MR SUBSTRATE AND MANUFACTURI NG METHOD THEREOF BACKGROUND OF THE | NVENTI ON
1. Field of the Invention 5[ 0001] The present invention relates to a
nmet hod for manufacturing a silicon-on-insulator (SOI) substrate, the SOT
substrate, and a nethod for manufacturing a sem conductor device using the
SOT substrate. 10 2. Description of the Related Art [0002] I n recent
years, instead of a bulk silicon wafer, the use of a silicon-on-insul ator
(SOT) substrate where a thin single crystal sem conductor |ayer is provided

over an insul at L&ﬁ{éﬁ % has been consi dered. Because parasitic
capaci t ance gen ?ﬁgﬂ@ww AGTURING METHOR FHEREMEt rat e can be

reduced by use of an SOT substrate, SO substrates are attracting attention

as substrates which i nprove perfoi nance of sem conductor integrated
circuits. [0003] One of k KGR PR OFFHEBRVEMEIQN i ng SOT substrates is a

Smart Cut 29 I(lglggfglg%@gngﬂraderrar k) method (for exanple, see Patent
Docurent 1). A summary of a method for manufacturing an SOT substrate by a

Smart Cuf nf9OAHd i s described bel ow. First, hydrogen i ons are inplanted
into a silicon r n I hus nkrobubble
"] oisefll ORLITLARLE oM TRHRA: ' BanhedlifinR”

layer is formed at a predeterm ned surfa
si-li con waf ghcinruoingitet(SBY)dubgete, ther&)lhabmteemdampth@foedlansfamged to

anot her 25 g ﬁg&ﬁﬁ&ﬁéﬁt@w%é%%egp& Slgog tOX| de filminterposed ;[Ete(r)e\a/ﬁf \é\ﬁen

- After that, roug ‘of the silicon wafer
: hydrogen ions are inplanted is separated as a thin filmalong the

nicrobubbl e, C a single crystal silicon layer is fornmed
over. th 6) %ﬁ%%ﬁlaga?@f’%@%ﬂ%fer. [ 0004] 30A nethod for formng a single
crystal  si I[ooo;r] | ayer over a base substrate made of glass by using such a

Smart Cut net hod_has been pr $d (for exang see Patent Docunent 2).
d ass substrates e XGES: I‘%ﬁt‘% of a byl siticop wates theise oba piligrar Qreingiiaier

(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 aftracting attention as substrates which 1mprove 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



silicon wafers; thus, glass substrates are mainly used in manufacturing
liquid crystal display devices or the like. By using a glass substrate as a
base substrate, a | arge-sized i nexpensive SOTI substrate can be

manuf actured. 5 [Reference] [Patent Docunent] [0005] [Patent Docunent 1]
Japanese Published Patent Application No. H05-211128 [Patent Docunent 2]
Japanese Published Patent Application No. 2005-252244 10 SUMVARY OF THE

| NVENTI ON [ 0006] As descri bed above, in the case where an SO

substrate is, usedéé stra for a dj deV|c such _as a liquid
crystal di sPHEsP ¥elfse “Sa $aﬁl5§“ Wﬁ’a?s i Gegnuip Stug’éﬂagﬂ?lﬁtcgfsﬁbve a

structure i Qisyiay @bvicks ot Mo liRe.C rBéSﬁsﬁig 2Sglhds SEUArhtD bla bisk BulsRatelOMipdlFePVEr a
light-transmtting substrate. rther, in order to forman el éctronic

devi ce suchm§§¥’°&s"¢$0h§ibﬁ§at?%@W@P@C‘B’fc?st al silicon thinfilm it is
preferable that the flatness of the single crystal silicon thin film be

hi gh. [0007] 20l n a nmethod for manufacturing an SO substrate (for exanple,
Pat ent DdcubReigre®e] a tenperature higher than or equal to 400 C and | ower

t han or equg JHPDQ%QDW%IS enpl oyed for exanple, as the tenperature of heat
treat ment per orrre P;In a single crystal silicon substrate and a gl ass

substrate afi¥0§eparated at an enbrittled region in the single crystal

o1 | con SubBial BoAlLel ek ARHSH: PRSI ARLAOPPL |0 e Smart

Cut net hod Wanrsmi s used ed region which
i s fornmed bjfagstiDo¢unienol] }hgaﬂe@gahliéhedmaterhwpbhaugm mmomzm gas
aggregatlb]o_n is caused by heat treatnent for separation at the enbrittled
region ih the single crystal silicon substrate, and a single crystal
silicon thin filmis separ atSEtMMARYJOF 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 1s 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



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
t he bubbl es grow | arge. Such surface roughness induces various failures in
a later step, which causes reduction in yield of sem conductor elenments or
sem conduct or devices. [0009] 5In view of the above problem an object of
one enbodi nent of the present invention is to suppress surface roughness of
a sem conductqr layer. when apn SOT substrate is panufactured by bonding a
base subst r P eéin%ﬁS‘E‘é% tg{ﬁ’nﬁlﬂ%’tnﬁwa%eﬁb@l@ é‘%eeb@sleégw Btgser Suqbrsugfaeh tion, it

i s another phj@fts nBudek Micie fﬁl@%@ﬁ%%kgrwﬂﬁﬂic%eé@eﬁﬁbdahgﬂ {gRyf acturing
yiel d by suppressing the roughness. 10[ 0010] Accordi ng tyo .one

embodi nent  tmiggRduGipreleamentsion yanipensEctondavisgs.on where a seni conduct or
substrate apdos base substrate are prevented from bei ng bonded to each
other by a groove portion (also referred to as a recessed portion) (the
regi on atso ref edi@ipw of the ahoyepiioblemyjae objegael ons ¢mbmdjmen) of thefmresved i n part

(particular ' I fg&g j J e ed, in
manuf act uriir?}gématfr?ﬂg%)#ég%éésggtﬁgx%ehﬁgﬁ%ﬁgt ﬁféggon |¥1\&g§f.C&Bé{l’§°f It“g]e %P%gl? wll be
descri bed - baibgvate {sodhifactured by bonding abasti snbstiatecind & isemisprdnetor sibawaatd on is a
met hod for tyri .an . . including the steps of.
“irradiati ngS%Hs%g%gcg{]l 3@?@?‘5%%“?@?@%@3‘3?&&%‘{ it ffh"g%n Ct%rr%%% 8 ti on

wi t h ions tlogh oamfacrénghield by sgpresgingthe roughdess. sem conduct or substrat e,

bondi ng 6he ﬁﬂi conductor substrate and a base substrate to each other with
-an insu ati[r?g ayer interposed therebetween and formng a space which is

surrounded by t he\cgsrdingeto paet érbivdinient b Be Pes e dbdn@on, Sdl B&idnawBerand t he
base substrate nd separati ag{thei %em' conduct or ?ubstrate at the

enbrittled ?‘383@‘%05‘3“% 5 teggn ubstle f1 prevantod frempepg hondadde epdyer s

formed overothéiebbagRodrhmiticl @186l feferiell Qo i28 %llfeaésjsémpdnﬁb’lﬁr(ﬁilé"'&gfbﬁoﬁﬁd
therebetvveen.ré 012] Note that the above nethod can al so be described as
fol | ows. Thtered o fise EPmOH MRt 8351 15t IRPPRY s hormgdn e ARt dparfianlaslyndlienod f or

manuf actsir i pgiphdtyS6Y ths WashdeakBich 30td HE badied dintRGnBlaPSs Qh do1Adiald Ng a
sem conductor substrate with accelerated ions to
: ough 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 semiéonductor 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



forman enbrittled region in the sem conductor substrate, formng an
insulating |ayer on at |east one of the surfaces of the sem conductor
substrate and a base substrate, bonding the sem conductor substrate and
the base substrate to each other so that a space surrounded by a groove
portion in the sem conductor substrate and the base substrate is formed in
an inner region which is a peripheral portion of the sem conductor
substrate and the base substrate and does not reach an end portion thereof,

and generatlng a.crack 5 in the enbrittled region using the space
surrounded g tefco S‘EER?eS“BWq ghfl ithe base %‘g?ﬁa%%ﬁ@o‘? %‘u%’sfhaétaesl’a‘ﬁd t he

base subst r giruAdeddyla dr&BRpoRion e e sbhRBATRIRE sibrAS RRT B Bask BgbsiRFHLONduct or
substrate, so that a sem conductor |ayer is forned over the base substrate.

[0013] 101 nformed iyasipneriregion whigh iy & periphemabportiernefl the semipenductpresubgirateor med t o
generate styesge b:&cfsﬁH%tré(tb ﬁﬁcﬂ!l&eyn@reécﬂ%n%ﬂ@g&lgﬁ'{hggo{]gmﬁ%éﬁs ehaly the

groove portion in sem conduct or substrate and strate and
separ at €5 t hin ﬂa@mn@hmréhsictegmns@bm that spacet Sm?wn@ldbb)l thel grdoveegdrdon in theaddi ti on,

the area of V, ( r area of
a pl ane par%e?lpgqng{ug& ﬁ%ﬁgﬁer g@gﬁgg%ﬁﬁﬁé St ?eé%pgeﬁf%%ﬁlﬁ’?r&gtsep T% nor e,
desirably, @§ smitooductoprsebstiitee saldipt la sinidonducterceys sl fpord iover taltase referred
to as the ILR0VE. portion) is greater than or equal to 1/100, preferably

greater than or équal to 1/10, nore preferably greater than or equal to
1/ 2, of the[h3lckness of the sem conductor substrate. The groove portion

may .pengtrate th con 0014] 20In.the above, the.

groove E(ﬁ)rti on i ﬁ“?}?regbg‘é% D %ftf%‘?s%& iﬁ??éf%?aé{ngmj@ PEEPIE P GBI EES n a

corner of tinetirepichandifciher spacd whicht & sirkbubdall by ah@gheve RRfidd @n Ry be
ition facing the groove portion in the

formed in the base substrate a po

seni conduct ™ ‘éctt?réPém'atFH’éd %MFW%WtQWQS%Ht%@ﬁWPW“gM$%% and the
base subst r gl dasilaittyioRr A6 a@difod, ERMré JTAR! drbdd pbxrﬁmﬁ g\mst?f&e@pm&hct or
substrate where the groove portion_is 25 provided. 5 Jn the

above, the ?fﬁﬁrﬁé?t&nﬁlrﬁ%f’f? H@nﬁé‘é‘iau% rt@aﬂﬁ“f’rﬁ‘ﬁfa"? ef H’és?lPS&‘BF ishh manoer | ower .
The senm£ongpe! Sdsichtly, 05 nh Q¢ nfded awe 'Eleﬁstﬂ efﬁ@%e@wﬁéﬂlﬁi (ﬁlsb SordlRs AP Y

subjected to laser |1 ght irradiation 1genera the term"SO
substrate" WeSMOVAPYEMIIY BRFaiEt BAn gwsl@lrtatlél Oﬁmrﬁ%raa y greater than or equal to

1/10, more preferably greater than or equal to 1/2, of the thickness of the semiconductor
substrate. The groove portion may penetrate the sefniconductor substrate.
[0014]

20 In the above, the groove portion in the semiconductor substrate is desirably
formed in a comer 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



silicon sem conductor |ayer is provided over an insulating surface.ln this
specification and the like, the term"SOL 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 sem conductor layer 5 included in the "SOTl 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 faorned usin onI% a sem conductor naterial but also al

substrates forydrmigonlusten: By difc PEvidedt eYGrapn RgHlaing syrface.nj dn this
speci ficati Bioh ! th& Sitce t -y 'l i nels in the
cat egory ofﬁgmsenfcgﬁgd%%gﬁmsﬁgggratgéplo 8%%7 Bb%mﬁ&ﬁ%ﬁigﬁéﬂg@gﬁﬁnthis
speci fi cat i swhstzatel where d $daucontdhatort leyen fosneughsingcs ystteaial otireathsn ailicoy st al i n
whi ch, when i.n_crystal s is.focused, e.direction of .the crysta
axis is ori %rﬁYlggd ?’%‘!r%n sllnéiﬁtéﬁ Sglél?%ec i%sngalger%%%hyﬂﬁ%rlts i ORTBFOEES &€ That
i's, the %i ngtledar insthal"SOnehbstes” & fstylahitdd fona wiicerh sdnfiicordidtectav@n Bf crystal

axes is uniformas described abov 5 even.when it .includes a crystal
def ect or aadgﬁ’r?ﬁi’i‘.‘ s SR icatierApg) the ﬂ‘e=aSP‘B}°PFf§ﬁ°f°ris‘f‘PsFﬂF§“e§‘bse‘HtP &ion and

the like, tqiBstidd MmePEimEARRHE SicdhaNdtGanatBRABe: Md alldBViHRRS inMdg Lan
operate by utilizing sem conductor characteristics. For exanple, a display

devi ce and ¥eAusonfwciranaieriabi Namely, i disispedilication fnd thebke; thed §OF substate’he 20
sem conduct ot [ ol Lk serh i (fication and the like, the
di spl ay dev?%ggﬁ%%@g%g%éﬁﬁgwfg%c%ﬁ%cgf %g’?‘%}é’devi ce, -aliquid crystal
di spl ayl®™evi08E]] and a di spl ay device including an el ectrophoretic el enent.

A light emtting,devjce. include | i ~emtiing elenent, gnd a liquid
crystal display é)\?/ei %‘%t L|nntg'ls ﬁﬂgéffcﬁg?lf ﬁ'gi{q'ttﬁw g&?’s&‘%lt I é’r‘?ﬁnﬁt".‘y ghheans a
: i ght -em ttdrmaleﬂl Gfﬂilﬁlﬁl \ghéti)!ﬁ‘d se@mm dryktdl isis ﬁbaﬁ)elgilecﬂ,)ﬁh%&h&id 5] the. gﬁﬁ&ixl?sls
um nance is controlled. by a current or. a vol tage, .and specifically
| ncl udes. arfs CHETG CUBE EEPHHRi ABSRUHED PE BNt et s, dbe Shels Aveic

el ement, angdcllds d drigtal ih QDA thAGie@rioh BYcrySaloies RIdFieNdesttibeliRBodl SCl osed
invention, a region where gas is trapped is forned in part (the periphery)

of the Burfeyer vagn hinchdrredystidebrnragegelingkond so substrate having a
sem conduct[gmgéayer of which surface roughness is suppressed can be

provided. In addition, the yield of a sem conductor device using such an
SOoT Further, in this specification and the iike, 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

clement. 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.

[0019]

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



substrate can be increased. [0020] A sem conduct or substrate can be
used plural tinmes by being subjected to reprocessing treatnent, so that
cost for manufacturing an SOT substrate can be 5sufficiently reduced. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0021] FIGS. Ato 1G are
cross-sectional views illustrating an exanple of a nmethod 10 for

manuf acturing an SOT substrate. FIGS. 2A to 2C are cross-sectional
views illustrating an exanple of a nethod for manufacturing an SO
substrate. FIGS. 3A and 3B are plan views illustrating an exanpl e of
a net hod fofubHEfAaaGeincreatedan SO substrate. 15FIGS. 4A to 4G are
cross-secti@@%] views illustrating an exanple of a nethod for manufacturing
an SO substrate. FI GS. 5A1 and 5A2, 5Bl1 and 5B2, 5Cl1 and 5C2, and
5D1 and 5D2 are Vi esmicondpgien pubsirate cex drmised phial t tieesshya peing fsuljeagdooy e

porti on.

. 6 6 I - ti vi.e illustrating
an exanpl e oPoa et h‘gég%t’f égér t‘%ﬁn@?ﬁ%ﬁug’f‘%&éﬁ%@oﬂ‘? rs\sﬁ‘%lsflfbg ge can b FI GS.

7A to 70 araiimodlyrgiscdd. onal views illustrating an exanple of a nethod of
reprocessing treatnent for an SO substrate. FIGS. BAto 8H are
cross-sectional views illustrating an exanple of a nethod for manufacturing
an SO substrate. 25F GBRIEFA DESGPIIGN OFGHE PRAWIDIGH Vviews illustrating
an exanpl eeﬁég met hod for manufacturing an SOT substrate. FI GS. 10A
and 10B ar tHn vi ews illustrating an exanple of a nethod for

manuf act uri ng anFREY. 1S aeRross-sectional views fillisRatinkldh dx@mpibldfargethod
cross-sectional views illustrating an exanple of a 30 nethod for

manuf actQir i REmapriassrng spSOL sebstrate.

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 illustratihg 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 exémple 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 semiconducior device.



FIGS. 12A to 12D are cross-sectional views illustrating an exanple of a

nmet hod for manufacturing a sem conductor device. FIGS. 13A to 13D
are cross-sectional views illustrating an exanple of a method for

manuf acturi ng a sem conduct or devi ce. FI GS. 14A and 14B are
cross-sectional views illustrating an exanple of a nethod for manufacturing
a sem conductor device. 5FIGS. 15A to 15F are views each illustrating an

el ectroni c device according to one enbodi nent of the present invention.

DETAI LED DESCRI PTI ON OF THE_I NVENTI ON [ 0022]. 10Herei nafter, Enbodi nents are
described in det &¥S-ubithde tIAR HeLAPsiTectiong ‘ée%alﬂuswgp%g@wb ®iéntion is -

not |im tedybfod R nfdRSHEIthity LRmYMondReoraphedi ments, and it is apparent to

those skilled in_the art that nodes and details can be nodified in various
ways Wi thout depdi¥¥ntfs pesinl ¢ ere sross-gectional iewsriBusmting Ay emample ofiascl osed

inthis Speﬁh&b&ﬁﬁhﬁ&@%&n&&ﬁm&r%ﬁ&@tUre of the different enbodi ment
by conbi

can be 15 inplenented nation appropriately. Note that in structures
of the p?esent i AKeRtliSdrio AEE arei vivyeh dach dinstratiogam plepomid daviceanabrdging toi ons

havi ng a si by the sane reference nunerals in all
di agr ans, &1 gg@ﬁggﬁfg{%pﬁgwﬂ%%%ggomtted [0023] 20 (Enbodi ment 1)

In this enbodl ment, an exanple of a nethod for manufacturing an SO

S e eSCERAEfL o PR AL e Sec Lol e e

sem conduct{@f2djayer i s provided over a base substrate will be described. 25
sem.conduct or substrate are

E)(r)ggzjj]r elf (seeFIFIr fei a&grg?f:glb??éﬁme%{sﬁgr‘feﬂ%%gg‘%gWo‘?cﬁ’é]n‘t‘smgtﬂ'@ dapdpesan Pl a singl e
crystal  senisanepeset m$¢ﬁ@i‘éh fisic? idnldd t&muaeﬁnﬁﬁontdfahes@ﬁuidaaﬁmbcwlt gubstrate
i s descri bed. 3002541 Elllgd 11n @1 ill st rates the base substrate 100. As the
base subst rparegige thoge s e art at 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, a 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 substrates of



substrate fornmed of an insulator can be used. Specific exanples thereof are
as follows: a variety of glass substrates used in the electronics industry,
such as substrates of alumnosilicate glass, alum noborosilicate gl ass,
and barium borosilicate glass; a quartz substrate; a ceram c substrate; and
a sapphire substrate. Note that when the above-nentioned gl ass substrate
contains a | arger anount of barium oxide (BaO than boric acid,
nore-practical heat-resistant glass can be obtained. Therefore, it is 5
preferable that a_glass substrate containing nmore BaO_ than B203 be used
when the gl A8winogficats glew, Huwmobergsiligaieelpsatndrhagpmbarstlicatriglass; @iMerta n thi s
embodi ment, gAsERSChHI QIdP dubsifte/ ©ihdOh Eaﬁ&?hj?@%@bs%t%.r e Mbtd| BRSwakPhd ate i's
used as the base substrate 100. Wien a glass substrate which can have a

| ar ger si zeabpyermestioned glpehaibgizate sontayesia tpsger lpaopind beriiss pride §Ba@)0thamn cost
reduction c ’cb?lciﬁ,c Hio?e\l;gr?cticaioilgaq’- @stanlt .glass 'Aé!ahelgen%f)faﬂl@cll.y’ TRerdGH GP '?stCt or
substrate such as a single crystal siliton substrate or a singfe crystal
ger mani udn s pisEirabde thatrmeglash euhsad cerdaining npas BaQ dlipsth.6t ke U0 whilethe glass a

sem conduct Qf bstr | ar. arad | Licon, . Sl ) .substrate.or the
like may begut?g%g‘? ﬁ%ﬁdg{é’fhﬁg‘?}lig/agre%mgcepo%% {lllgt[lgl %‘%%}%%ﬁ%% ahgeusg %‘ronésubst rate
may be usedgivaibof theiche wlasea glasusibsagata isSiSed 8¢ tidasd subbteate 400l Whanyst al | 1 ne
sem conductoer sugstratgj or the Iilke manuf.act.ur i nI%.co.st %En E’l% reduced as
conpar ed t oS PiTeSURNELe Yhich Sap bave & lgrgeresics Qad i MKPPERG S J5E Y HEPaST ¢ he

l'i ke. [ 0027jubkikdte 108, b béstifetlicioasan beachlengl. e crystal sem conductor substrate
110. As hewﬁg single crystal sem conductor substrate 110, a single crystal
sem conduct Qubstrate forned usi ng an el enent .belonging to G oup 14 of
the periodic tablgtenatodly,a8 LBmidoR@lcRorCEbstad saéH iaS A sBgRS bHELE silidorSi NQI €
crystal germani um substrate, or a_single crystal silicon germani um
substrate, YRATHRoNHRgle eryfpligermaniing SHsERIM Hi2k bRtedd thetbase whyets WPe using
gal | i um ar sgijedss a dcRfdodBdRIATRALRES sQlhr il dilido8 (SOO-S7EsuBsERk orlthP ikl

exanmpl es 25 of commercially available silicon substrates are circular

si | i con sub®®y &¢asedyh ﬁéﬂqmag‘@lss 3 ipkyrawstallinpssemigondyston subgipter mayg be peees (150
M in dia el Q& . . _ y ( -
I Tt b M s O L LA L

si ngl e crysthalliksaninuistiniog ¢est Sabbe redpecdiasGompanad to thieghseedf usinga stigleul ar

shape and a, %‘tglg;hg EE&B%&%&F&W onduct or substrate which is processed into
a 30 rectangul ar sﬁape can al so be used. Further, the single crystal

sem conduct[ﬂﬂ%]ub_strate 110 can be manufactured by a Czochral ski (CZ)

et ho.d or a fl OatF'I(q:.gllg?fﬁ?sﬁggg)the%ﬁg%grska?%gtglcpnductor substra tﬁOJE hﬁt d this
enbodi nent, the case of using a single crystal sem conduct or substtate as a
sem conZlict singls wiystal a¢micorsiuckes subshyatd ; 11Gpwesingte, crysial snbaohidawot subftrdide

di scl osed i pvention shquld t bhe construed.as being.l,imted to.this
i ricsure,  BERBLLSH Gkt Babufife SO 19% B Rall el Sheaiel | ne
sem conduct aystslutiRbn aibstraie, al dheplderystklepemaniing sutsedle, dr @QHigle crystal silicdmn vi ew of
renoval of contam napnts, it isS 1Ll)%gfe ahl e t hat %n?urface of the single
crystal  senfEHAYHR: Bl PP fesFto F e SRGPOHDE sequcontygior substrate
aci d/ hydr ogesingd@iliaih e@edide indivin pifddhide,adt thdlilfeOdhn RN Dyhidg/ drydpiegen
per oxi de m'xtlure API\Q, a - . . .

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]



10 hydrochl oric aci d/ hydrogen peroxide m xture (11PM, diluted hydrofluoric
acid (D -1F), ozone water, or the like. D lute hydrofluoric acid and ozone
wat er nmay be discharged alternately for cleaning. [0030] Next, a recessed
portion 140 (also referred to as a groove portion) is formed in 15 a region
corresponding to the periphery of the single crystal sem conductor
substrate 110 serving as a bond substrate (see FIG 1C). As a nethod for
form ng the recessed portion 140, a mask is fornmed over the single crystal
sem conduct or subl\'Istrat e 110 and _the single crystal sem conductor substrate

110 is sel ecti vel Yol BRbpbs embpdimeay thewase afuynga sglecresil somaicorsiionhi ch i s
formed over itiRats ad 9ls8mebyRbRl sHREAE HGEHNG; E&Né@?%ﬁé @ﬁlﬁod%glt Ash8 et hod
I ng

for forming the recessed portion, for exanple, a wet etc nmet hod, a dry
et chi ng- met Aiselosed ringentiemphoglsk nesrbeofonsinigdtasedreirtsi imjiteretonthis dmeotuee. dFyr et chi ng
met hod, a | [ ' | j t adrill
processi ng %%?%éé%@%%ﬁ%d}g%@%ﬁﬁ%rag%gg g%y%‘é’gén@? %geé%a E%?Eftﬁﬂesqﬁsl% Jr}fgge be used.
The depth olikamey pewsedsed portion 140 is greater than or equal to 1/100,
preferably ﬂf?%t er 25 than or equal to 1/10, nore preferably greater than
or equal to J(.) , of the thickness of the single crystal sem conductor
substrate 110. THa viegodsemavapof dontamirah6, ithy/prpfersblerthita stffscesif Hg sty y St al

sem conduct ubstrate 110. [0 F] GS., 5A1 and 5A2,. 5Bl and 5B2, 5Cl1 and

5C2, and 5D %t%lof eglﬁfn‘ls cfoﬁ@t%sg%tgq%]bgﬁié’ﬁ‘qdiv&ltbsﬁélg ic gpidhydrogen RAQRE ort i on

provi ded i nmixteres{SFY)e aar yhimdhiufe hydoRidetidiogeal pabkidt emixtr&EIAPMYL Aand 5A2

illustrate th se re a recessed, portj 1402 .in_a_single crystal

sem con%ct%ﬁ%‘%ﬁ’&ﬁ\é@&y%ﬂéﬁl PRAZCE B Eé‘i{g@ha@ﬂ@tﬁ’dlﬂ’ﬁﬁw acd @HDan  vi ew

of the recesmaewant ok 6@ liké02Dilite hidtofidHe! aiddni Shétle AT A WU Rig&UbSt I at €
s a ¢ross-sectional view of the recessed portron 1402 in

1400, and FI.G 5

t he single @Fﬁ‘]‘?ﬁ%l‘%mwct or substrate 1400, of a plane which is

-per pendi cul @p3¢jo the substrate surface. FIGS. 5Bl and 5B2 illustrate the
case where a recessed portion 1404 in the single 5 crystal sem conductor
substrate 1400 hd¥xhagesessadneen bt @ip deferrediiase a gmoee pEtion)ss forpedive vi ew of
the recpssedl i ipspbi@itly kd toNfrighddlof ok Y1y SGITLGA r frate
1400, and FI G@?& isSp;? 'cr%ss-sg%%llﬁoér%glo Vi eévi\?‘(%)f the reecéebg_se &psgﬁ%hlgﬁen 1404 in
t he singl e BOysrving asanhopd sukseais(seg dBhGt YAt e As 400:thagk fop fopinimgdhevvicesked s

per pendi cul @gid,01 400§ nSUPR foRh F BGEr ko ' (afe the
case where a r_eceséed portion 1406ih?n tg}]egér%lssl ng @%Pgé@gﬁtég%&%@nductor
substrat e 1theeinglgscrystal gersiceniuctal subsiatt i1hQis sslectivdhya panowkrbs A peaist mask | acked.
FIG 5CL is g..p i e-s%g r{io iLh the single crystal
sem conduct oeri}pé)gtq)'gf&% g?ﬁl g?“glgcg Ié—l %go%ésf tgecj:sﬁ%ges?lgsé%it i '\}(fei‘é’i/v of the
recesse powbsitte 1UD6 Asna nivthodi fog feaming teadecaseadi puotich) dboexamiplxs tar atie 1400,

of a pl ane i i r i.culan to the substrate surface. FIGS., 5D1 and
202 1 et A kol & RERChEY kRlnoh e AERBRE] St b edRa g o
crystal sendryetting tnethod b hiser prareds#pindthcd, an gliashnbngutessingdmehodta dillshape.
FIG SDI is a plan view,of the recessed portion 1408.in the single crystal
sem conductp(g?&gﬁ%%f“reg'f’g’ ?Llfﬁffsblﬁﬁdmﬁeﬁ °ftb§8’a°rctp‘5§’§9 St eo?ﬁ’ifq' viiw of the
recessed pafepthost thel BBesdsed pditiors I 40015 réater Thal orSeyialae NAwo! ﬂéfeﬁd&%iﬁr@ﬁ&e 1400,
of a plﬁne %ch is“ggr endieg%lgjgr o the substrate surface. . descri bed
above, “he eyl g/ hEF @ goren PIequpldo d7n gf the dhigknesy of

seni conducCtths ssddls hyataP sbiiibuatiiotor Subfiike ak0.SNERE recdsR@! pragal 4P yhAM dal
shape such as a tri a,nglul ar Pyr am dal shape or a quadrangul ar pyrar dal

o

shape, a cyRCRSHERT e pinglp siystal sspuconducter substipteddf.sm shape such as a triangul ar
prismatic gbgpg or a quadrangul ar prismatic shape. Further, the conical

shape and the Cylindrical shape include in their respective categories a
substanti al | y 25FEphiSéd|and RAgeSBhandaSB4 561 and iS6R1 and R andrSDallustiatepe each

of whi Gy PapLeific shapekEflthe EIREEA o¥RInY 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 5Al is a plan



[ 0032] Next, an insulating |layer 114 is fornmed over the single
crystal sem conductor substrate 110 (see FIGID). The insulating | ayer 114
can be forned using a single 30 |layer of an insulating |ayer such as a
silicon oxide film a silicon oxynitride film a silicon nitride film or a
silicon nitride oxide film or a stacked |ayer of any of these filnms. These
films can be fornmed by a thernmal oxidation nethod, a CVD nethod, a
sputtering nmethod, or the like. Note that the insulating layer 114 is not
necessarily prOV|ded on the side surface and the bottom surface of the

recessed polfIVdH hatseessesorestionito2 in g single erypial spucandicien ubsraent#OPne | i ke,
the term oxyfd #iG $1&2 Is&f@ds8-sbfioRhl 51@%@%&@%&09@%?111&& mggcﬂﬂlgen

(atoms) than nltrogen (atons). For exanple, l'icon oxynitride Irs a

subst ance i sraMeRRdrRIorsbeRete, 14A9.10f B glane Which lmmen@ﬁdaﬂyd?eég@#aknmrf@;nges of
greater thagy sg9 9 qﬁ% I greater
than or equal to O. Sda%]ﬁ})lfn(aa %ttef éﬁses zgvﬁél%ral %gél}é?d P&H%EM%O%&S?%I er than
or equalst ocmﬁﬂla@m@@amtdr@slzsﬁuﬂadHOQ)haswmialthﬂam p3tnadal %apa.ncFIg‘rrmlI #ra t han or
equal to O. r u 10, at espe

Furt her, élmt?ete‘r“é%?\{?#% %gé%%(dl Ig)rt“% %Ogsmt?% a %lég Pl eeuig ‘%‘g‘tm %rosﬁlﬁ }r:es more
ni trogen (al@@sandtﬂ?i@nSBikgsgmnos@aemal vidwoof the sevpdsed] pcﬂ'tldm D0 imitersingl: oxi de is

I d f
G eater -t nara Sl 8 S A0RArEtant whEE B poBeaIBS 45 bStol g P oat or
t han or equatfat® ZRDGS.tS(% aidb(2eifiastiateathe Odise @aHi¢B] a teRedc@l puridh 1@%datiesr than or

equal 25 .at | ess . than 15 or al to 35 greater t han or
equal tgo 105ingle ngﬁ]gsefné‘?gd‘f%ﬁuwa@dﬂg@gqs@ %85%“"‘@8 i@éﬁ@iﬁ WposeNot e t hat
rates of OXpyGER,ladlellr OIEN5CSiid b A viah bf iive FRER8d hartibn Mdjchinnthk Ringle
aforenentioned ranges. in the cases where neasurenent is_ perfornmed using

Rut her f or d B%tRsEINGoBdHcHY supwater Kiplt i PRSI 248 afereagRienaloigacd thecat t eri ng

(HFS). Mor eRy&ked pd¥ord 408l infiRE sihpie &ﬂfhtl %El‘hmﬁﬁﬁub@r Qﬁbs{rﬁ@ 1960 St t]’.gl
el ements is maxi mumat. 100 20 at. % ] Next, an embrittled region

112 is for nebichis pemspdigdarde ﬁ‘ierﬁéHSt’@@pﬁPﬁa‘fer oFIG$HEDY and D8 ilfyfstrath ghegiarny| e
cryst al j semER0dvedRed Eb&%ﬁ ﬁ@dsqnm@slﬁgi@&yﬁaﬁcmnddcméédsgaéihﬁn rittled

region 112 fornmed in the single crystal Sem conductor trate 0 at a
pr edet er mi newdd@aglr rsoatia Srlilépfs uFf@é®ldan ploa viewr ofdbe tsgessedmationtlHo}int he

single crysgakinse '&58@]9 géﬁﬁ[:cﬁlgu&b'{bsﬁﬁtﬂe 1458 anW I8, ﬁ%ﬁhfs Qgr p?g&‘g{)&? L) ng

hydrogen ions or tfie ving Kinetic energy. e which the
enbrittl ed ofche savessed portiof dAGth hamsingle crystal semiconductor substrate 1400, of a

plane which is perpendicular to the substrate surface. As described above, the shape of

20  the recessed portion in the single crystal semiconductor substrate includes a conical
shape, a polygonal pyramidal shape such as a triangular pyramidal shape or a
quadrangular pyramidal shape, a cylindrical shape, or a polygonal prism shape such as a
triangular prismatic shape or a quadrangular prismatic shape. Further, the conical
shape and the cylindrical shape include in their respective categories a substantially

25  conical shape and a substantially cylindrical shape each of which part is lacked,
respectively.

[0032]
Next, an insulating layer 114 is formed over the single crystal semiconductor
substrate 110 (see FIG. 1D). The insulating layer 114 can be formed using a single

30  layer of an insulating layer such as a silicon oxide film, a silicon oxynitride film, a
silicon nitride film, or a silicon nitride oxide film, or a stacked layer of any of these

films. These films can be formed by a thermal oxidation method, a CVD method, a

10



be controlled by the kinetic energy, mass, charge, or incidence angle of
the ions, or the 30 like. The enbrittled region 112 is fornmed at
approximately the same depth as the average penetration depth of the ions.
Therefore, the thickness of a single crystal sem conductor |ayer to be
separated fromthe single crystal sem conductor substrate 110 can be
adjusted with the depth at which the ions are introduced. For exanple, the
average penetration depth may be controlled such that the thickness of a
single crystal sem conductor |ayer is approximately greater than or equal

to 10 nm anduitede pehed. oF the W a Nofeothaiohe dpsplaling fagpra bidyis ngt aepessprilyhan or
equal to 50yBRu&I¢h the§e fub@fe Al IRBHRbmIBrARQr HOLERQ38 bortion 140, ThE
above-described irradiation treatment wwth an ion beam can be perfornmed
with an i onl8¥})i ng apparatus or an ion-inplantation apparatus. As a typical
exanple 10 of theptOR: 1 ! NORHRSS : tion type
apparatus in whi Wﬁﬁ;ﬁ%‘;&g&g#ggﬁ@%@g %Q(g%gc%gst&gag IS %GZF %rpﬁge and an
obj ect t bubgaise dbatewniains i mora dixyged(awintsh than nirogdne@tonishc |Rediergngé,l ki nds

by marad " mishclFodie
nt rodugea 1in FRECAELa st RoBRRR AL, ol et VG Rl BeBoBBR S Ca 11

contrast, afngesof gretbrthirpdr eqiialap PRt UBd leSs thal@Sgnal eP AV &% Qitealdd tlR@Par at us.
The ion inpl ant eiti Qn apparatus is an apparatus for irradiati ng an object to
be processed SPAC G atghenddaihthanrsaralde 1dat- @ pBedterdhanes salaldo $pae%f i ¢ nass
W th eSS SEAGLAblalior ol ABSSRIE LGS ehkePld? BPoquh i3 acDadd s HRRA! Ment
an exanple 1 n which ﬁy rogen 1 s i ntroduced |ntqo t he 2% si ngle crystal

sem contucteaynaido b8 bir’as respkdidvely. t Futthve thsternp hitdde dxdle-refogitn g sutppateahats i S

described. A gas contaj ni ng h en i s used as sour ce s. As for ions
Coohe oty SionBEs SAR LR dpo ST AR Ynten Gipedy s irmgiE, Wby minide
Speci fi cal lokide & d subpasdecineltdifg okpden] Hitrogend pidicén, Gifd Gydidgen Berasgds G0 % or

hi gher (nmore preferably, 80 9%or higher) with respect to the total anount
of H+, H2+,5%Fﬁﬁtﬁa?§¥?q%f°r%ﬁ@?‘?%hs ?’i?fieéﬁ‘?éff’%ﬁati/blﬁé"aéeaﬁlaﬂ@rgﬁ‘altﬁproved by

i ncreasing M‘meggsttﬁa‘ﬁrblggﬁua”osﬁ atlD Q38ler WL Br b I to! 3% o4 %ﬁqgsg'tﬁ}hr oduced

are not limted to ions o ydrogen. 'I'ons of helrumor the may be

i ntroduled.orlegud t¢ 85 b&%| aid grelaterediarapreequelt tol 10Mt.He and lossothan & exgial tarsd pl ur al
Kinds of i Oa??ﬂ:, r[%é{)cgneveiyp t &8{2%“ aettdfatelgoorf o%@éﬁ’ ln?t’rog‘er?, sEi 1ceon? %ﬁf h%:oge%r a?lr mng
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



30 introduction of hydrogen and helium concurrently using an ion doping
appar atus, the nunber of steps can be reduced as conpared to the case of
perform ng introduction of hydrogen and heliumin separate steps, and
surface roughness of a single crystal sem conductor |ayer to be forned

| ater can be further suppressed. [0039] Here, surface treatnent is
preferably perforated on surfaces to be bonded 5 before the single crystal
sem conduct or substrate 110 and the base substrate 100 are bonded to each
other. Surface treatnent can inprove the bonding strength at the bonding
interface b%?ﬂ%@ﬁmﬁﬁéﬁ@fWdFéWEFV§4%Wmé@ﬁmﬁgﬁﬂﬂﬁﬁéﬁn§ plepfubstielldng t he

base subst rgihebel st G0 he 1ddpth AXATH AR iBhs 4B SniIduEAC CFby éé{ngl%ghxe wet
ry
1

treatnment, dry treatnent, and conbination of wet treatnent an
treat ment ca¥§Tase pepeiration dopthfranehy canielied wah thehths thiekngssrafarsingle ety

treatnents mcoﬁeu&mgiep%daﬁppqxhﬁmagr Qi Jr((%géallto /fqgﬁfmgdtagl;&@?a%f ort N€ et

treatment, ozone treat’nent "usi ng ozohe wat er zone eani ng),
megasoniT céquakip 380 nmyprefetablydgreatenthimey efwad tch¥bnm andiesstharf aregeal G200 wat er
such as pure water or hydrogenated water and a carrier gas such as nitrogen
are sprayed together), and the like can be given. As exanples of the dry
treat ment, [@D3¢]lavi ol et treatnment, ozone treatnent, plasma treatnent, plasnma

treatment with bias lication, ., radical treatnment,.and the |ike can be
o van e s bove THE aRRR ek b a8 B ot SAHTE b BB NE pertiped
processed (witls am@nelopiny appdrataesd aviotiapimitationppiraine, Aa typidl &kainpl | ayer

formed gver si.ngle.crystal sem conductor substrate, a support substrate,
or ' an i Kol o R OUPARpITE' hBp e BEsr S g s SSTRTOT e cPORESS gh ibect  of
i nprovi ng tlesnky eicitptivnl 6fCh tpyocedgsl B agrfont&iSanmdl at BBjesUtol BE Brovdssédg obj ect
to be process&g. As _a result, the bonding strength between the substrates
can be i nprigodigted 4ty apaon beam, digg. all kinds tofign specissi geperatedy npiisy enpval

of macro dugbais, ibRspekiek t FhdnRCA8 thtifoluddd Sitb HRCRRE 1o BrproRbR8 twihButbe
- processed. The dry treatnment is effective for the renpval or deconposition

of mcro duRSinssHRs-separaigd. o [yeentEsts Ybiop dnplantaienaprargius ¢ ymass-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 Hs" 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', H,", and H;". 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 ion doping apparatus, the

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

12



surface of the object to be processed. The case in which the dry treatnent
such as 30 ultraviolet treatnent is perfornmed and then the wet treatnent
such as cleaning is performed is preferable because the surface of the
object to be processed can be nade cl ean and hydrophilic and generation of
wat er marks on the surface of the object to be processed can be suppressed.
[ 0043] As the dry treatnent, it is preferable to perform surface
treatment using ozone or oxygen in an active state such as singlet oxygen.
Ozone or oxygen in an active state 5 suchsgéﬁsinglet o§ygen enabl es organic
P

subst ances B¥drogennd: plipmeingseppateostens: apd spics doughgesseolt smsles egsttly be

renmoved or geGerRaa®dart fofelibi@l Yaterddh b Rirther SiPpreds&t MeNt usi ng ozone or
oxygen in an active state such as singlet oxygen nmay be conbined with

treatment ub3Y ultraviolet light having a wavel ength of |ess than 200 urn,

so that the orgafide SfiadeaReRReR il ArdeEbll ek BRnc b4 g&gacgi i B¢ RhgCt to be

processed can be renoved 10 nore effectively. Specifi escription thereof

wi | | be Tadeciors| thasingloGaysial semiconduetor subsigt d10 jand thei bas¢ ewbstute HOQlater avi ol et
light in an e Nt @i Ay ' f.0r he
surface tr e%@r?eg%? (Prcé)%rht %tg&bbfg%rﬂ&cgﬁ)egﬁqu? %ﬂc gglg'g‘(r’jg B{epi’r;o g‘ﬁlﬁlgﬁ?fg‘?%‘%aﬂﬁﬁ © .

ul travi ol et bdndgigtintedladerigtvecendheatimbg tilystalf sengmadickmsulnoate riid amdithe lbaseavi ol et
15 |ight hayj ¢ vel ength of greater than or equal to 200 nmin an

at nosphere contai ni hg oxygen may be performed, so that ozone and singl et
oxygen can [@64@lenerated. Alternatively, irradiation with ultraviolet |ight

havi ng wavel ength of less. than 180 nm b erfo d,. so that ozone and
si ngl et iaQ)xygen cg}f B’Simé’i- e athgos. %Eﬁ?%&%p&é&neé’%aiﬁm% i ch occur
by per f or mi agnbisiatianl bfivétarRatehiund|diy Raatné® bard begditenh aDiffgent wobv@tmemgt h of

| ess than 200,.am and ul travi ol et Ii%ht havi ng@a ﬁvel ength of greater than

or equal t o°ZBE" NSRS Y BopsH fohe e gen are described. 02 +
hv «(X1 nm foe40(3P) + O(3P) (1) 0(3P) + 02 -> 03 (2)

As examples of the wet treatment, ozone treatment using ozone water (ozone
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 nitrogen are
sprayed together), and the like can be given. As examples of the dry treatment,
ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with bias
application, radical treatment, and the like can be given. The above-described surface
20  treatment on an object 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  ultraviolet 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
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25 03 hv (X2 m) -> 0(ID) + 02 - (3) [0046] In the above reaction fornula
(1), irradiation with ultraviolet light (hv) having a wavelength (X1 rim
of less than 200 nmin an atnosphere contai ni ng oxygen (02) is perforned to
generate an oxygen atom (0(3P)) in a ground state. Next, in the reaction 30
formula (2), an oxygen atom (O(3P)) in a ground state and oxygen (02) react
with each other to generate ozone (03). Then, in the reaction formula (3),
irradiation with ultraviolet |ight having a wavel ength (A 2nn) of greater
than or equal to 200 nmin an atnosphere containing generated ozone (03) is
performed tBrogupsican be wPRGFSE: oxygen O(1D) in an excited state. In an

at nosphere g@aﬂaining oxygen, irradiation with ultraviolet |ight having a
wavel ength of l'ess than 200 nmis perforned to generate 5 ozone while

i rradiation with Af the diyi tsmient, i preferable fp eeriRgD 1S SIS P% han or
equal to 20 LS; hn X ¥HRBn ManUEERIBRS| NY
ozone. The g(g&gé%gggﬁz ggﬁgusﬁl?la%:sﬁ%gégg?yﬁ%%t gdg%lebe %grforrred by, for
exanpl e, 5i r suwbiaasinghat euiygen enablsporganis sulpstanpgsragiaghpd tethe sprfase of tRDbiERy X2 =
254 nm in at nospher.e i ni ] 0 | e of

t he reacti oﬁ’% R #g%ctéeurg%g% %yogt(i E%n?}ré%{%}:ﬁg‘ft?‘%hpwﬁﬁ\heﬁ It?er%?%pg? 17 ght

havi ng a wawsinengtdxygdn iness adtivarstaisdSuahnasi singlet exygers plagrhs eobinedmvity oxygen

i s describe el ogw.. 02.+ hy (X -> + P ( + 02 ->
03 (5) Ogeﬁﬁ’?t(“f@g vt etd’(gé ﬂa?l@za( g%g%%%‘i&gé than 9 ’#%fesjogtgé)t\:i@ reaction
fornul a (4) orgafiit 86histahteo attavheditothé sufacobfthe bbjgditto hamoemgsed cambetearmged (A, 3
nm of |less than_ 180, nm.,i n_ an, at npsphere.cqntai nj oxygen (02) is 20
per f or m® t8105%%@%‘{3&;’-sﬁﬂﬁﬂ"‘@tdea%{f’giﬁ%{"fﬁfﬁﬁe rﬁ?‘fieg’gl(?i"vt ed state and an
oxygen atonydo@4pP)) in a ground state. Next, in the reaction formula (5),
an oxygen atom (0Q(3P)) in a ground state .and oxygen (02) react w.th each
ot her to gener at &% £gpapleouspdiafion ¢ &%\?&e‘iﬂggﬁo’gnﬂﬂ m(%ﬁh,e“”l FIURREE i on with
ul travi ol et okyahtis PA¥IrRed & PEriRneRg shrdcIroatilen0 bf R SsbjdchRNbel Bodtsedi n an
at nosphere containin enerated ozone (03) is tperfor rrgéi to 25 e,ngr ate
singl et oxy &eadiation 3 violey light hewing A apsigrgdhet lpss than 280 RRABRBItEvIOKht ai ning
oxygen, ,15”?1?#@&1‘,% %{“&ﬁcféﬁéﬂ’l%{'i Abflr thalr &aMi #0260 WAV Rl 8N @tdosphert €SS t han
e 0

180 nmis p or me generate ozone and to generate singlet oxygen by
deconposi ngceteiniag orxyesty gabi. ber perfermsd.c sl dhad razpeg) a8Y) singles FyeeRt fnPe can be

per formed bgeneméd. XNRLEvely, SRR WAk Wrdvbié 1088t BXElgPhaldnb@raR 140 an
at nosphere €ontal ni ng oxygen. '
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)
OCPY+ 0, > 03+ - (2)
25 O3 +hv(Aznm)— 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 (O,) is
performed fo generate an oxXygen atom (O(3P)) in a ground state. Next, in the reaction

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

other to generate ozone (O3). Then, in the reaction formula (3), irradiation with
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30 [0049] Chem cal bonding of an organic substance or the |ike attached to
the surface of an object to be processed is cut by the ultraviolet |ight

"~ having a wavel ength of |ess than 200 nm and the organi c 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 _ob{ ect to be processed, nmking the bond nore preferable.

[ 0050] ultipgiglet Light dayiag a wayplensgth (e i of awgte% fhan o agabtoc0Pmy fn an
seni conduct gnoggieat éﬁtﬁﬂﬂégeﬁfa%db&egg@)%ﬁseﬁéﬂ}mgé e Eedéh‘kéqﬂ%‘%& 3@@&{)% I ng

| ayer 114 interposed therebetween (see 10 1F). By bon gt ase

substrate 100Dirid amhexdifed glate. c ly amagtmosnhiersopmiitrining oxugest imadéation Ovito each

other with | tyl I ;'ﬁbﬁ ' t hete ce 141
surrounded El}li;/'rﬁ ¥lh%§gk%o%ag&éof¥ﬁgg% rn %’ﬂ%&g?’%ﬁ?go cn%gst g%f&g%@n%{’}:ooﬁ?éc ‘or
substrat® 10®namwhileheabaee wiibskrubkt 1ight havingar weblengthinali greptérsthgeof or ned as

follows: the Qf"%ezog%%sitsr@ ermlgg aendra%ehse g}i}trégl e QLY tal sem condugt or
substrate 158%are di"SpSLEa°TI" &7 BLE OoMBRT B W IR DY CHEF with t he

i nsul ati ng hmyedediided dnehahednman carciethetfognedabyp for egamsle, Gfradidtatwdth 4 han or
equal to 1 cn? and | ess thar&ﬂor equal . to g 0 Nﬁﬂﬂ is agpplied . to a
portion of (ONEPEEE BEHYY dapR (4 Goley Mbnke 57 tgP’é‘ & G REOSINSTR ORI or
substrate 13fgedd bondi ng between the base substrate 100 and the insulating
| ayer 114 is generated at the portion to which the pressure is applied and
spont ané%us[qggﬂdi_ ng proceeds throughout 20 al nost the entire surface from

the portion. Thi s\ pandbRohrke ReCHA VRS H%Ql%%d b %easﬁﬁ&igﬁbn%ﬁ PG5l der

»
Waal s force or hydrogen bonding and can be pertfornmed at room tenperature.
[0051] |t i Hehihatiag abyaelepeth of lves ham d8thomin ae aepsphasereentpinipg okygenns of t he
recessed 25300E4J19810%40 provided in the single crystal sem conductor
substrate 11 see an arrow in FIG 1F). The space 141 can be seal ed by
maki ng t he Bondi tig npr oe D)+ OEPX-he(®osition. In addition, a region where
‘the bondj ng i3§ ng)t gg)rfor d can be reduced. [0052] Note that heat
treat mem f8FT) hlke Ph'g'( ndi ng strength may be performed 30 after

bondi ng. Thp$+he eaormity s .pehf ormed at a tenperature at which
separation at thggsg%{)brittled regi g? 112 does not occur (for exanple, a

t enper at ur el0@f§lch i s hi gher than or equal to room tenperat ure and | ower
than 400 C). Alt gy R iptel YeactilPthARR (4), irradiation with ultraviolet light having a

wavelength (A3 nm) of less than 180 nm in an atmosphere containing oxygen (O2) is
20 performed to generate singlet oxygen O('D) in an excited state and an oxygen atom
(OCP)) in a ground state. Next, in the reaction formula (5), an oxygen atom (0(3P)) in
a ground state and oxygen (O;) react with each other to generate ozone (Q;). In the
reaction formula (6), irradiation with ultraviolet light having a wavelength (A; nm) of
less than 180 nm in an atmosphere containing generated ozone (0;) 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 gencrate ozone and to generate singlet oxygen by decomposing ozone or
oxygen. The above-described surface treatment can be performed by, for example,
irradiation 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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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 |ayer, .116.ig formed over. the base subsirate 100 with
Eho" nsul at FHOPITCAIS PRBSFASR i3 0 P el b A RR 2 Ceagestet eyhan 00sa]
Here, the heg n /8 HRManicOibaaRa kfdchiiolthesusfaliod fRheobjéck &) besbdesRpduct or
substrate 110 is perforned at a tenperature below the strain point of the

base subst r BiE©T0T, subsipnce fdigse ehegigahbondingiy Mb b s Wrenea besrempved Bapi d

thermal an ”@ﬂh@t{vBTd%);ox&p%sﬁiBHa&iﬁi ¥Sonedor’ GA4IST 80GEn. NeBel ABELL HRAREN &
m crowave heati ng apparatus, or the like. As 'the RTA afgtgarat us, an RTA

appar at us oflesgritpd abpieeaganrphanse Ha hysispphdficity ved ckeanlipgss ¢fathe gurfaca of dhet her mal
anneal ( GRTA):. 2P AL : BOR3EAE Herfpid | @amp heating nethod (a | anp
rapi d ther rré'%‘]ecgnneﬁ&%ﬁ%% appar at u?g& E% RTA appar atus enpl oying both a
1 anp heat i nff0b@dt hod and a gas heating nethod, and the |ike can be given. In

han or equal t o Nsag 0@ SR ORI T wc A PR LB R RS T Ot

ti me can bearsbbnded td Guolyethet Widinthe inselkytuzgd layey 104 biterpased thsrebetarean(geetfdG. t han or
equal tog,60 . mnutes...In.the ¢ f, HSI a. resistance heating furnace,
Che-t erbbr atlh o drndas e prestiFaR o0 Fhd e Jnelsiisht RSt eiintiar ¢ han
or equal toll50 dach ather il ther @ailaringtiayer M4 dadtpdved sietebetvebnggacd bin or 25
equal to 2 hours d shorter than or equal ta 4 hours., Further, after the
Siingl e or ysTEIouRedby SBRTED GrPorin i ShEHS e sCmapdieion sthsit 11 84 nent may
be per f or neghe dhseaubiaReINativfoemed. Hidiag & pdifofhel asSoildviaa thelbas: subaGeNt rati on
of hydrogen_ that remains in the,si&gl e cr stte_a}hpsem_cond ctaor substrate 110
- bl

i s reduced. 1{%wssthe sgly gyl femiconqustor s rHutiERCh i rigse5o8tagle par at ed

out intgs Voygs ekl 6feraih iRy HREafiny faher PIADILEAcbIREEN, Q84 @enlal gressRdofhen t he
tenperature or length of tine of, the heat treatment is jncreased and the

anmount of agWSHEr Gabar sauakitool Ve g dess dhaneqroesuali 1 SOU N ScwBiid tgets

wher eby t hepd:RLLEMNEE bike GaRHER 100 of B sitRiedSydtd sbiebRRSBHsubiYatt D). | ACT eased
pressure, a crack is generated in the enbrittled region 112, and

accor di ngl ybonding bshwegh thecagastuitptrase Hlcand dhecingatingdayter hldels geprated A dlivar at ed at
the enbritt)ed.d 8Aka5 ﬂﬂ:t%ﬁessée ﬁ%‘i}@ﬂé&ﬂd@fﬁt&&%@ﬂdnﬁ&g'p@éﬁ@fﬁ%ﬂu mwyonded to

. the base substrate 100, e single crystal sem conductor layer 116 which is
separ at 28 f alowstithreensicgyirfacecirge thel postiom; ¢ Thid bending is poermed sudet theragiiani ns over

t he base su t t ' j f at the
oceseed posh HoniaBet el ek N BBl NEndAP Shd ok beliRproRied 9 06,7
formed i n atempeature.of the base substrate 100, which corresponds to the
recessed polrobijﬂn 10140.

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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[ 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
t he base substrate 100 is not provided, when the tenperature or |ength 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
aggregated gas (bubbl es) becones kite, the shape of the bubbles appears as
it is as unevenness (roughness) of the surface of the single crgstal

sem conduct SHbstrs dP0 g theripmlaging daver & 14wy be depdeddn raeh etherswbile beinge 110 is
separ at ed. g@dtédogﬁz]tem eratmw:| i QRYE fﬁg&gﬂufge% 9f i’ﬁhe hgﬁteéga% t”ééﬁ”ﬂié

since the space 141 wh i's surrounded by tﬁe single crystal sem conductor
substrate 1pofamed nsing l@a@&h%mbﬁmm,ea heding Sufnagensugh as epmwsistanaspheafing he
single cryskal, he tinme of
heat treatnent nggﬁtemeranﬁ%ﬁgkﬁﬁ} (Pﬁgr?ﬁgaag‘?]}r%g V%Q%:rg%s g?p@%at&s 5t

-sem condbict te likebstrate 110 i s separated can be suppressed by providing a
trigger for Otosgl separation of the single crystal sem conductor substrate
110. The si[1 crystal sem conductor substrate 110 can be separated before
t he aggregat ed gagx(bhdablteajmeénn ik hperforihed tfol aeparaigh ool higc aliigk: Ic@stgle by

ubat rate EERanGRen Bt 1T af s e el 0o aRRe & usie S06he

surface of mﬁc@ﬂm@bﬁaﬁymalfommo@anﬁwsasersuﬂsﬁ-ytenoaamhlﬂﬁﬁm&gm&d- [ 0058]

Next, a mechanismw || be described |51 whi ch the single crysta _
seni condfiict b4 mengsad thgrebeiegn 3es FGdEni t h the recessed portion 140 is
separated b 0 bgat treatment. [0059] FIG 6A illustrates the base

substrate 100 and the single crystal sem conduct or substrate 110 shortly

after they are bdifdedhe heabisatpiepefor spapteg the singlererystgipsempicenductar es a
schematic vgm&dtéumﬁaf&m\éu%wtéﬁpe%ue Bao‘b%dgura JoleQF bRARsclBstRe Ween the

base substrate 100 and the single crystal sem conductor substrate 110

i 11ustratedl@h Ahs batitcammnbegede pesommed vung erapidr Gemral |aenggl KREA) time of

t he heagstr Eﬁﬁ% f Ll

Vi ci ni tgl of% gﬁﬁ%ﬁl%élgiﬁﬁlg%?g%regﬁ%&?%g{% Egifatﬁggg{h%qu \A}I‘tﬁhe ch are
close to t htefFacpparaus, ae&TAtpparbias of s gasdeatingencliel usimg atHvated gangk gacr y st al
sem conduct DSti T i ed by a

- thermal exp%%sﬁgn co a’?‘?“’gégﬁ?) Jﬁhgrgﬁl%tgég}rﬁgf{ﬁ?%&&ﬂfalﬁﬂp %auhgkﬁﬂgd t he base
substrate 1BGwpanwd theend amgh(LETAS amara&zsmamﬁﬂ"dwpaatusemﬁbymg both 4 tamy] 0061]
15Bubbl e gr h poptions _152a and 1 ar 0 _be ggner at ed in a
portion V\A‘leﬁ\é\%ﬂ g‘n{h r e§§ ggsbﬁ%agln Er at@il1 %h o{tclzlur S. %r YRl e eecaB%B%l e

growt h por t usiipsa GRZA apparatus, the temperature can be set at higher than or equal to 550 °C

and lower than or equal to 650 °C, and the treatment time can be set to longer than or
equal to 0.5 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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- whi ch are cause

and 152b (bubbl es) can be nmade to grow locally by formng the portion where
stress concentration occurs (see FIG 6C). Thus, the bubble growh portions
152a and 152b are nade to grow |l ocally, 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 single crystal sem conductor |ayer can be
separated at a |lower tenperature conpared to the case where a space i s not
provi ded. Sjnce the singl rystal sem conductor |ayer can be separated

bef ore t he WFhBFRADEH R e%ﬁﬁﬁﬂ‘ hegrmowat of fqua sppafpted Py ingieases, BXqepsinee

surface, 25at5mE fb@ébﬁleagaﬂ,gﬁﬁkﬁaﬁ( @b ihBRaSHRBLR AT HS VEls SEReRFUCEPL ayer can
be suppressed. In addition, since the separation can be perforned at a

| over t enpelPgieRied PESSUED gragckds generated indhe embpritfedsregignd 1 2,rapdtageordingi.conduct or

substrate WakGhRoleS FoLARTal=To RENY: ' | an the

bubbl e growt h p%ret f%%‘ss%%’ and Sgggzu%,teaillggi%ﬁggggﬁgtthlégﬁb ug@%ﬁ%ﬁ%tlﬁg'ss

gener at el | Becapss teginpylating Jaier 1 4 & bogdatkto dhe base afbstmite 190G tior sugis rystald

generation . f LfELcul I n_spoot h .separation,
SQ:;m&%dlgét'y&h?%ﬁ ﬁgg‘? Btglr? gits ﬁdttéd?g?rﬁpleé]gfs %g}ee?/c %alnge?m%oél g‘tﬁcﬁ& Furt her,

an ef f ect cabstiée tbOpmomiosl ovdrahe bive sabstratet 100f Netatthadbetdnse owdibgds astbst r at e

Lot 1ot onepefhél £/ AURATOALE 128 08 siEhE LSLE il Rl 1y & PRI RS
formed in a region of the base substrate 100, which corresponds to the recessed portion
10 140. '
[0056]
' In the case where the space 141 which is surrounded by the recessed portion
140 in the single crystal semiconductor substrate 110 and the base substrate 100 is not
provided, when the temperature or length of time of the heat treatment is increased and
15  the amount of atoms separated out increases at the time of heat treatment, excessive
atoms become gas, and the gas aggregates in the embrittled region 112. When the
aggregated gas (bubbles) becomes large, the shape of the bubbles appears as it is as
unevenness (roughness) of the surface of the single crystal semiconductor layer when
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
embrittled 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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[ 0062] One enbodi nent of the present invention is effective in the
case where materials or the like 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 sanme material or the Iike are bonded to each other, a sufficient
effect can be obtained in that surface roughness is suppressed. [0063] In
FIGI1Qthe single crystal sem conductor substrate 117 provided with the 10
recessed portion 140 can be reused as the single crystal sem conductor
substrate 1Mys@iF HORgoudedyiffihgresersd postan 148959 ﬁ?@?r?tﬁalﬁﬁﬁ‘dt reayrdtessi ng
treatment. [bosodepth of the recessed portion 140 is greater than or equal
to 1/100, preferably greater than or equal to 1/10, nore preferably greater

than or equal to FIG20A dlustaigs thobasg sebsatgl0Q prd e sigels ceysial semicapdnstetonduct or

substrate 1@ 1710NRokSGR ROBIHaON A fggetrates the single crystal 15
sem conductor substrate” 110. Thus, the single crystal sem conductor

substrat® 1M0P6@an be used as the single crystal sem conductor substrate 110
illustrated in Flgg1 ' ' i W 5SS 20S: | 140, _
after the reproce@%i %V@?ﬁ%e%r;ant%hgﬁag‘ggrfmmgﬁ;t‘% t éggﬁ'?lﬁggfe%%;ut) eg;i ngl e
cryst al -senintafack d 5@ betwayre thel bBe i ssbitratea tilaaml the Osingle brystak esmibdnghttor] 32,

t her eby for I Kk eni.condu re. fl at ness
of the sur r ApasE 1t e SieahyBicPA BB 5} bl kRt SPLBRLEGhPE B S
2A and 2B athd hEdt@edAent iFinCreai2B, miess @a@mirsidont @owrs or the sicmitg bf thabbwlgn al ong

ber for i aisisrs f30, 08T T8 pRET el e Uit aiRieTPepERLIbe Fes b,
i rradi ati onsubktedle tl0e MRS @e linglat cd3@l sélfizbiduaior Zabsmatet INY" WRangrese! ting

the single crystal. semi conductor |ayer 116 by irradiation with the |aser
i ght 132 tEPUkeRiRfiorhsdRkiieRes i hental e PortFicR el TRt

i nsul ati ng h8Yiké ofithdbdst Sdsfrite 200 andi difile ERaM sbhrohdick ARSEato110 he single
crystal sem conductor layer 116). In other words, it refers to-a state in

whi ch the ul#8eH portion of the single crystal
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 fo 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 roughness 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 entire 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 1in the case where each substrate has a different
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sem conductor layer 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
mel ting" neans nelting such that the single crystal sem conductor |ayer 116
is melted to be inthe liquid state to the interface between the single
crystal sem conductor |ayer 116 and the insulating |ayer 114. [0065] It is
preferable that the single crystal sem conductor |ayer 116 be partially 5
mel ted by the irradiation with the laser light 132. This is because, if the
single crys em conductor layer 116 is conpletely nelted, it is

m crocrysta F ERPARECY (9o HIcBt i SYRREESSFdc| eati on after being in a |iquid
phase, so tfpag2)t he crystallinity thereof decreases. On the other hand,
partial nmelting allows crystal tgrovvth to be perforned on the basis of a

non- nel t ed sol i dQMeagebodishant o the presentt mxentiop i Affeptiver if tigncase Whiepr oved as.
conpar ed 1t 0y, 10:i4106; &.@%ﬁe\eflafb@uéta%%%%&d%y&heéené S AQNAN G Hfatib Ry’ 116 is

- conpletely nelted. In addition, incorporation of oxygen, nitrogen, or the
|i ke from tthe singkshvstel sepidangeqtorlayer @mﬁb@n@uqﬁﬁgéggsédoncpmep o fthe

apove- descrhpehe iRRs hgaqagugnggagl torift R IR obARRN B RIFNREAP! Y used.

15 This is ecause energy- can us a partially melted
state can esmﬁdlgntbﬁecpc@du@bdmeithetha@émetm@hncau@upgcm‘bferabl y, but not
limted to, roximately greater than or equal to 1 Hz and | ess than or
equal to 10[ ?ﬁ”@ Exanpl es of the pul sed |aser include an Ar |aser, a Kr,

| aser, an exci mefn FH G, @H&rﬁnglé(cﬁstammgonﬁwersumeﬂ moeided withA6s | aser, a
YVA | aser, aYFIase a . cdvoa aser, a
by 1 ok refesen neydinio 40, fin legysed 35 e sifelp oL iR g ar BpNERs 11ED o

| aser, a go:iedvmgaam bbrasaﬂbsuwejdaytﬁeﬁ“oﬂmk@repkdﬁhssxﬂghﬁau@encomherﬂepmwmve | aser

may be used if It can cause parti al rre |l e of the contlnuous wave
| aser incl uﬁ%esé‘?ﬁlpﬂﬁlqnéégﬂsg" ?Erthqnz%é‘fl“a 5’ % P’ﬁge Ly greaoy &valo vvoy

| aser, a YL{716,386% preferatdyl DRateRher or equei¥al2, |0 SR thickne¥ 28 hd SI8EE crydtar UDY
| aser, an al exandrl te laser, a Ti:sapphire |aser, a helium.cadm um 25| aser,

and the | i k¥miqondessr supstiate H@ﬁ@%@ﬁl“?"eﬁs}?étPOY‘WE 148 \PeResTast theotingle rystak e Ilght
132 is g5 WaMali@MEidorWibsteCaD. DEMANROLRSE cB¥tal LhiSdnBEi& sGbEleal 7 can

sem conductor |ayer 116. The wavel ength may be determ ned in_ consideration

of the ski nbarspd bs Be sipgle crystabsentigapduc w&b&tﬁﬁ&e J1Pidnstrptgd in FIG. 1C which is

provided with the recessed portion 140, afier 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 meltiﬁg" 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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30 exanpl e, the wavel ength can be set in the range of greater than or equal
to 250 nmand | ess than or equal to 700 mu. In addition, the energy density
of the laser light 132 can be determ ned in consideration of the wavel ength
of the laser light 132, the skin depth of the laser |ight 132, the

t hi ckness of the single crystal sem conductor |ayer 116, or the like. The
energy density of the laser |ight 132 may be set, for exanple, in the range
of greater than or equal to 300 micn2 and | ess than or equal to 800

mJ/ cn2. Note that the above range of the energy density is an exanple in
the case whbedteriage batwesnthedipsls cryglabsenispadustarizyenlozngd thedpsulating ser as t he
pul sed | asef4 [ 0068] The irradiation with the laser |ight 132 can be
performed in an atnosphere containing oxygen such as an air atnosphere or
an inert atB88Phere such as a nitrogen atnosphere or an argon atnosphere.

In order to perf i o1l I ' 2 'Ealﬁ‘g i nert :
at nosphere, the ?{r ?a%%%?gﬁ%pgﬁv%% F‘gghéir g@%ﬁdh%la%%yﬁ%ebép r OPJmed' in an
ai rti ght5 chmnltelrbywthe irediatien withdegdaser Bglitd 32.h eTluhiabbemss, f thosinglotiystal |1 n t he
case where g_ch (.S ROt. U n_ipert .atr her€ n. be..obt ai.ned by

b1 ovi g an PHACRAREL: Ik tPS i St Dbt b 8 LIRRRISLIE of Al WG RNALY

i rradi at ed macidatibrheftcr baieg id a hiptid pBRe, so @b He tpdlietyt thatofidecitdves. | ar t

at nosphere such a itrogen,.the flatness of e single crystal

e conduct B ofs) Byt el SR Hows SRR BsPln bR PO R ehhe ai

at (rjmspher e.ndﬂ:tmelcbdisbl'id}plaasé porﬁ:ib@fthlﬁv,?ﬂl?e oagltsmﬂﬁﬁdye:mbe gﬁ;ﬁtevh @ﬁds&ﬂmﬁzﬁr@cﬁfoacks agd_
ri dges n be suppyessed.myre effectiv t han the air at re, an
thegappﬁ?c ag‘f: é’a%f’rq&{‘ed? ﬂ}?esﬁ’gﬁq? Vads 6“@“‘!"6‘5“% eﬂyﬁsfég B CEHe e"f@'zmigi‘éﬁgvi g’ened.

Not e t hat iédd@tﬂhahb&ﬁofdﬁdd”bfbﬂ%eh,aﬁﬁ‘bgeﬁ,ooﬂthﬂiﬂ& flohe theBdsuREnPRYEQINBA | N a
reduced- pressure at nosphere. en irradiation with the laser light 132 is
perforned iPeWPPEHELed- pressure atnosphere, the same effects as those

obt ai ned byyob irradiation in an inert atnosphere can be obtai ned. [0070]
Al though the irradiation treatnent with the laser |ight 132 is perforned
just 25 after thé&ontgabeveslgsoribed lases lightdpadiationompysedilaser isprpfgrably pspds al

sem congiict Pis (Aeiusd Mah eherkybah HeiRRsHARRE thu@'a‘i)aﬁi&ﬁﬁﬂieﬁaﬂtaté’f:antéa&bﬁ' scl osed
invention is not construed as being limted tothis. After the heat

treat ment flog podpendat The repfetitiote rai¢ ng lpeeferpBlnt byt not limited to, approximately

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
CQ, laser, a YAG laser, a YVOq laser, a YLF laser, a YAIO; laser, a GdVO, laser, a
20  Y0; 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 GAVQy laser,
a Y,0s 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 dépth 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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sem conductor |ayer 116, etching treatnment nmay be perforned to renove a
regi on including many defects at the surface of the single crystal

sem conductor |ayer 116. 30 Then, the irradiation treatment with the | aser
light 132 may be perfornmed. Alternatively, after the flatness of the
surface of the single crystal sem conductor |layer 116 is inproved, the
irradiation treatnment with the laser light 132 may be perforned. Note that
the etching treatnent may be either wet etching or dry etching. [0071]
Further, although not described in this enbodinment, a step of thinning the

singl e crysefdhe barlighilddcthe tigkags of tregingiacrysal samicendueiar layerdd 6.on ghe
[ adi at | 0N iyt Bosy Buch84T ! 83 192333 a6 LA R ChapIIRSAL Liicoabove. I

order to thin the single crystal sem conductor layer 118, one of dry
et chi ng andgmsser tharcer gggaloe 380 adieni mad lass thep op eausl tf 8G0HB)/en'c h Netpsthatay be

enpl oyed. | ' 3 t-ur ' -equal to
500 C and I%%ﬁgﬁe%fgh%?&g%gtgf&§%%%§%h%yﬂgge %g%g%mn%gﬁegrl]g% lIg&si ngl e
cryst al Seniasweactcogth] 3)pam) idGed b the pulbedd laser. adi ati on treatnment with the
| aser |ight Oﬁéglafter the thinning process. By this heat treatnent, the
defects of E single crystal sem conductor |ayer 118, which are not
repai red by irradhatitratiationtwitt the lhses éight 133héanliR2perfoanedm @l atmosphiersd and

distortion of the single grystal sem .conduct.or_ |ayer, 118 can be relieved.
For thi's heSniaHiagoverr Suchad an if aibporpins of 4o ert atioSphete ik Htia PRIGRSRL | anneal
(GRTA) appaitbsthetttvr ef angei atBioBFhette aln drd@ab parfdrmlifrhdigtion withhe laggiightat ur e gas

or ala rapid thermal apnea] (LRTA) a rat us_.whi per for heat

treat meht uSi2ig 2p6H ATPeRPerRAhe d@E%‘HWPtE?IF%%%h%é?? Wﬁ%[‘le He‘%‘é'é‘F‘g’c“ance
heating f urfagieidht chisdr wiild et atnbGALFER thdTBhaniber Reddnabmed af tHeQAseC for 4
hours. 20 [0073] Throéﬁ%h t he above steps, an SQ substrate having an

excel | ent sWhiTeaifhuRhsEis 1ofpesd, GihEICE HTSPRYF Fathe iiiHysovee B difEled can be
obt ai ned (sgﬁﬁ stidtGs adBrRPt g dshtSthe 30face WARTAL irdBlaRaWhihshenRedpians., the

surface of e single crystal sem conductor |ayer 116 is
[0069]

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 itradiation 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 treatment 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 freatment 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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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 filmquality of the 30 single
crystal sem conductor |ayer 118 tends to deteriorate by the irradiation
with the laser |ight 132. For exanple, even in the case where there are

m nute defects (such as partial chipping of the film.in the single
crystal semVet§tient e siching reptmentgnay; besither yeot glchiag ety etcBinBecone | arger by the
irradiationggyfijh the laser light 132. It is considered that this is because
a sem conductor in a reg}on peri pheral to the minute defects (a region

where the singl e Ferthes; alfhoughnetodeseréied rin| thiy cambpdigrent & #ipm pf ithinkpg thed by t he
irradi ationg; i : l1] i i e region
: S m)i/edI bys s‘%}%lgg%f %églﬁég ?%%Ogriéﬂﬁgl%ﬁé%@?%%e& gﬂr%@%ﬁ%ﬁsﬁ {gﬂlgrrt]ﬂél: casgI

where t he slasdrdigbt 832 sherieimegll & dasgrdied|abewni dondectoothid thyeringlel &rystal r ough, a
defect due 1 h r h ) . theref gr it is 10
i nport ant t%glsléoﬁg?%%s}&%gﬁgaggg?gﬁgheﬁctgggd%‘fl t‘feﬁgﬁgjﬁgé?g%%?%lg%% Ogé)ﬁ%hconduct or
| ayer 116. ofithpechingswhayrbe emplaybd case where irradiation with the | aser

| i ght 132 il?) Z"gpl oyed, the follow ng nmethod described in this enbodinent is
extremely e P&diive for pl anarization and the |like of the single crystal

sem conduct or | ayR&t trdafifent RECRmpSAmSLKiERY Hadr Byuat BES00eCREIqswdakdn on 140
in the single crystal sem conductor substrate 110 and the base 15 substrate

100 is ¥br nercPaadde TS Copsithreperfpradan thesingeerisieksemicendnstor lyer §18 aBerpar at ed,
wher eby surface i RB&RS, : i : l:sem ct 116 is
Suppr cssed. U GoigtRHeRREy QY BF Sk RO e RS il GORCHCHSY ol R

sem conduct eeatthenpethe decigfoftthe sBgle gpiialt semicondagjorplayqyatiBewhisl armnoet an

i sl and- shaped.. 1 . RaLk alo R IPY

desirabl e tlﬁg‘%ﬂsﬂ? %@?ﬁ%ﬁg%@y@?g{w@ﬁt é%fﬁghlgp%rgﬂflayer %ﬁ @@Hm t?él&?eegi on

cor r espondi siggl¢ orysthlesep@ongivamyayer B sandierrelieyedf Holndhis bené ssdkeipastanon 140)
be renoyed e FIG 2C and _EI.G, 3B Fl rresponds, .t.o a.cross _section
al ong I?ljﬁe l&? PR %ﬂé.mﬂgrqg?n%hgmse%néﬁ%f r’%’f’% Ssvésfhr%fl_%:gﬁ%%nts}reaﬁ ayer 118
in the regiwatmeant naingoadiigigtetnpertatuge [ges iophelamp sapiénbared] heeall SERBAY egi on

whi ch cannot be used.for. a senj conductor 25 device |s cgused by formation
o the ol oSRRERS SR e Bk STBCHAS T SR BRI EE, b Hefoa O SRE pacl | ng
of the sen gRmdICESHnce AYAing FeBbleSs (e, 4 Kbat BB iag B perforinde abedcicNy

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

the edge offofA8Wsrface of the single crystal seniconductor substrate has a
curved gir fpegsshape (called Edge Roll-Of) resulting fromsurface
polishing treatnment. 30 [0077] Al t hough the recessed portion is

provi ded in one pérughtheaboyre denyen JPI substraie hajing ay groeliant seancedpdierct or

layer in thige GARAN IR R de SEEethbs? iSfedibed &8 He! dtRAinedd3& 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 flatmess 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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enbodi nent of the disclosed invention is not limted thereto. The nunber,
the position, and the like of the recessed portions 140 can be set as
appropriate. Note that in consideration of inprovenent in the nmanufacturing
yi el d of sem conductor devices in a later step, it is desirable that the
recessed portion 140 be forned in the region to be 5 renoved in a later
step (see FIG 3B); however, one enbodi nent of the disclosed invention
shoul d not be construed as being limted to this structure. [0078]

Next, another exanple of a nmethod for manufacturing an SO substrate wll
be descri bebprtiplichippiag of &g didm} i thy simgle gxstalsemisondustqydayey 116, those gaifctst | t he
base substrgh@ ol 0-AD i 6y M 1BhGiatidny ol the ST RANTYE! OF ; 10 are
pr epar ed (seg_FIGEf 4A\%ndy4B). [8080] ? gl hbxt?m?%gé%%gt Q%ing

| ayer 114 i thisfisbaeatiseoy exmicinducipmigl 2eregrop perphesd e tonipute siefetB{abgionat e 110
(see FIG 4 8, rf .S formed in a
regi on whic h%%?@%%A1%826?%&$ﬁ%mg%$§3h§%3§gﬁgFﬁﬂlék%gﬁﬁégﬁ%gpgﬁmgﬁ

sem conduct with thelaser lgghe 1 210d Sker semimpndigetax ilptha degdandis mosiedeby mefceibiSiondD) . As a
nmet hod for féﬂﬁﬂﬂ&g the recessed portion 140, a mask is forned 20 over the
single crys?a Ssefm conductor substrate 110 and the single crystal

sem conduct [@78ubstrate 110 is selectively renoved. A resist nask may be
used as the mask ich_ s forpmed over_ the. single crystal. sem copductor
substrate 110, AdMS e fasq SR 4% sOrRo elbe aBele SR SPIOGHICPE Y Bhcanpl ¢, a
~dry et chi ngi1sei hagh, Ddefect daetl malst@ive Abughnys ter@t € bduBRE BRebf@0Ge & dry

et ching, et hod, a | aser pro essinglne%ﬂgd,_an ul trasaoni c 25 processing

met hod, 1% fFIROTaT; 1o SUPESHETHES FRYEMMmess of 1f SBplastyshi suisndngiontyndds: or the

l'i ke may bemus@sbulalnig HEeR4sE wierd HadaB6E $SBAP Ysbd Bhe 149 id emPibfaL @l t han or
.equal to 1/10Q00, preferably greater than or qufl to 1/10, nopre preferably

greater t halRlgyinggrpsoddgscriped indhisepbodigieptdn exemsly fof'ét"é“-‘gﬁs?f ploprtizetionr
substrate. Faand BeEHSEdsiRAE Efygtgl sﬂeﬁﬁcog&yct&qgﬁ}:rl\%( spawmsguﬂgmeg by g{ea'

sem conductor substrate 110. “3( ;008 | t, the enbrit region
112 is for meersind porinre bl by e egledepithl semitondurtorsubsteateel 1F andnibe diasegl e
crystal 15, sanisPts RHRE b fe'diid S88af tddicdtloror LBARR is separatcfpet a1 | ed

. ] .
description of steps in FIGS. 4F and I's omtted because €ps in

FI GS. | F. andherébycsurfadgaoughhess pEidie single crystal semiconductor layer 116 is suppressed.
[0076] |

After the above steps, the single crystal semiconductor layer 118 of the SOI
substrate may be patterned into an island-shaped semiconductor layer 120. In the
20  patterning, it is desirable that the single crystal semiconductor layer 118 in the region
corresponding to the periphery (the vicinity of the recessed portion 140) be removed
(see FIG. 2C and FIG 3B). FIG 2C corresponds to a cross section along line A-B in
FIG. 3B. Here, the single crystal semiconductor layer 118 in the region corresponding
to the periphery is removed because a region which cannot be used for a semiconductor
25  device is caused by formation of the closed space 141 and because the possibility
increases that peeling of 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 comer of the

single crystal semiconductor layer in this embodiment (see FIG. 3A or the like), one
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[ 0084] As for steps after the step in FIG 4G the steps in FIGS. 2A
to 2C and FIGS. 3A and 3B can be applied. An SO substrate can be

manuf actured by performng the steps in FIGS. 2A to 2C and FIGS. 3A and 3B
after the step in FIG 4G [0085] Further, the single crystal sem conductor
substrate 117 illustrated in FIG 40 10 can be reused as the single crystal
sem conduct or substrate 110 provided with the recessed portion 140
illustrated in FIG 1C, by perform ng reprocessing treatment. The depth of

the recessed portl on is greater than or equal to 1/100, preferably greater
than or equémbadiment efhe displased inventions yotdimited drergiay o Thsm “@Eferawhe POSitigny © of t he

thi ckness ofnl fig lﬁﬁrﬂf‘%ﬁ@%&%és@& fﬁ%ﬁi 184 Qan BE sbB EGFGIRARI ROf! thNin

penetrates the single crystal 15 semi conductor substrate 110. Thus, the
recessed po¢qmld¢ra11m00fn@9@§em@t breth arapefdctoningyied o0& sesticandueoredegicps lplau ral

times each f%?sggnﬁﬁsa&ésliﬁﬂig gghesf%] ?ﬁ»tfoﬁt B@hﬁﬁﬁéhylgstr &fleocry“a'

sem conduct or strate em conduct or can b
manuf actur exﬂ:mmvedmhag#tetpstqdlﬁseblﬁlﬁ 9B) [1BO86r, Q@Thabrshmmttq;frthe dissiosadbed i n

this errbodlmsnt G R on with the structures
descri bed i f ot ner e ggeconfwe%[aghgl% ;Er%)[ t%gﬁ? In this

- enbodi nent , [00%] case where reproceSS| ng treat nent |s performed on the 25
single crystal ctor tra 17 il Lustrate F or FIG 40
will be descri beg\mi’/\‘ﬁf“?f%eé%@ g gc P {"’ g%%%‘}’%f?"ﬁtl?strat ed
in FIG 7A deacxweajmemtraéreﬁwtbﬁms.m&oue}. for med in the peri phery of the

singl e 0$J|Z'%sen‘i conductor substrate 117 after the step in FIG 1G or
FI G 4d projected portion 126 includes a remaining enbrittled

region 127 a I eFkt) the Basl s168d18teCIOP Shd khe SRFlCAVHM Gt ondaMB subditate 810D t he
remai ni ng |nsul atl‘?%él er 114 wi t hout be| ng bonded to the base substrate

100. | n add¥fPBRac ﬂl%)(al sem conduct or
[0080]

Next, the insulating layer 114 is formed over the single crystal semiconducior
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 ultrasonic
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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substrate 117 includes a remaining enbrittled region 129. [0089] The
reprocessing treatnent of the sem conductor substrate includes at |east two
etching treatnments: 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]O 10First, the first etching treatnment is described with
reference tWRIIG 7A. As described above, the first etching treatment is

et chi ng treat nent } t i : i ngl e
crystal sem conleceIwglr%d Eﬁsas t;dgtggts% %WngjrSg%lF{dﬁd&?ﬁiﬁﬁﬂ%?%&ﬁ{%ﬂg&%ﬁi can be
renoved by wKIEe. BtamdilGgan berefermadito.usi ng a sol ution contai ni ng hydrofluoric
acid as an @bg ant. As the solution containing hydrofluoric 15 acid, a

m xed sol ution “containing hydrofluoric acid, anunoniumfluoride, and a
surfact aht (e.g. Asfonkps tfteranestepLAFIGOIT, the sepunddGRy2 ASbeld ad Eh@sisia

Cor por at'i on the |ike.is erably used. This t etchi.ng.treatnent is
o efer abl y iR fahBs opalBes AR SOL RER e I8 prant B red B St SRt RS

appr oxi mat einfFIGOQ Seonad FIGEGXldnd 3BSiflecte wep incRIGM®Qg treat nent can be

per f or med i@ §ﬁch a manner that the single crystal sem conductor substrate
117 is soakd83h a solution in a treatnent tank, a plurality of single

crystal sem conduwgithdr, helbigleairital bémiceaduche silsaae 932 dlhatraed & FIGRG
Accor di négl y, efficiency of the reprocessing treatnent can _be increased.

Fur t her 10 sj ffebs Fassdnasuthasingle Fayial semigondactor syt g0 trevidad, with dhechi ng
treat nent aRgessagorbAll40 aRdwied AFIBELT, eggmg%&ﬂece%ﬁﬁgﬂ&uﬂ&ﬁhi ik
eneaq.

treatnment, the etching time can be shorten reover, since a

~ seni conduct ¢apth of theseerssedpoioads greateribar oregual &y B9 grefareldy awsater thamer ampunt
of the si ngéq%aFfOYP/ﬁ@Lm&@rﬂrﬁ%gH?ér%te§ﬂlQ§]bf 241 1 {72r srmneedlioiest R ugt chi ng

~can be reduced and the nunmber of times of reprocessing can be increased.

[ 0092] 301 rsemkgonflpgiert sesidengrt hearesessed portiqne pepetraipe thaseinglei pystebyer 114
needs t g be.feomyas, Ql?lk‘& Ao St FllisNEe e &E‘ﬂﬁ i ﬂ'%){) - |

Al ternaﬁ ve ey, Wet et |%g treat nghteang t &{el?c |n%%?$§£e%%%dr?anlf be used
i n conbi naténgs or pune every piwrgl tanestsachy 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 treatment is performed on the
25 single crystal semiconductor substrate 117 illustrated in FIG 1G ér 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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treatnment, a parallel plate reactive ion etching (R B) 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 5 single crystal
sem conduct or substrate 117. [0093] Next, the second etching
treatment is described with reference to FIG 7B. In the second etching
treatnment, the single crystal sem conductor |layer 125 and the enbrittled
regi ons 127SuptAte %WHW?S§Wﬁ§ﬂ@m%@?@ﬂﬁﬁt§éwpé% ductor layer 125 and the 10
enbrittled ﬁggg pns 127 and 129 are collectively referred to as a damaged
sem conduct or gﬁon) whi ch are included in the projected portion 126 in
FIG 7B are select1Wéﬂ¥mwgwmvéﬁﬂmm©p%msﬁ@@ﬂﬁ@&ﬁm%ﬁEWWQm@@%mﬂﬂ@mxhentnent is
performed u et.ch I LG ubst ance
t hat OX|d|z§ﬂ§mg J@%F@%ﬁh&§t§@ ter| gﬂ;@?;ﬁ%bgﬂﬁ t*##éﬁﬁ sgévggéthe
OX|d|zedSSeﬂmummd§BUQ&nﬂhMEmsalﬁmamwhmggmbgnGMbemihmwnmﬁ@mmmnmﬂhdbihe speed

of oxidation of uct1 A ernlnfg011 u&dr tla E f dissolution of
the oxidi zed Sem concf Frare IRe-dEcoRa et Al THSHERg s

preferably pﬂbrﬁttiedmg1oh912’/‘amﬁrlaxl(melaﬁxer ]refﬁnaijtoeistacse&ﬁldr&dhlﬂg&&ahﬂeﬁt) exanpl e,
approxinate#§ 2 mnut. %F 1glnutes In addition, the tenperature of the
m xed sol ut i 8% A% 9558 %‘1»13 GiLo8P%at approxi mately 10 Cto 30 C, for
exanpl e, 25[0090120 [0094] In the above treatnent, nitric acid is preferably
used for_a chem sol ncl udi ng the stance t hat oxi di zes the
seni condflict or na&g’isf’ H‘Fﬁ/ﬁ&?ﬂ‘g Hﬁar‘:inﬁmdéfdascpg dg VHR &5fersns 9ddG TAr A8 cheni cal
sol uti on i ngdsugtheddatiole tﬁéltiﬁitaé"télﬂn%‘ ‘ﬁ%&mﬁhtsﬁoéﬁz’lﬁﬁg R ﬂir%@ﬂoﬁﬂ%"tﬁé)nduc'[ or
[

material. Acetic acid js ef erably used for chem cal 25 sol on

~including tWevlatingslexsrcd4t ﬂ@oﬁﬁ?&“ﬁl"@“@h%&é’éﬂ“@f substraid 1 on Here, tthee
sem conduct El'éulﬂﬁfgefayﬁ*l 11&“51111'[ b reried lﬁr a Ged %‘thﬂig‘ Q&Uﬁénttdéﬁl %'s&h&(ﬁfj

sem conductor nmaterial. In the case where a m xéd sol uti on of nitric acid

(concent r at $e¥aimng hpdraBuesistamd ashga pishantorA g ths solrtion erteining dyiwflueric 50
wei ght %5 apds ag&hixea ‘%Slu%r( ch ﬁ}qigr ﬁ?xeﬂuoqic 2ha T achBbGn Ve, d‘ﬁibusdﬁﬁl £S an

etchant, it 1s preferable une of 30 nitric acl nore than
0.01 tinmes aﬁ@m@@dsgbmunm@n@nmrhéLd@OJawé@wébyﬁhw@(Bkmdhéhﬂmnamnnmand be

more than Ogl lltkle ?ﬁel@ﬁgw fsed tﬂ@w&%@chﬂg%ﬁﬁt lsadfrggragﬁ nteﬁé‘ﬁneﬁ for 30

hydr of | uori c aci
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. Altematively, wet etching
treatment and dry etching treatment may be used in combination. For the dry etching
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and the volune of hydrofluoric acid be nore than 0.01 tines and | ess than
0.5 tinmes as large as that of acetic acid. For exanple, it is preferable
that the volune ratio of hydrofluoric acid, nitric acid, and acetic acid be
1:3:10, 1:2:10, 1.5:3:10, or the like. Note that the volune ratio 1:3:10 is
expressed as HF: HNO3: CH3COOH H20 52.1:3.3:11.6:7.4 in a nolar ratio of

nol ecul es. There is no particular limtation on the conposition of the

ot her nol ecul es. [0095] In the above expressions using a ratio, the
chem cal solutions or the nolar nunbers each have a margin of error of 10

% For exanfstasmentoa parallelplntesesptbie iomgiching (RN methedrenripducvaly conpladof | uori ¢

acid, nitri | A gﬁﬁ% ' ladl, -y XRY: acid (x),
nitric aCidﬁ?gﬁ%&gﬁgaace %@mg%?%ﬁgg?§‘%%§e%%ﬂinttézﬁgiggﬁ&iH%&%&5 to 1.1
y = 2.7 to Be3Projested portiondl 26ancludingStherisinglel opystdl semicendugior byeri 130 anddte t he

volume rati Q. rof l4or ] [ NoTRAM ' . tlG I del,s 1:2:10,
X.y:z (hydr%?%%‘?%/%g%%i%q’( %&, ﬁ%ieﬁl P F@egé%%n?%é,jargﬁgﬁ z]ilgg}%i é:e%g%?% 0{%‘}'3) may be
in a range sfglxcrystdl semicondnctbr sybstratd 187.t 0 2.2, and 15= 9 to 11. [0096] In

t he danagedmﬁ Il conductor region, there are crystal defects, voids, and the
i ke due to I ntroduction of ions and the like, so that the etchant
pﬁnetd r at esdeasi | Welkf)tte setvad daligedatmeni isrdaswﬁécbwiﬂu ffiraite tAEDTH] ngll y, in

t he damaged,sem cqnductor 20 regj on, wet etching treatpent oceeds not
onl'y from olb8 ieraRBeetie teament dhe single; sruriglosemichnginaiotc pry 123 Rl e ng
tends to praskigded feghdsh2A aRBNDE (thé Ragledcriial sehotdictor 18yer@ds lafid hedi r ecti on
perpendi cul ar, to the plane surface of the substrate and then the hole is

expandelf | Rt regiorge’ and 1Ehare gallrstedly wderreddo At damased spmuspndugion ng

treat ment pregRRrdhicBlard idthaIRE in W BloRdicl PoRidnNBIG inFIG. 78S dBRBRERE
sem conductor region or the 25 non-damaged sem conductor region. Here,
"etching raieEoveds g More precificelly, et eighingfreatment is performed using, as an etchant, a

mixed solution which includes a substance that oxidizes a semiconductor material, a

substance that dissolves the oxidized semiconductor material, and a substance that
15  controls the speed of oxidation of the semiconductor material and the speed of
dissolution of the oxidized semiconductor material. The second etching treatment is
preferably performed for approximately 1 minute to 30 minutes, for example,
approximately 2 minutes to 4 minutes. In addition, the temperature of the mixed
solution is preferably set at approximately 10 °C to 30 °C, for example, 25 °C.
20  [0094]

In the above treatment, nitric acid is preferably used for a chemical solution
including the substance that oxidizes the semiconductor material. Hydrofluoric acid is
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 confrols 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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(amount etched) per unit tine. That is, "a filmwhose etching rate is high"
represents a filmwhich is easily etched, and "a fil mwhose etching rate is
| ow' represents a filmwhich is difficult to be etched. In addition, "to
obtain etching selectivity" nmeans that, for exanple, a layer A and a | ayer
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 |ayer
B. Moreover, the | ess-danaged sem conductor region neans a semn conduct or
region in which the degree of damage is relatively |ow conpared to that of

t he unsepar aidethe ¥olpuge et kydyeflugric aeifhbe siombenP.0l Hipss andlsss thandd. B itves ast | ed
regi on 127, ri .20i a I e
speci fical %z/a,}ééﬁ?:ﬂ%t é:fﬁléichgg?%?e If)b? etl(ﬁrgp Ighﬁgs g’g& cral B ([ﬁl%gt?‘gﬂrm?g%{oo%f is twice

ged sem con
or nore as hydgfluesic abidt nigic adib andpcetimmeigels £3110cbAd0ct-683:10egr tha liker t he

damaged s SBnE O YWMEE Do TRe Ronvaailobn FUEHFOLRRCOORTH N (or

t he | esss dapaged IEM o# ol edtiofcF @icdéthiles.S Thefd is b hicularlHhRARB bn the In
thi s manner, when thfgtpwe etching treatnent is perforned using, as an
etchant, t hEHROREE? eifhe, OherMOlElss | ncl udes the substance that oxidizes the

sem conduct goosmterial, the substance that dissolves the oxidized

sem conductor naterial, and the substance that_ controls the speed of
oxi dation of the [B&ha 2RoNE GERIETSIONS UsiKE & FHP, the ghemisalsobiignoer Hedaddptut i on of

t he oxi di ze j t g 1.he ofla i; : i on can
Q]mﬁl%% GER MR azxg%ngﬁat&* drfdk of 1116 Hanmged. AL i OteQfiod G

be selectively renoved. dingly, the amount of" the sem conduct or
removedl® n thhevolupr otie sofi iygirafluetit raeidt nigtin abid, pedigestid, ackhts 1:Bd0nwytrer of

times of reprocessing.an se ¢ be .i ncrea Furt her, by .the t- et ching
treacnent  OORRTRGIEER oitREaiEB e R SR Mt B e kel Rl 15 e
be processeg]af=20Q t©B3EindizReI & Q! € Singfakly Gh ErGxpREsidnBat tRPFORGRSEHES
treatnent can be increased. Furthernpre, since the second etchi n? t reat ment
can be per f Bydsilporia agids pigiq aqid,ad asetq asidicl2dP: e dedrleaticsaciy™®r eat ment
can be incrgased; -1 hi: qﬁgﬁ% toL inC ss of

t he damagedﬁsen‘i gigk%g%c{%?u%%(?g? I th%Lg%(%jg]éE%\gggzt%hgfﬁtP?nﬁ)?%B t he
single t¥ystaPtséhi conductor |ayer 125 and the enbrittled region 127) is
greatly di f@ ?@nt fromthe thickness of the danmaged sem conductor region in
‘the other r g n (the enbrittled region 129). Therefore, the etching

sel ectivity of thetiprdajagidesdmironiiictdr rdgin, (lidnearp erysahaefyits, tvoids,ad aicher
region (theceptral portion) ornSta SORE APl iflt hEcRGSOG PG N0
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, thé 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 freatment
proceeds at a higher etching rate than in a less-damaged semiconductor region or the
25 non-damaged semiconductor region. Here, "ctching 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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30[ 0100] Speci fics are described below. |Imediately after the second
etching treatnent is started, the damaged sem conductor region is first
etched both in the projected portion 126 and in the other region; thus,
the etching selectivity is approxinmately 1. After the danmaged sem conduct or
region in the region other than the projected portion 126 (the enbrittled
region 129) is etched to be renoved, the | ess-danaged sem conductor region
or the non-damaged sem conductor region is 5 exposed in the region other
than the projected portion 126; thus, the damaged sen conductor region in

t he proj ect ®giopopt Whigh e degreq ob fdemagst isardlafively noweepmpared tohthee ot iieng
selectivity 2 or. hi : . edaififd Ci@r 4region in
t he proj ect“el% orti (gingl%é:éJ ?tEﬁlﬁoﬁ%m?rcl%{/kgt%?’ng%n?%on ljdccfygirwl %%?érﬂ{elZS and
the enbritt émebhitiedpeginn 1297 ind he bkehed t o be renoved, the | ess-danmaged

sem conductfblbg.;egi on or the 10 non-damaged seni conductor region is exposed
also in the pchj ected portion 126; thus, the etching selectivity returns to
approxi nat el y 1. Mi&4dQfdcifically, thé etching satweofnbe damiged esetnivendicehiregios &l ectivity
varies duri@a t he second.etchi,n (tgr at msgt tge et chi ng can be finished in
consi der at i ST 1% 28 %&é‘%gﬁ, $yrotateesy Seicopiuetor RogieR fof Mfat ment  at
the stage wess-dniagel shitundg:tsredegioh). ViThyt ik, Shé ewdhiag deledivitp O thetdadged, the
damaged sem cqondyctor region can be renoved ile the anobunt of the

seni conduct ¥, g (e JopgARager SHRIERIYCIon £l (OF dherledsiflemaged n thi s
case, the ropli@mestdriepidd)ead sEghesan be surely performed and a sufficient
‘nunmber of tinmes of reprocessing can be secured. Note that the etching

sel ecti Wty[oﬂw be a value (a 20 difference value) obtained by conparing

the amounts of r gglumiechanhirCK/ABS Shd Wel elRhiRgl HeRid®hi RpdrforBed Gsifly, as3f Seconds
or | mnute) or a value (a differential value) obtalined by conparing the

amount s of 9¢elgkethet Mixddnashytion which ninchides the 19bstanset &t t ¢redizesnilieni ng
single crystal: 3 .0 110r. ngk r [ EY: . iLttled
regi ons 127&2{110' %Eé&vvﬁll chalélrﬂé(L %ﬁﬁj@%g?%dgﬂsﬁméf Gtﬁ ggdxglurl%&r g%gg({eﬁgﬁ%%/} t he

et chi ng t r capienalt anslethé substagcothat ¢natrolsrihe epeed p& prilatipamfcbn shmicandugtorbst r at e
117, thess : f j4N : a 1,6 u 1 is

pol i shed, g%gﬁgt&g ﬁg?ﬁsa?ég git §§§%¥t&§e% glgﬂé udg%bgr &%ﬁ%osntﬁ {rf%?rteﬁl%galhéj"\?ﬁ ng a
snoot h sur f daveged sehocomdabtersregibh ust basebattively FIn@vedC, Akiverdgigiig ke apropst al

' duct bst 1 . b . i ngl I
e conduot r 18 g Goq iRl P PHRER AR pisted' 0 16 P08 130 R g
treat ment, wmindrr cftimered inpndcessingpmld usdicancbe (iindased. CWRthar by the wetlssehihg To
th f f .t i.ngl tal. ' bstrate 133, th
ot S sy SRR s R SRS AT el
After ppdi sdticeg,thatibfe pficiesdy Nef b t feploessian d rbdtmenti kean r Berainbreasddt he

surface of the single crystal sem conductor substrate 133, cleaning with
nydr of | uor | SREETRPTGr SISEANS SR FiFHig (ostment cai B portormed fn'a Short e,
efficiency of the reprocessing treatment can be increased also for this reason.

[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 embrittied 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 eiching
treatment is started, the damaged semiconductor region is first etched both in the
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5 perfornmed. Note that RCA cleaning refers to a cleaning nethod for a
sem conduct or substrate, which is devel oped by Radi o Corporation of
Anerica, in which chemi cal in which hydrogen peroxide as a base is added
with alkali or acid is used at high tenperature. [0104] 10By reusing the
single crystal sem conductor substrate 133, the material cost of the SOT

substrate can be reduced. [0105] Note that the structure described in
t hi s enbodi mrent can be conmbined with any of the structures described in:
ot her enbodi nents as appropriate. 15[0106] (Enbodi ment 3) In this

enbodi ment , PeiRsteHePoriariBh candf it throtoitsd egiPmEG! Het aiching selecidty $ubst rat e
Il be d th
w e esg@ %ﬁg ééfﬁn NI {hg'aﬁﬁa%eﬁ sShRYSdIGRr re%gﬁ%]he%%{fdrx% %%Eéer ﬁag%émse

substrate 1 single cr sem conduct or as a bond
substrate apejgstedpparéeh (l%e(thél @m@ﬁl a¢g;b18@¥9) [so_ej@Ba]d to be releyed, tlae

ni t rogen- cont er (f _ an i nsul ating
filmcontai EI %‘é&%@?dr gglélr?onélug% & a SI clgdﬁl ni Wé@& 1?9 nor

silicon 25 mposéddén dhe mxc(nSbiHmOyha@xthb pt)ajeclﬁ:dlpﬁ'tmnsu&)rmesj thvedania@ei surface
of the base substrate 100 ee Fl

ni t r ogen- cofTEFMINYGOT BEeP “g Wﬁ%ﬁ po’hmflt‘}?é 1%1%{98‘3&?%‘?9{ “ﬁnt?PfE‘E iBidies a

layer (a boswhing séledtieity bé@mebanﬁhhﬁ@ea suﬁmgltte @magmenﬁ@ﬁﬂmdagb@m I ayer in

a later ste 3Q The nitr ai ni a 102 al ction

bat her | ayeMCREYCHGIRPEIAT; ﬁg%gﬁs’f‘ &FXSF‘Q ﬁ%‘g}“ﬁ‘é" ayep 1 ?ﬁ%“dﬁg ‘%'Efa rate
Isuch as s0odjdgion( Na) is EEIU o1 el remb i, i Rsd ddgnaBéd $nfcdbli@brdegidg Br gRNAUCt Or
ayer.

1¢ non-damaged semiconductor region is exposed also in the projected portion 126; thus,
the etching selectivity returns to approximately 1.
[0101]
In this manner, since the etching selectivity varies during the second etching
treatment, the efching can be finished in consideration of this. For example, by
15 stopping the etching treatment at the stage where the etching selectivity is reduced to
lower than 2,'the damaged semiconductor region can be removed while the amount of
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 diﬂi’erentiai 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.
f0103]
As polishing treatment, chemical mechanical polishing (abbr. CMP) can be
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[ 0110] As mentioned above, the nitrogen-containing |layer 102 is used
as a bonding layer in this enbodi nent; thus, the nitrogen-containing |ayer
102 is preferably formed such that its surface has a predeterm ned degree
of flatness. Specifically, the 5 nitrogen-containing |ayer 102 is forned
such that it has an average surface roughness (Ra) of 0.5 nmor less and a
r oot - mean- square surface roughness (R) of 0.60 nmor |ess, preferably, an
average surface roughness of 0.35 nmor |ess and a root-nmean-square surface
roughness of 0.45 nmor less. The thickness is in the range of greater than
or equal toustd uFnsmoathlaessfachah thy sisglaairysta) sp@@ondnctomsnbstiateet 3B, did v,
greater than gr equal .10 to,50.ma _and. | ess,t ha equal,.t.o 100,urn. Wth
Phe-sur f acanFiiey fedgrehy poed” b pB0%meRa 1 B e J0 R RS aaleti of the
single gr yspaishﬁg,rﬁi%&qdiufﬁmg pgﬁyﬁﬁ aﬁ@lﬂaebﬁcepfeﬁmmnbledmds[u&iaelbf fﬂﬁ)@ﬁngl@

recessed portion 140 (s forned in a region corresponding.t e. 15

peri phery oftYHHSCRIcRRIUSHo pypsirap 155, Reeainerat Brératiisbe Age ar REg é@ﬂ%ﬁg as a
bond subst r gdrdnhske Nokd3haBREA ofanig ¥R g af Wani@ mBia e sénseamaad: porti on
140, a mask is forned over the sé@gje crystal sem conductor substrate 110

and the si nyibeirate ydchy is deyalonsa &y Ragio Cupption of Ameriasingrieh eheguta) it enpved.
A resi st Mgk dREed $EdxRAS 4sNe phBSk MAbE RviltS alklf rmcscfavgruge@eatsdi%gl e

crystal sem conduct or substrate 110. As a nmethod for formng 20 t

recessed potempeisturd.or exanple, a wet etching nethod, a dry etching nethod,
or a comnbi n@gbﬂn of a wet etching nethod and a dry etching nethod, a | aser
processi ng t hod, an ultrasonic processing nethod, a drill processing

met hod, 1& ni cr oblBysteusingothe singlegrystal bamicongnctohsubitiate] athebestermédost The dept h

of the rece FRQLLL.oN i reater than or equal to 1/100, preferably
greater tha%gggzg%ﬁgtg%n]b%%@eﬁore preferably 25 greater than or equal to

1/ 2, of the[0ilbilckness of the single crystal sem conductor substrate 110.

The recessed portion,14 enet rate the single crystal,sem conductor
sUbstrate 110, [ OEIATEs FeRe FRetRas Iy ripRicy &mE PupREivE0EH T he

si ngl e cryséfahe siAictuesidsigibet indhes exhbddiraéms dslPpfopase.Fl G- 8E). The insul ating
| ayer 1é§ iﬁ,gérned al ong the recessed portion 140 in the single crysta
senm conttuct 8 %ubstrate 110. The insulating layer 115 is not necessarily
formed over(Emiwidtenssy f ace and a bottom surface of the recessed portion

140. In view of rempval _of contaminants, it is preferable that the surface
of the single crydti sehefimpay anofheg e Eé?é?gﬁ ﬂf ffaaelgﬂ%%‘-‘-tw—'tgh%s@mfunc

aci d/ hydr oggmstefs Rl shalefdribbdvah tefitdlce t@BradmpaNi UM hydr ogen peroxi de m xture
(MM, a hydrochloric acid/ hydrogen peroxide m xture (RPM, diluted

hydrof | uori@188i d (DHF), 5 or the like before formation of the insulating
layer 1ip. Dil ut by dledhidiQbitfatcd®0thnd A SEM&yHRAlBhicBRIcRE siliseabar@ed

alternately .for cleaning.
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 (SiN;) 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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[0113] The insulating |ayer 115 can be fornmed with a single |ayer of
a silicon oxide film a silicon oxynitride film or the |like, or a stacked
| ayer of these filns. A thermal 10 oxidation nmethod, a CVD nethod, a
sputtering nmethod, or the like can be enployed to manufacture the
i nsulating | ayer 115. Wen the insulating |ayer 115 is fornmed by a CVD
nmethod, a silicon oxide filmis preferably fornmed using organosilane such
as tetraethoxysilane (abbreviation: TEGCS, chemical fornula: Si(0C2H5)4).
[0114] 15In this enbodinent, the insulating |ayer 115 (here, an Si02, film
is formed biP1p@&rformi ng thermal oxidation treatnment on the single crystal
sem conduct or su ]l L-0ati ' ferably
perfornmed in an g%lt l%lgﬂztﬁ)ﬁédlg%or‘%g%ﬁ%@ggﬁgk%%aggdyﬁgf%%gﬁﬁ%gaﬁgg’ﬁﬁﬁg[eo115]
20For exanplagsr inhims simhedimenty thes,dhe signpeeredaoing lagerll92 inprefetably fosmelibj ect ed
to the thergal gxj dat] treatment .in. I di z] at nospher o .whi ch
chl orine (Cffkigmﬁggéﬁggc é%%ﬁgg?ﬁngﬁéglg%?%b%rgg%$éﬁ1§§F§ﬁ§%$héH’through
chl or i ne5 oxhittagémecontaining laye 102 9e forinbé suchhdtat hasgml aayege ditface anphiess
chlorine at . 116],25The chl orine ato cont.ai ned in i nsyl ati ng
Cayer 1151 OFho SO0 IStANE orlantRaa Y FRGe! SyRe ) AL Pt e
:jm} fst ure abp@fqﬁliiﬁmnr@é@g@ﬁurfabe rdugsnﬂsagf ngﬁlmyef léﬂv.ﬁnd 8 rbdtiican-eghadd d
iffusion rate o isture. is increa .Jhat is, en isture exists at a
surface of &Y § P 4L s e Shinlgless 1 b e R o greBier BAROE Uy { ace
of the insubqial 890!y id 13sbIhmA0 chfal GIRENdY, R4S ProRRshbIR Rebathr tlaki SLEant O t he
r 115, 30 so that the bondlagbdefect due to noisture can be

I nsul ating | aye

reducedlO] 0@159 nyy godHess, thag emequaltoc Hi0gpmn eWih dhessusters Hptaesy improperbas

i nsul ating h&a¥ged abave, MRANORdinERIcRct bEBERIRE &Fstal Gemiddhductlr 1) &8¢ 1S an
extrinsic inmpurity can be captured, so that contam nation of the single
crystal senP®€ tor substrate 110 can be prevented. Moreover, after the
bonding to @@1 base substrate, inpurities fromthe base substrate, such as
Na, can be ' ixe]d, so that contam nation of the single crystal sem conductor
5 substrate 110 Jd¥atbe rgeessedpodipn 140 is formed in a region corresponding to the

15  periphery of the single crystal semiconductor substrate 110 serving as a bond substrate

(see FIG. 8D). As a method for forming 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 semiconductor substrate 110. As a method for forming
20  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 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. 8E). 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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[0118] Note that the hal ogen atons contained in the insulating |ayer
115 are not |imted to chlorine atons. The insulating |ayer 115 may i ncl ude
fluorine atonms. As a nmethod for fluorine oxidation of the surface of the
single crystal sem conductor 10 substrate 110, a nethod in which the single
crystal sem conductor substrate 110 is soaked in an BF solution and then
subjected to thermal oxidation treatnment in an oxidizing atnosphere, a

met hod in which thermal oxidation treatnment is perforned in an oxidizing

at nosphere to which NF3 is added, or the |ike can be used. [0119] 15Next,

t he singl e parijent H0. sbrview ntitgotoval of obraminerds, itigpteterabler thatithe sutfacgiafthei ons

accel erated._. I.ca el . rd g L . i 112,
where the ct 5%? &Pys%{l %ﬁ%{&a{r%eillibgac?reﬁaage%% ?’gyafn%tliur%r‘g%n? néut e‘?gflﬁgl?%rg%nyst al

sem conduct paroxddih stir@atee (IAM),abn sanpnedeh ehydroged peptife (sweurd-1{GPBH) .a The

af orenment i odi.nent can _be . referre far tails..Note t heavy
reral oy apee BRSO e hegadspRs (. s Bl BTy oi g

t he i on-slopérmile Hpgpbefade formanower thie,indulifing Giyed t¥5ad DéltvietiydioSlugsy 4ot aidd t hr ough
the insulating |ayer 115 contajni ng hal ogen atons, whereby contam nation of
the singl e OYSVEFTL %‘BFFSEF@F%?I]“ X E"é?’@a‘ﬂ% due to the heavy netal can
be prevent e@114]0120] Next, the base substrate 100 and the single crystal
sem conductor substrate 110 25 are bonded tq each other with the insul ating
layer 115 i nt er pddedosplangBaetderrap dgdomed wighe single laysneff hglisoneoniflese

substrate 196h andichExyHitAe Bink lo¥ MedlkeSEH SRREAGIQ of HebSHRA! eAkidmho each
other with the insul atl n8 | ayer 115 interposed therebetween, ﬁﬂ;gace 141

surrounded exjdatine methediaCNBY methed, iarspettrsing megiod. errtheliky casdgicnp toor
substrate 1hQ, iR ﬁa&&-ﬁ%gw n4.© Vi e iﬁsgraﬂﬁglagaﬂh%g ﬁolrmcd by 2 Next

the single crystal sem condlctor substrate 110 is séparated at t
enbrittl ed €¥Bi wethad. 2 ilicqreeXide fimds preferiy tfommed aismgmrganssilanp gucht 4 singl e

crystal sem : : | g substrate 100 with
the nitr oge%{r%e%qgsﬁfﬁ% ahﬁré@é?&%ggbgh%gﬁz%&oﬁé@?'a%l{t?ltgnggger 115 i nterposed

t her ebet weefi{dee FI G 8H). [0122] 5Next, a surface of the single crystal
sem conguct or | ayer,..1 i.s 1rradiat i a i . ereby a
single iggrjyst al sé“m{héso%[%’uog o?nt’l tg?{enrgul%%ﬁvl:a#qvl\ﬁilg%tet’ %Jg%ﬁ"atﬁﬂ’iés S %’Fed%}e surface
i S i npr ovedpeafeeninh ehammabexidaion debdens on sher Sulthe exystak sehocamdobtqrsmbstfateGS. 9B

and 9C and FI.G 10QA) ., FI G 9C corresponds. to oss.secti.on taken.along |ine
B in PG IWon TRy ckedion ' GRRRGNGH FrBrbly REFIREL R PLAEREHE W th t ne
| aser | i ghtath3shhe® tpehichamakdgéris hddzfit er t he heat treatment for separation
of the si ngd!ﬁlsﬁrystal sem conductor |layer 116 in this enbodi nent, one
enbodi nment he di scl osed invention is not construed as being limted to

this. Bpehing tr &at eRmipld i siRldeystasemidoiutRF sibigaté € isstilgedtdid thef Or
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
insuléting 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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15 separation of the single crystal sem conductor |ayer 116, to renove a
regi on including many defects in the surface of the single crystal

sem conductor |ayer 116, and then the irradiation treatnment with the | aser
light 132 may be perfornmed. Alternatively, after the flatness of the
surface of the single crystal sem conductor |layer 116 is inproved, the
irradiation treatnment with the laser |ight 132 may be perfortned. Note that
the etching 20 treatnment may be either wet etching or dry etching. [0124]
Al t hough not described in this enbodinment, after the irradiation with the

| aser |i ght me@D(sheh gselfef SI,QﬁdOIaMOH@stisiab@amaﬁempurw sanche aaptutdd; smihalg t he
single crysgal ?g Lol r I gl O thin
the single %:Oirilys o SA?dtg‘?nsc &ndu olrél‘ilxgc‘:feﬁrm{ct S&gtrge';g()l?@gan bgtc \gﬁg and wet
et ching or Mocond] skl itenbeidingab thobast hebsﬁ’aehumwstwaa;&mheheebqsb eytsdate] 0125]
Through t he ove.ste n, SO ubs an excel |l ent sem conduct or:
ayer owher cER& 3t PEERe PR ALl PRbblidfioldY LRl SFG] raitedidr G o
and Fl G 5 30&égate {10kabbe ptadkedt he above steps, the single crystal

sem conduct@)rl@ayer 118 of the SO substrate nay be patterned into an

i sl and- shap 4 em conductor |ayer 120. In the patterning, it is desirable
that the si ngl e (NoYeS'tlﬁ{ RCHlERA Heh CodtaANaT inl #8 mmdag 16291198 #OBHESPondi ng

to the perl he vicinit Qf he cessed por t 140 (or the
proj ected p c‘g‘ff?l)" OHBS 31@HYy E ?[3 A Y ey ot e M@t FIG 9D

cor r espondspt@od for HLOHR §88dtoANot fﬂéeﬁnﬁb@'&g thd REeR &yktﬁl Eén@bdh@ﬁ’btoﬂ"er e, the
single crystal sem conductor |ayer 118 in the region correspondl ng to the

per i phety | SibptEip Y BHeetod dn avhidythe singly exystehsaguconductorsetstrate L0
sem conduct oy gey &pnﬁsmmﬁe&m@ﬁ gﬁﬁ]@&ec% altmﬁmngaeayﬁeme 'ﬁnmand
because the possi bil increases that peeling of the sem conductor |ayer
occurs due exdizihg amp ey @ wethehin Whink fhegmal toxelalerhtreatiorg ipggrformed in Not e
t hat al t hou i ion at a corner of
the si ngl e AryadEpk BERSIER BUHATSadd bl PRl CRRREL O 6 1 G 10A or
the |ike), Bh¥lenbodi nent of the disclosed i nventl on is not limted to this
structu The n My i f. t. es ed ortions
may be (Ejiterm negumg ap%)l? pri alttaté SQ@% @?t&*}ﬁbs‘u’a{éﬁu@&ﬁsﬁé&% tﬁ SD
i mpr ovenent acceletated bymnwieatticnlrﬁairg whieedbgl ﬂm‘erslmttle:hiegiunﬂb?r whexe thesrystal a later
step, it is_desira ec ssed_port e region to
be rermoved TR Kt a%etr&eﬁftf’ %f Cqﬁovxéf\’/%lfondgﬁgr Se?%%a&? ¥ %f the
di scl osed |mﬁﬁm§md$1hp1hl(cberm& &m c'ﬁlitsifbwﬁdnﬁmwembgdxhkmdaﬁdetmfeﬁéd s
structure. L0280l RONRSle IR nel A oo B AaPiRSrnl SRRy Gatur i no an
20 112 is formed using the ion-doping apparatus; however, the ion trradiation is performed

t\\

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 [0121]
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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described with reference to FIGS. 11A to 11H [0129] First, the base
substrate 100 and the single crystal sem conductor substrate 110 are
prepared (see FIGS. 11A and | 1C). 25[0130] Then, a

ni trogen-containing |layer 102 (for exanple, a layer including an insulating
filmcontaining nitrogen, such as a silicon nitride (SiN,) filmor a
silicon nitride oxide (SIiN1Oy (x >vy)) film is fornmed over the base
substrate 100 (see FIG 11B). 30[0131] Next, the insulating |ayer 115
is fornmed over the single crystal sem conductor substrate 110 (see FIG
11D). [ 013sgmiconductorndgyer Hor deefosmed peveri he ba® isubstisiend@0i with thegi on

correspondi - neni f I 1 t

substrate 1‘51}%"%63?%?%‘59%5’ ASEP ggyngﬂs%%gg?lgﬂt’%q%)g%gi#@éof%f{%%g&gg%e@ fod for
form ng theFliGe8dssed portion 140, a nmask is formed 5 over the single
crystal sen@%gﬂductor substrate 110 and the single crystal sem conduct or
substrate 1 I's selectively renoved. A resist mask may be used as the nmask

whi ch i s5forned oest, atinéacs iofi Heaingieysyad] saitbmdunadt Givar 116Wbsiadated with). As a

met hod for formng .t recessed portion, for. exanple, a wet et.ching method,
a dry etchi t&f& gt ﬂ%lﬂhﬁg’rw o %ﬁﬂisﬁ%ﬁ‘? Gstg sofp u‘g&cﬁ?"ﬁgn hERCLE a dry

et chi ng net fiackss af thas@facp is0ef S(ﬁfbﬂ@mﬂ.ﬁeﬁﬁ&inbégﬁaf daﬁctﬂﬁéﬂémmﬁscfoﬁﬁégqg&g ng .
nmet hod, a ill pro Si , l,crobl ast processing nethod, or the
li ke rmay b%@ssea.ﬁ a‘?‘ﬁ@&@%%ﬁﬁb‘“ﬁh@&e&§%ﬁpw {9 BRroPSseghiomiken Alopgn or
equal to 1l/gRNM-Bpaeifenek] y greater than or equal to 1/10, nore preferably

greater_than or equal to 1/2, of the thickness of the single crystal
seni contflct812¥ubstrate 110. The recessed portion may penetrate the single

crystal sem Cond%%gﬁghltﬁ§ﬂlﬁﬁtid’tﬁﬁ@reaﬂi@nt {vﬁﬂ:il%]hlaser light NeX fs perfdfin dttled

region 112 is formed at a predetennined depth fromthe surface of the
singl e crystr hedwpiceratment By sepppsion #f dheisingl ewetalemicondyesor 1@ 31 in

20Det ai | ed it j ] ) : 1t because
200t a1 o0, RSl ol b B il Ghcioldbnor ek bl b g™

limited to this. Etching treatment may be performed after the heat treatment for
15  separation of the single crystal semiconductor layer 116, to remove a region including

many defects in the surface of the single crystal semiconductor layer 116, and then the

irradiation ireatment 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.

fo124]

Although not described in this embodiment, after the irradiation with the laser
light 132 1s 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.
f0125]

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

36



[ 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 SO substrate can be
manuf actured by performng 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 ment can be used in appropriate conbination with the structures
descri bed in other enbodi nents. [0137] 30 (Enbodi nent 4) In this

enbodi ment, details of the nethod for manufacturing the sem conductor

devi ce described in any of the above-described enbodi nents will be

descri bed whubRiraty grag rhenpatterngd iptesgn ihapd-shepad ppmisapdueter yey 12%hd Ak and 14B.
Here, a met rdif), it TR QLaGTs Yhdt R ﬁng?@@?y&glnéii-!ﬁéoﬁﬁuc@tﬁ%y%? 116 !réck%na
plurality of transistors Is described as an exanple of the sem conduct or
devi ce. Var ¢astesposding éothd perinberyd theivicinitycd thetrecessse pedionil #h(or Hs pogjectaf a
conbi nati on, Of: I Cérh . ] is a
Cross-secti %c%g?ﬁ) E/%@I"%@?&gﬁ %%Q%d;l?fta?(ll) a ?g%]tg%r%ﬁc%%?mg%@gé% ?tae whi ch
i s manufact uesscegivpltaken algng hee A8 dAGAOBC r Hosdl thesingletrogiaremticdndoctot he | i ke
(for exarrplﬁ 0% iﬁ'ﬁ% geBiO%rcot téseolmi:.ﬁllge)nj Igotee. h@atis (f_llngoQo(g%h t he case where a
seni conduct 87 "deVi'Ce 1 SERaNUT actured using Fhe” semconducror s0tt at e
formed i n 1@hihbatonenised fors sdarondused devicd Rhicsusedrbp thrnmetidn ofithe doveeedl ess

to say that _a.sem conductpr substrate forped in any.of the othe

erboa ment PGP B Beae Fopdepiy Hofearet i hephelt e oSt B sy

vol t ages of octirksiue & the $hvfspd oftiohdingkedigtt such as boron, al um num or
gal I'ium or ﬁ)n @-type inpurity el ement such as phosphorus or 15 arsenic may
be addetf t ol%28€eni conduct or | ayer 700 (corresponding to the single crystal

sem conduct or | ayajie thathlthbugdhl the red&bed porfididis Foimied iMBhefbriidifataMBBHict by €l enment
is added and the kind of the inpurity elenent to be added can be changed as

! np : d
appr opr i at ethe sElessrusiyl isemicgndsicroy faver wptlisi eipodinsibfree FIG 404 holike)s or mat i on
regi on of aghdindaial of heldischdded fiterdtioh Yot il id disGhEiRREt Tik Adled to a
formation region of a p-channel TFT. 20 The above inpurity elenments may be
added at a #egesiben, apd thexdiliepafchs racegged portinemmay be defgrmined as sppiptisiecn? and
| ower than I nm-];[g : 1 duct or
| ayer 7%% i15&8?{;/%@%%%%%&%%({}%%5?%%%%% aglrlfﬁ%:_a sgﬁlaggtrflg%g?@r&ﬁglger 702
and a sem cdavihgeinoy latensten; iti9desiralde thal @e 12Bysed pastien behfarmest in the region to

be removed in a later step (see FIG. 10B); however, one embodiment of the disclosed

invention 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 nifrogen-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 > y)) 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 that tinme, the single crystal sem conductor |ayer 118 is desirably
renmoved in a region corresponding to the periphery (the vicinity of a

regi on where bonding is not perfornmed) (for exanple, see FIG 2C or the

i ke). [0141] Next, a gate insulating film706 is formed to cover the

sem conductor |ayer 702 30 and the sem conductor |ayer 704 (see FIG 120).
Here, a single-layer silicon oxide filmis fornmed by a plasma CVD net hod.
Alternatively, a filmcontaining silicon oxynitride, silicon nitride oxide,
silicon nitride, hafnium oxide, alum num oxide, tantalum oxide, or the

li ke may bel#ld2lmed to have a single-layer structure or a stacked-|ayer
structure as the i i fi 7 ; . ring met hod
ot her than a pl as%{’%/@%%(ﬁ%gﬁgg is%%t%??%{;g%é%%lﬁ%ﬁor aﬁn’ggh% éJsi ng

oxi dat i on operiphenyiod dtei singleogrydial gemuendictoy sgistisied 19 sareingrens bombhsubsirags ven.

H gh-densit treat ' rfor i for, exanple, .a n xed gas
of a rare gégﬂggfszgﬁ's E‘glair%e%‘)datr%rggoﬁ.@%rtg%?egﬁs,%e‘{]ogdﬁ%nn%o? azi]rlq% ég E?ggc uch as
oxygen, Hi t ovegée saglecheystah semicomdpctor dubsigeen] 10@nd thedinglpamystdl sertiibbmiuaase, by

exciting plasma by i.ntroduction of mncrowaves asma wi.th | ow el ectron
t enper at ur esuiﬁ'ﬁa“h?/]g? Sa%?fgl"%ly r?’ﬁovc?grnn%éesﬁéﬂ%&a‘fl@g%’“ﬁﬁ ag the mas gg’(ﬂ‘ % he
sem conduct Pimbdyes teainpleorydil zedicondudiot itdeste Y0 0Xs0LRethad s FbrsnidgOH

radi cal s may be in¢l uded)_or ni tlrogen r adi cal NH radi cal s glgé be

i ncl uded) JFFeSER PRTISRULE §xA5P %L?c}‘fe%?‘&’f-‘%g’ﬁ BYYaFhing WSRPARr an

i nsul ating ¢dntination foPlalRel dichimt HBIGH RS S &Y ATz BRI, Of 1a8&URhcekdingl NM and
| ess than or equal to 20 inn, preferably greater than or equal to 2 nm and
| ess t hih omeladiin plrasamic, prosessing metheds algnll rPregsading: meffjodn at isroblast

sem conduct fcds@E thod08ABk like may B N6&1. t PRe QYhtH Jr iR rédbssl ?rngtigﬁtié on of
the sem conductor | ayers through the above hi gh-densi ti/ pl as treatnment is

a sol i d- phagreatercthany oroaqual it & 109y ipseferably seqater ehap op gqual/toplél Quamre prigteraibt e
i nsul ating f| hq of 6L SQNSHUAE QE . 4 20 can
be drasti ca%r:e%/t@r %‘%”85@5&“@3& Hg’r ?f [&%e sem&gondu%%%nrgh%g%@sz%%e I (r:tergt |y
oxi di zed ~orsubitrate 46 Fhe trépgssed ghrtgamdn pengirate the singetcrustal senibendetiyr
variatipn inpthe {hi ckness of the insulating filmto be formed can be
suppr essed. gl nce the sem conductor | ayers are single crystal filnms, even
when the sultidiJes of the sem conductor |ayers are oxidized by a solid-phase
reaction by using,.t hi gh- it as a a e.ipsulating film
25 with high uni %S?‘In]q%%ey"“gbﬁ‘d‘qﬁ;{%ﬁ’ioﬁt@? £ fimbd gﬁe%@%&%@%ﬁ%@?ﬁ%d. When
an i nsul at i sugfaéd dfnthd smglecyiyl samigbndbetos hibgtrgt A@ed FIGalFent as descri bed
above is usl%g ‘{]or a part or whole of the gate insulating filmof a
transi stor, i ation in characteristics can be suppressed. [0144]

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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30Al ternatively, the gate insulating film 706 may be formed by thermally
oxi di zi ng the sem conductor |ayer 702 and the sem conductor |ayer 704. In
the case of such thernmal oxidation, it is necessary to use a glass
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
treatnment at a tenperature hlgher t han or equal to 350 C and | ower than or

equal to 450faEnce i FKiS 12ade 12Ph3 Ayt 30, rand|140iang 11B) nlomea ewthoddorf or med
using sili Cﬂlgmﬁﬁ g% s%m?iﬁdu'cﬁ')?Eeﬂetlﬁ#lgcﬁn%%(glgﬁhqu[fgmggeﬁﬁﬁgv?s\e : ({Rh hOd

Further, a process tenperature Is era an-or equal
to 350 C. I4n hyzdnmgaﬁ the ssmppdduetdr tdevithe eeinic smoatdoctor dyeces7@8 0 and t he
sem conduct 7 he sem conductor | ayer
702, in the%seﬁ‘l@%gﬁ % cg?er 4%{]5 gﬁ ﬁgsc ](Jaérdfrbaegzoé"?bet ween the gate

i nsul at ishg foiBsh 706 and the sem conductor Iayer 702, and at the interface .
bet ween the gate d lLating film 706 a se onduct a 704 can be
effectively redu&@ﬁaﬁdﬁﬁ SSTASREK Vi&“’@g’ﬁﬁ{}w #??FWF %P rr%‘gs%):er t he
gate insul awhiel if mkibfa@Ged anploying flhe inbod dedHbdd i Erkboddn® 1 QRERieed

(patterned) into a red ned e el ectrode 708 and an

el ectrode 74%f SWPfl o‘glg/ éﬁ%gﬁf)comﬂ‘ﬁ ﬁgﬁ?’&h o capfgvhere 2 _
sem conduct %méo%)l&{toﬂ&%me rlﬁ%%ﬁfabtdﬁéd}’usﬁrfge&e Refsicoddidlor shbratcOReH&d inve film
can be forned a CVD net hod, lsygll;tterl ng nethod, or the like. The

conduct {%e E‘inp OlsbéeSF’étPerﬁieﬁl nembpdimbr ftals aerdlesudtor st Hbim (Ta) |
tungsten (chuédnﬁ@d%ﬂé%sﬁye)fomféﬁlﬂ W%&M%mb@dlﬁi@it@ﬂﬁ} bAided. cOpper (Cu),
chromum (Cr), or niobium (No). Alternatively, an alloy materi al

cont ai ni ng Iioliué‘)]above descri bed netal as a main corrponent or a conpound
containing the ati&%ﬁé%scgﬁér&%e%iﬂqlﬁ A5 0- g;g? p bnt such
alternatively, a sem conductor nateri a such’as yC ys Ine silicon
which is 25anM@n, abeniym, du;ﬁaﬂgnaorsm-wndmnmw eloitent such |asrph¢8phqruebrerrent

h 4
teI gzzt Ir gP g’%;ec%ddg&r{e(y Ao ne d@‘n@%ﬁ@‘?ﬁ“ FLS% fifh é]c%%%%?f@g@lfl Imin
this enbodlsmnnto,ndudw lwnitﬁand’dﬁﬂ@r) dAvi:gﬁm Iao’dmhdhmgnnuutyoﬂenamisadb@ﬂi ment of
the discl Ose% thé] KI%H %urlntg elemenl Eo adﬁe& UnShed cthgﬁjg%alés gppr(l)zp%%pc OtFot he

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 fo a formation region of a p-channel TFT.
20  The above impurity elements may be added at a dose of approximately higher than or
equalto I x 10"%/cm? and lower than or equal to 1 x 10"/em?,
[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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el ectrodes 708 and 710 may be formed by stacking a plurality of conductive
films. In the case of a two-layer structure, for exanple, a nol ybdenum
film atitaniumfilm a titaniumnitride film or the |like may be used as
a lower layer, and an aluminumfilmor the |ike may be used as an upper

| ayer. In the case of a three-layer structure, a stacked structure of a

nmol ybdenum film an alum numfilm and a nolybdenumfilm a 5 stacked-I|ayer
structure of a titaniumfilm an alumnumfilm and a titaniumfilm or the
i ke may be used. [0148] Note that a mask used for form ng the

el ectrodes m@@luandxiﬁﬁaoomﬂv bke foay rhedfarsedido daymbetiigi¢-lagerc rugtirgiokiacon oxi de

or silicon &b&sﬁi pg&lugsr p?t {e§%s srﬁﬁgﬁﬁn%ﬁep of 10 form ng a mask by

patterning a on oxXl con nitride oxide film or the like
i s additi onlli#3] needed,; however decr ease |n filmthi ckness of the mask in

etching is srraller tha u;f[ at tﬁ}g& as sr ng resi sé ri.al; thus,
t he el ectrodes 7 % gt’ﬁ‘e é’ﬁﬁf %Sﬁné‘p c’gﬁ 2

Al t er nat § veythod hleaﬁlemed ﬁmge@u&dﬁSn aﬂﬁiﬂﬁﬂoﬂrﬁmged@eﬂt;eﬂhsmedreanﬁ@rtaﬁd by a
dropl et di scharge Wi thout usin sk. Her opl et di scharge
Tt hod 1 of CPRBT e o TRt el HtH A A5 DA G Tt O P o 5y BEL 87 ned
conposi ti oNnof4 emelgamwh%dleﬁﬁm,em@sﬁ, t6n, QT nén; ihe degRr it opAdeher n, and

includes an- ink-jet nethod and the Ijke in its category. [0149]
Al 't er nat i venijfoserRxids, apmppigautroges, %W@%ﬂcaﬂa this cpssy P ERGnERIRFNARY t he 20

conduct | ve {otrbckion BAMEréleRes, Phsind RARES 16W) BR&Fon WmpdRathiR ding tHighedsigoup! ed
pl asma (1 CP) etching nethod wWith a propriate adjustnent of etching

condi ti éhs ¢as.bg genarsied. arkba serfases of teesemieonguipniavamre eddiee of nifoiedy
el ectrode, &ﬁgﬁ%}b@& (O Bhiest Eda9 bR YFdeAPH m&ggehqacﬁca%%ﬁfr Rl

el ectrode, erature of the substrate-side el ectrode, noT tHe |ike).
The taper edb@mbé arm@eara@quls@eéobchh highedensitypdasyfa, wherebwek insnloting t hat as

an etching gp ggﬁmeﬁt&‘@ Elln@féé?r acﬁjflorl géﬁ%ﬁl?of %h?&h'&ﬁno?%%&i‘to% ori de,

silicon chlori or car or I ne-based gas such as
car bon t et r o) proferatily, greatdr ftham of kgwad fdknmand kst thagereqhiliod) de,soex ygen, or the

| i ke cap. be. 50] Next, an inpurity elenment inparting
one conPuctlrn\L/é?)ﬁtht“i}thggeoge%é cfﬁ?rl&)fe e 30 sem conductor |ayer 702 and the

sem conduct 43Jayer 704 by using the electr odes 708 and 710 as nasks (see
conduct 1 vi ty (1 ors i e e Rt oripE s e OF By eslih 457
sem conduct sbove high-density plasma treatment is a sohd—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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| ayer 702, and an inpurity element inparting p-type conductivity (for
exanpl e, boron) is added to the sem conductor |ayer 704. Note that when the
impurity elenment inparting n-type conductivity is added to the

sem conductor |ayer 702, the sem conductor |ayer 704 to which the inpurity
el ement 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 sel ectively. Further, when the inpurity elenent inparting p-type
conductivity is added to the sem conductor |ayer 704, the sem conductor

| ayer 702 theatwsbisthnoehe i npurity el ement inparting n-type conductivity is
added is CONEh d with a mask or the like so that the inpurity el enent

i nparting p-ty%e conductivity is added 10 selectively. Alternatively, after
one of the inpuriNoe thhtehydrgen ngréainddnig the gatp eselatmpuitlin Y6t payabeldifiosedi npurity
el ement inparting n-t nd Vi LS: 1 conductor | ayers
702 and 704™% ﬁl%‘%g%“%l %I;rag(gt?ﬁg eé%%paﬂdr .E‘%éfe@%%g‘ﬁ@f ?aﬁg%@?ibﬁéfm%ﬁ?%g galt
conduct i t inswatthgt filn 70§ wonthining| kydesyen | amdathen merfornting eat aredtngdni \at tay may be
added to only one of the sem conductaqr. | ayers at a highe ncentration. By
the additi oﬁzla?m?lFFem&@rﬁ?ﬁSF P‘!‘?{]*é’ﬁé gﬁté‘é‘ﬂ?‘%ﬁ?ﬁ%‘i‘@ F’o‘{?g%%izf“a'&iﬁ i mpurity
regi ons 714:,3¢ hd ftdRuihtihgt 1M FBHah B8 Foaie@ fusin@ ¥lion/ DikiddnAl stildén m@deconduct or
| ayer 704, respectively. [0151] Next, srdewalls 716 are formed on

si de surf aceddety 3 plasd Q¥R mesthody oBurthen @ PsocgesiampLatyreds preterabbr 556t BSn si de

can bo.for roy el SERANE Al L XERddden e lpbie O B o e AR Be o
cover tHe gatdghé Wmﬂmqug ldyiet 70470 Bhinmdnmehalefrcts dn the dersicai@i8ctandy# 702,and
partly etchi the newly. formed insul ati filmb ni. $.01 i t chi ng.

Not e t hat tW@g%F“é“ﬁ%%& F’h%ﬂaf adi %gfta‘r’reay t“é‘?"‘é‘c@et%tegf'gé@%ﬂé %ﬁ‘r‘ ? ?62 %y by the
ani sot r opi cthesahicagluckes yertiid, addoat ¢éhe ihrfatchieetivera uhagdtamsdlating filsetDof or
formng the sidewalls,716.and. 718, .a fil.m.25 containing silicon, silicon
oxi de, sil i%"aﬁg%ﬁef“r“i‘)&g‘,‘&‘gil?yle&%% °8§%9?1F€f?ﬁ“&%¥_‘e§‘??ﬁqcon nitride oxide, an
organic mat@naa)l , or the like nmay be forned to have a single-Ilayer
structure or a stacked-layer structure b pl as cvD d, sputtering
met hod, 1r t he " &t e S dp t‘{vzra‘%iéetemr%"alﬂm%f}{%it’&q?e%a’&’i de film
is forned bgeaorhRevRfilVR protdied. (pAtkeradyidé apred@rmine® biaPé,NGhegéby, ana M xed
gas of CHF3 and helium calnﬁgée used. Note that 30.th sti{)s _85 f nhni ng the
si dewal | s 7aertfe7081and gp slepfirde 7l fpiedprnies Of'?féh%%eé"ﬁ%cngﬁé%r welZreddre [0152]
Next, i npurichicoaii®inhyer 08 hrekplddy (@e ¥16 LW)JUThd YéddictivsamaER wdded to

t he sem conductor layers 702 and 704 using the gate insulati ng}a;i | m 706,
the el ect r oEBed7brga mﬂwd,mu@%@géwwgm@e & aHy cradrclive Rk (see FIG
130). € e Frndeld CustdFP B M thirkidt | SIOF s StahBRA (1 Ser® IWG, GRAAMELAYi ty types
as thel\?jnpuritg el er?emrgps 5 whi ch have %een gﬂgﬁoetﬁgﬁsempon ui?:tor

| ayers 702 mplybdegymi (Me)haluping 648, eqnper (Fw), elyerainm Co)her sigbipmodct or

| ayers 702 hgbe C el difhd . g € ,4 Y

el ement i mggﬁ%%ﬁﬁ%ggggoﬁé%ﬁll Vi tﬁ%qggcfggﬁ%s%rwgggg%cgéngﬁg{%ﬂr | ayer
702, the sesnimponehlcror cdmpoand Eoatainmgyihe @hoverdesqribed meetdl mpuralsoybeepssdent i s
added is c i . ' { | | | nt

i nparting %ﬁhggaﬂfm a@%%&tﬁ F’\‘fﬁ‘?f&ﬁtbg n%{ ehig%q %ﬁoll}{/cg}lgtﬁiﬁgg{hf %‘Pﬁﬁmﬁ en the
i npuri t35 el enEimtd ibypdoptingng pemtiypelucton dvitt jaui impurity zttdedt ttiet t ingparts a

sem conduct or I%)(leei 704 tbhe sdem' conductor |ayer 702 to which the n-type
impurity el BRENEVIE DREJMY Bods%vered with a mask or the Iike so that the
inmpurity elf@ment inparting p-type conductivity is added selectively. [0153]
15By the additio f the inpuri | ement,. .a pair of high-cangentration
inpurity regi ons%‘%@‘,’gﬁ]a%ﬁaie C%?‘fcgo 8 8 e7rJrPrﬁ’1%i %)Oﬁmf‘%rp‘ﬁ}"%t? ?’g‘?@r 722, and
a channel fgnaRdbvoraiee @ls edbodin@nf, thgB@midanddteor Se¥ice cirdoraingr tol awer 702.
In addition, by the addition of the ippurity elenment, a pair of

hi gh- coHftentrrbadimsnt ioh e difgjosed vspdony a0t é"%faﬁ 0 s piREbN &R o4 thon
impurity regiaes A8 an@P0 faf BatiRkd be sHBLALN pluRBityosY corfhcBvetihRr Md 20 in
t he sem conductor |ayer 704. The high-concentration inmpurity regions 720
and the high-concentration inpurity regions 726 each function as a source
or a drain, and the |low concentration inpurity regions 722 and the

| ow-concentration inpurity regions 7284each function as a lightly doped
drain (LDD) region.




[0154] 25Note that the sidewalls 716 forned over the sem conductor |ayer
702 and the sidewalls 718 fornmed over the sem conductor |ayer 704 may be
formed so as to have the sanme length or different lengths in a direction in
which carriers nove (in a direction parallel to a so-called channel

| engt h). For exanple, each of the sidewalls 718 over the sem conductor

| ayer 704 which constitutes part of a p-channel transistor is preferably 30
formed to have a longer length in the direction in which carriers nove than
t hat of each of the sidewalls 716 over the sem conductor |ayer 702 which
const i t ut esthpaase offa tan-layec barnet, for enasipst, ermolBydenyng fidasi higniuvefilgagt hs of

t he sidewal Ls .718..0f e nnel i channe effect due
to diffusi otﬁtam}mborg?"lhg%ir?? é"@ﬁb‘lﬁ ggg%%na%taaé"r%erfla r,s‘ﬂ%%é%ln can 181 ddded to

the source thatiké may be aded aiin dippghlamncmrtheseﬂseofnﬂzthedwedsmghye, atshekedesi st ance
of the source and he drai,n ca be reduc 0155 In order to
further redi™E™ %8 I‘aeglloé’ g’é‘ﬂ?‘b‘% h 2 molybdenum figeage 1 egi on

may be fprnﬁatkbdclafyermaﬁrewwmgm ﬂmmntahm{maﬁnﬁhﬁ,eﬁue@mﬂmi fikm;loayRr s 702
and 704. The silicide is formed by placing a netal in contact with the

sem conductlﬂ?emmedand causing a reaction between the nmetal and silicon
in the sem[tt@q).m:juctor | ayers by heat treatnent (e.g., a GRTA nmet hod, an LRTA
met hod, he 'li ke). For the 10 SI i cide region cobalt silicide or nickel

silicide may be dWithataymeskesedf foymingsthe gloctiedss cofhendctigmaydipdpanedo? and

704 ‘are thip, Haféh&iesu&’?ﬁscélh%d@dé&%ﬂﬁﬁﬂﬁlﬁ& &ﬁ&l@ewﬁsocéaetts@éﬁsofof the
sem conduct or 1 ayers 702 and a netal material used for the

si lici dithg, foﬂh@gfadmsb\mrtgﬁmgtﬁeﬂmwmdel filan p gHicom nitTidagxideefilng Kk fhe t ungst en
nol yb nt al um
E%) , va%a I uLi l,b%ri\)%g%f h&%&r ’(\1%‘1};&%9&#%{% mk%e(s:r W‘%‘:“ﬁ%um z%t?s) , )

pal | adi um (sRatjler than tliaeinlthfketse Ffjlusmm resigt materiAlobus; dyiebastroden 768 awl B® f or ned
by laser 1ight J0d gdlial bog. °£ tt%%hhéﬁf‘ A[l%ﬁéﬁle%eqm g&l&ﬁ&”ﬂﬁ &1} %bo"e

st eps, an n-channe rans and a ransi's
fornmed. Notmayg b@ieleahtdhpfmgined:hbnddmpiev@lsdhﬂigﬁmedmdhviﬂleut\;u'simg aasask sIdic:e,ce

15 a droplet discharge method refers to a method in which droplets containing a
~ predetermined composition are discharged or ejected to form a predetermined pattern,
and includes an ink-jet method and the like in its category.
[0149]
Alternatively, the electrodes 708 and 710 can be formed by etching the
20  conductive film to have desired tapered shapes by an inductively coupled plasma (ICP)
etching method with appropriate adjustment of etching conditions (e.g., the amount of
electric power applied to a coiled electrode, the amount of electric poﬁver applied to a
substrate-side electrode, the temperature of the substrate-side electrode, and the like).
The tapered shape can be adjusted with the shape of the mask. Note that as an etching
25 gas, a chlorine-based gas such as chlorine, boron chloride, silicon chloride, or carbon
tetrachloride, a fluorine-based gas such as carbon tetrafluoride, sulfur fluoride, or
nitrogen fluoride, oxygen, or the like can be used as appropriate.
[0150]
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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20 el ectrode or a drain electrode have not been forned at the stage in FIG
13C, a structure including these conductive filns each serving as a source
el ectrode or a drain electrode may al so be referred to as a transistor.
[0157] Next, an insulating film736 is forned so as to cover the n-channel
transi stor 25 732 and the p-channel transistor 734 (see FIG 13D). The
insulating film736 is not necessarily provided; however, the insulating
film 736 can prevent inpurities such as an alkali netal and an

al kaline-earth nmetal fromentering the n-channel transistor 732 and the

p- channel tlapars03tapd ad 3mpurBp eleinkntamiphrying pypei aeaductivion orf ¢xiample3@rom
preferably for usi Nng_a mat er | idlc 0x].d L) nitride,
silicon oxylﬁiatdg?‘gé? %féei ?%%@ngtfnlr ?Aggfsggﬂoiﬁ(ge,tugl ﬁ%nnﬁir% ﬁlll%urﬁpdgl?ﬁg‘ftum num
oxi de, or tigaltingen-type tchiduichvityods nadded ta diel iseoicomiuttor dieyax 70 fliel mwith a
t hi ckness of approxi nate 600Q. IS used,as the insulating.film 736. In
thi s case, HERNIEToEE (h Barbichin Suffie SRl diistii Gh¢ BRetRA ot ¢ e
the siligonaddkd fsideerek wilE afohdskiot theflike 8& that fHe ipidrha blemkhtitpging heypensul at i ng
film736 has a single-layer structure i tg\j‘s errbodi ment, it. is needless to
say that therBENIthsiaAdedseleptveYs h&@heﬁ 1 e Feme e mPeipg B . For

exanmpl e, i NednBGteaP & Rdedtd WO sbadidusor sbl7(R, tHehemiddadctl ilfer 702 & 736 may
have a stacked structure of a silicon oxynitride 5filmand a silicon

nitride oxivich thepimpprtysgqment imparfigg p-typg Popdpetiyity isgded 1scovesed withpor ned
over the i nspial hgiikd L&h&@&e;@g tefentelY Bhpakiv ﬂn@l@%ﬂ%ﬁkﬁﬁfyﬁg%hﬁdor 732

and the p-channel transistor he insulating film738 may be forned
usi ng al? orsgleativelyrat Aktemptively i afigr hangt of dkg Jmawey clement Eapattgigpsityeni de,
acrylic, be - e Y aBhO8 EP A% Ve nisdhvidra &idgh, @2 Organi c
material, i ?@ﬁg@%}%g&l Ie{yto use aﬁﬁl\?\%)gi)%feeptr?{:vctgns?ant material (a
| ow- k mat erseatiqopductayilaysxaTis dndJ8d, the other ofsth imspuity giephent igipattisg p-tynet r i de,

o ononraSeb4SFeof) BeSHRR fad id AOBFPLERLC6%5 0 S

- si | oxane- basfyl oncesfithe saricondpuiordsyeroata highst concentlatioh. n ByahSaddaBiof e bond
“which i

formed using.a.siloxane-b d terial t | rial. The
si | ox angs- ba’é@&np’e%?% fn PHE lf?)%?mg@gi ggm’l%l%t%ore ﬁnsa'é %étadg?’gg @tﬂ%f
fluorine, agniddasthct@noup700andalicsemidoaduey layeaTHoresgstivelsubst i t uent. Note
t hat the in@&%ﬂ;i ng film738 may be formed by stacking a plurality of
i nsul ati ng i formed using any of the above materi als.

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
so 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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20[ 0159] For the formation of the insulating film 738, the follow ng
nmet hod can be used depending on the naterial of the insulating film738: a
CVD net hod, a sputtering nethod, an SOG net hod, a spin coating nmethod, a

di p coating nethod, a spray coating nethod, a droplet discharge nethod
(e.g., an ink-jet nethod, screen printing, or offset 25 printing), or a
tool (equipnent) such as a doctor knife, a roll coater, a curtain coater,
or a knife coater. [0160] Next, contact holes are formed in the insulating
fihns 736 and 738 so that each of the sem conductor |ayers 702 and 704 is
partly exposed. Ncehimmmiusdclcmbnteeafctllmarﬁﬁg qneCoaduttiVitPtype arcfaddedsd then cont act
with the sem con thr L AGI-gRo nductive
films 744 asf_?ancp&gucg?r ayfe CIY?I&COH Otg%’g%é F’Eulgtl% @glmoclazb'!rl?‘g &%gi g&er 704

t hr ough t heamgionitaahd i ﬁ&ev(eﬂleenslaﬁ:‘-d T4A9s. madke (eenFIGL t1IBCE mdtmwlﬁ 742,
744, and 746 serv as source el ectrodes aqd drain el ctrodes eﬁf t he

transi st or s SIS IRPATHRE DS BANE FRAPCIVIEE tHRFS *Mor mi ng

t he contact wﬁh@h E@v,e b@eﬂﬂd&%@ﬁ@seﬁﬁcdﬁ&lﬁﬁor&ﬂérs%ﬁl lafid Wﬂh@b@dewm\&&)é @fe, the
etching gas js. not limted thereto l["lﬂl?ﬂ?oat The conductive filnms 740, 742,

744, and 74%dedip e serpipoRdyctgy layers Py bhensmeetefiensneFEdvher t he

like. Speci i Gpdrify eldBer i gﬁJtyﬂéfcoﬁJi@tlﬁ@rig H8deld 6 tHel skiffeondilctéfl um (A )
tungsten ( titanium (Ti tantal um (Ta), nolybdenum (I\/bé ni c (Ni)
pl ati num ( P02, theojsprsongester, la@%|7&4(tAu)thl%rhe\Apr% Agpurityoslraen

neodynm um (M red SR ANma) or Shd 1% Mo Bt theCfmpudRy leldifenf %szQﬁnéJ %%ip

Moreover, an alloy containing 10 the above-described material as'its main

conponetd  ovonductisitpiswddedseleetivelit nFuxthes veliso the impynyiclrmentimpertingp-typy be
used. Furthgy %&1‘13%“ iladkd% G @%&Bﬁdﬁ%toi B gg127(74491e séftfoondiftior 1%%9' (gfg’z may have

ei ther a sing er structure or a stacked-Tayer structur ] As an
exanpl e of whichiheoytypoimmirity rigmantusaddechingovieted with nmegnpthe Hke sqathat15 al | oy

conLal Nl 10 B AU Biek i R, ATRARERN AL QIERIR! 11 10 1l chel oan be

given. In an a rarn mnum as 1ts nmain conponent and
-al so cont ai jpi1$d] ni ckel and one or both of carbon and silicon can also be
gi ven as_an exa um num.and aum mS|I|c%at1Al-Si. whi ch

have | ow resi st ance h%l?‘l‘gdrﬂéof‘ lm[?é'm element’ P8 a%l}"%onges et @M | for
form ng t heregondam; b yair bf lomcoﬁé&,traﬁékﬁlmpﬁﬁ@, regions 722, and a channel formation

region 724 are formed in the semiconductor layer 702. In addition, by the addition of
the impurity element, a pair of high-concentration impurity régions 726, a pair of
low-concentration impurity regions 728, and a channel formation region 730 are formed

20  in the semiconductor layer 704. The high-concentration impurity regions 720 and the
high-concentration impurity regions 726 each function as a source or a drain, and the
low-concentration impurity regions 722 and the low-concentration impurity regions 728
each function as a lightly doped drain (LDD) region.

[0154]

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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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 filnms 740, 742, 744, and 746 is fornmed to have
a stacked-layer structure, a stacked-layer structure of a barrier film an
alumnumsilicon film and a bather film a stacked-layer structure of a
bather film an alumnumsilicon film a titaniumnitride film and a

bat her fi | niransistor,eshpit keanpel\efoet dye caidiffigion efkoigr ean bisuppressed; thereforbat her
filmrefers foil i i i 4 rid 1] ium

nol ybdenum b(%rg?l?ztnrqe gﬁJgﬁS %ﬁ?‘%g%%ginﬁm g@%#g}gf:i%ﬁ%gn@ﬁoﬁor%c%wﬁ 1é?ﬂ(g:onducti ve
films such tesatnanfdesoarneimdshd dreimad bé meducedi nt er posed bet ween barri er
filmns, gene{?g%%}on of hillocks of alum numor alum numsilicon can be
further pre ed. Moreover, by formng the barrier filmusing titanium

t hat iﬁ 2 highly dlﬁeﬂief:iobﬁl 1thé|redies the resulﬁimciefoftﬂaetslﬁinﬂﬁzI aﬁc]lcﬂlledial"xh,m siiddsci':ieogI ngd ]
over the sem conducto ers 702 and 704, t oxi.de fi S uced by the
Y Cant um coRBREY HedorHe HoRTEs SHERD MLPLBy STUGTPE RS e tiean be
obt ai ned befogeeTht RAickie s 6RdH WyOpladiny & methl2inadddtath @itk Al bditotdudibd M8 740

and 5 742 and between the sem_conductor |ayer 704 and the conductive filnms
744 and 746ay%saRdapsing ¢ reagtion befvasy dhe mgtal dnd silicopip the sspicondaier Iyershar r i er

films. In t%ame&aé&mfnptegxarmkﬁa nf0Y, @h [IRTA SRMEUCH 18 i) Mior 4R, 742,

744, and 746 can be formed to have a five-layer structure of titanium
titani ubf ni tiligideeregion, eabalt silisidej or pickel silicids may bameed: | Immheusssnwber d i n or der
fromthe bo = & UGt & ; j ers.

0] D164 e o B B e e
silicide fobotethsinf the sehaerndudtonlayasy 7¢Peprsk T4 ods memefaldmatsiial psed {OFdhegas and a

Si H4 gas nay;: sad. Al nati vel i £ 0 - h educti on
of VS oy BuIBola B cfbhBRTEh V8] deral MRBRRERTACLIEH DY) MRS Y S  0105)
Not e that timelybdemdmaMoy,ecobalt (6o), ZAQomwmd (79 hafiriem (dHntecteun (o), viradium -
hi gh- congengrati on i ity .reglon 2 - e r LStor 732.
The conpuct e UF¢ %ﬁ&ﬁdgncérﬁ%g&aﬁgzc@ﬁ%c Eiﬁ)’t aﬁ?ﬂ@h&&%-%ﬁ%é%’r ation
i mpurity reBurtdes afidicidetegidneap alsh bafoeined balasr SiglorirratBation 20 fho 1166

[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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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-Bin FIG 14B corresponds to FIG 14A. Note that in FIG
14B, the conductive filnms 740, 742, 744, and 746, the insulating filns 736
and 738, and the like are omtted for 25sinplicity. [0167] Note that

al t hough the case where the n-channel transistor 732 and the p-channel
transi stor 734 each include one electrode serving as a gate el ectrode (the
case where the n-channel transistor 732 and the p-channel transistor 734

i ncl ude t hethgGBiligbrenitridedssle T8 isfornédl O Notesthaledtbmighdlk insulating SilmYBO HasTent as

an exanpl e, one enbodi nent. of. the disclosed invention is not Limted to

Thi o ot Fuct b SRECSRER R inthi BB, § IR0 sl B BV i ni o a
plurality of3ehegthedassiwiediang amcyel e Foekemiplgde shakasei ofcd tdethyand
electrically connected.to aone another. [016 In this enbodinment, an
SOT subst r aFBERED O s e BRSO s bbbl TGN T ace
roughness i fins sy Sisoh ditfide dksRdilmt herefore, the manufacturing yield of 5
sem conduct gor, _devi ces can be inproved. Note that the structure described in

this enbodi 2! can be used in appropriate conbination with any of

structures descringd ahﬁniuﬁﬁn%’tﬁﬂkﬁrﬁgﬂpﬁﬂﬁ%'%;&- thé GL6Rtind ERPOSK 58RI 100) 101N

this enbodinment, a variety of electronic devices to which an SO substrate
accordi ng teveh&ep-ehaapal thpsigpn Tnandsthe potheanrl farsisthe 3 desEhe watinghe

el ectroni c gayi788Sndy"sd Hfifed ufin bR JdrnROMakrialCRVRIzReab HslA, WhdfR caneras
and digital caneras, navigation systens, audio reproducing devices (such as
car audl® spelyimidrl agodic.o begagpisivbniens, payamide. e9rsepogrneOthat kanesichpay t abl e

i nformati Onoxrggﬁim%ﬁﬁl, ﬁtsly %ﬂo %ssﬁﬁp lt(l fiseCP M hileStric constant material (a low-k
material), a siloxane based resin, silicon oxide, silicon nitride, silicon oxynitride, silicon
nitride oxide, phosphosilicate glass (PSG), borophosphosilicate glass (BPSG), alumina,
or the like. Here, the siloxane-based resin corresponds to a resin including a Si-O-Si

15 bond which is formed using a siloxane-based material as a starting material. The
siloxane-based resin may include, besides hydrogen, at least one of fluorine, an alkyl
group, or aromatic hyvdrocarbon 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, or a
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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15 cel lul ar phones, portable gane nmachi nes, and e-book readers), and inage
r epr oduci ng devi ces having recording nedia (specifically, devices provided
wi th display devices capable of playing audio data stored in recording
medi a such as a digital versatile disc (DVD) and displaying stored i nage
data). Exanples 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 termnal 905, and the like. This display device is nmanufactured using
t he transi s74t 2nd étreatvenas sohwse slenddge e dnatp slectiades of dbacirdnsisigrs. n Neteot her
enbodi nent - andr : s el | | . | ke. Note
that the di Ish%f 1513h1 g]\&}l&gdelmélgf aesrag%%cgjng%%ﬁl C %% gcfhmg?h;’%?sggg%’iee@%g%b#a
| i ght - emi t t CHE; ehiddid imymgbyed; bowensd thdrtchinggas isarotillimitéd théretoi nf or mat i on
di spl ay devL(ﬁggl for, for exanple, conputers, television reception, and
advertisenment “di splay can be included. Specifically, a display, a
head- nousit ed di shayondactiweffilee 74QT42,yde, 4nt Gp€ cdndie, formied biyhacC VDD keetiddn be
given. By applyjng th O substrate .according ta t resent 30 invention
to the di sp$ égf}ltﬁlﬂ% F{’?ﬁm °rt'§%?'g?'s$pﬁ?gﬁaglyi Te? "Fé‘a]d‘?hf:tﬁgﬁ?lndﬂf)t}‘iei %‘H’Scan be
gadeht 0 hgvmhainltuha! @{1)1it%@s%%f_“ﬂ,e%t@ﬂﬂﬁﬁi)ﬁﬁdtaﬁla&pﬁfab,&ﬁﬁlybhd&ﬁlgﬂ (Monldidket
urther, by applying the subpstrate according to the_present jnvention
to the drivE¥)REERPY, sopRsr (C8). gald (Bw). stheadAgh Taagamesf @Ep)dﬁlqoamgm
capability. fl‘ﬁcﬁ,lc?a%ﬂon_ (©), silicoh if, B thd FikeSdah Bk @Fedd  MIMIVEE En bl déglialiing? housi ng
911, a display portion 912, a keyboard 913, an external connection port
914, a bQ)i nthe r@og@@qsg@eg 1rggter5gl,@st1ﬁemplpw@mponent 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 ecach 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 iike. 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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5 Atransistor forned according to the present invention can be applied not
only to a pixel portion in the display portion 912 but also to a

sem conduct or device such as a driver IC for display, a CPU Side a nain
body, or a menory. [0172] FIG 15C illustrates a nobile phone which

i ncl udes two housings: a housing 10 920 and a housing 921. The housing 921
i ncludes a display panel 922, a speaker 923, a m crophone 924, a pointing
device 926, a canera |lens 927, an external connection term nal 928, and the
i ke. The housing 920 is prOV|ded with a solar cell 929 for charging the
mobi | e phonMpreavereot formial thednoicy fibh osing SGnivarbatihe highlyaeducivledeneton, an

t | 922
antonna, 1 BB il HEnDOe) 88 A doblb ks G ShEMiaTe) | 922
i s di spl ayefilnais reduagidsy the tltahiuusctomm:ed mshedbasiweﬂlnh |Wlsseby favetable cbﬁi@:t Not e

that a boostln b ich a tage t n1th SO ell 929
i's incr easeccfntg g% %*’ ?twg%/nen? F?/mlﬁ?ndﬁg?r lageéa—'@%mgéjttrhgw ucnvegﬁl%%bﬁ]%q%uded.
[0173] 2Z20A BRrdandbetheeh e smﬁmdxaitorﬂ@yemm and the dondpctice filve - meﬁermsi nvent i on

can be e el.ectron de e a PDA rson
e orant© dpider Bt Sl S ek ni SRS o Bufieif s R S o Grohelen

canera, a Cappatthe g@daacmqnm@em a2 meﬁda;hbea@wfo&néd RIIAEK ﬁd@-lay@e, in
addition to the above nobile pho : For exaﬂp lhdlthe sem conduct or materi al

of the presYREMFRISHIYR, Eanuwpdithde plygpum sligemn, ditapive, aod tiamm pignde; ¢y ¢
such as a GRYrded fORTRY BottoR or@d sBERIby e@"shﬁc@u@oﬂhé&%'thaﬂ%v&ﬂa%@rsor a driver IC
for d|s§}ay of those electronic devices. [0174] FIGS. 15D and 15E
illustrate [R1éflgi tal camera. FIG 15E illustrates a rear side of the
digital camera 'hsgﬁééd%hﬁ‘&wb@ihﬁé 10 3?5?741%8 745 Gk Alen GRIRE Fornltaly qus a
housing 30 931, a display portion 932  a lens 933,” an operation key 934, a
shutter butqlnwcaesapoardapqsmnl nthod psing anWiFstees andengiHa ®e% o1yl hegused t he

present | nVERl SRS fyBfief RS by fofddh KEhuoRAH L O Aaf BE ol ap portion

932, a drlver Ivin ay portion a nmenory, and the
| i ke. [ 0175onductive films 740, 742 744, and 746.

15 [0165]

Note that the conductive films 740 and 742 are comnected to the
high-concentration impurity regions 720 of the n-channel tramsistor 732. The
conductive films 744 and 746 are connected to the high-concentration impurity regions
726 of the p-channel transistor 734.

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 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-channel 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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FIG 15F illustrates a digital video canera. This digital video canera
includes a main body 941, a display portion 942, a housing 943, an external
connection port 944, 5 a renote control receiving portion 945, an Sage
receiving portion 946, a battery 947, an audio input portion 948, an
operation key 949, an eye piece portion 950, and the like. A transistor
formed according to the present invention can be applied to a pixel portion
in the display portion 942, a driver IC for driving the display portion
942, a nenory, a digital input processing device, and the |ike. 10[0176]
Besi des, a tlecinodéssromclidedrnd elcitiorllyi cognected thenepmethemt i nventi on can be
applied to @ &gvigation system an audi o pl ayback device, an Sage

repr oduci ng ée ice provided with a recording nmedium and the like. A
transi stor rranuf & thin @nbog oy dhrﬂg)ltsubat:dae lqawiﬂganbxdeﬂmﬂmemiomduam lagerappl i ed

to a pixel on i.n a dis | C 15 cont l'ing the
di spl ay por%ﬁ kheéu%ﬁﬁ?‘igim%s g%y Rrgﬁsecfﬁblﬁ?ad gﬁ? %'g’sf]i’%[aar&l&?&%g g d; nsor

pf)rt ion,s an%nﬁd‘bﬁdlhdtdflecll@fcei kas ge depioeed . Nodel tha} the structure g&_sdﬁbdﬂeih thishe .

el ectronic eV|ces illustrated in FIGS. 15A taq 15F an e acrure y
appl i cat i orefodfmen 10 BB PRORT IR COTRRINALR WHARY & f'ﬂ}cfuﬁ‘ifr@ ?& ‘f’tnanm st or
and a dlsplﬁyoﬂgmmg%dmnmm_ This application is based on Japanese Patent
Application serial no. 2009-266067 filed with Japan Patent O fice on
Novenber 24016809, the entire contents of which are hereby incorporated by
reference. EWiRkinient § ai med is: 1. A nmethod for manufacturing an SO

substrat e, conpr|5|ng the steps of: providing a groove in a

sem contict or su15%W%?@W%%Ywﬂéﬂ%@@mdéﬂ%d@f‘“@#ﬁhsﬂﬁb?g[rs&b@'afer om a
front surf [ RGE Il ift B LiBErbLON I HESRGR g

irradiati na&%%rhﬂlgem c%ﬁgﬂét or smﬁg ?%tee Sr 03| en W th ﬁe gr 00\%1033 th an
ion fromt hmcmd@m its catdzatye cangerdsoruph ahviderbeanterasald degalmamens,tmlgatwn

sem conduct b a e..S t S d a base
Subst rat et A iebroduein? QLA shdiCen B RO Bl SUREREAR, 0 O
and . per f cmyputes, gathe atachin@aporabie infonsawartananatlmu@mmmohﬂd gomnputers,ubst r at e
at the i.Q so that .a se C over the
base su str%puaﬁﬁ?ﬁw egyﬁsg?n?Fﬁng%yer % I%%%gg%¥§ §§I£§E&E%1and
wherein t hedegtoes)\hevmg rgebatgdmedid dfperificidbn demgpstﬁrewd@lnwub ridthplay alevisesbst r at e
and the base at.e to.egch 0 uf.acturing
A SO substaPatig kRN Re pS B sPiati reoording mrd il % eh R et £ ate
and t he bas@\abyasiddabRyRgStofdl imaghndies). t Bxaalds dftties davices i@ iljusaatedin 3.
The nethod:ﬁgé §EQUf% turing an SO substrate according to claim1, wherein
t he groove % drical shape or a pol ygonal columar shape.

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
be included. Specifically, a display, a head-mounted display, a reflection type projector,
and the like can be given. By applying the SOI 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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4. A method for manufacturing an SO substrate, conprising: a first step in
whi ch a sem conductor substrate is provided a groove to penetrate the
sem conductor substrate froma front surface to a rear surface opposite to

the front surface; a second step in which the sem conductor substrate
provided with the groove is irradiated wwth an ion fromthe front surface
so that an enbrittled region is forned in the sem conductor substrate; a
third step in which the sem conductor substrate and a base substrate are
bonded to each other with an insulating |ayer interposed therebetween; a

f ourt h st epmade tohawethighhirivegrrapabidyct or substrate is separated at the
enbrittl edn@gﬂi on to forma sem conductor |ayer over the base substrate
with the i z;ting | ayer interposed therebetween; and a fifth step in
whi ch the sem cofimdtPhllwttss 4 edreputs inchpligrebanilg 9Y1,a dipypoaiaiong,

treatnment to oVvi a snmpoth surface | he fraont .surfage erein the
second ro olppr PTadu el sasieb o 9 pakiBr dpviEe 5% pad BE O an
wher ei n ¢ hea thaisidiorFoiafediabeopding Rrheprestnt Mvertion tad applied fot ofly 1®4 piaet f or
manuf acturing an SO  substrate, conprising the steps. of: a first step of
provi di ng aPGEPOD&egdiselay H°§“°&e°é%§l‘tn‘{i??atﬂaﬁ onguctor deyiceispehas aglrver IC

sem conductQf 4ispbs b (R Bindide Amhin®0lly, 944 fdmBry0f the sem conductor substrate
opposite to the front surface; a second step of formng an insulating |ayer

over the sdfl®nductor substrate; a third step of irradiating the

sem conduct or sulpgt r3EenpERYds dedodic! fhohd hidhSiHbiades Mo B GHes 2R Rolidiy gr OOVE
with an ion fromthe front surface to forman enbrittled region; a fourth

step of 1horRfi0rgd etheusiag?Zdondbe bowing 984 inclides adigplay pansk9%.pspaakierd28o each
other Wt h § Bocbftdd 834, NOpdih acl 1t 858 0P Eitndr o199 W3 lkiernal cBdebde? Step Of
performng a nhe treat tt separat'e the sem conductor substrate at t he
enbrittl ed teeghdrf28sand thatlike. sEhd bowsihgc?20r is| ragaded; with arsotag coll 29 tfore base
substrate viLh;{NGe k3! Qo %n! a1 HIkEHPIR 0! A EPRC R daRRY, 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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a sixth step of performng a reprocessing treatnent to have a snooth
surface in the front surface, wherein the second to fifth steps are
repeated one tine after the sixth step, and wherein the first step is
performed only one tine. 6. The nethod for manufacturing an SO
substrate according to claim5, wherein the sem conductor substrate and the
base substrate are not bonded to each other at the groove. 7. The

met hod for manufacturing an SO substrate according to claimb5, wherein the
groove has a conical_ shape or a pol ygonal pyram dal shape. 8. The

met hod for ABRECHethekean SO substrate according to claim5, wherein the
groove has ﬁ)ﬂ?ﬂ' ygonal pyram dal shape whose width is gradually narrowed

froma surface 'of the sem conductor substrate toward an inside. 9. The
met hod for manuf dEEUSF illpstatesOlisallyidep stmerac cbrsdigijal visleo camera Bicluderer ei n t he

groove has a,Gil dodgoh£aldissAFRGdh 982, AHNIRNG3, SOLHIRNA oS MRS port 944,
5  a remote control receiving portion 945, an image receiving portion 946, a battery 947,
an audio input portion 948, an operation key 949, an eye piece portion 950, and the like.
A transistor formed according to the present invention can be applied to a pixel portion
in the display portion 942, a driver IC for driving the display portion 942, a memory, a
digital input processing device, and the like.
10 [0176]

Besides, a transistor formed according to the present invention can be applied
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 inpﬁt 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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What is claimed is:

1. A method for manufacturing an SOl substrate, comprising the steps of:

providing a groove in a semiconductor substrate to penetrate the semiconductor
substrate from a front surface to a rear surface opposite to the front surface;

irradiating the semiconductor substrate provided with the groove with an ion from the
front surface 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

performing a heat freatment 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, and

wherein the groove is provided before bonding the semiconductor substrate and the

base substrate to each other.

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.

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

groove has a cylindrical shape or a polygonal columnar shape.

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

a first step in which a semiconductor substrate is provided a groove to penetrate the
semiconductor substrate from a front surface to a rear surface opposite to the front surface;

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

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

a fourth step in which the semiconductor substrate is separated at the embrittled region
to form a semiconductor layer over the base substrate with the insulating layer interposed
therebetween; and

a fifth step in which the semiconductor substrate is reprocessed by a reprocessing
treatment to provide a smooth surface in the front surface,

wherein the second to fourth steps are repeated one time after the fifth step, and
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wherein the first step is performed only one time.

5. A method for manufacturing an SOl substrate, comprising the steps of:

a first step of providing a groove which is deeper than haif of a thickness of a

semiconductor substrate in a front surface of the semiconductor substrate opposite to the

front surface;

a second step of forming an insulating layer over the semiconductor substrate;

a third step of irradiating the semiconductor substrate provided with the insulating layer

and the groove with an ion from the front surface to form an embrittled region;

a fourth step of bonding the semiconductor substrate and a base substrate to each other

with the insulating layer interposed therebetween,

a fifth step of performing a heat treatment to separate the semiconductor substrate at the

insulating layer interposed therebetween; and

surface,

wherein the first step is performed only one time.

groove has a conical shape or a polygonal pyramidal shape.

of the semiconductor substrate toward an inside.

groove has a cylindrical shape or a polygonal columnar shape.

53

embrittied region, so that a semiconductor layer is formed over the base substrate with the
a sixth step of performing a reprocessing treatment to have a smooth surface in the front
wherein the second to fifth steps are repeated one time after the sixth step, and
6. The method for manufacturing an SOI substrate according to claim 5, wherein the
semiconductor substrate and the base substrate are not bonded to each other at the groove.

7. The method for manufacturing an SOl substrate according to claim 5, wherein the

8. The method for manufacturing an SO! substrate according to claim 5, wherein the
groove has a polygonal pyramidal shape whose width is gradually narrowed from a surface

9. The method for manufacturing an SOI substrate according to claim 5, wherein the



