uetivity g added Selegvelyy wo- | ayer structure,

the insul afphsg film 736 may have a stacked structure of a silicon
oxynitride 5filmand a silicon nitride oxide fi|m 1[‘0158 .. Next, an
i nsul atd ng fi | mBy3be pddifion ofhe BRRMrity lementsd PHE PR PRIFFRIAEOR B 6 cover

the n- Cha%gﬂoné FANS ipii Of lodReonB@firalife il iRpRBRhs 772088 § biRfindl Frmalibe
insulating Tilm 738 ma be formed using an_organi c material having heat

r esi st ancetegiondR4 azs femneddn jheemicondesisrilaver 79 n A8 additien by direrddfionwani de, or
epoxy. Qt hgr ihan. sygh.an | g HUBS R bhtPtion |inplitty b8 P956 ] Dbsir b Use a

| ow- di el eg'iﬁ?i‘%‘gg’gtﬁs%%?ﬁn%%g% ﬁ%‘ﬁ’%@ Hion inplitty Togiond 7 R opEr e o
resin, sillowerpnoontraéon igipuiityorgioist F28dand asghpined fprogtjan regip@l @30 AP foresh nitri de

oxi de, o phos L]l I P Do i d‘rﬁﬂ ik 38$ S0 .

al um n%l(? OIPQF%EAII}J%%??&?-@?@?S]P %’e@ﬁ%%%@%@gg ?ﬁelél n ceg}ofrﬂes_pon s to aresin
i ncl udi ng highicer@eBratibh itopurity whyiads 7126 ehclr fomdtiansasngysairesi droxdraig, fristhed mat eri al
as a startjng materjal. The silo e- bas resi Jnel - rdes

hydr ogen, ia?f’vg ?0(5‘8%“%3{5%11%’@ |G 1P:|1s)r§ﬁz? agﬁﬁglelg‘ﬁcgééregﬁ%%odpg 'gljrltgg%l?&é%%%dr ocar bon
as a subst édch @ictioNatadightiatiopdd@rdin GUDR) degignf i | m 738 may be forned by

st acki ng a[oglétﬁral ity of insulating filnms forned using any of the above

materi al s. 0159]
25 Note that the sidewalls 716 formed over the semiconductor layer 702 and the

sidewalls 718 formed over the semiconductor layer 704 may be formed so as to have the

- same length or different lengths in a direction in which carriers move (in a direction
parallel to a so-called channel length). For example, each of the sidewalls 718 over the
semiconductor layer 704 which constitutes part of a p-channel transistor is preferably

30 formed to have a longer length in the direction in which carriers move than that of each
of the sidewalls 716 over the semiconductor layer 702 which constitutes part of an

n-channel transistor. By increasing the lengths of the sidewalls 718 of the p-channel
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For the formation of the insulating film 738, the follow ng nethod can be
used depending on the material of the insulating film738: a CVD nethod, a
sputtering method, an SOG nethod, a spin coating nethod, a dip coating

nmet hod, a spray coating nethod, a droplet discharge nethod (e.g., an

i nk-jet nmethod, screen printing, or offset 25 printing), or a tool

(equi pment) such as a doctor knife, a roll coater, a curtain coater, or a
knife coater. [0160] Next, contact holes are fornmed in the insulating filns
736 and 738 so that each of the sem conductor |ayers 702 and 704 is partly
exposed. Tir@Risto€ Aok chandell difebidud Go ddfidsian df Fetdn Mﬁefmpmﬁeci;ﬂhﬁémfeam W th

t he sem conductor | ayer 702 thro t.he c act hol es, and tive filns
744 and 74@"%‘?’@%@@%@ FP%BWP%\E‘E 't?bf‘ ﬁ%‘é‘éﬂ?ﬁ’&ﬁﬁﬂ’@to cgargf $ ‘ﬁ t hr ough
t he cont acksib@h®@%f (RQ6urkd fad thddihin chiiBe fednckdct i ve filnms 740, 742, 744, and
746 serve as source electrodes and drain el ectrodes of the transistors.

Not e that [®h5%lhi s enbodi nent, as an etching gas for forning the contact

hol es, @ m xed §asdef 10GHFBeraBiobnd BsiRBRI QY 2 sottfetwsthe&rttﬁ £tiehhog gas is
not limted thereto. [0161] 5The conductive filnms 740, 742, 744, and 746

can be forigignaypecomeddihiorming sliside e parh gt the SprBigondyetop iféetsﬂ!%% and
Speci fi cal i f e
Congst en (e e SR 56 med by, DSHEAHEN HooddiclSan M BBl

pl atj i num (leygrs amsbppsng ¢ wyuow‘e(mh@ n;etgli dndesHicomi the ﬁtmgmﬁester l(am
neodym um t(s;‘r:lﬂgaz}t lt?e%ﬁxpe?lp t(éﬁq:a (%R’li%%?%c{d 'a}1 LIQI%% tnﬂ:ﬂ:og gxe tHePfkey ©

Mor eover oy contarhing abo SCT I mat er as ?ts mai n
conpontEnt slicide mgivpocobdlt sdividei orimcket klhcld@mag-bdesodl tledﬂ:\ermisemhate thay be

U508, P G0 et 1 PG 0, B of e sy USRI T M
exanpl e ofbcatanﬁldfcm geﬁﬁtcmﬁmitmglaﬁdrummmfd A% | tAs armenl aatepslnesd forahe 15 al | oy
conL i !N ELUTL WY £5,4 L T b COMONEDL S a8, o0l g, ygkel can be
al so cont anblyB&niinqKRY), RBSL @G, AfcomiZof ha‘fﬁﬁﬁQHf)aﬂﬁtaﬁmh () vataiiundl SO be
ave. | Do 1801 SEaRERR NS SrbRy O et dPSupaee Babitakie "Tor
form ng t heurRAduitikid¥ feglidd JaR aléd e fofthéd by der light irradiation or the like.
[0156]
Through the above steps, an n-channel transistor 732 and a p-channel transistor
734 are formed. Note that although conductive films each serving as a source
20  electrode or a drain electrode have not been formed at the stage in FIG. 13C, a structure
including these conductive films each serving as a source electrode or a drain electrode
may also be referred to as a transistor.
[0157]
Next, an insulating film 736 is formed so as to cover the n-channel transistor
25 732 and the p-channel transistor 734 (see FIG. 13D). The insulating film 736 is not
necessarily provided; however, the insulating film 736 can prevent impurities such as an
alkali metal and an alkaline-earth metal from entering the n-channel transistor 732 and
the p-channel transistor 734. Specifically, the insulating film 736 is preferably formed
using a material such as silicon oxide, silicon nitride, silicon oxynitride, silicon nitride
30  oxide, aluminum nitride, aluminum oxide, or the like. In this embodiment, a silicon
nitride oxide film with a thickness of approximately 600 nm is used as the insulating
film 736. In this case, the above-described hydrogenation step may be performed after
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20 and 746. In particular, the alumnumsilicon is preferable because a
hill ock can be prevented fromgenerating due to resist baking at the tine
of patterning. Further, a material in which Cuis mxed into al um num at
approximately 0.5 % may be used instead of silicon. [0163] 25In the case
where each of the conductive filns 740, 742, 744, and 746 is fornmed to have
a stacked-layer structure, a stacked-layer structure of a bather film an
alumnumsilicon film and a bather film a stacked-layer structure of a
barrier film an alumnumsilicon film a titaniumnitride film and a

bat her fi |2 sifontdiRide bkide ﬁmylsbfenmied NofeGthatexthsuzhehe iaflfing ik 786 @adat her

fllmreferstoafllmforrred us tltanlu a 30 nltr%de of .titanium
mol ybdenurf SBeleriayes gractyre by g ntoif 18 168 IF?SQ% sayphatrthe Isplgtingdd ™ onduct i ve
filnms suchyskhahy aBveah %%Eé&%?dr'dnﬁ&ﬂref | P8R bfanipd, 6f RS kbt memd@a;t her

filnms, generation of hi cks of alum num or_alum num silicon can be

further priéyenteethe mW’@é\fé‘P T3pymayohare Agtacked BrIchEee! ¢ SIFRLIRETES t ani um

that is a &l oy ifdvaicoxlegimnt. even if a thin oxide filmis forned
over the sem conéuct or aeyé{rs(,3 702 and 704, the oxide filmis reduced by the

titani um d6ht&i ned in the barrier film whereby favorable contact can be

obtai ned bet weeR g, SEMLARNAHAAE il A¥GEe 604 DG LRELFAREYIS Ly G fd | s 740

and 5 742 and betwéen the sem conductor [ayer e conductive filns
744 and 7 4@verFihe mhé]ar,meft ttransstm B8 pdstbe Iprahanngl sqamsttoraﬁﬁl uith¢ irsylatyig barri er

films. a ase, e 7 742,
744, and 7@%1 2%%%% l?‘eor rre ?%%ave?%ﬁ% @%teﬁ%y%a&ﬂ%?ﬂr& 31%: t:}érgteauzél’ %Fd} gsgi um
titani1m rpolyimite, aedylied Mnb@nclobmeﬁa polyaanda mr epody.t | Oder lmannsltchl @e in order
fromthe bottomor .a st.acked- er strugctur.e of. nor ers.

oL on6u;  oreAnd lerifl, XiB GG PP T fisre Blpéifiefiic heont Rtfbrisl o OIS
silicide friemid), b)éll@iaﬁdﬂﬁma@&lsmyﬂmm oﬁlﬁl@psﬂlctdnmﬁmﬂetsﬂﬁdl osinitgjdg siiEéh gas and a
Sii H4 gas mmy, be. us ernativ tun n.forned dr.ogen reduction
ot Ve oy oEdh montalic s Py PPiRosp i R GpS 4O, " Sor o 160]
Not e that drhge ﬁlemdlma}d ViR dilokdfe-baddd Bl cddetpadde 16 @ RBAL ineRlding at$18D-Si

hi gh- concentrati.on |rrpur|t regions 720 of the n-channel transi Stﬁ 732.

The colductongeviich jgs foymad &?Rig P48loxans-Rassd mategyl 292 SRES BACEFnceht rati on
impurity r&gkaRDHadedbeh ntad)endlndd BORRE HyARBS, 3t Rhast 034 -of fluorine, an alkyl

group, or aromatic hydrocarbon as a substituent. Note that the insulating film 738 may

- be formed by stacking a plurality of insulating films formed using any of the above
materials.
20 [0159]

For the formation of the insulating film 738, the following method can be used
depending on the material of the insulating film 738: a CVD method, a sputtering
method, an SOG method, a spin coating method, a dip coating method, a spray coating
method, a droplet discharge method (e.g., an ink-jet method, screen printing, or offset

25  printing), or a tool (equipment) such as a doctor knife, a roll coater, a curtain coater, ora
knife coater.
[0160]

Next, contact holes are formed in the insulating films 736 and 738 so that each

of the semiconductor layers 702 and 704 is partly exposed. Then, conductive films
30 740 and 742 are formed in contact with the semiconductor layer 702 through the contact
holes, and conductive films 744 and 746 are formed in contact with the semiconductor

layer 704 through the contact holes (see FIG. 14A). The conductive films 740, 742,
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20[ 0166] FIG 14B is a plan view of the n-channel transistor 732 and
the p-channel transistor 734 which are illustrated in FIG 14A Here, a
cross section taken along line A-B in FIG 14B corresponds to FIG 14A
Note that in FIG 14B, the conductive filns 740, 742, 744, and 746, the
insulating films 736 and 738, and the like are omtted for 25sinplicity.
[0167] Note that although the case where the n-channel transistor 732 and
t he p-channel transistor 734 each include one el ectrode serving as a gate
el ectrode (the case where the n-channel transistor 732 and the p-channel

t;ﬁnzi St0r741§én67%|§é%lds|’$@ur3£’eléﬁt§ﬁg$ QﬁE&raiﬁ?ﬁeoﬁﬂde;?onﬁe &&gﬁ@ﬁgriw in this
e odl nent . as an exanpl e, one e oal nt. of the I SCJ] Qse i.nvention i s not
limited tdhetp disembpdiment asppgtching gas &r@lq%s@e FRpfast g"lﬁﬁaFﬂl’-‘%laﬁaéo tructure

i n which acHFlmalHeli¥ efiplofdde howREE theTtdhitgEs ASofihRed BBl r odes are incl uded
and electrically connected to one another. [0168] In this enbodi nent,

an SO sub8i¢dte having an excell ent seniconductor |ayer where the surface

roughness is sURRE BSRIGHive TS $40, 7438181l 946 L BAMMAHIAEVD Rt d of S5
sem conduct or devices-can be inproved. Note that the sfructure described in

thi's enbod mwieriagamebed st like. afiprafrall & @ owisrinkef Bn capdutivenimss

structures; AesGH AHY aidgsth 8w &G RH HalBRS (Ta), HHAHdb TR, I 5)
(N1), platinum (Pt), copper (Cu), gold (Au), silver (Ag), manganese (Mn), neodymium
(Nd), carbon (C), silicon (Si), or the like can be used. Moreover, an alloy containing

10  the above-described material as its main component or a compound containing the
above-described material may be used. Further, each of the conductive films 740, 742,
744, and 746 may have either a single-layer structure or a stacked-layer structure.

[0162]
As an example of an alloy containing aluminum as its main component, an

15  alloy containing aluminum as its main component and also containing nickel can be
given. In addition, an alloy containing aluminum as its main component and also
containing nickel and one or both of carbon and silicon can also be given as an example
thereof. Aluminum and aluminum silicon {Al-Si), which have low resistance and are
inexpensive, are suitable as a material for forming the conductive films 740, 742, 744,

20 and 746. In particular, the aluminum silicon is preferable because a hillock can be
prevented from generating due to resist baking at the time of patterning. Further, a
material in which Cu is mixed into aluminum at approximately 0.5 % may be used
instead of silicon.

[0163]

25 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

30  nitride of titanium, molybdenum, a nitride of molybdenum, or the like. By forming the
conductive films such that an aluminum silicon film is interposed between barrier films,

generation of hillocks of aluminum or aluminum silicon can be further prevented.
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10In this enbodinment, a variety of electronic devices to which an SO
substrate according to the present invention is applied will be described.
The el ectronic devices include, in its category, canmeras such as video
caneras and digital cameras, navigation systens, audi o reproducing devices
(such as car audi o sets and audi o conponents), conputers, gane nachines,
portable information term nals (such as nobile conputers, 15 cellul ar
phones, portabl e ganme nmachi nes, and e-book readers), and inmage reproducing
devi ces having recording nedia (specifically, devices provided with display
devi ces cayakbery Bl e batithr Gl atiag Slaaiuadihhtls & aIedgibiedemcuch as a

digital versatile disc (DvD) and displaying stored | e ta). .Exanpl es of
these devi&ifgthinjoxidgs %Bn‘?drPVPT Se%‘%?(‘ E}Oﬁ@@r%@(ﬁg%ﬁldﬁg tﬁg OX“%);I G 15A

i 11 ustrat efinpis danblany 18 WlaaRn Qmtidang R ARILS N Widleby FavidbiOédniag base
902, a display portion 903, speaker portions 904, a V|deo |nput ternlnal

905. and t448 bF pRi@ined hetyees @ﬁﬁwcm'?te@lay@ ThAre the condsativrslitimy /69 and

transi sf orgof HfGelvely tﬁe%nﬂ&ﬂ&&cﬁ&tlh&ér R4 ra&l hRLoHaRAVL BEk 744 ARotger
enbodlnent or adriver IC the display 25 portion 903, and the |ike. Note
that the oﬁlgthbray_lﬁdsn EOéSIbleﬁ(eﬁtt@clq@lwath@tﬁb@tnerriillmsal Indh@ﬁlaswfoa@mﬁtr%e a

| Lant- em {dtige il SRy A G40, 309, H0%add /48 caft Bl idttuba ¥k B'ERENRI O

di spl ay devices for, for exanp ‘conputers, evl sl on receptl n, and
adverti sensmttuch dﬁitaymu,amarbmmmﬂuchédnmepedncbn,damnyn, andditapira pjtride

head- nount.ed refl ect i ke can be

gi ven. By apﬁ?y?ﬁﬁqﬁépo ora%%w P%%g%%%%-#ﬁé$ ?ﬁﬁyggﬁggbnt 30 invention
to thelddi spl&dy portlon of the dlsplay devi ce, the di splay portion can be

Fur ther by appl iy P GO ELE AL Petd et Ao e W BOMR Ky ent i on

to the drigshemicalCragoh lepsiticar mithod asinpe WRadas tadd hasiel, hiag nar be/ useg.

capability 1 ustra es & uter .including a housing
G i Sl st ormed T5, bdotin Gt o SVEx HEY teomriep i por

914, a poi@h&agvgﬁymgaogiﬁsmamgmrhg i ke. 5 A transistor fornmed according
to the present invention can be applied not only to a pixel portion in the
di spl a Vdepﬂﬁﬂn 912 but also to a sem conductor device such as a driver IC
for display, a ¢RBW iRl de Qeoﬂtﬁicﬂvé)oﬂ)hs Q40 B MDY arel QddikLick! 3 tHHC
illustrates a nobile phone which includes two housings: a housing 10 920
and a houslngigccgrzgntravwe impuEiyngeeoms THE|ofgbe Brekpneg)| Hynsiieie/3H22Theyy speaker
923, a mc 146 ]ﬁ%ﬁﬁ n

ext er nal g%ﬁﬁ%@??gﬁ&fgﬁﬁFﬁghgégﬁg anéﬂqﬁe Ii%laﬂ%%gE%%bS|ngqg% mﬁg provi ded
with a sol &6 of dielp- meﬂbﬂm@m{ﬁgﬂng t he nobil e phone, an external nenory

sl ot Qﬁp 2? the like In addition, an antenna is incorporated in the
housi ng 9 urther, the display panel 922 is provided 15 with a touch
panel . A plural FI(y BB spephknioew loéyse 82Gangkl tansiseordi2 pindytbd paélalimhges is
illustrated th rCU|t by
which a voft™§ 'ét r {wgfﬂ‘ f’rreolﬁﬁt tgdsj: Igf} §%Pél :\Hétg ?rgéslsg%ui%gg%}g %1

suf ficientAsB imfgt} chomsﬁondx to FlG.t14As  Alogcthatrin FIGI 4B, thé)ddhﬂ];ctwe films

740, 742, 744, and 746, the insulating films 736 and 738, and the like are omitted for

25  simplicity.
[0167]

Note that although the case where the n-chanmel transistor 732 and the
p-channel transistor 734 each include one electrode serving as a gate electrode (the case
where the n-channel transistor 732 and the p-channel transistor 734 include the

30 electrodes 708 and 710) is described in this embodiment as an example, one
embodiment of the disclosed invention is not limited to this structure. The transistors

may have a multi-gate structure in which a plurality of electrodes serving as gate
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20A sem conductor material formed according to the present invention can be
used for electronic devices such as a PDA (a personal digital assistant or
a portable informati on processing termnals), a digital canera, a conpact
gane nmachi ne, or a portable audi o playback device, in addition to the above
nobi | e phone. For exanple, the sem conductor material of the present

i nvention can be used for formng a functional 25 circuit such as a CPU, a
menory, or a sensor or to a pixel portion or a driver I1C for display of

t hose el ectronic devices. [0174] FIGS. 15D and 15E illustrate a
digital caf@t@deshtGnclb8dd dnlileléstricalyaoniectsdas osd shothef the digital canera
illustrated in FIG 15D. This digital canera includes a housing 30 931, a
di spl ay po[toll@gn 932, a lens 933, an operation key 934, a shutter button
935, and the |ilghiderdboaisdns ArSOIMPRG RS R Gh REcdlient BRiPhAREA layenVENT | ON
can be applied to a pixel portion in the display portion 932, a driver I1C
for drivi ngharnthegndgse sgughngss isgupryessed isisers thsrafore dRgmppdaqiug, yisld ot 5

FIG 15 léehﬁ%ha‘g&(gsd&ic@é Qhet 8L %Pg%w.cmé Rnat T Stmebin@ tadloribbdI 9P ai@Mer a
includes a nmain body 941, a display portion 942, a housing 943, an external
connect i orempmdimeu gan 8 used Wrpppwptda cowbinptiitnayith sy of sryatues dragribedin | mage
recei vi ng rhi battery 947, an audi o input portion 948, an
operation ‘1@‘§§&8‘2@?b%§ﬁ“e§§€s'e pi ece portion 950, and the |ike. A transistor
fornmed accldiéiling to the present invention can be applied to a pixel portion
in the dis d%%r%on 942, a driver IC for driving the display portion
942, a ne : d g}i tal input processing device, and the like. 10[0176]
Besi des) a trandn gtioembotimed, acaietydohdediont hlevipesats evitich 8@l substratan be

applied to a navigation system an audi o..pl ayback, deyi ¢ an i mge

b oduct s bl Bila e TR o or s SRR v et 1REE

t ransi st orinae) iR ié tHi@Anacandrad sigh bovidbe cqpieesomt digibedmends, aavigakien appl i ed
to a pixel portion. in a display portion, a driver IC 15.for controlling the
di spl ay pobties, auiqEpmdyein dﬂ%@‘?"t pely 45 EAT aﬁf"é’c@?s?‘“ﬁga R/ PURPON e h5 o
portion, afthiufes, lohke nAthih&O @ tBRVIkfoRSatidnOtdfifihals (such as mobiler dogirters; he

el ectronic devices illustrated in FIGS. 15A to 15F can be manufactured by

appl i cht i ofeligler phonesmortable gEme Maghings: AXHE-PeRk WAttty AP UMREY TSRIMECE ansi st or

and a di SpjRyeed %Htflﬁg recorzd(') ég?ggi%g%;%beﬁkhlﬁtdeﬂ@es' ProBiase i@ i $R@s Pat ent

Application serial no. filed with Japan Patent fice on

Novenber 2eppalieobplaying audie data stosrd i ecording widia jucdas aligiedh yers#ieisor at ed by
ref er ence. myp) and displaying stored image data). Examples of these devices are illustrated in
FIGS. 15A to 15F.
20 [0170]
FIG. 15A illustrates a display device including a housing 901, a supporting base
902, a display portion 903, speaker portions 904, a video input terminal 905, and the
like. This display device is manufactured using the transistors formed by the
manufacturing method described in another embodiment for a driver IC, the display
25  portion 903, and the like. Note that the display device refers to a liquid crystal display
device, a light-emitting display device, and the like, and all the information display
devices for, for example, computers, television reception, and advertisement display can
beincluded. Specifically, a display, a head-mounted display, a reflection type projector,
and the like can be given. By applying the SOl substrate according to the present
30  invention to the display portion of the display device, the display portion can be made to
have little display unevenness and excellent image quality. Further, by applying the
SOI substrate according to the present invention to the driver IC, the driver IC can be
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WHAT IS CLAIMED I S: 1. A nethod for manufacturing an SO substrate,
conprising the steps of: irradiating a sem conductor substrate provided
with a groove with an ion to 5 forman enbrittled region in the

sem conduct or substrate; bondi ng the sem conduct or substrate and a
base substrate to each other with an insulating |ayer interposed
t her ebet ween; and performng a heat treatnent to separate the

sem conductor substrate at the enbrittled region, so that a sem conductor
| ayer is formed over the base substrate with 10 the insulating |ayer

i nt er posedpidas BRRIMEERving capabilitd. The nethod for manufacturing an SO
substrate according to claim1l1l, wherein the sem conductor substrate and the

base substlPa{d are not bonded to each other at the groove. 15 3. The
net hod for mManNufRRGtYRIiNe:uaRs SEdmsuBShéladits AG6@IE NY, 4 Asglhy@pdiidn oMherei n the
groove has a conical shape or a pol ygonal pyram da 4. The

1 dal shape. .
met hod f ora kewbotrd Alar amexternal Sopnestion perh P b4, SRWHIE F5ViES 9@?@%@5 likgy wher ei n
the grapve, Rag;@oMBindNRa)diRY (ML Jakent AABRIOANAS 8c Wiplbdndtong Bdyle Y
narrovve%g frg{%ﬁsé.ﬁ?sur%ce ofr‘t%e segi conduct or subi‘%isrﬁgt et O\X.g{d_gﬁli nsi de.
5. The metputor inrthadispidyarorion Hg bahalgOe asgmisopductor devienr wrhep 2 driver i m 1,
wherein t AP i i $aRgy.or a polygonal col umar shape.
25 h@.rgffﬁlg)y’%et ho](Ijlgifi%Hﬁa%ﬂﬁlfd ’?trﬁrl ng?%m SO substrate according to
claiml1, woé¥Hdin a depth of the groove is greater than or equal to 1/100 of

roby keSS of e SRTGENEL BBy AT MELONE Ml 1
provi dedl ag20eandeytobsideedier Thhaousiy21dhclides alispiaytpaha @22.egipeakef 823ed in the
e conucy ot SRR 524 e i D0 1 G YPR b PR = S
sem conducCfeRhinSIUYEE, had el KN The hbhase 920 isaproeided suithfaseart dudlr 829f for 5
charging the mobile phone, an external memory slot 930, and the like. In addition, an
antenna is incorporated in the housing 921. Further, the display panel 922 is provided
15  with a touch panel. A plurality of operation keys 925 which is displayed as images is
illustrated by dashed lines in FIG. 15C. Note that a boosting circuit by which a voltage
output from the solar cell 929 is increased to be sufficiently high for each circuit is also
included.
[0173]
20 A semiconductor material formed according to the present invention can be
used for electronic devices such as a PDA (a personal digital assistant or a portable
information processing terminals), a digital camera, a compact game machine, or a
portable audio playback device, in addition to the above mobile phone. For example,
the semiconductor material of the present invention can be used for forming a functional
25  circuit such as a CPU, a memory, or a sensor or to a pixel portion or a driver IC for
display of those electronic devices.
[0174]
FIGS. 15D and 15E illustrate a digital camera. FIG. 15E illustrates a rear side
of the digital camera illustrated in FIG. 15D. This digital camera includes a housing
30 931, a display portion 932, a lens 933, an operation key 934, a shutter button 935, and
the like. A transistor formed according to the present invention can be applied to a

pixel portion in the display portion 932, a driver IC for driving the display portion 932,
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9. A nethod for manufacturing an SO substrate, conprising: a first
step in which a sem conductor substrate provided with a groove is
irradiated with an ion so that an enbrittled region is forned in the

sem conductor substrate; 10a second step in which the sem conduct or
substrate and a base substrate are bonded to each other with an insulating
| ayer interposed therebetween; and a third step in which the

sem conductor substrate is separated at the enbrittled region to forma
sem conductor |ayer over the base substrate with the insulating |ayer

i nt er posed B@sEPAIIMERSKe. 15Wherei n t he sem conductor substrate separated at
the enbrittled region is reused as the sem conductor substrate in the first
st ep. 10.[ONXet hod for manuf acturing an all substrate, conprising the

steps of: formi 'Fm.al@Fiilﬂz%h%t@éé&‘igitAﬁY&B cAM&h. aTHEMoRARGHLS tRherd WREldeat €;

20i rradi ating the sem conductor substrate provided with the insulating
layer wi t hemiainibedy 041, p displasinonsion Pty heusing ¥t o AR SFePHicRBRestie BBV n t he
sem congducy %&éj&b%%xéﬁ@éé\{iﬁ% Portioﬁ’@ﬁf}l,' aaqmtag@re%@l%égpﬁfaﬁms, asm'é;yr@g,e and a

base substrate to each wth the insulating'layer interpose

t her ebet wessrpudipriop2 Bpwiof 84 §rian greratinadicy Ofd an spnpiceeposiaqnftsat andithgolike.

sem conduc [ Ll .20l : L.conduct or
Tayer 15 roRanHahhetabl % BF driskie iNinl GRlbe, RiGITH chkeP BOLGP

i nt er posedntthedisfiat pwtom 942, a driver ICIfor diiviag the tdisplhy fportiom#df amemeiyngy an SO

substrate accqordi to.claim10 wherein the sem conductor substrate and
t he base s‘ﬁ%1 ?@Pgﬁg?egs%ﬁevbcgh%jgﬁ%gg&;ach ot her at the groove.

12. The meohpal f or manufacturing an SO substrate according to claim 10,
wherein the gr O%\égidps?ast tr%nscis 91" f%xarlleds zﬂ:%grgin%rto %) que%gp irﬁ‘avlelntig & . ed z?rlpligci] ape.
to a navigation system, an audio playback device, an image reproducing device
provided with a recording medium, and the like. A transistor manufactured according
to the present invention can be applied to a pixel portion in a display portion, a driver IC
15  for controlling the display portion, a memory, a digital input processing device, a sensor
portion, and the like of those devices.
[0177]
Further, the electronic devices illustrated in FIGS. 15A to 15F can be
manufactured by application of the aforementioned method for manufacturing a

20 transistor and a display device.
This application is based on Japanese Patent Application serial no.

2009-266067 filed with Japan Patent Office on November 24, 2009, the entire contents

of which are hereby incorporated by reference.
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13. The net hod for

manuf acturi ng an SO substrate according to claim10, 5

wherein the groove has a pol ygonal pyram dal shape whose width is gradually
narrowed froma surface of the sem conductor substrate toward an i nside.

14. The net hod for

manuf acturing an SO substrate according to claim 10,

wherein the groove has a cylindrical shape or a polygonal columar shape.
10 15. The nmethod for manufacturing an SO substrate according to
claim 10, wherein a depth of the groove is greater than or equal to 1/100
of a thickness of the sem conductor substrate. 1516. The nethod for

manuf act urweazTas GAIVEIDE:r at e according to claim 10, wherein the groove is
provi ded at a depth deeper than that of the enbrittled region fornmed in the
sem conduct or substrate. 17. The method for manufacturing an SO
substrate accor di Qehettdd GrahdMufelmria® aMBOT fibbrdtd) QoRpRRELP SBRJrAt es t he

sem conductor substrate froma surface to a rear surface thereof.
irradiating a semiconductor substrate provided with a groove with an ion to

5  form an embrittled region in the semiconductor substrate;

bonding the semiconductor substrate and a base substrate to each other with an

insulating layer interposed therebetween; and

performing a heat treatment to separate the semiconductor substrate at the

embrittled region, so that a semiconductor layer is formed over the base substrate with

10  the insulating layer interposed therebetween.

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

wherein the semiconductor substrate and the base substrate are not bonded to each other

at the groove.

15

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

wherein the groove has a conical shape or a polygonal pyramidal shape.

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

20  wherein the groove has a polygonal pyramidal shape whose width is gradually narrowed

from a surface of the semiconductor substrate toward an inside.

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

wherein the groove has a cylindrical shape or a polygonal columnar shape.

25
6. The method for manufacturing an SOI substrate according to claim 1,
wherein a depth of the groove is greater than or equal to 1/100 of a thickness of the
semiconductor substrate.
30 7. The method for manufacturing an SOI substrate according to claim 1,

wherein the groove is provided at a depth deeper than that of the embrittled region

formed in the semiconductor substrate.
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8. The method for manufacturing an SOI substrate according to claim 1,

wherein the groove penetrates the semiconductor substrate from a surface to a rear
surface thereof.

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

a first step in which a semiconductor substrate provided with a groove is
irradiated with an ion so that an embrittled region is formed in the semiconductor
substrate;

a second step in which the semiconductor substrate and a base substrate are
bonded to each other with an insulating layer interposed therebetween; and

a third step in which the semiconductor substrate is separated at the embrittied
region to form a semiconductor layer over the base substrate with the insulating layer
interposed therebetween,

wherein the semiconductor substrate separated at the embrittled region is

reused as the semiconductor substrate in the first step.

10. A method for manufacturing an SOI substrate, comprising the steps of:

forming an insulating layer over a semiconductor substrate;

irradiating the semiconductor substrate provided with the insulating layer with
an ion to form an embrittled region;

forming a groove in the semiconductor substrate;

bonding the semiconductor substrate and a base substrate to each other with the
insulating layer interposed therebetween; and

performing a heat treatment to separate the semiconductor substrate at the
embrittled region, so that a semiconductor layer is formed over the base substrate with

the insulating layer interposed therebetween.
11. The method for manufacturing an SOI substrate according to claim 10,

wherein the semiconductor substrate and the base substrate are not bonded to each other

at the groove.
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12. The method for manufacturing an SOI substrate according to claim 10,
wherein the groove has a conical shape or a polygonal pyramidal shape.

13. The method for manufacturing an SOI substrate according to claim 10,
wherein the groove has a polygonal pyramidal shape whose width is gradually narrowed

from a surface of the semiconductor substrate toward an inside.

14, The method for manufacturing an SOI substrate according to claim 10,

wherein the groove has a cylindrical shape or a polygonal columnar shape.

15. The method for manufacturing an SOI substrate according to claim 10,
wherein a depth of the groove is greater than or equal to 1/100 of a thickness of the

semiconductor substrate.

16. The method for manufacturing an SOI substrate according to claim 10,
wherein the groove is provided at a depth deeper than that of the embrittled region

formed in the semiconductor substrate.
17. The method for manufacturing an SOI substrate according to claim 10,

wherein the groove penetrates the semiconductor substrate from a surface to a rear
surface thereof.
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