METHOD OF MANUFACTURI NG SO SUBSTRATE BACKGROUND OF THE | NVENTION 51. Field
of the Invention [0001] The present invention relates to a nethod of
manuf acturing a substrate provided with a sem conductor |ayer with an

i nsul ating | ayer therebetween, and particularly relates to a nmethod of
manuf acturing an SO (silicon on insulator) substrate. 10 The present
invention also relates to a nethod of recycling a sem conductor substrate
in the nethod of manufacturing a substrate provided with a sem conduct or

| ayer with an insulating |ayer therebetween. 2. Description of the Related

Art 15[ 0002] As a substrate suitable for manufacturing a | ow power
consunption sem cond operation, an 501
substrate in which a@%gggﬁuﬁﬁgﬂﬁﬁﬁ}l(&lﬁgﬁﬁ{%Mr a base substrate
havi ng an i nsul ati ng surface is receiving attention. 20[0003] One of

known net hods of manufact y 1?6'07@9 ﬁﬁ? haher by @ hydrogen ion
see IS) ten

i npl antati on separation rret current 1). The hydrogen ion
i npl antation separation rrethod is a technique in which an oxide filmis
formed on a;spllﬂhgpmcy;@g,gmand serves as a bonding film and a m crobubble
| ayer is formed in the 25 silicon wafer by inplanting hydrogen ions or
nobl e gas i &¥¥1] nto the silicon wafer fromthe upper surface thereof An.

oxide filmmay berytopbee @semslmlge@saosa Liegom o\e%-.@ﬁxfacﬁlh@h al Siblifyebe used as
a base substrat e, Then the surface of the silicon wafer into which ions

are i npl ant &PVidd it ﬁrfe’eswe%déwtebrlﬁya{:tmw i inspfaringt lsey SPEbwiwaider . whi ch

serves as a ph@isarsubIs ks Bleyebiid bhmkfScQXing en 01 (Bll&dh&fn@ﬂ@l&%%ﬂbstrﬁ%. the heat
treatne ?gﬁ erforrred aft erwar ds, thin | IS sg arated fromthe

f or mer SI I i WP RTS8l RAgHS Ioércicé ﬁ’au{?@‘ff“ o SEBHGHge pl ane.
Furt her heathetmalatdnﬁmiansihcrtmﬂgl dysubgactSpréidd Stithi a:ﬁﬁndbﬁdmfoﬁ lag& Wwikadn an SO

substrate | ?ns&]gtmnqdyer thrO&)eQWJen

2. Description of the Related Art
15 [0002]

As a substrate suitable for mapufacturing a low power consumption
semiconductor device capable of high-speed operation, an SOI substraie in which a
semiconductor layer is provided over a basc substrate having an insulating surface is
receiving attention.

20 {0003]

One of known methods of manufacturing an SOI substrate is a hydrogen ion
implantation separation method (see Patent Document 1),  The hydrogen ien
iraplantation separation method is a technique in which an oxide {ilm is formed on a
silicon wafer and serves as a bonding film, and a microbubble layer is formed in the

25 silicon wafer by implanting hydrogen ions or noble gas ions into the silicon wafer from
the upper surface thereof. An oxide film may be formed as well on a silicon wafer
which is to be used as a base substrate. Then, the surface of the silicon wafer into
which jong are implanted is put in close contact with the other silicon wafer, which
serves as & base substrate, with the oxide film therebetween. By the heal treatment

30 performed afterwards, a thin layer is separated from the former silicon wafer with the
microbubble layer used as a cleavage plane.  Further heat {reatment strongly bonds the

silicon watcrs so that an SOI substraie is formed.



Research has been conducted on a nethod of manufacturing a plurality of 801
substrates using as small a nunber of silicon wafers as possible so that
silicon wafers are used effectively and econonmically (see Patent Docunent
2). 5[0005] Since the shape of the split silicon wafer is
preserved, the silicon wafer can be reused in order to manufacture another
801 substrate after that a remaining | ayer over the separation plane is
renoved by etching or polishing. [0006] 10As described above in the case of
using a silicon wafer repeatedly, the thickness thereof is reduced. Thus, a
met hod has been proposed in which a silicon wafer which cannot stand a
process of nmmasfacturing an SO substrate is utilized in other uses. [0007]
15[ CGitation List] gPatent Docunent |] Japanese Published Patent Application
No. 2000- 124092 [ PEFEt bpdeinrarivcy ob apued ef pubfaatinga Patsbtytof APl i cat i on
No. 2000- 349266r2{c0008] as28Hn Wareber A sTRENOS o s }wﬁlﬁi& 8 tladp ki agd,36M conduct or
substrate is_use & t han manufacture of SO has probl ens.

used in.a,prqcess othe
i deﬁW§5ﬁ8%¥wﬂ§ = Palen'd&sem®eb which thin sem conduct or

There are a Timte
substrat es dé&#she applied, which causes limtation on uses or processes in

which it is used. cDue his limtation, the effjciency of another process
in which the thi n&ﬁle eﬂsnge‘%aéeoon s g?rSIlé':ﬁB?ﬁehfsé’r‘iS%mﬁ{sg‘ﬂ Sihﬁgln PYeeREFy to be
| ower ed. | n raded i ofer 16 maaiiphocesteofOmbufaactior hig @MaiSl 16¥bsIFate, it is

difficult tqnsibstantial kel . he use. efficiency of a thinned
sem conduct or sg%strkﬁe %ﬁmkﬁﬁiﬁygﬁéﬁrg agpn%nother use or process in which

t he t hi nned [€¥% conduct or substrate is used, Still, in manufacturing an SO
_SUbSt ratg, a sem &@B%ﬁlﬁe@%b@?@%ﬁ g %as'es FEER naSis' ion "[NQE; %gporlgd y,iT}le s
i nportant to reduce cost by inproving the use & I ciency of é
30seni conducbigPesBarddt eduaivVARY OmetpEhdsNWENFo@Med in which a silicon

wafer which cannof stand a process of manufacturing an SOI substrate is utilized in

other uses.

[0007]

15 [Citation List]
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{Patent Document 2]  Japanese Published Patent Application No. 2000-349266

[0008]

20 However, a method in which a thinned semiconductor substrate is used in a
process other than manufactare of SOI has problems. There are a limited number of
uses or processes to which thin semiconductor substrates can be applied, which causes
limitation on uses or processes in which it is vsed. Due to this Hmitation, the
cfficiency of another process in which the thinned semiconductor substrate is used is

25 likely (o be lowered.  In addition, in a process of manufacturing an SOI substrate, it is
difficult to substantially improve the use efficiency of a thinned semiconductor substrate
in consideration of another use or process in which the thinned semiconductor substrate
is wsed,  Still, in manufacturing an SOl substrate, a semiconductor substrate is
expensive; therefore, it is important to reduce cost by improving the use cfficiency of a

30 semiconductor substrate,

SUMMARY OF THE INVENTION



[ 0009] Accordi ng to one enbodi nrent of the present invention, in

vi ew of the above problens, an object of the present invention is to

i nprove the use efficiency of one sem conductor substrate in a process of
manuf acturing an SO substrate. Further; 5 according to one enbodi nent of
the present invention, another object of the present invention is to

achi eve cost reduction by effective use of a sem conductor substrate whose
t hi ckness is reduced due to repeated use, in a process of manufacturing an
501 substrate. [00101 10According to one enbodi nent of the present
invention, in a process of manufacturing an SO substrate, after that a
first singlgygpystal sem conductor substrate has been repeatedly used as a
bond substrate,” the first single crystal sem conductor substrate is bonded
to a second si ngleccerdygtiapneseriodiorductiby pissebsinration, i hiew,of shestbasked- | ayer
substrate fordmRehs! £0MENSS Tk Ndsent iRGhnGE Yo kovi il ﬁézngﬁcgéng{z ofypstrate and
15 the second single crystal sem conductor substrate bonded to each ot her
is used as A“PEIRIIELIHEPHEiceln § @Dtasp of manufactoyieg anBEHiswhshtte.ofFutthie, present
invention i RedoktERStodonk ichSbdimbR Rt @fe RELRANIATR hdihes LnBhng! e %-E.ééﬁtt al

sem conduct or substrate to be a bond substrate and a base substrate, a 20
second st ep "BF B i haCAKC S FTEEYOB RYNEEFIEGi Wh of A SEREOIGFEE S e cryst al
sem conduct ahossubiskifesy i€ rddiceld [ua i @pdaiR@ ubdien £ pro&dss 5 AGhBCGRYSHBSOT

sem conduct %&b*ﬁ%lgStrate wi th accel erated ions and bondi ng the first si ngl e
crystal sem ¢Ondlict or substrate and the base substrate to each other with
an insul ati fgflbayer therebetween, and a third step of providing a single
crystal gem condugtor. | ayer over .the base substrate with the insulating

| ayer 2@ t her ebe C\%grrgir?g g% angp%"ﬁ’é’flﬁ"he&‘ f’ﬁz’“’f PPt gy '”31"% & § ST *s®ni conduct or
substrat e atmapifecteiyrei SOI evbeinte, pbgiton a fiffeingle cybalsiengbaiucoy sbalate

sem conduct : i.Gh i ' . pttle t..region in the
third step, girlssi%régaé é:gt&gyé uémbagndd&glﬁgsgéslr%?’e%}: r{ﬁ {iﬁgﬁiﬁb Jrrg%alssflg%&(%&il? times (n
i s a naturaPutiiitthes barisddoor segudlsingls ewm)l. seaficoaductoh esubtiretes Themom t he fi r st
step to thestﬁ@e@—%y@ﬂs@@stﬁl&%}gr&%@ﬁ%@ﬁe fﬁ}stts'irfgﬁzscrys.?al shAchedid- eSSt rate is

f or med b¥ 30 bondi_{;g the first single crystal sem conductor substrate,
whi ch i 97 spihepeqopd tipde ¢yl rmipadegapsubsirgie persled iocatioplasr fsgised % p pedal
sem conduct emssaibstrate. And the stacked-|ayer substrate is used as a bond
substrate i ﬂ) me first step. Note that another step can be provided
bet ween any'cS) s of the steps fromthe first step to the third step. [0012]
One enbodi nent ofOu:hebphiRs@nt e iOnn GaNinkl ek UdBsiah QI btParskep to
i nspect the nf"slt gigcglecs,"sgl le1ig(§1¥i§§ig‘lsu§s%gg %Olpd%c;t 8( bs‘iql%=st riatbeuvmlg C'h ' split at
the enbri ttferrerﬁ Crysiel sen e to be a bond subsirate and a bage substrate, a
20 second step of forming an embrittlement region in the first single crystal semiconductor
substrate by irradiating the first single crystal semiconductor substrate with accelerated
ions and bonding the first single crystal semiconductor substrate and the base substrate
to each other with an insulating layer therebetween, and a third step of providing a
single crystal semiconductor layer over the base substrate with the insulating layer
25 therebetween by separating the first single crystal semiconductor substrate at the
cmbrittlement region.  The first single crystal semiconductor substrate, which is split at
the embrittlement region in the third step, is reused as a bond substrate in the first step
(n-1) tmes (n is a natural number above or equal to two),  After the steps from the
first step to the third step are repeated » times, a stacked-layer substrate is formed by
30 bonding the first single crystal semiconductor substrate, which is split in the nth third
step, to the second single crystal semiconductor substrate.  And the stacked-layer

subsirate is used as a bond substrate in the first step.  Note that another step can be

i)



S after the third step, and, according to the result of the inspection of
the first single crystal sem conductor substrate, it can be detei m ned
whether the first single crystal semi conductor substrate split at the
enbrittlement region is to be reused as a bond substrate in the first step,
or as a first single crystal sem conductor substrate which is to be split
at the enbrittlenent regi on and bonded to the second single crystal

10sem conduct or substrate so as to formthe stacked-layer substrate. Note
t hat anot her step can be provi ded between the third step and the fourth

step. [0013] The term "semi conductor device" in this specification
refers to d%de%@bét@e&%HﬁS&Lo éigtcpg%m 1§tts% p&llh(y{l'u I ng sem conduct or
characteristics, and display devices, ect I'C deV|ces

senlconductéwnajrcuits and electronlc deV|ces are |ncluded in the cat egory

of the sem cond UC@&renﬁi)&y lrn@x@c of HRAEAEN ARCRER A8 infeRaOR ?Ou?tﬂggg leﬁgl:hz of the

pr esent |nvent a thin sem conduct or substrate woul d have

been di scar & ”%Fm€§éﬁe?HwﬁﬁﬂFW€P“ﬁP%@€§§“@UéﬁﬁiﬁémU§@ﬁ“Eﬁm@f%@%mess of

manuf act ur i ngerahe SO Sapbsdd aiicﬁrdm-ghtatthd fecull bﬁhu%lp&i ibh 6F %@Cf}fstckfm gne
seniconductorsgpsstr roved wthou imtations regardlng ot her

processes. £8b0r§m“§n%6“%ggmgﬁ%db Rt dogrmpe hethe dhit Tishyagle Far a

seniconduct@ﬂnsmﬁ&ﬁmameﬂmho$atmhhakmaaﬁahau&@ﬁﬂﬁ@dodﬂ@mﬁ&i&ﬁ@ﬁ&ﬁedbufe fan
ctur substrate

%e?gggckrg‘%}%éa#g@g}s’% ft ) Qtelp e Bf 5lgsé§1§§8?ry§’§ﬁﬁ‘ﬁﬁP ftﬁrrsluhﬁg‘[eﬁ‘@“é% Wsubstrat e
can be redubedpht at the embnttiemeni region and bonded to the second single crystal
10 semiconductor substrate so as to form the stacked-layer substrate. Note that another
step can be provided between the third step and the fourth step.
[0013]
The term “semiconductor device” in this specification refers to devices in
general that can operate by utilizing semiconductor characteristics, and display devices,
15 electro-optical devices, semiconductor circuits, and electronic devices are included in
the category of the semiconductor device.
[0014]
According to one embodiment of the present invention, a thinned
semiconductor substrate which would have been discarded or used in another process
20 canbe used in & process of manufacturing an SOI substrate.  That is, the use efficiency
of onc semiconductor substrate can be improved without limitations regarding other
processes.  According to one embodiment of the present invention, a semiconductor
substrate wihose thickness is reduced due to repeated use can be effectively used mn the
process of manufacturing an SOI substrate, whereby material cost in the process of

25 manufacturing the SOT substrate can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]
FIGS. 1A to 1H are views illustrating a method of manufacturing an SOI
30 substrate.
FIGS. 2A to 20 are views illustrating a methed of manufacturing an SOI

substrate.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] FIGS, | Ato 1H are
views illustrating a nmethod of manufacturing an SOTI 30substrate.

FIGS. 2A to 21 are views illustrating a nmethod of nmanufacturing an SO
substrate. FIGS. 3Ato 3E are views illustrating an exanple of a
met hod of bonding single crystal sem conductor substrates in a method of
manuf acturing an SOT substrate. FIGS. 4A to 4E are views
illustrating an exanple of a nethod of bonding single crystal sem conductor
substrates in a nmethod of manufacturing an SO substrate. 5FIGS. 5A to 5F
are views illustrating an exarrpl e of a nethod of bondi ng single crystal

sem conduct or su e y nuf act n, SO substrate.
FIGS. 6A to 61 aﬁ&%?'}e“vé" ;“r oB R %S‘m{m‘%m'% Resols o s Pas 8 E?P?fhialéan e

substrate. single crystal semicild@Ser swsntatas 171@ ragttedwil $W31faclulnug tr S0l sniggtran. exanpl e of

a met hod of bondig 10 kond SE& rate 1.0 a method of
manuf act uri ng an 'a4A %s??ggeﬁagﬁmk%y%gg%ﬁ{% %Tﬁdi%%@gdﬂ—%%? NTI ON
[0016] Her eFingf eeptal setnb@zﬁuﬁ@rﬁvh‘;ﬁ@fes tvengyrod 9émumifastieing poPOMsbstratoe descri bed
with 15 ref erence;g® shhesane ORRansde, dggﬁ%ag§urmwyﬁffb d&dﬁ% spizRSent

invention can be carried out in many ferent nodes | easily
under st ood BYysieleaEondeptpy subptipfgs lﬂWén%}Fotd of matularhaies vudfdl Wbl s of t he

present inventi oG B! Vol LiRsAhE QUSedRY §f WehltRulingd@R3E ng from
the spirit and scope of the present invention. Therefore, the present

i nvention i &%&®interpreted as being linited to the description of the
fol |l ow ng FIGS. 7A to 7G are views illustrating an example of a method of bonding a

10 bond substrate and a base substrate in a method of manufacturing an SOI substrate.

DETAILED BESCRIPTION OF THE INVENTION
[0016]
Hereinafier, embodiments of the present invention will be described with
15 reference to the accompanying drawings, However, the present invenfion can be
carried out in many different modes, and it is easily understood by those skilled in the
art that modes and details of the present invention can be modified in various ways
without departing from the spirit and scope of the present invention. Therefore, the
present invention is not interpreted as being limited to the description of the following
20 embodiments. Note that in all drawings for describing the embodiments, the same
reference numerals are used for the same portions or portions having similar functions,
and the repeated description thereof is omitted.
[0017]
{Embodiment 1)
23 In this embodiment, an example of @ method of manufacturing an SOI substrate
will be described with reference to drawings.
[0018]
First, a single crystal semiconductor substrate 100 which is used as a bond
substrate and a base substrate 120 arc prepared (see FIGS. 1A and 1B).
30 [0019]
As the single crystal semiconductor substrate 100, for example, a single crystal

semiconductor substrale that is formed of an element belonging to Group 14, such as a



20 enbodi nents. Note that in all drawi ngs for describing the enbodi nents,
the sanme reference nunerals are used for the sane portions or portions
having simlar functions, and the repeated description thereof is omtted.
[0017] (Enbodinment 1) 25In this enbodi ment, an exanple of a nethod of
manuf acturing an SOL substrate will be described with reference to

drawi ngs. [0018] First, a single crystal sem conductor substrate 100
which is used as a bond substrate and a base substrate 120 are prepared
(see FIGS. 1A and 1B). 30[0019] As the single crystal sem conduct or

substrate 100, for exanple, a single crystal sem conductor substrate that
is formed of 0o 14, such as a singl e crystal
silicon substt % A S%ge {s](foﬁgjc’ebesggt?’ys%éﬁec Sﬁﬁ%”ﬂ%@ﬁhﬁ?f’*f’t&t(’éa sPRlegnSizthgl e
crystal silisdom gempmmhymsgubstn &t esedc anlidstivdg coﬁdpbmfdl’kaﬁllc\lﬁiuymr a conpound
sem conduct 3&%‘%9@%:‘5}@& %}‘IaH{UHEEQSegl egfﬁinlun 105@ aeQI!S tlg hkel Hr!]'(ljy b::l?g}g%) hl de or

the like nma e use le Sl ze o fi"&on
typically 5 Sizﬁ@ﬁéscoélmﬁlaﬂrﬁliwqwuaﬂaw@s é}l’pwaﬁy 5 mqil@hélﬁii (nmﬁ)&nm@nemn tﬁl arret er, 8

i nches (200 ifakks 1180 BB lSHeterd h t 16 i nches
(400 mMm in di asngt er ma}an aewy|§|nlé‘f{'?fgb gg%(ﬁ%gt ereo 191&%6 ?gnshape Not e

that the sh&iesr apfh &6 By |(‘§3Oé¥19hlf1af|raw@mae@mMWkﬁhaz@ub@@qfaﬁteecnmtar i s not

limited to %he(}ier cnbi@khab h@Qﬁapeaﬁ(ﬂh@s@gl@kaﬂaicsrehﬁﬁ)@duct%ﬁEﬂbgtﬁlﬂéj'f@)t Qlosubstrate
processed |g tcSllrect ngul ar shape_or for exanple, can also be

used. 10[ 002fjited toacircu arA%éﬁPteh?é1 BaRglestisat egrandusr substatipypeaedintedde of an

i nsul at or camémgulmﬂajm oMb Bkes e 6k duipfbdnialso de W1 ety of gl ass substrates

t hat ar e, usgﬁo2 r the el ectronics industry, such as an alum nosilicate gl ass
substr at e 8l uni noborosi i cat e gl ass substrate, and a barium
borosilicate gl asss subist ﬂﬁiﬁtﬂlic HO,(:}LlﬁbinZateSwdsbfzﬁatxﬁwid&)r@ﬁf‘c&ﬂiq@d. suhsd rate; and

a sapphire tratec Ilve as .t he base substrate
120, a si ngljsg C% ¢ Al Sem é’ldssds cq?mgq lhﬁlﬁ's‘t‘fbé‘f uéﬁmﬁ‘?l CJ?"étfyr’léﬂcg"%ryst al
silicon subst Fﬂbzt@ymibcattaglgﬁeI@WW&taalalmeabsxe;rdx@wgimmﬂ:fsmsutasd i @drBm( such as a

pol yeryst al lbRgyshd | ﬁmugggatrarh&)u UBYRE H88hic AP YClye] Bblfe st ltcon

substrate has ad van ages bei [ ess” eXpensi an a’si ng Eerystal
si | i con Substishtie "8.’1"1@’3 Hed. ng\lwmgh@rly, hie athe tb@@I @bﬁm@eizohanmglglcas@ substrat e.

20[ 0021] semiconductor substrate (such as a single crystal silicon substrate) or a polycrystalline
semiconductor substrate (such as a polycrystalline silicon substrate) may be used. A
polycrystalline silicon substrate has advantages of being less expensive than a single
crystal silicon substrate and having higher heat resistance than a glass substrate.

20 [6021]

Next, an cmbrittlement region 104 whose crystal structure is damaged is
formed at a predetermined depth from a surface of the single crystal semiconductor
substrate 100. After that, the single erystal semiconductor substrate 100 and the base
substrate 120 are bonded ta each other with an insulating layer 102 therebetween (see

25 TFIG 10,
[0022]

The embrittlement region 104 can be formed by irradiating the single crystal
scriconductor substrate 100 with ions having kinetic energy, such as hydrogen jons.
{0023)]

30 As the insulating layer 102, a single layer of an insulating layer such as a
silicon oxide film, a silicon oxynitride {ilm, a silicon nitride film, a silicon nitride oxide

film, or the like, or a stacked layer thereof can be used.  These films can be formed by

6



Next, an enbrittlenent region 104 whose crystal structure is damaged is
formed at a predeterm ned depth froma surface of the single crysta

sem conductor substrate 100. After that, the single crystal sem conductor
substrate 100 and the base substrate 120 are bonded to each other with an
insulating |ayer 102 therebetween (see 25FIG 1C). [0022] The
enbrittlenment region 104 can be forned by irradiating the single crystal
sem conductor substrate 100 with ions having kinetic energy, such as
hydrogen ions. [0023] 30As the insulating |ayer 102, a single |ayer of an
insul ating |ayer such as a silicon oxi de filn1 a silicon oxynitride film a
silicon nitr| e &%l ! SI|ICO @ﬂg { JJQ of }he like, or a
stacked | ay&f " FTRECEGFIELRS §§mfepﬁ%m% & B¢ 0fmed by a t her mal
oxi dati on nmgted, a CVD nethod a sputtering nethod or the like. [0024]

In this specificati n i n than
nitrogen, and |nq%ﬁ@ c%§““§%g %ﬁﬁégg %gﬁgﬁggﬁgfgﬂ%o %ﬁ@dyﬁg?eﬁ Rut herford
backseat t er iang in BegpucticonmeessyreRBSpreamddivied nege Ruttorfdridciscdictiar i ng (HFS),
silicon %XY%&&&HQWPV(@@V ah yly&:rgggna &é’di@x%g@@mg {Ifﬁsggﬁﬂeons '()Jc%uﬁg& and
hydrogen at concentrations rahging fromb5 5at.%to 15
at.% 25 at Pufereplgsongrnsogrygmdnigogengsilignt @dmdraztzer%i CPROSHEEPRSBIGNE Furt her ,
silicon nitrogesmaiode BORbAINSaIPIE s by 098N than .0xyaRM.1 ARt Iy t he case
where measurenents are conducted using RBS and HFS, silicon nitride 10

oxi de pref eralst {PsReeHiel; nkudy gideen IH‘i“E‘? B conigi e magh itragsy ‘Wd%’%@én at

concentr at i QRGinrBOGkN@hdrE ﬁ@ﬁs&e&bnﬁ%& Qondllcted ushe: Ak all st Q1i®a natidde 25 at. %
to 35 at.. W %to 30 at. requctlvel Not e t hat percentages of

()
et oo’ oS08 il Ehn S hy i eseh St A PR PRITBERE ven  anove,
where t he t@ﬁ@h%ﬁﬂﬁhEﬂ@@hE@UQ%SZEQR%aIﬂEﬂ?@m5hhﬁt&BSMGan@X®mwﬁklde or the

silicon nitr bd% "pxllegaeefﬁv%l%ggf o qla{ia;l)crc%rgag[e%e% m(l%q][un oxygg,srf afiihcé)g (Psequent ly,

heat treatnent singl'€ c¢r ¥onduct or
substrate 1@9dxa$cntﬂribwmmm t«tnlg@rmmtl abaygil varercliddiotaivnanteby! atonssi cngthieedcr y st al

serm conduct qf ub BKEL skAfuoALOIRHLANSL LR ARse, pgig ate 120 with the

i nsul ati ng layer et ween (see M nut e
caV|t|e§5haﬁKBébn formed by the addition of a cheni cal elenent in the

enbrittlenment regQn grc%}y @Xt tlrlgéu%eﬁleﬁt petrfoﬁ'ﬁédrrﬁ)mseparq{:éeth%Osxﬁgq’mﬁkéf ure

i ncrease, a change |n he volune of the mnute cavities occurs, which
causes a cr &gRice “%Wém@ﬁBWNQ?Pbﬁéﬁ@hﬁéﬁmwh“¥@ﬂIoﬁhﬁ§“*rhém8¢ﬁ§%@lcrystal

sem conduct @EmissHasdibah@er 308 id SroRldd dver the base substrate 120 with the insulating
layer 102 therebetween (see FIG. 1D).
20 {0026]
Minute cavities had been formed by the addition of a chemical element in the
embrittlement region 104, By this heat treatment, due to temperature increase, a
change in the volume of the minute cavities occurs, which causes a crack in the
embrittlement region 104. Thus, the single crystal semiconductor substrate 100 is split
25 along the embrittlement region 104, Since the insulating layer 102 is bonded to the
base substrate 120, the single crystal semiconductor layer 124 which is separated from
the single erystal semiconductor substrate 100 is provided over the base substrate 120.
[0027]
For this heat treaimerd, a diffugion furnace, a heating furnace such as a
3¢ resistance heating furnace, a rapid thermal annealing (RTA) apparatus, a microwave
heating apparatus, or the like can be used.  In the case where an RTA apparatus is used

to perform the heat treatment, the heat treatment can be performed at a heating



25 along the enbrittlenent region 104. Since the insulating |layer 102 is
bonded to the base substrate 120, the single crystal sem conductor | ayer
124 which is separated fromthe single crystal sem conductor substrate 100
is provided over the base substrate 120. [0027] For this heat treatnent, a
di ffusion furnace, a heating furnace such as a 30 resistance heating
furnace, a rapid thermal annealing (Rl TA) apparatus, a m crowave heating
apparatus, or the like can be used. In the ease where an RTA apparatus is
used to performthe heat treatnent, the heat treatnent can be perfornmed at
a heating tenperature conprised between 550C and 730C for a treatnent tine
conpri sed between 0.5 m nutes an m es. [0028 ) Through the
above- descrl%@HWQW%ﬁgnmﬁ %%Wﬁ?tgﬁgg&“?3%§FCﬁr “3WL%%Y“§Mﬁ§W¥%?% 5hayi ng

t he singl e 6aysial s semecorduatianesl ayer 124 over the base substrate 120 with
the insulati | ayer 102 t herebetween can be manufactured. [0029]

Next , planaF% ion treatnment is perfornmed on the single crystal

sem conduct or suh&hmgmemh&ﬁm@&&ﬁbaﬁﬁ@&@&ﬂh@ﬁﬁ&ﬁsFﬁmqwradSQBﬁBmEhG | F). By

t he planarizatio he, sur. st al

son Conddct S et B 7y S8R i BERRS 188 Pl He R B St enabi es
t he singl e omnsystmllaysefi2condustcor cas hbshmdicer&00 t o be reused as a bond
substrate |@J (3oPr OCess of manufacturing an SO substrate. [0030] As

pl anari zati on treatnent wet etching can be perfornmed on the single crystal
15 seni conduct or Neubsgknaizeion0Gatakntes pirforhalsonisbesingptital sAvicordaitagl y, a step

on the sepatal-Qn Bh i Qépmtaﬁ&] %H‘?éc‘ﬁmﬁréééct@ Sl Cﬁp@lﬂ%%ﬁ Batrate 100

can be reduced. Further, F erable to renmdve a sem con uctor | ayer
havi ng docr9§@@@“d@$%ﬁ$aﬂﬁﬁW§wgQ§ﬂﬁ@%W@d“@@éﬁ“ﬁ%@“@@ﬁéﬂﬁ@fbW%ﬁwhhe of the

singl e crystalansem CORHUGLNEs (RUBSES @t @at 1R coriOl& stifphic 86CRIBYMRY be dry

etching, instead of wet etching, or may be conbinati on 20 thereof
as a bond substrate in a process of manufactiting an SOI substrate.

[0030]
As planarization treatment, wet etching can be performed on the single crystal
15 semiconductor substrate 100 after it has been splif. Accordingly, a step on the
separation plane of the single crystal semiconductor subsirate 100 can be reduced.
Furthey, it is preferable o remove a semiconductor layer having a crystal defect, which
is formed over the separation plane of the single crystal semiconductor substrate 100,
Note that etching may be dry etching, inslead of wet etching, or may be combination
20 thereof.
[0031]
As the etchant, an organic alkaline aqueous solution can be used in the wet
ciching. As an example of an organic alkaline aqueous solution, a solution containing
0.2% to 5.0% of tetra methy} anunonium hydroxide (TMAH) is preferably used (e.g.,
25 product name: NMD3 manufactured by TOKYO OHKA KOGYO CO., LTD.).  In this
wel etching, a preferable solution temperature of an organic alkaline aqueous solution
ranges from 40 °C to 70 °C, and is more preferably about 50 °C; a preferable freatment
time ranges from 30 seconds to 600 seconds, and more preferably about 60 seconds.
j0032]
30 It is preferable that this wet etching be performed by immersing the single

crystal semiconductor substrate 100 after split in the solution in a treatment tank, In



[ 0031] As the etchant, an organi c al kal i ne aqueous sol uti on can be
used in the wet etching. As an exanple of an organic al kali ne agueous
solution, a solution containing 0.2%to 5.0% of tetra nethyl amoni um
hydroxi de (TMAH) is preferably used (e.g., 25 product nanme: NVD3
manuf act ured by TOKYO OHKA KOGYO CO., LTD.). In this wet etching, a
preferable solution tenperature of an organi c al kali ne aqueous sol ution
ranges from40 Cto 70 C, and is nore preferably about 50 C, a preferable
treatment time ranges from 30 seconds to 600 seconds, and nore preferably
about 60 seconds. [0032] 30It is preferable that this wet etching be

performed b Lol ) S uct substrate 100 after
split in théhlés 3 tl 8%9;'1 &hcoliic'mcg?eat Y It luraletﬁ 09 ﬁlﬁq{: uzbg‘ag esenucondu%f» ect of

col | ective tehsutleiiftecanbe @lpledral ity of SI ngl e crystal sem conductor
substrate l%gg n be obtained. [0033] In addition, when the wet etching is
performed, a si de surface and a rear 5 surface of the single crystal

sem conduct or subBtaditien, rooOn heswelettthingsistivdormegan alde ohrfisk aneé atlsar eof , may

be etched. B¥rkbbsneliGd Bl fenSchndl@d s8N T@E £CvdiNs ttﬂé%ep%iaﬂgxll ﬁqrﬁf yst al
semi conduct or substrate 100 during transportafion thereof or the like, can

be removed. US{EL divVicnghete 2ot it erhing ot wetedi peeeted iy dieatinge mvetdinduct or

substrate 1Q8micaduddisemtraefiophang Qﬁah@gﬁéﬂoh Iﬂlcﬂzloﬁ bogalikDBane eth@cks from
occurring or, bein gener ated is. o0 Furt her, although

tai n
not shown, &FFEROY ‘éfcéﬁﬁ"lhriﬁt "a?ﬁlbg F‘i“?l?‘ﬁ“ ‘Bébs?%f?ﬁ%a‘bﬁﬁ‘i"h‘éf surface of
t he singl e ercystiad sl@emfmmumetmke%ﬁsum kB8ngapaekiien obameyed. By this
formati qla mEOOt%Qle oxide film an effect of dehydrogenation of the single
crystal duct or substrate 100 can be obtained. In a process of
manuf actur| ng an F8Gher, aliboughibstshate ifi@ wieangéngnadxéte fidh nhy de ogeai doons may be

Contatned ) heaufeRtd ool ARPLOH TBH el A00 L RELN G2 CRALA | N PL ane of

the single crys sem C(f’ndu tor t he ore per form ng
dehydr ogenatliiofprmatataigint ofide ﬁblefqul effed qdaifeiw@weaaﬁoy op rtleef e’nadobe*sw\say of

forming an Qefmsi&la&atarmsﬁa&%@@gnf&rman grect ;g§ec Jﬁu&&uﬁ}gdgn%la gas

cont ai ni ng hal ogen. hi's case, an e gettering
i npuritilés SOEBYRLEAN2 df-fé‘?n reEhobel dyfrpeedpns Bya droseniaed id oxdcte 6§ | m t he

metal i npur bid:@smand sbhaml ks acapbiied ﬁlane tOh%lG%ng)eCl wlzh Refi@bhal&or emoved.

substeate  100; therefore, performing dehydrogenation trealment is useful. A

particularly preferable way of forming an oxide film is to perform thermal oxidation by

adding a gas containing halogen. In this case, an effect of gettering of metal impurities
20 by an alom can be obtained. By removing the oxide film, the metal impuzrities and the

fike captured in the oxide film can be removed.

[0035]

As the planarization treatment, polishing may be performed on the surface of

the single crystal semiconductor substrate 100, either before or after the wet etching.
25 In the case of polishing before the wet ciching, it is preferable to polish the separation

plane of the single crystal semiconductor substrate 100. Remainder of the

embrittlement region 104 iz thinner than the oxide film, which makes the pohshing

simple.  Simularly, in the case of polishing after the wet etching, it is also preferable to

polish the separation plane of the single crystal semiconductor substrate 100 because the
30 separation plane is relatively flat when compared with the rear surfacs,

[0036]

As a polishing method, #t is preferable to employ chemical mechanical

9



[ 0035] As the planarization treatnent, polishing may be perforned
on the surface of the single crystal sem conductor substrate 100, either
before or after the wet etching. 25in the case of polishing before the wet
etching, it is preferable to polish the separation plane of the single
crystal sem conductor substrate 100. Remai nder of the enbrittlenment region
104 is thinner than the oxide film which nakes the polishing sinple.
Simlarly, in the case of polishing after the wet etching, it is also
preferable to polish the separation plane of the single crystal

sem conductor substrate 100 because the 30separation plane is relatively

flat when C%Hgﬁfu?{cwfn%t Lk 3& tt¥ E&YIP %&hog &4 mLt?Qc? gi]f piax%r:z:?g a sur%bé qut@ Her e,

t he CVMP net anarizing a sur ject to be
processed bybactdhbnproabsedhyla ﬂi@@mhm@alhccmwpmmowﬂfe&cm ugigd thgswfaee surf ace as

a ref erenceasapeférafceG\fﬁ’tmmpqmthg@@@ﬁc%gy%po@gml L§RiNGGlPth LS at tached to

a stage, and the stage and the objéct rocessed are each Totated or
vi brat ed whi2P&ths sipgs apil fig obisctdo %{tHHf’CfBW‘(ﬁﬁe@bF%P%)Vlb@fé@d/th@m@'lmbj ect to be

processed a@@luh@?amlr'isﬁlw H’é&v&h%%&f h@b§%ée@&@ aff tht (915919 el t ende
processed is poli by chem cal reaction between urry and the

surface of rH&HH %%?bﬁc tofhe Prrsesseserplisbaq by ghprasd E?é‘i“%f’etﬁ’é‘élﬁh?rﬁ‘é@l pol i shi ng

bet ween t he aﬁkD iHesdntang 1R Bbjaundo b@@m@l&;:@rahd be bt PO kﬂc&ﬁﬁféal polistiky S
embodi nent ,

rfar h|n rate; therefore,
a suede pol |b§‘ﬁ’|e‘r'{’g‘ﬁ%$3]tﬂf'}“" @lﬁncp'%@{’@?cu qV 1r‘ljl‘&‘l d:iv’éﬁ’é‘t 0‘8?’ YoMt 0 30 i nn
are pref eralplq?ermﬁlerfosmmpdbwsahirsmg:gphta,r‘xaémmﬁ:satsdilﬁe &&Esﬁﬁ@&lo@f aifdhe si n?I F
tal se onduct.or rate.100 wit appr oxi mat el y
g%sl nn 11?) 0 T_%ﬁ mn?éll etmhgéénlgﬁﬂ aQ/lre“Flﬁﬁ‘é”é}uralfIgE%}dr o%?nﬁﬁg'és m%i’id&%B oxi mat el y
0.2 inn to GheSudenn. of 03] e dBdtal sthicsndertyoaibsmant },OOtvhex 4 polcknesgsn of t he
single CI’yStBALO)ﬁﬁ%?O%UﬁEO %H&ﬁtnqll g@ h:!lgc [‘boﬁx{gﬁg&‘%ﬁgm@ym@e Rl &narl zation

treat ment of ‘approxi mate Slibséquent |y,

t he pl anari Emdwgmﬁglbfé-%my‘@t@élnnsem conduct or substrate 100 is reused as a
bond substraigsf n a process of manufacturing an SO substrate and bonded to
20a baselssubstrate 120 again. [0039]

In this embodiment, the thickness of the single crystal semiconductor substrate
100 is reduced by the planarization treatment of approximately I umto 15 um.

[0G38]

Subsequently, the planarized single crystal semiconductor substrate 100 is
reused as a bond substrate in a process of manufacturing an SOI substrate and bonded 1o

20 a base substrate 120 again.
f0039]

In addition, 1n this embodiment, the single crystal semiconductor substrate 100
whose thickness is reduced due to repeated use is bonded to another single crystal
semiconductor substrate 150 so as to form a stacked-layer substrate 200 (see FIG. 1F).

25 That is, the single crysial semiconductor substrate 100 which is thinned due 1o reuse is
neither discarded nor used in other processes.  Instead, the single erystal
semiconductor substrate 100 is reused as a bond substrate by being bonded to another
single crystal semiconductor substrate J50. In this case, the use efficiency of one
semiconductor substrate can be improved in a process of manufacturing an SOI

30 substrate because the single crystal semiconductor substrate 100 can be used without
waste.  As a resull, cost reduction can be achieved In the process of manufacturing an

SOI substrate without limitations regarding other processes.
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In addition, in this enbodi nent, the single crystal sem conductor substrate
100 whose thickness is reduced due to repeated use is bonded to another
single crystal sem conductor substrate 150 so as to form a stacked-| ayer
substrate 200 (sec FIGIF). 25That is, the single crystal sem conductor
substrate 100 which is thinned due to reuse is neither discarded nor used
in other processes. Instead, the single crystal sem conductor substrate 100
is reused as a bond substrate by being bonded to another single crystal

sem conductor substrate 150. In this case, the use efficiency of one

sem conductor substrate can be inproved in a process of manufacturing an
Sa 30 subﬁ&ﬁﬁ e because the single crystal sem conductor substrate 100
can be used wthout waste. As a result, cost reduction can be achieved in
the process of ndmataoriy ifftgbar $01 subgkratel ssinidegductol fubkttagt i00ms r egar di ng
ot her procesggst onel - CAYE -1 | i the single
crystal sem%%ﬁ%%%t%?qg%ﬁs(? rlsa? gatﬂlggﬁﬁlrg%fiegglgegéh agnoté%élglpfd 7&'[%? ?ngLs Ib%“fll is a

nat ural numSesUHE gheprosdsan’ Brmulgyans poS@hwipstate. a Ao fswbng haseps n a
process af npapid agtdfid : - f I m steps 5 of
FIG TA o PHar R e %]* P #éeg%%rég 'té?ﬁ%ﬁﬁég’gfcogﬁg{)p?ggr#%c}ggg%“t or
substrat e 1hebeulsd enpbigmglercysahwsmfrendusiongyibeirate 168 tafons e wedsdret or
substrate 13Qhstfe b MrBenSha 6ka&Ld L AUGNLIHRIYE &hBe 208 as TNGR sutshfe in

stacked-| ayer substrate 200 can be used as a bond substrate in the process
of manuf act GFiRFeOT Seyuiachipisg i@l supye¥1] 10Note that the nunber of tines
in which theingl e crystal sem conductor substrate 100 is reused in a
process f nanufa&huring an 801 substrate can be determ ned as appropriate
depending on the tYi%ckAebs "BroFHE BRG gr mtichs i giglect il aFmEeie®induct or
substrat e 10hstrae JObiisheured ¢gi 1 @Abcdshef shanghautdoy 54 @01 SaBIte@nNe Clor

substrate 100 of. planarizatiogn treatnment,.or the |ike. 15]0042] | t
can be detegﬁf%%%QWﬁé?H@Pn¥%gq§P gt 8" ‘?%%g?”%gﬁ#%dﬁﬁﬁ%€8¥§%ﬁ%%?%ate 100 is
t o be reusederorondondedbitateahlt hepolsh nglren off bt aingls enyscdeucé@ucisubst r at e

150 dependi , [ e.crystal sem conductor substrate
100, insteaggggﬁ%g?ﬁﬁﬁ%ﬁ%ﬁgg%ﬁ£ggﬁﬁﬂgghﬁﬁg nunber of tines in which the

si ngl e dPys{®¥2kem conductor substrate 100 is 20 reused as a bond
substrate. In this.,Ga8@etedifd %’Eﬁﬁ@hﬁ&&né}é E%Qg(s&)licgﬂhgmﬁgst L8 05100l €
crystal sem conductor substrate 100 is TeuSed as a bond substrate is
det er ni ned Helserurher hddheaupthst Englhey s Bemipouiya)r sEorae Shpirendingn
inspecting sheR siBYorBe szRekHAdserdiddnitic Burlstard $ocd 8kdLESt d¥R M ning in
advance the number of times in which the single crystal semiconductor subsirate 100 is
20 reused as a bond substrate. In this case, the number of times (n) in which the single
crystal semiconductor substrate 100 is reused as a bond substrate is determined
depending on the state thereof,

[0043]

For example, an inspecting step may be provided, in which it is decided upon

o]
N

inspection whether the single crystal semiconductor subswrate 100 after the separation
and planarization treatment can be used as a bond substrate in a process of
manufacturing an SOI substrate.  FIGS. 2A {o 21 iliustrate a process of manufacturing
an SOI substrate in which the inspecting step is provided. Note that FIGS, 2A o 21
have a structure in which the inspecting step is added to the process illustrated in FIGS.
300 lAto IH.

[0044]

In the inspecting step, the single crystal semiconductor substrate 100 is

11



95 inspection whether the single crystal sem conductor substrate 100 after
the separation and pl anarization treatnent can be used as a bond substrate
in a process of manufacturing an SO substrate. FIGS. 2A to 21 illustrate a
process of manufacturing an SOT substrate in which the inspecting step is
provided. Note that FIGS. 2A to 21 have a structure in which the inspecting
step is added to the process illustrated in FIGS. 30lAto IH [0044] In the
i nspecting step, the single crystal sem conductor substrate 100 is

i nspected. For exanple, the thickness or the anpbunt of bent of the single
crystal sem conductor substrate 100 is neasured. Further, the state
(whether a s teh n of the surface,of t yst al

sem conduct ogﬁp@bt‘%strﬁgli%aTB tthqH%kncf& tcamo eogﬁjgiétrﬁgt?e ? fc"ﬁ[:\t t he
measur ement sohicpivciphivbiknes¥oos Imhereandwnberoﬂlc bret t(windthet hecrah sxmgl e crystal
sem conduct r cenment
Sensor . Mot & A0 Phartera b A, Sy Re A IR UL kR (0B aF T R TET
exists or n&lC)ObWeﬁihel\‘@ﬁﬂ*P‘db@mGﬂ“théms)if ﬁijl%ctwpsﬁsir&llcagleml@‘émmﬁtbv substrate
100 or the ldke £am %i&ﬁcﬁlfc% E@Qﬂé«!@&@%a@b%&foﬁ§&iqgﬁg ah;QQr%JpaalQ&%L

illustrated in FIGS. 2A 't the inspecting step can be provided so as to
fol | ow t he priAar Nooa P’éé’?"??é‘ﬁfmf(%fé e fpte(WIRther a peRey s meY ohe resul t

of this inspeckinge St e sihile CARLDRARERLALNAGWE ey tihe1ikd Bal 6. cryst al
sem conduct or subatrate 100 is apt to be reused as a bond substrate or is

to be bonded°H¥™5f st Pet 6T GPE crystal seni conductor substrate 150.
15[ 0046] [06045] For exarrpl e |n the ease where the result of the inspection

shows that the sipgle cry c uctor substrate 100,neets a
pr edet erira% ned con }3}1 iu”?)?‘f fggt 8{1 Vo PR TE AR SHURRTTE IS BLE fht e 100 can
be reused a§01a1“bd1¢dpl$ub&t10@ﬁeailtm ¢shserb:pm$| teconding tthehe asd: whelie t he

Si ngl e cr ySt ec%ggi.aig;? (1)'1%‘5':9 t) (Eete%!ﬂpl%(# (vﬁéfer %Q,qu%% (. Qi?be dnw%l(riu&or s%vs& cge

pr edet er mi ned” condi , e single cry rate 100 is
bonded t o an8® ket &i lvghwed rsysbab bstemtcondm@bfobonslubwtanahe sk§B.cryBle t hi ckness
of the si nglbgngg%%tgxlSu§5%ggeq9@duct or substrate 100, for exanple, can

determ ne whether the single crystal sem conductor substrate 100 neets the
predet eriti ndéd&4€bndition. I'n other words, in the case where the thickness of

the single crystaty §§1meOHQB£Q%%\VIW§& fc@ttlﬁ)fqig%lﬁlp&nt}lh@wa@ﬂﬁt thégndS @
predeterm ned thickness or exceeds it, the single crystal sem conductor

substrate 160fa5Semgagyton bl HY atstsst Hf%({“ém’{’f’ij ‘t"ﬁ‘é‘“% pEsinel crysil t he case

wher e t he t higkhRsseofibdhe 186 agliaer@w&albm&ma@@mdugﬁ e ofpasd iahe 100 is
smal l er than a ggede erm ned thjckness, the si ngl e crystal sem conduct or

substrate 168 SPEBnURFIEY ARSEhSFmSTHyHE Sphpag Imgeﬁ‘icéd%d@f%rt Substrate
150 so ax t @rddewmitdiecosdiank eg- dnﬁ&cﬁésyﬁ&lQthfcaﬂcmctaﬂﬁzbqtﬁﬂ{ Qﬁ)‘lﬂ]b{mdcd to Note

(nat (e % 9,8k RE 805, S LIS.BIPML B BEDL ST e Bl voCe
det er m ne whetharducior substrate 100, for example, can determine whether the @mﬁlc crystal
semiconducior substrate 100 meets the predetermined condition.  In other words, in the
case where the thickness of the single crystal semiconductor substrate 100 is the same
25  as a predetermined thickmess or exceeds i, the single crystal semiconducior substrate
100 is reused as a bond substrate. On the opposite, in the case where the thickness of
the single crystal semiconductor substrate 100 is smaller than a predetermined thickness,
the single crystal semiconductor substrate 100 is bouded io another single crystal
semiconducter substrate 150 so as 1o form the stacked-layer substrate 200.
30 [0047)
Note that the state of the surface or the amount of bent of the single crystal

seimiconductor substrate 100, as well as the thickness thercof, may determine whether
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the single crystal sem conductor substrate 100 neets the predeterm ned
condition. Alternatively, the inspecting step nay be provided before
perform ng the planarization treatnment on the single crystal sem conductor
substrate 100. [0048] 5Providing the inspecting step prevents the single
crystal sem conductor substrate 100 which is thinned due to repeated use
from bei ng broken; thus, the use efficiency of the single crystal

sem conductor substrate 100 can be inproved in a process of nanufacturing
an SO substrate. [0049] 10As descri bed above, the use efficiency of one
single crystal sem conductor substrate can be inproved without |limtations

regar di ng ot.her. pfr Of J e n er.t thickness of .the single
crystal senﬂ@%ﬁﬁg%t%fﬁ@ﬁ%@?ﬁ%ﬁg&iﬁﬁ&ﬁg’?@%&%&aq@%g”%%ﬁgﬁgﬁé¥§%%%;
seni conduct okltesigbivdly, diednsbG@ing atp ey bs pavided belfpe poéswingfthammafizcbur i ng an

SOor substratt&a@%n@on%mnm;aqMcoggl}c%ﬁg)%ﬂggidaonded to another single

crystal 15sem conductor substrate 150. Thi's enables material cost in the
process of rBM# acturing an an substrate to be reduced. [0050] Not e

that the single cpysuah tﬁ@%@@mgcg, I pRuas! Rt eindi00.and Lh&oRdngle crystal
sem conductor_ substrate 150 may be directly bonded to each ot her;

al t er nat i velSyPstipid 00 yiphicd; ‘ﬁ&“@C%PV%EOaIIEP‘?@Hi%%ﬁ%JF% bEqlset hus 190 may be
bonded to t hgsdnegloe uer ysdakrysenicamdacion susuhs tinaten H20mpiotdy @&na i nsul ating
| ayer therebetween. FgreLnaftgé F.UEthOd of form ng the stacked-Iayer
substrate 206°%6% HBRMIHE PRA" S9TyPWEr ystal semi conduct or substrate 100 and
the single gnygsial sem conductor substrate 150 to each other is described
with reference to,FI.GS. 3A.to 3E, FIGS 4A to 4E and FIGS. 5A to 255F.

[ 0051] i FI G5 USRS S5 ﬁi"u‘?{’ reﬁgn‘éy 8%%’5’ e 8“’ft?1‘e“3’i“‘1‘?@ﬁ’é‘°br yst al

sem conduct orbssulbstr bt enpt@ed amdot herigiing regagingstial psemkedrduet oen substrat e

180 are diragt! %o RARHRH §rAnE3FMe ANET shileluBlMr Dbl S L AKG w St rate

single crystal semiconductor substrate 100 can be used in a process of manafacturing an
SOl substrate as a bond substrate after being bonded to another single crystal
15 semiconductor substrate 150,  This cnables material cost in the process of
manufacturing an SOI substrate to be reduced.
[0050]
Note that the single crystal semiconductor substrate 100 and the single crystal
semiconductor substrate 150 may be directly bonded to each other; aliernatively, the
20 single crystal semiconductor substrate 100 may be bonded {o the single crystal
semiconductor substrate 150 with an insulating layer therebetween. Hereinafier, a
method of forming the stacked-layer substrate 200 by bonding the single crystal
semiconductor substrate 100 and the single crystal semiconductor substrate 150 to each
other is described with reference to FIGS. 3A 1o 3E, FIGS, 4A to 4E, and FIGS. 5A to
25 3K
{0051]
FIGS. 3A to 3E illustrate a case where the single crystal semiconductor
substrate 100 and the single crystal semiconductor substrate 15¢ are dircetly bonded to
each other to form the stacked-layer substrate 200,
30 [0052)
First, the single crystal semiconductor substrate 100 and the single crystal

semiconductor substrate 150 are prepared (see FIGS, 3A and 3B). Note that it is



30[ 0052] First, the single crystal sem conductor substrate 100 and
the single crystal sem conductor substrate 150 are prepared (see FIGS. 3A
and 3B). Note that it is preferable that the surface of the single crystal
sem conductor substrate 100 and a surface of the single crystal

sem conductor substrate 150 be polished and pl anarized i n advance. As the
single crystal sem conductor substrate 150, for exanple, a single crystal
sem conductor substrate that is fornmed of one or a plurality of elenents 5
bel onging to Group 14, such as a single crystal silicon substrate, a single
crystal germani um substrate, or a single crystal silicon germani um
substrate can b a coefficie pansi on and
the |ike of feﬁcemm ﬁ‘&ﬁteh °cY ?fgea(if té%ﬁ’%“%%r?@ﬁ@[ S?mg%’ggctt?rastuéwilﬁn?ogn )étane singl e
crystal semsotrduthosingubgstirlabpicthlcar sibithe Sare puiveal adpldastizeaire f or med of
the same mat, h I n t JOsubstrate 100 is
used as the g\lyalﬁgﬁ e%?: rtigc &%r@é Qg’ﬁ“g Ic%ﬁ%&ég%ﬁ%%% TF g'? g’ t%%ﬁxal%‘cecg & g1ri1gl Y,

def ecti ve bon@ﬁahgen@mdbéorswpw@s@eﬁ is [ﬂJ@GSBPf one or a Phmbly suelbmee t reat ment

i s perforne h rsb f i.n al

sem condusct %?lggﬁrgésﬁor g%ogi?l]go@%cﬂ & %gl}agur acag%%? o ﬁlébgtgalw?\g ngggef (yé‘?x‘%{

15seni condu@ﬁfa}ﬂn@ww%%%ceofw%wms@@n @@@w Spuatg ¢ra bsypddack of t he

single crystadiuiern camsiaGt off Subst re%aﬁblgfpgn@qge th*ﬂ@ U as(fl?glé)fmyrslra'ﬁ single
crystal seniconductor substrate 150 are bonded to fonn st acked- | ayer

substrate 266iEgERcieEEEy 107 grihg sipgle frﬁad@ww@ém?rrS@aﬂttrﬁ’éritso b,
i rradiation she ¥R8 sSubdaegodled bhle Sclnﬂghﬁexﬁﬂ b(sSth@l;uwla By S@INLARAMGLOT

substrat and_t he surf the sin stal sem conduct or substrate
750 w ¢ H0a  PHSER R S T s G AP VA R 190 pe BT whi oh
activat es t lkefcgist bagiag;cat fresappréde@l, t wo singl e crystal sem conduct or
substrates ]gonded in vacuum at roomtenperature (vacuum bondi ng).

Al ternatively, as the surface treatnment, wet treatnent may be performed on
ei ther or both ofaftcheurbue fragecofis phrérsedigh eithe2br boty st ale ssefmjecdnituct or

substrate 10080 iheAurlace: oluiie shoakeas yaial (SR spadugLar substrate

150, whereby dr oxy ps are i ntro uced e crystal
sem conduact @ﬂmllsmlidsfttfrf@vb%laﬁ?dﬁ@ thzge Emé@ apdi 300z gpriaydeiogesinperdistay bet ween

the hydr oxyl. GRSy Lty Jof axf 11hch gﬂaoé ?%&%ﬂéle r@%talp QC!BEBJ(B&&E d in order
to increase the bonding strength. L ]
substrate 150 are bonded to form the stacked-layer substrate 200 (see FIG. 3E).

F0054]
As the surface treatment, here, irradiation of the surface of the single crystal
20 semiconductor substrate 100 and the surface of the single crystal semiconductor
subsirate 150 with a fast atomic beam of argon (Ar) in vacuum is performed, which
activales the surfaces; then, the two single crystal semiconducior substrates are bonded
i vacuum at room femperature (vacuwm bonding).  Altematively, as the surface

treatment, wet treatment may be performed on either ar both of the surface of the single

S
wA

erystal semiconductor substrate 100 and the surface of the single crystal semiconducior
substrate 150, whercby hydroxyl groups are introduced, and the two single crystal
semiconductor substrates may be bonded utilizing hydrogen bonding between the
hydroxyl groups.  In this case, heat treaiment may be performed in order to increase
the bonding strength.

30 {00553

FIGS. 4A {o 4E illustrale a case in which the gingle crystal semiconductor

substrate 100 and the single orystal semiconducior substrate 156G are bonded wiih an
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FIGS. 4A to 4E illustrate a case in which the single crystal sem conductor
substrate 100 and the single crystal sem conductor substrate 150 are bonded
with an insulating |ayer which functions as a bonding | ayer therebetween,
so as to formthe stacked-layer substrate 200. [0056] First, the single
crystal sem conductor substrate 100 and the single crystal 5 sem conductor
substrate 150 are prepared (see FIGS. 4A and 4C), and then an insulating

| ayer 142 which serves as a bonding layer is fornmed on the whol e exterior
surface of the single crystal sem conductor substrate 100 (see FIG 4B).
[0057] As the insulating |layer 142, a single layer of a silicon oxide film

asilicon 10 oxynitride film a silicon nitride film a silicon nitride
oxi de filn1”gFﬁé%%h‘?Rﬂ?&b¢n%pgﬁﬁk? %%Fﬁjﬁﬁlﬁﬁgﬁgﬁ?mhé%d%é’bgﬁﬁﬁ These
films can betafleiiayd pystateRb®er mal oxi dati on net hod, a CVD net hod, a
Sputtering Wﬁk d, or the like. Here, a case is described where the

i nsul ating layer 142 (such as an Si0": film is formed by performng

t her mal oxi dat i orfimst ¢t siegt cosialt frmicondigloe seisyst d00 sedifimosigiic tostalsubst r at e

100. 15[ @05§4111iconductor sul¥RLee lgdlé% pxre&?cdt(%rlrm- ﬁﬂ)%h&i % ﬂJﬁﬁE&&%%)ﬁer e

preferably perforned in an oxidatlon atnosphere suc és an atno
cont ai ni ng &XGGEA Which seamis@ha heidsygdayer is fogaereed thimghole sderior surfagdns theher mal

oxi dation t gk eERh kichRkber BGaRN 0b R BGNghe crystal sem conduct or
substrate 100 in an oxidation atnosphere to which chlorine (C) is added,

20 wher eby %§7insulating | ayer 142 which is chlorine oxidized is forned.
In this case, thesifisus@kinddayayer, alddsld Hydragda @ficod dkidk MuEONLBEMN NY
chlorinq atoms. .Th insu#atiqg Iﬁ&ﬁr 132 cont.ai ns %hlorine_atons, wher eby
an effecf of §aPtefihg Brconattbfe ikt Rl MEde gds s, orcthin Mk %1t ai ned.

[ 0059] 25Nexticked hgershartdes: bf usthe TokdkgllQs emytstifakns emzoRnducik@atigubst rat e
100 and the_surface of the single crystal seniconductor substrate 150 are
di sposed ton’%{éﬂg{é cach Bt Ogr 48 &F’Fl%tméﬁ%(gf’f glég}k%f B & REUF AR ayer 142
and t he sur fvaee tlefintuhensiapgll62 Gogtsdsadn SS@Nfilod sdueted by peltstiattRerhdl0 ar e
bonded. Accqr.di - |.ayer. [ " is formed (see FIG
4D) . Furthe?%a%@g%%ma%ggg?%gﬁgﬁggggggéggﬁgﬁéﬁﬁgﬁ?égg%ent to increase 30t he
bondi ng 18t r EW§th after the surface of the insulating |ayer 142 and the

surface of the SiNa@ @a€ S iBhnad SIIGONIUELQn: SUBSEL LS LAOmAN &, bgnded.

oxidation atmosphere such as an atmosphere containing oxygen, to which halogen is
added. For example, the thenmal oxidation treatment is performed on the single crystal
serniconductor substrate 100 in an oxidation atmosphere to which chlorine (Cl) is added,

20 whereby the insulating layer 142 which is chlorine oxidized is formed. In this case,
the insulating layer 142 is made of a film containing chlorine atoms. The insutating
layer 142 contains chlorine atoms, whereby an effect of gettering of metal, which is an
impurity, can be obtained,

[0059]

25 Next, the swiface of the single crystal semiconductor substrate 100 and the
surface of the single crystal semiconductor substrate 150 are disposed to face each other
so that a surface of the insulating layer 142 and the swrface of the single crysial
semiconductor substrate 150 are bonded.  Accordingly, the stacked-layer substrate 200
is formed (see FIG. 4D).  Further, it is preferable to perform heat treatment (o increase

30 the bonding strength afier the surface of the insulating layer 142 and the sarface of the
single erystal semiconductor substrate 150 are bonded.

[0060]



[ 00601 Further, a selective etching of the insulating | ayer 142
may allow the insulating |layer 142 to remain between the single crystal

sem conductor substrate 100 and the single crystal sem conductor substrate
150, while the insulating |ayer 142 fornmed on a surface of the

stacked-| ayer substrate 200 may be renoved (see FIG 4E). Note that 5 the
renoval step of the insulating |ayer 142 can be omtted in the case where
the insulating layer 142 is fornmed by a CVD nethod, a sputtering nethod, or
the like on the surface of the single crystal sem conductor substrate 100
which will be bonded to the single crystal sem conductor substrate 150.

[0061] 10Al ternaty ) atin | a 2.is formed on the
whol e exteri or sur}!tg%eg SSE&?EC fec %:’BrSu 'ﬂfnﬁ dy%'é%lzcoaﬁé[i%“(@afu’sﬁlﬁ%’igr ate 100 by
a thermal oxdvdaifon rnremh@dfwe@h@csmbkceykidl awpomiucb@‘tsua:ﬁmtczmo amdiyhcbe bonded
to the baseg Q}Q%Ws@f &m}c%gdu\eéflp}al%) l%sufbng%t'h su!% %%4?42f18 r{r%%n%n the

surface of thé stacked- strate ere Tout® r enovi ng
t he i nsul at isHépcr af/@e stakpd-layey thiffgtcc?&@eﬂ&ythlqeem@WW¢ FIG.BEst dpptofhat he

insul atiBg l@yRmold 2ead ddBsdiep 1afer hey Wge Bﬁlﬁwa ﬂ?ﬂleaéaké‘%u@)(ﬁf 102 can
be omtted; .thus, a process of manufacturing an substrate can be

simpli i ed. "Popeglayer 142 1s fopggddbyia{ (D mﬁﬁt"l‘]@ﬁ&ﬁ“’lﬂ?w*h@Amtfec g onltheystrat e t he

case of bondirge wh@e &n&l@@q%pée&lc%ﬁdtﬁfok Qbs @ fRCEnIOH whihg RhAGl € ol yst al
sem conduct or substr te 100 is rowgled 20 with the insulating | ayer 142

whi ch ser ve§m§§cgs‘tﬁlc§ﬁlaf°?f§m?‘3v&? 52€Ha0 nsul ating | ayer 142 may be provi ded
on the surf@®elof the si ngI e crystal sem conductor substrate 150 instead,

and the ,gurface of, the sin crystal tem ,ond torf gstr te 100 may be
bonded t'o the surtSHa sP ¢ eé’* PRSP HE é?‘ 2IS P63 Sli“fh@@. 5A to 5F
il lustrate axieaseurdae slhhadmghnerysnd wxmtdnng:tdray@naammm aSRdTMElSxasta bondi ng

! ayer I's pr el hggth ancQ Jihbeﬁ)gﬁosgﬂ?% IV\FP]O rf)o%[i ! 1]E€a§d§6 9 t%ageeg?)l " l e crystal

seni conduct or substrate e exterior Yhe single
crystal senihsonehlpingriaysub4d damed PE0he amdhet énbd stsclilbcataiyﬂgsubfagaer Zovar e bonded

to each ot h@i’eze%&w@e% Rvgh&z@ %&vn@ fé %lﬁgt%g, lg%?rldﬁuqﬁ%gtc&c 280501 0QJL!0064]

First, the single crystal sem conductor I'ngle
cryst al lSenPedpichie PeHatye hyver Hlend 6o step of Praparisdniubeos BrE302 5m la'nd 50) .

Then an i nsyhatel:NGls, a process of manufacturing an SOI substrate can be simplified.
[0062}
Note that, although FIGS. 4A to 4E illustrate the case of bonding where the
whole exterior surface of the single crystal semiconductor substrate 100 is provided

20 with the insulating layer 142 which serves as a bonding layer, the insulating layer 142
may be provided on the surface of the single crystal semiconductor substrate 150
stead, and the surface of the single crystal semiconductor substrate 100 may be
bonded to the surface of the insulating layer 142.

[0063]

25 FIGS. 5A to 5T illustrate a case in which an insulaing layer which serves as a
bonding layer is provided on both the whole exterior surface of the single crystal
semiconductor substrate 100 and the whole exterior surface of the single crystal
semiconductor substrate 150, and then insulating layers are bonded to each other so as
to form the stacked-layver substrate 200.

30 [C064]

First, the single crystal semiconductor substrate 100 and the single crystal

semiconductor substrate 150 are prepared (see FIGS. SA and 5C).  Then an insulating
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| ayer 144 which serves as a bonding layer is formed on the whol e exterior
surface of the single crystal sem conductor substrate 100 and an insul ating
| ayer 146 which serves as a bonding layer is fornmed on the whol e exterior
surface of the single crystal sem conductor substrate 150 (see FIGS. 5B and
5D). 5[ 0065] As each of the insulating |layers 144 and 146, a single
| ayer of a silicon oxide film a silicon oxynitride film a silicon nitride
film a silicon nitride oxide film or the like, or a stacked |ayer thereof
can be used. These filnms can be fornmed by a thermal oxidation nethod, a CVD
met hod, a sputtering met hod, or the like. Here, a case is 10 descri bed
wher e the i ns a 144 t he .ins (such as Sip,
films) are ?8? ﬂ% q%m68¥55?ﬁPWb @Fhﬁﬁ”5§$ﬂh@?8ﬂd?F%aFﬁﬁﬁamb * Bhe single
crystal senmmehdue@bmmkubkmmamemm&mOaadimhewenmghex¢#@®malw@&@tﬁ@nductor
substrate 1 t.i Vv, t th dat| treatment may
be perforne%gF%ﬁazggﬁfgéﬁkﬁﬁ g?ﬁ%%‘ﬂ%e eg%’ S”%&% ol%ﬁutg aﬂﬁ%ﬁ 15[ 0066]
The insulatﬁﬁwaQy@W§mﬁﬂmﬂéﬁh@&ﬂﬁGﬁa¥3@GSDbrned of the sanme material or
differents mpgRsj als. [0067] Next, the surface of the single crystal
sem conduct or substrate 100 and the 20 surface of the single crystal
sem conduct or subteg ¢f ispsdrEedivsiddeant Hof aveslelrtr Sukdicosoddhat a

surface of tig 4 aswhak rngdéﬁwﬁras{té&l ﬁ&ﬁe@uﬁlyst;%ﬁtﬁtdet&%e'mwﬁé ng | ayer
146 are bonded. Accor ¥ he stacked-|ayer substrate 2 Is formed (see
T~ LEL
P

FIG 5E). FUFEIREf Stapked ‘?sve eP%frcaerteutee p@tetco"f“ﬁlﬁ ke @ﬁwtmenterﬂel i ncr ease
t he bondi ng osfﬁjﬁtﬁﬂgﬁd’ﬂlloﬁzfﬁﬂ\/fi hethsuraf Re@riaf ntehedldt&w @;tcl ngezleaé/@efse j44 and the
surface of the S tlnq @é? 146 ar e 25honded Further, a
sel ecti v et"Et%t‘"?@ ‘glte‘et e InsRRtRE Ry H g 4F 9 fheslating latnye”if’n(é‘tﬂhaﬂSlSr‘@ | ayer 146
may al | ow t Hiénmd) resa |f(&ﬁ1L(ngy|pa§iaﬁnnig4€aelaﬁd okdfdftion Nedatnahi Bg theayiRile E46at 0 renmain

only between_t.he .sin cry co duct substrate 100 and _the single
ceper L plerd il 58 B

crystal 30 SRR % SPHEURELIAEFHG 1°Qyer 144 and

t he insulathwg%ﬁayﬁr‘mﬁ£HEOMWedm®mlbhﬂmsmrmamEmohmphe shiaokedinl @ayer
substrate 29%6%&%fﬁ§ﬁ8%§ﬂ0&@%ﬁhf&%%pﬁﬁba%hbte that the reaneI step of the

i nsul ati ng layer he | nsutatin ayer 146 can be omtted in the
case whéfe tm%é]nsulatlng | ayer 144 and the insulating |ayer 146 are

sel ectively for ”%cbﬁ[eu@tugll;}yér?tlﬁ'tp%d @%smt t)e%rmgd %?gttosqmgf%at(g% Li ke on

surfaces to be bonded hé single crystal sem conductor strate 100 and
the single éﬁV§TﬁP“§eﬁtconductor substrate 150.

[0067]
Next, the surface of the single crystal semiconductor substrate 100 and the
20 surface of the single erystal semiconductor substrate 150 are disposed to face each other
so that a surface of the insulating layer 144 and a surface of the insulating layer 146 are
bonded.  Accordingly, the stacked-layer substrate 200 is formed (see FIG. 5E).
Further, it is preferable to perform heat treatment to increase the bonding strength after
the surfacc of the insulating layer 144 and the surface of the insulating layer 146 are
25 bonded.
[0068]
Further, a sefective etching of the insulating layer 144 and the insulating layer
146 may allow the insulating layer 144 and the insulating layer 146 to remain only
between the single crystal semiconductor substrate 100 and the single crystal
30 semiconductor subsirate 150, while the insulating layer 144 and the insulating layer 146
formed on the surface of the stacked-layer substrate 200 are removed (sce FIG. 5§).

Note that the removal step of the insulating layer 144 and the insulating laver 146 can
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5[ 0069] Al ternatively, even when the insulating layer 144 is tbm ed
on the whole exterior surface of the single crystal sem conductor substrate
100 by a thernal oxidation nmethod, the stacked-layer substrate 200 may be
bonded to the base substrate 120 with the insulating | ayer 144 fornmed on
the surface of the stacked-layer substrate 200 10t her ebet ween, w t hout
renmoving the insulating |ayer 144. In this case, the renoval step of the
insulating layer 144 and the step of formng the insulating |ayer 102 can
be omtted; thus, a process of manufacturing an SO substrate can be
sinplified. [0070] In above FIGS 3A to 3E, FIGS. 4A to 4E, and FIGS. 5A to
SF, an inspegt, ch | §CLs .staciced-1ayer
substrate 28% 'n%dléﬁﬁ{éﬁgmg lcgﬁm 8Fe crmmnﬁimsé%$é%ﬂﬁh%§6¥ substrate
100 and t he ssleengkls ﬁumy@b}aa Cé’@nn@bnidumuemnsum&qdaﬁéwlﬁaomamfam tubed as a

bond SUbStr%BgdehnofaThQrs‘E%ﬁtségggl DRRULARHT DGR OFHM}%S if A SrysRY be

provided. As a resu I nspecting step, a ectlve ked | ayer
substrate camisendgepsubddieden a bondi ng step of single crysta

20sem condugeep) provoques a defect. This brings an effect of inproving
productivity of a process of manufacturing an 501 substrate. [0071]

As descri bed abovgm”WHeﬂYﬂﬁélﬁpﬁb§§§”%%“%%éﬁ@ﬁ5@H“|Wnﬁﬁ§§1§ﬁﬁﬁm¥%ent is
performed, ex@Rorshitae srmgklﬁgfeéxyﬁxiaénxls&ﬂh&&&dmﬁ@r1e@&5b§1mérﬁ;aﬁoxmh&h i's

t hi nned after used i S e used by itself in a process
of manuf act &t |}ﬁ’§ g% st T:fﬁ"i’&’&f‘té QH‘F Hay g? h‘(}ﬂd@d Priys base ‘“ébé?ﬁ“’c biatitht or
substrate beMDﬂ@8ma@Hewia4bebm&edm1meumﬁwenﬁaﬁéswﬂ&dﬁ@au&&ahu{ng an 501

substrate b ng bonded to anot her ngl e cr, st | sem cgnduct o
Subetr oD, e RS S AR Y SRl T P R e B yErae

sen1conduct@Wpsﬂbsmmamewd@mrbel$ﬂphnmedﬁﬂﬁﬁmgnd»mgﬂymgmqsﬁupedmﬁa|on can be
Sham e e oiRaARACE ARl o RN AGKI 30 AR URSREAG, [OD72) NOLe

that, after per ormn anari za Trea ace of the single
crystal senml¥@Aduct or | ayer 124 (see FIG 1G) an SO substrate obtained in

the process of manULARtie NG B9E G URY Jibea SRACEARPSE L kil 8, erbodi ment

can be used for manufacturing a sem conductor devi provi
transi stlor ofept wach jrreects pthefher tha gteskvd-layien giibatragy Y @F‘m@eﬁﬂﬁ bodadhor | ayer

124 (see Fl gngﬂe"atystdl semiconductor substrate 100 and the single crystal semiconductor
substrate 150 can be used as a bond substrate in a process of manufacturing an SOI
substrale, may be provided. As a result of the imspecting step, a defective
stacked-layer substrate can be detecled when a bonding step of single crystal

20 semiconductor provoques a defect.  This brings an effect of improving productivity of
a process of manufactering an SOI substrate.
[0071]
As described above, when the process as described in this embodiment is
performed, even if a single crystal semiconductor substrate which is thinned after being
25 reused is unable 1o be used by itself in a process of manufacturing an SOI substrate, (he
single crystal semiconductor subsfrate becomes able to be used in the process of
manufacturing an SOI substrate by being bonded to another single crystal
semiconductor substrate. As a result, the use cfficiency of one single crystal
semiconducior substrate can be improved.  Accordingly, cost reduction can be
30 achieved in a process of manufacturing an SOI substrate.
[0072]

Note that, after performing planarization treatient on a surface of the single
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5[ 0073] The structure described in this enbodi nrent can be

i npl emented by being conbi ned appropriately with structures described in
any of the other enbodi nents of this specification. [0074] 10 (Enmbodi nent
2) In this enbodi nent, a case where a stacked-layer substrate 200
which is fornmed in the above enbodi nent by bonding a single crystal

sem conduct or substrate 100 and a single crystal sem conductor substrate
150 to each other is used as a bond substrate in a process of manufacturin
an SO substrate will be described with 15reference to drawi ngs. [0075]
First, the stacked-layer substrate 200 to be used as a bond substrate and

base substr ) . nr r (s GS, nd 613). .Here, a case is

descri bed w%é%g#%ﬁ%%é é@k%@gﬁggg%e§§%§¢%%2% Q%'&?gt%g%ﬁ%l %?%ﬂ??%e single
crystal semof onduisttotingsubSOF atlegate 20:c1ib@ andis1&hodinicohcar e bedded to each
other with %Ebnhﬂ&huir%td &%iéoﬂ&@é}f %lé‘if[}cetﬂs}ﬁg %i\@@aeﬂanémy\@vﬁg ’liﬁba uihAG ed-| ayer

substrate forned fromthe single cry sem conduct or substrates 100 and
150 di r ect | YOty stabscaitendusion yer iehlsehFiGs1escri bed above with reference
to FIGS. s3A[s@3BE, may alternatively he used. [0076] 25Next, an

enbrittl ement region 104 whose crystal structure is damaged is forned at a
predet er mi ned deptli SPeicLestbrh b thiy cpbrdinagnh ¢kebe PaRiependgst bare 200.
After that, bhBingt agkedattiayweh ssUhets asainkdth anRdrtheohasansuhsitate 120 are
bonded to each otﬁen with an insulating |ayer 102 therebetween (see FIG
6C). Here, tHPEFHE & crystal semi conductor substrate 100 is provided with
the enbrittlj@ment region 104. Note that 30 as described above with
referenc&,tg Eby”h_ﬁ to 4E, the stacked-|ayer substrate 200 and the base
substrat® 120"¢ER B&*bonded to each other with the i nsul ating | ayer 144

t her ebet ween i n tlhghis agbodifnehteawiang whire a sisdkikdiayargsubawer 20044hivhiich 1 s

La[)gf?agg 58%?1%“8’819%@3% b Qi bl 3551 2 Ll TLAH SmELYRLA] o§M cOnduct or
100 and a single crystal semiconductor substrate 150 to each other is used a5 2 bond
substrate in a process of manufacturing an SOI substratc will be described with

15 reference to drawings.

[0075]

First, the stacked-layer substrate 200 to be used as a bond substrate and a base
substrate 120 are prepared (see FIGS. 6A and 6B), IHere, a case is described where the
stacked-layer substrate 200 is formed from the single crystal semiconducior substrates

20 100 and 150 which arc bonded to cach other with an insulating layer 144 therebetween.
However, a stacked-layer substrate formed from the single crystal semiconductor
substrates 100 and 153G directly bonded t0 cach other, which is described above with
reference to FIGS. 3A to 3E, may alternatively be used.

[0076]

25 Next, an embritffement region 104 whose crystal structwre is damaged is
formed at @ predetermined depth from a surface of the stacked-layer substirate 200.
After that, the stacked-layer substrate 200 and the base substrate 120 are bonded 1o each
other with an insulating layer 102 therebetween (see FIG. 6C).  Here, the single crysial

semiconductar substrate 100 is provided with the embrittlement region 104,  Note that

et
=2

as described above with reference to FIGS. 4A to 4L, the stacked-layer substrate 200
and the base substrate 120 can be bonded to each other with the insulating layer 144

therebetween in the case of leaving the insulating tayer 144 which is formed on the

19
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Next, heat treatnent is perfornmed and the stacked-layer substrate 200 is
split at the enbrittlenent region 104, whereby a single crystal

sem conductor |ayer 124 is 5provi ded over the base substrate 120 with the
insulating |ayer 102 therebetween (see FIG 6D). [0078] Through t he
above-described steps, as illustrated in FIG 6D, an SOT substrate having
the single crystal sem conductor |ayer 124 over the base substrate 120 with
the 10 insulating |ayer 102 therebetwen can be manufactured. Note that,
after perform ng planarization treatnent on a surface of the single crystal
sem conductor |ayer 124 (see FIG. 6H), the obtained 501 substrate can be
used for Ml acluld 0.8, SO GORINELOL ISk ER BIRYLORD Wi Lh 2 transistor or
the like, utitirzing the S|ng e “Cry SEm con ?or ayer 124 (see FIG
61). 15[ 00793077] Next , planarlzatlon treatnent is perfornmed on the
stacked-| ayer subaty ﬁédarza%en@ Bl DR PEER SR LT CREL, Pere, the
pl anarization treatfent iIs ormed on a surt of e crystal

seni conduct ére aiyéitemanteredion, IOWImbwsi %iﬂé@pafﬁialt $em«p0p4harve layBy 1241@

pl anari zati @R kik 8By basd DBty f?@cﬁlﬁp{he tE8lAGKEd0) aNRbeRURSLLAt € 200
(here, the 20 surface of the single crystal seni conductor substrate 100)
whi ch has bEERSEPlIit is planarized, which enables the stacked-Iayer
substrate 2@f7¢p0 be reused as a bond substrate in a process of

manuf acturing an _SOT substrate t he pl anari zation

er
treatnent, the st§€W€5ﬂ¥39%?‘%ﬁﬂg@ﬁ&Péa?é@“ﬁ?ﬁﬂﬁgﬁéépbﬁ“?% I 9Bd&teer mi ne
whet her thehéili@,cﬂﬁ@dn;ilayﬁﬁmtss&bf&b:{dabter RO0 1caBydpeeis@butda@ IoRahsitbstrate in

a proce nufacturing an SO suybstr FI G 6F) . 081 In
the o adRed ripUE Bbavt HRsbBud ot fepubfiGitE i B i sl 1 ne
interface m@mﬁaumhﬂ1&mngﬁemcwy§h&hfﬁenm@@ndpmﬂ@ﬁm&uﬁ&hﬁ&h&:L&Qw&nd t he
single cr ySFFP(& 6H§Qh\3 ?bm%mc%% stuﬁ sira g“o?éc% usﬁ for mﬁnufaﬁtuuaglz, a bCl’I’llC(fndquh other. In

t he case where a”’par near t f%ce is used
as the si ngh@m@rwts«u@kl vslérﬁtczmmeiu:cctrohc ey ewlizh2 4hcofingacrSOL smb@tdname, a defect

may be causQthQ4ﬂ£e§k§&§nt formed using the single
15 [0079]
Next, planarization treatment is performed on the stacked-layer substrate 200
after it has been split (see FIG. 6E). Here, the planarization treatment is performed on
a surface of the single crystal semiconductor substrate 100, which is a separation plane.
By the planarization treaiment, the surface of the stacked-layer substrate 200 (here, the
20 surface of the single crystal semiconductor substrate 100) which has been sphit is
planarized, which enables the stacked-layer substrate 200 to be reused as a bond
substrate in a process of manufacturing an SOI substrate.
(00807

After the planarization treatment, the stacked-layer substrate 200 is inspected to

&2
A

determine whether the stacked-layer substrate 200 can be used as a bond substraie in a
process of manufacturing an SOI subsirate {see FIG. 6F).
[OG8T]

In the stacked-layer substrare 200, a defect or the like exists near the interface
where the single corystal semiconductor substrate 100 and the single crvstal
30 semiconductor substrate 150 are bonded to each other.  In the case where a parl having
the defect near the bonding interface is used as the single crystal semiconductor layer -

124 of an SOI substrate, a defect may be caused in an element formed using the single

20



crystal sem conductor |ayer 124. Therefore, by providing the inspecting
step, which inspects the stacked-layer substrate 200 after it has been
split, the reliability of the elenent, and at the sane tinme, the use
efficiency of a single crystal sem conductor substrate can be inproved.
5[ 0082] In the inspecting step, the state of the stacked-I|ayer
substrate 200 is inspected. For exanple, the thickness or the anount of
bent of the stacked-layer substrate 200 is nmeasured. It is particularly
preferable to neasure the thickness of the single crystal sem conductor
substrate 100 (the depth fron1the surface of the single crystal 10

sem conductor bstrate ndi.n nterface). It is also
preferabl e 0 %eglﬁc\?re"élkcﬁr o ]?e ?‘g}?é“? bygpr%"dfﬁ'ﬁgghﬁ”é%??ﬂ% st Vﬂ‘(@) of the
surface of tnhgecgt e kigckel-doyer subtiagt 208t dte? Qha¢ b S)IUI’ ftbacelim‘ﬂityheﬂ&i ngl e
crystal sem,gonduct.ol 0 h . because the
shorter is a gl@’gt gr%ic‘g t'tﬁé(;pﬁt ﬂil) ﬂ# %’Qe e?fr;lﬁlééi? gtel%ln Iet(h S%tl Rrnnec ucs"?rngl e
crystal senmséshmteicande impbstlr at e 100, the higher is a possibility that a
defect or th@ghj ke exists. 15 Note that the thickness or the anpunt of
bent of the stacked | ayer substrate 200 can be neasured using a | aser

di spl acement sendbfle iNgecEng e tetpite ¢file dackedelayayidstnge 20 is isercsh exi sts or

not) of thersugbape, @ e bAGK 8ok YE end BOGL LAali8a- 200 QFsubfi©ob ike can be
observed using a _mcroscope. [0083] 20After such an inspection, it can be

det ermi ned ®% r ¥ I‘f"epaétfcﬁ@féé(ﬂrqfeé togpEres Sedhiskiss of hosipge euifdled as a

bond subst r aisicondGear djbﬁlgnet Q06 heher @M troBf ﬂichaarfala@ REChE Nehokl ePsialFor
exanpl e,,.when .t t of the msQectl n%& E@shows that the

st acked’lpayé?m%%ﬁ%%%y 85 00 disPog ipe AR deFE o1 otRe
st acked- | ayér ssithSthehtre: 200:hi istsen sl oﬁﬁze&mﬁmadf S hstealg el em;bamw ocess of

manuf act uri n en th st acked- | ayer
substrate 28@0 @he Su%wtoyﬁlﬁéfl‘gl 5 pe ds&néwﬁéuﬁté’a “@%ﬁ(’fﬁ EO%BHM i E‘é“ e crystal
sem conduct becaswgltist shatie id@0isand t e honding attarfagc inaye thirhddl siagle myetmoved by

pol i shing o %ﬁjaﬁdu&é%uligat%se A tl%l ]%L’H E% pog bzﬁ qha% Iarzigilegto?r esﬁkc cxgtgg} conduct or

substrate 1 I'S expose the single Cr
sem condfct detedh Frerhitimess0 tegmeyrtcpt ésat af @9 ﬁ@ckgdrlh@tnr @beraier208 cqmrf@c ess of

manuf act uri gE.3RARs; 1d§ey@§,§15%@m(q§&s} F}\ﬁ@azsmame ]akie%%ﬂf Rraed 10 21).

[0084] the stacked-Tayer substrate 200, for exanp can determ ne whet her
t he stacked¢1#y&r “%%b@tﬂiﬂfa%@d??o@f ﬁ%e%@kqdﬁéyebﬁéﬁéﬁlérzﬁi) wedbecbirdianiten. Fur t her
as well as thentdigknessoobpd he single crystal sem conductor substrate 100,
t he amount of bent or the state of the surface of the single crystal
seni conduct B"8Yubstrate 100 can appropriately determ ne 5whet her the
st ackedzbayer subgicr ah® 20GspReds it ba ps aeeteidl PrRahs aRdihiienid0085]

substrate 200 is to be reused as a bond substrate, according to the result of the
inspecting step.  For example, when the result of the inspecting step shows that the
stacked-layer substrate 200 meets a predetermined condition, the stacked-layer substrate

200 is reused as a bond substrate in a process of manufacturing an SOI substrate. On

o
wh

the opposite, when the siacked-layer substrate 200 does not meet a predelermined
condition, the single crystal semiconductor subsirate 100 and the insulating layer 144
are removed by polishing or the like so that a surface of the single crystal
semiconductor substrate 150 is exposed (see FIG. 6G), whereby the single crystal
sennconductor substrate 150 is used as a bond substrate in a process of manufacturing
30 an SOI substrate (see FIGS. 1A to 1H and FIGS. 2A 1o 21).

{00847

The thickness of the single crystal semiconductor substrate 100, which forms

21



Note that the inspecting step may be provi ded before the planarization
treatnent step. This enables the planarization treatnent to be omtted.

[ 0086] 10Even when a defect exists in the stacked-layer substrate 200,

provi ding the inspecting step nakes the defect less likely to be included
in the single crystal sem conductor |ayer 124 of an SO substrate. As a
result, generation of a defect in an elenent which is forned using the
single crystal sem conductor |ayer 124 can be suppressed. 15[ 0087]

Note that the structure described in this enbodi nent can be inplenmented by
bei ng combi ned appropriately with structures descri bed in ot her enbodi nents

in this spegj.f i 812 drne t enbodi nent,
a met hod of ﬁt: eltagﬁetd I%r srlbgtga?c iOO Por aimp A ﬁ?ncc(i)ertle m}nte whetélﬁrbtg% th‘fkéd'%é(érd as a bond

substrate aﬁ@seai%&%nlwﬁb@t plarﬁfet«rmmc:éa@rdrt@v hefturther, & prilosessthivknesastuf act ur i ng
an SO SUbSTﬂfcaeIirﬁlev\é@thdl Q&ll%ﬁ&é’tertﬁgm’at@ 1@@“@& laméMnE thge% &' tﬂ@gt\%% 0? th(.jr aWI ngs.

Specifically, th | owi ng steps correspon
i |lustrat edbrrﬁwqtpmc Slzslpmeel femicopduesr sxﬂﬁtrqt@i@anmnropﬁra@& dﬁﬁ‘nm@ 6D in the

above enBodiynBRALrShe s[anQ,%QlycF hubstate 20 RO prbdShAled S§MpANduUct Or substrate
100 is prepared (see FIG 7A). It is preferable in order to renove

cont ani nat i 8f3%that a surface of the single crystal sem conductor substrate

100 be cl eaned asxroaeprﬂraomrd alsgeciify QY ARG b PrdViica Seird URd ©1a384,86dnd/ hydr ogen
per oxi de m xture drogen peroxide m xture

ni um, hydr oxi de/ h
PP ARR e PR M e B e e T
[0086]

10 Even when a defect exists in the stacked-layer substrate 200, providing the
mspecting step makes the defect less likely to be included in the single crystal
semiconductor layer 124 of an SOI substrate.  As a resull, generation of a defect in an
element which is fonmed using the single crystal semiconductor layer 124 can be
suppressed.

15 [D087)

Note that the structure described in this embodiment can be implemented by
being combined appropriately with structures described in other embodiments in this
specification.

[0088]

20 {Embaodiment 3)

in this embodiment, a method of bonding a single crystal semiconductor
substrate used as a bond subsirate and a base substrate to cach other in a process of
manufacturing an SOI substrate will be described in detail with reference 1o drawings.
Specifically, the following steps correspond to the steps which are illustrated in FIGS.

25 1Ato 1D, FIGS. 2A 10 2D, and FIGS. 6A to 6D in the above embodiments.

(00893

First, a single crystal semiconductor substrate 100 is prepared (see FIG, 7A).
[t 18 preferable in order to remove contamination that a surface of the single crystal
semiconductor substrate 100 be cleaned as appropriate in advance using a sulfuric

30 aad/hydrogen peroxide mixiure (SPM), an ammonium hydroxide/hydrogen peroxide
mixture (APM)}, a hydrochloric acid/hydrogen peroxide mixture (HPM), diluted

hydrogen {luoride (DHF), or the like. Aliernatively, diluted hydrogen fluoride and



hydrogen fluoride (DEP), or the like. Alternatively, diluted hydrogen
fluoride and water including ozone may be discharged alternately to clean
the surface of the single crystal sem conductor substrate 100. [0090]

Next, an oxide film 132 is formed on the surface of the single crystal

5sem conduct or substrate 100 (see FIG 7B). [0091] As the oxide film
132, for exanple, a single layer of a silicon oxide film a silicon
oxynittide film or the like, or a stacked | ayer thereof can be used. These
films can be formed by a thermal oxidation nethod, a CVD nethod, a
sputtering method, or 10 the like. In addition, when the oxide film 132 is

formed by a : R - 10 e | enns .of productivi that a
silicon gxié§&$?ﬁﬁpgggﬁgggﬁy%ﬁg%%%ﬁﬁggg%%%$¥gh%u%ﬁ% wﬁ%”f%%?ﬁ% k%xysilane
(abbr evi at i efystaFE@Sondubienjubsifateflg®.nul a. S400415)4) be used as the oxide film
132. [0092] (ghhn this embodiment, the oxide film132 (in this case, an Sift
film is formed by performng thernmal oxidation treatnment on the single
crystal seni condd¥bransemidy F*g’% d3100 fpgsé @ Be spHyce Tthet trelearatystalxi dat i on

t r eat ments i§mﬂ&ﬂﬁ@ﬂ@QMﬁuQ@ﬁ@p@agﬁGh@ﬂan oxi dation atnosphere to which _
hal ogen is q@ﬁg' [ 0093] 20For exanple, the thermal oxidation treatnent is
per f or med oﬁ) single crystal sem conductor substrate 100 in an oxidation

at mosphere to whighnebtias fime1{200r dxémaededainhosaly diken oxiidanf id m 132
which is chlﬁéine oxi di. i1 m cont aini ng

chl orine at 8HE™] °§y?181‘lﬁ1§‘ﬁ‘$’2?§ Iﬂiscﬁ%gtrﬁ’gg gléCklfaiQ I]agf?rlf ?CO'F%GQ’ZT‘I& These films
can be formed by a thermal oxidation method, a CVD method, a sputtering method, or

10 the like. In addition, when the oxide film 132 is formed by a CVD method, it is
preferable in terms of productivity that a silicon oxide film formed by using
organosilane such as tetracthoxysilane (abbreviation: TEOS, chemical formula:
S1(0OC:H;5)4) be used as the oxide film 132,
f0092]

15 In this cmbodiment, the oxide film 132 (in this case, an SiO, film) is formed by
performing therntal oxidation treatment on the single crystal semiconductor substrate
100 (sec FIG. 7B). The thermal oxidation treatment is preferably performed in an
oxidation atmosphere (o which halogen is added.

{0093]

20 For example, the thermal oxidation treatment is performed on the single crysta)
semiconductor substrate 100 in an oxidation atmosphere to which chlorine (Cl) is added,
whereby the oxide film 132 which is chlorine oxidized is formed. In this case, a film
containing chlorine atoms is formed as the oxide film 132.

[0094]

b
N

The chlorine aioms contained in the oxide film 132 induce a distortion, which
leads to an improvement in an absorptance of moisture into the oxide film 132 and an
increase in a speed of diffusion.  In other words, when moisture exists on a surface of
the oxide film 132, the moisture on the surface of the oxide film 132 can be rapidly
absorbed and diffused into the oxide film 132.

36 [00S5)
For example, the thermal oxidation treatmont can be performad in an oxidation

atmosphere contaming hydrogen chloride (HCH) al a concentration ranging from 0.5

23



25The chlorine atons contained in the oxide film 132 induce a distortion,
which | eads to an inprovenent in an absorptanee of noisture into the oxide
film 132 and an increase in a speed of diffusion. In other words, when

noi sture exists on a surface of the oxide film 132, the noisture on the
surface of the oxide film 132 can be rapidly absorbed and diffused into the
oxide film 132. 30[ 0095] For exanple, the thernmal oxidation
treatnment can be perfornmed in an oxidation atnosphere containi ng hydrogen
chloride (HO) at a concentration ranging from0.5 vol.%to 10 vol.%
(preferably, 2 vol.% wth respect to oxygen and at a terrperature rangi ng
from900 Ct t I 1 ment ti e conprised
bet ween 0.1 Vgln(fjtgqﬂouqr‘% @{Pfe ‘”’@e‘f’r %B’Pl 9)0 }GS%GCE)%S"X&%@(’]“ apd Hbufem‘%ﬁ’@r‘f hi ckness
of the oxi deafgidgniréro 996 “bermEbBOrrﬁy (b@oﬂtyrrpooose:cb bateament fiflcamyand 1000 nm 5
(preferably and .300 h hi ckness is
100 nm [Ooﬁgf}’%%(}tégm%m Eflﬂ(}how :}n r)raw%lﬁt Qtwg Cse?‘ﬁéa] OFrOnT%‘T’ Slfci‘l‘ées*%hl orine
atons cont alorﬁehb pxidg Ken dxibddorriel mdySRe conmdat balvka@dld ombexdcdoprinsed bet ween

1 x 1017 Kol r ons are
cont ai ne |n t ?%Q %5 %?C}@an eé %%%Xa%ﬁﬁ}%%gahgn E'ﬂléé% netal (such as
Fe, Cr, N, @)Q%}\/b) which is an extrinsic inpurity, is captured so that

contani nati on of t.hgs sk o S
pr event ed. [00975 S B o PR B Bl

chlorine, widreBy iasontiobed ot e oppushechbewes haveY sateps/ent est 1 onl@he singl e
crystal sem.copgyet qﬁfh&%ﬁﬁxﬁaﬁlgmg c\r&én&%ﬁ%lfﬁlde% K 2k, %fféc?#halsé‘mh as Na)

can be gettered. That is, \é heat treat ment rmed after
the oxi dd f sy Petel {ck oy Fee b I\afPflf‘ﬁ‘iiuWhlﬁl‘}/lsé‘érﬁ’ﬁWﬁ%H“HUﬁ% ﬁ@a@vrn@sce cryst al

sem conduct Qs ssHRSLiKAb Lot iBe SRRATALE nfibndd@rENBnAX i d8s {n’e%’ﬁle@t?’z and reacted
wi th hal ogeg C§9§uch as chlorine) to be captured. Thus, the inpurity captured

in the oxid I'm 132 can be fixed and contanination of the si ngl e crystal
sem conduct or 20 Bidbﬁ:ldﬁaﬂlﬁ 130Qoans heofh ev@ndsetiorikiReby aighiihe oxi de

film132 is l?ondle Iu]glas substrate1 t he f)xuie film %2 can serve as a
filmwhich %8s a5Lnam| ?‘fﬁc i Vi ffc‘ﬁ“ e NEEl% SRy ﬁ‘@’ﬂc?“r‘}“%tﬂe P (o1 0098] In
particullar, ewhede, hahogdn i@uoth asNa')hlambd: p@tcicd. c”ﬁmt &! bethe inBattrld@meixd de film

132 25 by 1- ;;(% 0X] ga%l pn.or, the | cont a n.in semc nduct or
substrate which T & not ¢l sansd Lt llmc%%nltg 6T aél Lgl %‘t¥6ﬂ%ﬂ "WWbstrate

whi ch i s t oshelecosisledmicephatoedbytraicesis efhfrect pmecb the peidofiedl32 and xcqcrcci
with halogen (such as chlorine) to be captured. Thus, the impurity captured in the
oxide film 132 can be fixed and contamination of the single crystal semiconductor
20 substrate 100 can be prevented, Further, when the oxide {ilm 132 is bonded to a glass
substrate, the oxide film 132 can serve as a film which {ixes an impurity such as Na
contained in the glass.
[0098]
In particular, when halogen such as chlorine is contained in the oxide film 132
25 by HCI oxidation or the like, contamination in a semiconductor substrate which is not
cleaned sufficiently or a semiconductor substrate which is to be reused repeatedly is
effectively removed.
[0089]
The halogen atom to be contained in the oxide film 132 is not limited to a
30 chlorine atom but may be a fluorine atom. In order 1o perform fluorine oxidation on

the surface of the single erystal semiconductor substrate 100, the surface of the single



[ 0099] The hal ogen atomto be contained in the oxide film132 is
not limted to a 30chlorine atomhut may be a fluorine atom In order to
perform fluorine oxidation on the surthee of the single crystal

sem conductor substrate 100, the surface of the single crystal

sem conductor substrate 100 is inmmersed in a hydrofluoric acid and then
subjected to thernmal oxidation treatnment in an oxidation atnosphere; or
thermal oxidation treatnment is perforned in an oxidation atnosphere to
which nitrogen trifluoride (NF3) is added. 5[0100] Subsequently, an
enbrittlement region 104 whose crystal structure is damaged is fornmed in
the single - .Con r bstrate . 100 at r.edet.er m ned depth by
irradiati ng(\t%})égI g‘%“ﬁg%gh cg(%y%tH bgfa%sé%%o%ﬁeé%egrmsauggﬁr%@g fﬁlﬂ a\‘/]\Jllmttlﬁ”]’lepi ons havi ng
ki netic energyicqsley Pb@al pE)datiohs irpduhens tin aneckidatior [a@wosF@re; by thermaldi ati ng t he
si ngl e Cryﬂoﬁldatiol@tr;@ai?zﬁ%n‘j@_%%%ﬁ%r%{edSi'dbe?htlrc}fi'iﬁzﬁio;ro&m phle &6 CELE] %}tﬁﬂg{eons 103

t hrough the oxide filnm , the Tons 103 are inplanted at a pré&determ ned
dept h from th@oside @Feds #fded-he singl e crystal semiconductor substrate 100.
Accordi ngl y,jotche enbrittlenment region 104 can be fonned. The ions 103 are
ions which are obt ﬁi ned by exciting a source gas to produce a plasma of the
source gas, and i'UH¥WHEY.G0&ybiHepHE regload it Whess coRel HetEY 1§ dutethe 15pl asma
and accel er ai ®endayin &R sebRChkiaCsehii@hdhotol QbSde 100 at a predii@magPl& 1Aty Whi ch t he
enbrittl ement draﬁg' n 104 is ffrmd ﬁan be controgll_ed_b t he ki netic energy,
the mass, tHe*%¥ %3‘5 SPC ERER FRIPCBAT S gPEast P RE T BES PYmg PR ki neti ¢
energy can kecrgonks 6lGet)byAt himseeeeleri i7an by akidgieg tdhendosagel or the

l'i ke. 70,,The_enbrittlement lon 104 is farmed at subs tially the sane
depth 2o naSuar gl BT SRR RreBivieGehEBaRl st Hiade e, 't he
t hi ckness oficra 18} mglieplertybital prefewtcioniddepthdiont Gy emfisephthatiegdeforsem t he singl e

crystal sem_co. St hat e 4l.s.det.em _ the [pplantation depth
of the ions b%%g&ld%%gr S&%%F%t é@'m&gﬁd%ﬂﬁg’ g%b%‘%ﬁ?%ﬁ@%tmgfogg%Jgﬁmfoé.e is fornmed
is control | éefmsd tThatons Ae3 arhicok wbisk awgfoblahreébsimighe & s@Bceqmy ®tpadduce

sem conduct gr,ple L Ik ban ; dal . t@ 10, . han or
equal to 50% I}L%%?{%Erﬂkec?sgrg%g%gé?&egﬁ grl&':iuﬁgﬂl&g{rheep%é? a{kgéxgg&% %{181321&5 | ess t han
or equall’t o PROD? fidgrecjogrfqddyy an clectric fighe enbri ttl ement regi on 104 can be
fornmed by igmogippi ng treatment. The ion doping treatnent can be perforned
usi ng an ion doping apparatus. An_ion doping 30 apparatus is typically a
non- mass- separ at i ‘¢f d{"‘@}gét whiph g8 tgpent Fresds 19¢ ithiy e ‘@ijéét"lﬁpﬂecge
processed Way af kiktidimReSBmER, 8 eharhed mwidcRiedlshgkbndsioaf 1030n$nhi ch are
gener at ed b)é. pl.asma excitati on PL g Process gas. The apparatus is called a
" NON- MASS- S ﬁlé SECRy can be controlted by the acceleration Voltage, the dosage, or the like.

20 The embrittlement region 104 is formed at substantially the same depth as the average

penetration depth of the ioms 103, Therefore, the thickness of a single crystal
semiconductor layer separated from the single crystal semiconductor substrate 100 is
defermined by the implantation depth of the jons 103. The depth at which the
embrittlement region 104 is formed is controlled so that the thickness of this single
25 crystal semiconductor layer is greater than or equal to 10 nm and Jfess than or equal to
500 nm, preferably greater than or equal to 50 nm and less than or equal to 200 nm.
[0102]
The embrittlement region 104 can be formed by ion doping treatment. The
ion doping treatment can be performed using an ion doping apparatus.  An ion doping
30 apparatus is typically a non-mass-separation type apparatus for irradiating an object to
be processed which is disposed in a chamber with all kinds of ions which are generated

by plasma cxcitation of a process gas. The apparatus is called & “non-mass-separation

25



type apparatus” because an object to be processed is irradiated wth al

ki nds of ions w thout mass-separating ions in plasma. In contrast, another
ion inplantation apparatus is a mass-separation type apparatus. The latter
ion inmplantation apparatus is an apparatus in which an object to be
processed is irradiated with ion species having a 5specific mass through
mass separation of ions in plasma. [0103] Mai n conponents of the

i on dopi ng apparatus are the follow ngs: a chanber in which an object to be
processed is di sposed, an ion source for generating desired ions, and an
acceleration mechani sm for acceleration of ions and for irradiation

therewi t h. The ion.source inclu a gas.supply devi for plying a
source gas f%mdﬁﬁgﬁgi@&?“ﬁéﬁﬁ¢¥ﬁt gﬁ‘§%§%f£§ %ﬁmé1gg?ﬁﬁgﬁd?8ﬁm@50|tlng t he
source gas momgmnemakampMQ§ﬁam an@mhhe Ihkeomﬁa,hﬂﬂh@l@ﬁtﬁ@d@mﬁ@f
generating p anment ectro citive couplin

frequency d|§%ﬁggﬁ?ﬁ§“%P8”‘W8%§m PR BIfﬁgqﬁprﬁgg&ﬂm*ﬁgnﬁwggﬁﬁﬁ%t|on
nechanisn1|mahmﬁe@mehs@khaﬂe@msunhna&mamdemhﬁammimﬂ1®hemﬁm®deumﬁm

accel er ati on e%lfg%aséjtﬂx%u%h I%?Ssogc gr%’ Oﬁr&ggnﬁa&l ectrode, and a ground

el ectrode; & power supp r sup ng power to these el ectrodes; and the
li ke. These [@I08Lt r odes that are included in the accel eration mechani sm are

provided with a m/ﬂ:{ﬁ AbhoMerd orQREDH Qﬁﬁnc%o(fppaﬂthé e hté%if%g% s WpGhLd, Qs that are

generated fromthe 1on source pass and are acce er at Note that the
conponent s &fhidga opige t@ébprﬁw%ﬁa@ww it o0 gotcd forganerdtitecdesippd ions,

above- nent i gredh 6RBRARGNMShaBOE (& RIIRCAINSNES f&n%lgr%g HRe&ehdi ng to the
needs. [0104 In this enbodi ment, hydrogen is added to the single

crystal Dem @oiRIerEr nelifestd & sUppHodEr fty pPlyiah 2 deprnes dpparaicss. A

hydr ogen- comtmmmgp@&s aln?cicswmfch%&iol@ﬁg @e PluasPas @%ﬁ&@ﬁe flasna, fAMhEXanpl e,

di hydr ogen Plasma 1I.s enerat b xcitation of a

hydr ogen gagp Idﬁ%gfngﬁﬁagﬂﬁﬁngﬁﬁﬁgﬁa @?@‘éﬁggW§ 98% thGtHES s
separation anglitfsighirghecy tydhgingsenircnduat ke BUbSL r ahe adO@raticn i 1 r adi at ed
Wi th the ac Cf‘n%lc}%;}%}nqrgchh 3 aecuj;)ges su<%1 ag an etxf?(j}'gfl)efe?ﬁé)td?ﬁllellaon{ega?tgl% g{gcltjrgﬁ aratus,

the percentage of tri ydr ogen cat i on ity of ion
speci es 5, anddcehBitipn geredatieda froom ddgody dpoge mpgagsfoi spgeihg povdoe hi gher

than or eQU%}LSJ QecoBs; HILHENRRD! Yo NRPLLCRIE A0Sl Bilnl Sec8@hib0 De i gher

than or equa I nce mass separation 1s not perfor an
dopi ng appaPE%M@NmUWemp@ﬁ@bwﬁagemﬁﬁBOWémkmmﬁ<mﬁh$dhms$ewh@hﬂmkﬂm9 to pIura

kinds of io Qs csjaﬁ&élﬁﬁfrﬁﬁ 'ﬂf%rxé?ﬁ &ﬁh’ct Bas@ ld@f?'gf@ a% %1891[{.@1: eI(I&p lll‘)ﬁl t?i@ EOIB[Z%HQ‘AS hi g her i
than or equal to 50% nore preferably han or equal to 80% This is

because, by °f Fif at BPIE PRI FORE hﬁaqui h‘@@mﬁnoned components, and a

20 mechanism is provided according to the needs.
[0104]
In this embodiment, hydrogen 15 added to the single crystal semiconductor
substrate 100 using an ion doping apparatus. A hydrogen-containing gas is supplied as
a plasma source gas.  For example, dihydrogen (Hyy is supplied. Plasma is gencrated
25 by excitation of a hydrogen gas.  Jons included in plasma are accelerated without mass
separation and the single orystal semiconductor substrate 100 is irradiated with the
accelerated ions.
[0105]
In the ion doping apparatus, the percentage of trilydrogen cation (H;') 1o the
30 total quantity of ion species (H7, Hy', and H3™) generated from the hydrogen gas is set to

be higher than or equal to 50%. Preferably, the percentage of Hs' is set to be higher
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5 mass, ions can be added in a concentrated manner to the sanme depth in the
single crystal sem conductor substrate 100. [0106] In order to form
the enbrittlenent region 104 at a short distance fromthe surface, the
accel eration voltage for the ions 103 needs to be | ow. However, by an 10
increase in the percentage of H3t ions in plasma, hydrogen ions can be
added to the single crystal sem conductor substrate 100 efficiently.
Because the mass of an H3" ion is three tines as large as that of an ft

i on, when one hydrogen atomis added to the same depth, the acceleration
voltage for an ion can be three tines as high as that for an H ion. Wen

t he acceler%gion voltaqﬁyfo%.ions can he increaggqﬁgéhe cycle tinme of 15an
i on irradi atidr’ sTEB RaN be STAO PSR UGS b EETTE (% *BAd fHiBughput can
be i npr oved apfa@hB7ihe percentage ditrme dimpion Ppnappis AlLSe pluadl Rindnexpensiive and

excel lent for_ use.in |arge-ar treatpent. Therefor by irradiation wth
H3 by use o ﬁnselrjaceﬁi ”éﬁla?’%arf 98%%%"‘%@ SS{%B@? g’l‘egﬂeé thag §r qulip ? ?né’dﬁcfm BEFEEYs such as
an i npr ovembidher thanse pguabn 0%t oThic hdr@atceby Bihdiaton vim ibRGEEASHe bdheal €a, a
reduction i 0 n n. i nprovement in productivity, can be obtained. In
addition? t%gdb§%§Mﬁ§3%$%ﬁﬁﬁﬁmﬁ%§¥%§%%mIégﬁﬁfygﬁﬁ?gﬂxﬂﬁfggfﬁgm@ingle
crystal sensowpddetosulstissi®ate 100 in the case of using an ion doping
appar at us, ﬁgﬂgpnination of the single crystal sem conductor substrate 100
by the heavy netal can 95be prevented by irradiating the single crystal

sem conduct or subBtordst & POD thi ehbritdement epughittdhe sbxi distafiel lord 3R cont ai ni ng

chlorine at Qifice [ Q8deration voltadlObe iHe NG %@ﬁleéfs%ﬁ) b?floui'. r %@e‘i"ﬂ} the single

crystal sem conduct or substrateﬁlooimnfﬁ the accelerated i ons 103 can al so
be” per f P nmedctiRten &b Resisnisoriat attisdm Plepparafieer isBTHE bedddadripltient at i on
appar at us i sin@lc BSE S8R ALLONLARRALALHS ichdl, WRLGHsaR: ARk §Eln ho e processed
that is disposed in a chanber is irradiated with a specific 1on species
t hr ough 1s three times ay large as that of an H™ ion, when one hydrogen atom is added to the
same depth, the acceleration voltage for an H3" ion can be three times as high as that for
an H' ion. When the acceleration voltage for ions can be increased, the cycle time of
15  an ion irradiation step can be shortened, and productivity and throughput can be
improved,
{0107]
Ton doping apparatuses are inexpensive and excellent for use in Jarge-area
treatmen(. Therefore, by irradiation with Hy' by use of such an ion doping apparatus,
20 significant effects such as an improvement in semiconductor characteristics, an increase
in area, a reduction in costs, and an improvement in productivity can be obtained. In
addition, though a heavy metal may also be introduced into the single crystal
serniconductor substrate 100 in the case of using an ion doping apparatus,
contamination of the single crystal semiconductor substrate 100 by the heavy metal can
25 be prevented by irradiating the single crystal semiconductor substrate 100 with ions
through the oxide film 132 containing chlorine atoms,
[0108]
Note that the step of irradiating the singie crystal semiconductor substrate 100
with the accelerated fons 103 can also be performed with an ion implantation apparatus.
30 The jon implantation apparatus is a mass-separation apparatus in which an object to be

processed that is disposed in a chamber is irradiated with a specific ion species through

2
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mass separation of a plurality of ion species that are generated by plasma
excitation of a source gas. Thus, when an ion inplantation apparatus is
used, Hions and 111 ions that are generated by excitation of a hydrogen
gas or phosphorus trihydride (PH3) are subjected to mass separation, and
either if ions or F121 ions are accelerated, with which 5the single crystal
sem conduct or substrate 100 is irradiated. [0109] Next, a base substrate
120 is prepared (sec FIG 7D). [0110] A surface of the base substrate 120
is preferably cleaned before the base 10 substrate 120 is used.
Specifically, ultrasonic cleaning is performed on the base substrate 120

using a hydrochl, Jrjitﬁ)a%&;é ultl}‘g' o??yggi{i% Eﬁm aq“ee @cé&cﬁl B%{}lésmal\{i’x&éa/nﬂ t hrie

aci d/ hydrogen per oxi ni- um P OX rogen

per oxi de m xourecesad APNs, velich at éoh 1hyobln@gm1apbmms isdeedg [H—IE)n,s aod Ht'hiend | ke. For
exanpl e, ul tr.asa r,ab‘T erfo n.t rface of the
base substrate 1%%Eﬂ§%n§p&£ﬁ%§§ﬁp GBF%%Q lmb%ﬁ F%ﬁ%ﬁggg$§fﬁhe m xt ure.
Thr ough suclyuigécedng mgsswlealtxma abd e1thImeH Siunfadl’ ofs et:ha:clﬂazs&d subsiingt e 120 can

be pl anari zegd A Y griicles, can be renoved. [0111]
Next, on the su?gagﬁmemuﬂgd agg%gstﬁ% rg'tnéfaéi%ﬁd a nitrogen-containing |ayer
121 20(for éX&afbl e, an insulating filmcontaining nitrogen such as a

silicon nitride fuds film is formed (see FIG
7E). [0112] mdggbe?%b%{égn%f%q?gkéa%dq%c irgﬁit(:;}rﬁ%gen containing |ayer 121

serves as al{!dYler (a bonding layer) to which the oxide film 132 which is

provided on the si p@kge GF Yt Blse qaétr‘ﬁ@rfb@(?@g}éﬁ%ﬁfy §1E'Q1§5 rb@ttof'e $0Q,ls bonded.
I n addition, when a single crystal sem conductor layer having a single

crystal '9t r SUPHHS 1?% %5 Bﬁ*é‘eq%@h’t@%}‘%%"t&‘@?"&@dcjww s HetTagd awubstbest e, t he
ni t r ogen- cogitairsié MY haaysed hlidkhiaks @c;@fﬁ%ydv @@roﬁd@aﬁp{ah@r(i{ﬂvr@y%rsufhg{c preventing

inpurities su [1 s sodiu gﬂl ined in the base substrate from
di ffusing i ﬁ‘f’@ ¥°ﬁ@°§| hréff‘g] Vﬁﬁce{g%grﬁ“cﬁﬂ’éﬁﬁl&%}‘yqrw hydrggeronerayide
mix{ure (APM), diluted hydrogen fluoride (DHF), or the like.  For example, ultrasonic
cleaning is preferably performed on the surface of the basc substrate 120 using a
15 hydrochloric acid/hydrogen peroxide mixture.  Through such cleaning treatment, the
surface of the base substrate 120 can be planarized and remaining abrasive particles can
be removed.
[0111]
Next, on the surface of the base substrate 120, a nitrogen-containing layer 121
20 (for example, an insulating film containing nitrogen such as a silicon nitride film or a
silicon nitride oxide film) is formed (see FIG. 7E)}.
[01312]
In this embodiment, the nitrogen-containing layer 121 serves as a layer {a
bonding layer) to which the oxide film 132 which is provided on the single crystal
25 semiconductor substrate 100 is bonded. In addition, when a single crystal
semiconductor layer having a single crystal structure is subsequently provided over the
base substrate, the nitrogen-containing layer 121 also serves as a barrier layer for
preventing impuritics such as sodium (Na) confained in the base substrate fiom
diffusing into the single crystal semiconductor layer.
3G [0113]

Because the nifrogen-containing layer 121 is used as (he bonding layer, it is

e
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Because the nitrogen-containing |layer 121 is used. as the bonding |ayer, it
is preferable that the nitrogen-containing |ayer 121 have a snooth surface
in order to suppress defective bonding. Specifically, the

ni trogen-containing layer 121 is formed to have a surface with an average
surface roughness (R') of less than or equal to 0.50 urn and a

r oot - mean- squar e surface roughness (R',5) of |less than or equal to 0.60
Tun, 5 nore preferably, an average surface roughness of |ess than or equal
to 0.35 urn and a root-nean-square surface roughness of |ess than or equal
to 0.45 run. The thickness is preferably in the range of 10 umto 200 nm

i ncl usi ve, -e..pr ef er.abl o0 urn to 10 rn, inclusive. .[0114]
1OSubsequengﬁégﬁﬁhgwgﬁgfg%gmégm%ﬁgﬁsﬁﬁﬁﬂgl3%?%?5P°§§ﬁ¥%%ﬁd%8?%?L%ubstrate
100 and t he sarrdsaddccyfc bhidinpasipesilibdly.rtht virdR0-canienoj $pased it brhace each

h h ave a sdarface Wi favr S -cro- . ar a f th
e pen- ot USSR i BT 10 5, L g

nitrogen-containing | ot her (EF). [0115]

15Her e, aft & ¥Ha ©ptigtan-serystEbceserdbaesn dRiek Triess Wstar anel LOD6Gimd, t he base

substrat & 120:ap@rAbSPAsAdabd skt 85BufRBL e lesMikh oLAGR QR8T L, the oxide
film 132 and the nitrogen-containin ayer 121 therebetween, a pressure

I
rangi ng fr oMY MEARFEHP SWCBG’G‘S’Wﬁﬁﬁ?eSb@ﬁ areght i 04w IThRtEskpessés 20 N cng,
is applied pefeady Pand ok &f10tRL0SINGHE iRhYiss, Fhors BRTEBRANCL QR SMPsSt rat e
100. A bondi ng. between the oxide film 132 and the 20 nitrogen-containing
| ayer 121 b&GF KE“#¥* t he pressed portion and then a spontaneous bondi ng
proceeds thf@uaghout the surface. This bonding step is pertbnned by Van der

vaal s Togee o nuchonen Pond.Rg o of ML STRELEL B LRRML sl oot ron
gl ass subst tatsesface afithb dasgselgiras 1tthae Bagessulistcreathentile? 6o th2of:0416e _
Fim 132 or rele BLePRLAZefs eSSt RSN R R P IRLpPAPER0 ana the
ni t r ogen- comtcdiotien@ged fdgierr). 121 formed on the base substrate 120 before the
single cryst@lsjsem conductor substrate 100 and the base substrate 120 are
bonded to each ‘ot her. 30[0117] As the surface treatnent, plasm
treat nenf, ozone Heeatiefic, sipglegasthisemishusapiphgubstate 0P udnd ®t dasi ng (a
nmet hod of  spiayi of dN&Hoah et BhaSURH @S R SithalEdxide film 132 and
the nitrogen-containing layer 121 therebetween, a pressure ranging from 0.1 N/em? to
500 N/em?, preferably, from 1 N/em” to 20 Nem?, is applied fo one portion of the single
crystal semriconductor substrate 100. A bonding between the oxide film 132 and the
20 nitrogen-containing layer 121 begins at the pressed portion and then a spontaneous
bonding proceeds throughout the surface.  This bonding step is performed by Van der
Waals force or hydrogen bonding at room temperature without heat treatment.
Thercefore, a substrate with low heat resistance temperature, such as a glass substrate,
can be used as the base substrate 120.
25 [0116]
Note that it is preferable that surface treatment be performed on the oxide film
132 formed on the single crystal semiconductor substrate 100 and  the
nitrogen-containing layer 121 formed on the base substrate 120 before the single crystal
semiconductor substrate 100 and the base substrate 120 are bonded to each other.
30 [0117]
As the surface treatment, plasma treatment, ozone (reatment, megasonic

cleanming, two fluid cleaning (a method of spraying functional water such as pure water
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or hydrogen-containing water with a carrier gas such as nitrogen), or

conbi nation thereof can be enployed. Specifically, after plasnma treatnent
is perforned on a surface of at |east one of the oxide film 132 and the
nitrogen-containing |ayer 121, ozone treatnent, negasonic cl eaning,
two-fluid cleaning or the like is performed, 5 whereby soiling such as an
organi ¢ substance on the surface of the oxide film 132 and the
nitrogen-containing |ayer 121 can be renoved and the surfaces can be nade
hydrophilic. As a result, bonding strength between the oxide film 132 and
the nitrogen-containing layer 121 can be increased. [0118] 10Here, an

e por for med anCrsbLCAMER: R lEREL R st oheR S Ml B “PFRETA  on w th
ul traviol et thirgglitcag OV)enipieyed é@ﬁ@@pﬁﬂnéhcghﬁatMLagmmmygenmnﬁamme;treatnent

in which ul tsﬁ@é@c%'f% 1ehst o3 b A WRidk SR Y3 QLR 1{190 {' {?Hﬁ‘%ﬁ%’?er 2y font ai ni ng

oxygen is al so cal WV ozone treatnent, ultravi gat ment, or
the |ike. | %48 ‘éﬁampﬁé‘?"aémﬂ@&ﬂ%wgab‘m Tﬂigd slegrejem or ithrer Bl &t peofarmwidt h

ul traviolset WHegh} schl@ié' sih A& MRYEhe @wsﬁxl&fon 1§§§1r{ta&ad} t!%o&x&rﬂlﬁ”l% gx!u# ravi ol et

l'i ght haV|ng@9 wavel engt h greater than or e nmis pertorned
wher eby ozo Eﬁﬂgﬁémﬁgﬁﬁﬁ P8 1dhdasivagraeve %V@éﬁeéﬁﬁ%ﬁ%“@eWEﬂﬁﬁ%d from the

ozone. |rradiabpigit. WAsha Lﬂéstzrt aydnaingtsnkhglhtbeth@w RE &inayigl aagtlqafe | ess than
180 run is perf ozone can, be generated and singlet oxygen can

or ned, mq
be gener at ed FEEHBHRE @?6 ‘”TB%%@T“ Exanpl es of reactions which

occur by penfldBmi ng irradiation mnth uItravioIet | i ght having a wavel ength
of | ess than 200 and ul travi ol et in vel engt h greater than
or equal tOt o 200 a%u‘l" ‘i af m%‘?i‘?o%f fére US% %t Hi %@C“g’ft@gg@r SrERIe s bed

25bel ow. 02 treathpont (2 e perip@(c8 B 2 OfrB8E) of dhlopieQ (3B pr@qe@ﬁd by irfadiatidt wikhX2
nin)0(10) r e. Leactlo i.rradiation
with ul travﬁg%ggé?‘éﬁﬁ“ ln%Qkﬁm£$§wgB&%Wgngﬁ?h n“r‘$n%4’%%?glthan 200
nmin an at RyEphEf éfaé?@mﬁalﬁ wierigmek ygenatoPher somammg oxygen is also called

UV ozone treatment, ultraviolet ozone treatment, or the like. I an atmosphere
15 contaming oxygen, irradiation with ultraviolet light having a wavelength of less than
200 nm and uliraviolet light having a wavelength greater than or equal to 200 nm is
performed, whereby ozone can be generated and singlet oxygen can be generated from
the ozone.  Irradiation with ultraviolet light having a wavelength of less than 180 nm is
performed, whereby ozone can be generated and singlet oxygen can be generated from
20 the ozone.
[G119]

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
greater than or equal to 200 mm in an atmosphere containing oxygen are described

25  Dbelow.
O3 + hw (2 nm) — OCP) + OCP) - - - (1}
OCPY + 03— O3+ - (2)
O3 4 by (Ao am) - OC'D) + Oy - - - (3)
[0120]
30 In the above reaction formula (1), irradiation with witraviolet Light (hv) having a

wavelength {3; nm} of less than 200 am in an atmosphere containing oxygen (O2) is
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performed to generate an oxygen atom (0(3P)) in a ground state. Next, in
the reaction formula (2), the oxygen atom (0(3P)) in a ground state and
oxygen (02) react with each other to generate ozone (03). Then, in the
reaction formula (3), irradiation with ultraviolet Iight having a

wavel ength (X2 nmu) greater than or equal to 200 nrn in an 5 atnosphere
containing the generated ozone (03) is perfornmed to generate singlet oxygen
QD) in an excited state. In an atnosphere contai ni ng oxygen, irradiation
with ultraviolet |ight having a wavel ength of |ess than 200 nmis perforned
to generate ozone while irradiation with ultraviolet Iight having a

wavel engt h ofﬂgr than o 00 nin

e ener at e
si ngl et oxydé&n bygé)‘mmugg?ﬁ@GFhﬁmnébﬁgﬁlﬁ%g?ﬁg ‘%néeyrgg@%%ﬁf
descri bed ah@memU@hdb@xpgmhmnnﬁﬁPDﬁmngemah@he¢mmwygm(@ﬁwamvmmlmmﬁh | i ght of

a | ow pr eSSk, "{;? #6%22?&@ (é))S] The:l‘:\8§n D réggmg%mum % 1rr%£1‘1ai otnngﬁlpher €

cont ai ni ng oxygen tion, exa reactions
whi ch occur1@%Wpéﬁﬁ9ﬂdmwggﬁnwadm&ﬂi@mnmﬁémmksamnmmvaIQIZMhghmlhaV|ng a

I
dosr i bod bl Ra ARt Al R Slips BB 80U AN AR SYRED 87
(5) 03 + hi; ?DQSmt i poted ptate. O af @ym@Heg g@Yaming oxyged,niradisticilbwite r eact i on
formul a (4) ,unuvro@é#m@ae PRin \k;d\}eiem@\e&%sm 1'2@6tnnhgvﬂeﬁgm%8v§@\ﬁ@}1£eﬂc9t h (k3 um

of less than 180 nmin an atnDsp ere contal ning oxyge Is perforned to
generate si ngPI@t‘vlaWQéhdtwmlt i Hiraiele gt @dir@tdatveve&n@hazﬁ amefygémn atom (0(3P))

in a ground §hat®200N8Xtis pdridrddigo leRedtd gn%l&qrxpyéna)y(@omﬁonﬁg QXYQER. at om
(o(P) 25 in a ground state and oxy react with each other to

gener at el%zoif& 0(?5@)“edtfnﬁmtdﬁée%*§ét%‘ﬁ CF*%F’hﬁ‘f npegh forjexqumpls, By igadiafipy h
ul traviol et vighht cl'fa\(émﬁlc@um\/ﬁu%ngﬂab(}(]' V135 W) 7.0 2§4€h§? it foAmdBL:Hin i n an

at nosphere contai ning the generated ozone (03) is perforned to generate
singl et oxyJ@MeinHEaes%cited state and oxygen. In an atnosphere containing
oxygen, irrgdizajion with uItraV|oIet l'ight having a wavel ength of [ess than

180 nmis 30perf 0 gen e gzone dto rat e, singl et oxygen by
deconposi ng the oégﬁ%“%PE%%V “*HQHBYBﬁQOVWéE? ﬁPmﬁgu degel BE above can
be perf orsnediuddvotet Exlanplisg a b/yveiength of less than 180 am in an atmosphere containing
oxygen are described below.
Oz + hv (k3 nm) — O('D) + OCP) - - - (4)
OCP) + 0y = 03 (5)
O+ b (A nm) = O('DY + O - - - (6)
200 [0122]
In the above reaction formula (4), frradiation with ultraviolet light having a
wavelength (Az ) of less than 180 nm in an atmosphere confaining oxygen (O3) is
performed to generate singlet oxygen O('D) in an excited state and an oxygen aiom
(OCP)) in a ground state. Next, in the reaction formula (5), the oxygen atom (OCP))
25  ina ground slaie and oxygen (Oa) react with each other fo genecrate ozone (0:).  In the
reaction formula (6), irradiation with uliraviolet light having a wavelength (35 nm) of
less than 180 nm in an atmosphere containing the generated ozone (Os) is performed to
generate singlet oxygen in an excited state and oxygen. In an almosphere conlaining
oxygen, irradiation with ultraviolet light having a wavelength of less than 180 mm is
30 performed 10 generate ozone and o generale singlet oxygen by decomposing the ozone

our oxygen.  The ozone treatment as desceribed above can be performed, for example, by
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irradiation with light of a Xe excinmer U lanmp (X3 = 172 nn) in an

at nosphere cont ai ni ng oxygen. [0123] U traviolet |Iight having a wavel ength
of less than 200 nin cuts chem cal bonds 5 of an organi c substance attached
to a surface of an object to be processed, whereby the organi c substance
attached to the surface of the object to be processed or the organic

subst ance whose chem cal bonding is cut can be renoved by oxidative
deconposition by ozone or singlet oxygen generated fromthe ozone. By
perform ng ozone treatnent as described above, a hydrophilicity and purity
of the surface of the object to be 10 processed can be increased, and

bondi ng can | rforrred erated by
per f or mi ng |l??ﬁglfl %S{Ioﬂ% %‘F"é{/"i‘%ﬂ%%““]ﬁf’ i "étl%g’ﬁ'ﬁérf' & 518'%15&]% ng oxygen.
The ozone i sowfifiggbiygen.in rermval of the organic substance attached to the
surface of t[(lpl%]obj ect to be processed. In addition, singlet oxygen is as 15
effective as or even nore effective than ozone in rem)val of the organic
subst ance at t achddtregoletHightduring e evavdlengtheof bisj e 2Q00mbeltip¢1mme:sls!®dds Qzone and

singl et @xygeg &Fﬁli@é&%(:@%td@ﬁ@dqu%ﬂmé B a%rbb%& Jb %E F%Eé%]g'eg W%Q

collectively called active ox q% descri reactl on
formul ae and'8He syisieace dirghed ¢t e putage of the qbiestdnge Wéﬁddzdlmaorg@mgener at ed

i n gener ati BghsshdaghiRke %M}gﬁﬂbdﬁﬁm§ kNG 8o 1RXY¥AERA IbS FRRRLALELLEGM t he
200zone, here, react 'ai where si n%\?et oxygen contri butes are al so call ed

ozone treat HERTODF 8F SUEElR OXRRR EFTalet fiomhetroRe.  [By porfqrming ozone iginsnlt hat , it is
preferabl e taOdﬁbeﬁfﬁeﬂl’zfﬂibhaeath}ﬁji’c@&ﬂl@i@ﬂhncﬁ@ﬂﬁﬁ of Ghel RERQASEME NBjBORMNY strengt h
after tqg oXi d.,en]‘dl r‘r?)132 and the nltro%e? coglt ai g{rn]{gqyl ayer 121 are 25
bonded t'6 eZERTSTITEY "HETEREMATT FRBrESHP RS frATeRly Ry eatment is perforned
at a tenper &lotle where a crack is not generated in the enbrittl enment region
104; for exanple, ture s hi r than or ual to room
tenperature and Ioey‘és)ré(31 %S{IB 3@@1 er e 5 o“ii%] O M u&t‘ﬁﬁmgﬂ‘& 3 ggnosphere

ni t rogen- comlmimanXY%yerTEZQ?mys Béedtion de debovabat hheotlgeric whiislagcet hey ar e

heat ed at aa&a@ﬂ&aetgﬁ e%[u%ac@?% gl?%bﬁa Jl(g ? éIQR?ESQQOVﬁ dd(@[](gl Slﬂ:’IiQ?.eO beﬁ%tl.‘a c30t reat ment

can be perforned usin usi on nace, a hea Furnaed siich as a
resi starnée B&®tirhep ‘Piu?"ﬁa@é’m alfqctiys Ghan emph remmvelads thg ofgRhiMsalppaseat us, a

M CroWwave  auached to the surface of the abject to be processed. Ozone and singlet oxygen are
examples of oxygen in an active state, and are collectively called active oxygen. As
described with the above reaction formulae and the like, since there are reactions where
ozone is generated in generating singlet oxygen or singlet oxygen is generated from the

20 oxone, here, reactions where singlet oxygen contributes are also called ozone treatment

for the sake of convenience.

[0125]

Note that, if s preferable to perform heat {reatment so as 1o increase the
bonding strengih after the oxide film 132 and the nitrogen-containing layer 121 are
25  bonded to cach other as shown in FIG. 7F.  This heat treatment is performed at a
temperature where a crack is not generated in the embrittlement region 104; for example,
the temperature is higher than or equal to room temperature and less than 400 °C.  The
oxide film 132 and the nitrogen-containing layer 121 may be bonded to each other
while they are heated at a temperature belonging lo the above range. The heat

30 weatment can be performed using a diffusion furnace, a heating furmace such as a

resistance heating furnace, a rapid thermal annealing (RTA) apparatus, a microwave



heati ng apparatus, or the |ike. [0126] General |y, when heat
treatnent is perforned at the sane tine as or after bonding the oxide film
132 and the nitrogen-containing |layer 121 to each other, 5 dehydration
reaction at the bonding interface occurs and the bondi ng surfaces cone
closer to each other; thus, the bond is strengthened by strengtheni ng of
hydr ogen bondi ng and fornati on of coval ent bonding. In order to pronote the
dehydration reaction, noisture generated at the bonding interface through
t he dehydration reaction should be renoved by heat treatnment at high
tenperature. In other words, when heat 10 treatnment after bonding is
performed a r o noi sture generated at the bonding interface
t hr ough the%ggﬁggéggﬁgﬁﬁﬁgé%%ion cannot be renoved effectively; thus, the
dehydr at i onl#i@ékti on does not progress and it is difficult to increase the

bondi ng Strength4&&9%@3hw$§@£mﬁﬂﬁm%ﬁ2%{?ﬁﬁﬂﬂw &nm%ﬁﬁmg @a@%?&ﬁmaﬂ oxi de

filmcontaining chlori'ne atons or . e Is used as the oxide film 132,
t he oxide fiPpidie3de ificafianly? awldthei Herse-conipinipgdayer A2k ér drdhgtther. even when

t he heat str aaiyaRnbn @iﬂét%ﬁ a!f)%dc.loﬂgné satieed efaRGnatnd M{iﬁ@%@&@&t ke noi sture
generated at, ,the bo dlggulnterface t hrough the dehydration reaction can be
Tt

L Nr C Yy p ol s
absor bed andlOH P FARYONH Jupnle FPHE FTORENIPSS P ndeiafen B i dVaESn 20
reaction camobnrgpsimndiediorfol icev@nt byndidgn hbBeCRsgomey e WeMagorSubstrat e
having | ow heat resistance such as g.glass substrate |s used as the base
substrat e lfﬁ?“Ph@ﬂﬁ%ﬁﬂ¥ﬂﬁa%#ﬁéﬁg@ﬂﬁwgft Eﬁeﬁﬁ%%B%Fﬂ%kﬁvﬁﬁTf%?“%hd t he
ni t r ogen- coslcaldnbengmbay éy hd2 regannthehigh bstpantural hyothacrehseten ey t her, when

pl asma t,reat Ir i formed on the oxide film 132 a mcrqpore is formed
at the g&rf%gga%"$%£E%§PéébPF‘ﬁ¥‘gﬁﬁg?hgg?mﬁ%ﬁsFﬁP%m%g 1erd%’gaﬁémeffectively
absor bed andowitfefivtsdate imeugh thralclgxiagien ferdtion 820t iceordil aftcyyely; issbondi ng

strength betyegdfig, R ddel 32000 N9, Dikd.A98 %500 AL QLG aver 121

can be increased even eat treatnent 1s perforne a"E é‘r’rper ature.
[0128] Next strqsetht treatment is performed to cause splitting along the
enbrittl emep;2730 regi on 104, whereby a single crystal sem conductor |ayer
124 is provided over the base substrate 120 with the oxide film 132 and the
ni trogert®cont ai nitight dyrepantpin hatgrcetistamenide ke cpla@ingadjorine f1on9]
the like is used as the oxide film 132, the oxide film 132 can absorb and diffuse
moisture.  Accordingly, cven when the heat treatment after bonding is performed at
low tempcerature, moisture generated at the bonding interface through the dehydration
reaction can be absorbed and diffused into the oxide film 132 and the dehydration
20 reaction can be promoted efficiently. In this case, even when a substrate having low
heat resistance such as a glass substrate 1 used as the base substrate 120, the bonding
strength between the oxide film 132 and the nitrogen-containing layer 121 can be
substantially increased. Further, when plasma treatment is performed on the oxide
film 132, a micropore is formed at the surface of the oxide film 132; thus, moisture can
25 be effectively absorbed and diffused into the oxide {ilm 132.  Accordingly, the bonding
strength between the oxide film 132 and the nitrogen-containing layer 121 can be
increased even when heat treatment is performed at fow temperature.
[0128]
Next, heat freatment is performed to cause splitting along the embrittlerment
30 region 104, whereby a single crystal semiconductor layer 124 18 provided over the base
substraic 120 with the oxide film 132 and the nitrogen-containing layer 121

therebetween (sec FIG. 7G).
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M nute cavities had been formed by the addition of a chemcal elenent in
the enbrittlenment region 104. By this heat treatnent, due to tenperature

i ncrease, a change in the volunme of the mnute cavities occurs, which
causes a crack in the 5 enbrittlenent region 104. Thus, the single crystal
sem conductor substrate 100 is split along the enbrittlenent regi on 104.
Since the oxide film 132 is bonded to the base substrate 120, the single
crystal sem conductor |ayer 124 which is separated fromthe single crystal
sem conductor substrate 100 is provided over the base substrate 120.
Further, the tenperature in the heat treatment is set so as not to exceed
the strain Rei8f 10of the base substrate 120. [0130] For the
heating treatnent, a diffusion furnace, a heating furnace such as a

resi stance heati H‘émﬂtﬁrﬂh‘é@% haﬂéheﬂﬁfﬂﬂaépaﬂatadéﬂmiaofm dreoivaivdeniveainitng

apparat us, Qhbtifiembd: I"r@g1&?-n04pe E’}Sﬁg hegp{rca%éﬁtltm&t% "o tgﬁ JP{E\?I‘E 15&?3@& ment can be
perfornmed using an RTA 15 apparatus at a héat errpe ature o greater t han
or equal to “B¥Ee W ienrplyes ef fisamingle carjtie oqcwrs7 3bicic catser a grask dediss ti ne of

great er tshamn@fgttteﬁaﬁtcgtoa 104.5 THLO W@ R ﬁﬁé&&ﬂﬁ@m?&b%&@t‘oeﬁ% gO m nutes.
[0131] Note heat treatnent of FIG ;{ erformed w t hout
t

hat
perform ng %288 flﬁe 8‘\‘;@(’4&(5%%?% Hed Fiass the oxide fimi 3% ﬁrbOP‘f‘f’éﬂe&eﬂ bage t he
bondi ng st r eugtrite b, \N&searhgtdt@ydaeasﬁmsmﬁcttéﬂhﬁt 1243waia§l id J&E&Q&i #6mfild m 132. In

t hat ease, the, hea jLreatment s incre ondi ng strength
bet ween t he *BR°d& F FAT %“gecé?{dsuﬁ’%’gtento@tor‘bd’é‘ﬁ"@i ‘51? ARG HYERC 1129 and t he
heat treat nﬁnnllesttmpterﬁtwatmaunsthngczsep@haﬁixco«maxlﬂmgt iohgccedrneisirdih gABNt 1 egi on
104 are 1%er Ted.. ane time by the heat treatnment of FIG 70.
25[0132] i“){hgﬁélﬁ}bs&al?%zzt%he above steps, an SOl substrate having the
singl e cryst@P0ken conductor | ayer 124 over the base substrate 120 with the
oxide film 132 and, the, i l.r 0 n er rebot ween can be
manuf act ur ed. 013§ 3(5:B§/ éeﬁpﬁ%ﬁﬁganélﬂh?%{]ﬁma%‘y h%algfe[él(r:l}ac S“ iR % his
enbodi ment , & ﬁcqmdttﬂﬁ@feﬂés,@ﬂ\ﬁﬁéﬁﬁmtdﬁe mmtcr@ge%haawﬁr@pmmgot tylire 121 is
used as a betmbagméaay%p e;tahﬁteb%dhéag rr%;:{n%ﬁtgéa*ﬁ bcbgtrtft!%ﬁéh wﬁ Bas&aSubstrate
120 and the single crystal sem conductor |ayer can 9 ncreased.

Furt her ,}2di PRrasT ot ‘bltbdi WL é§8‘1€‘ﬁt‘f(5}lftﬂhe?@lﬁhgl’é0wylgitlaﬁs ﬁsiem eoaiduct or

| ayer 124 f @ MRGCOYRL fhe:RASESHOS Y d and an SO
substrate in which the1 ba&sbe sub S’trat eﬁ%g}béép' 569121}14%%9195 FCF”S t%?n?

sem conduct 61} @¢BMmings. are strongly

[0131]

Note that the heal treatment of FIG. 7G may be performed without performing
20 the above-described heat treatment for increasing the bonding strength between the base
substrate 120 and the oxide film 132, In that case, the heat treatment step for
increasing the bonding strength between the oxide film 132 and the hitrogen-containing
layer 121 and the heat treatment step for causing separation along the embrittlement
region 104 are performed at the same time by the heat treatiment of FIG. 7G.
25 [0132]

Through the above steps, an SOI substrate having the single crystal
semiconductor fayer 124 over the hase substrate 120 with the oxide film 132 and the
nifrogen-containing layer 121 therebetween can be manufactured.

[0133]
30 By employment of the method described in this embediment, even in the case

where the mtrogen-containing layer 121 is used as a bonding layer, the bonding strength



5bonded to each other can be obtai ned. [0134] I n addition, by

provi ding the nitrogen-containing | ayer on the base substrate side and
form ng the oxide filmcontaining hal ogen such as chlorine on the

sem conductor substrate side, a manufacturing process can be sinplified and
inmpurity 10 elenents can be prevented from penetrating the sem conductor
substrate before bonding the sem conductor substrate and the base substrate
to each other. Further, by formng the oxide film containing hal ogen such
as chlorine as a bonding | ayer provided on the sem conductor substrate
side, the bonding strength can be inproved by pronoting dehydrogenation

reaction ef fbiet‘%}eﬁgﬁll: ¥a e (BRI E R gfﬁel}ll_ggfélﬁg ){%glt AL ALLE [ayé%gﬁsl %’g? e crystal

15per formed at w tenperature. e separ a
sem conduct d¥restidst F lathéf, gifiosionnl ibeunies sE themnaiepmt;lés@t@hdwmm llﬂyaact uring an

SO substratigs M@%C& t@@gas@-h?@égdtk QZ@EQPHL mf)thesslsd a;ﬁ@%ﬁ@bl aRbof.e:f hat,

though a case. in whi he oxid fonned he sing "e crystal
sem conduct d‘fh‘@dlffsktd?ea%‘%gﬁ’i@d 2%1?%‘ *]P“Pféngﬂﬁ WS&(},} Eﬁi*‘in%?@ﬁtcéﬁr l*ﬁYPFgl 2f aspsironel i s f or ned

on t he base psuhsid atieotde?@ard e cl@sed.i bed in this enbodi ment, the present
i nvention ii]ggt limted thereto. For exanple, over the single crystal
seni conduct & bstrate 100, the oxide film 132 and the nitrogen-containing

| ayer may be sequentidiadd, By @t@(ﬁlﬁ%dhe amdg&nhﬁﬂtam&@ 16R€ o8 Wil ReEsdbirddh e

ni t rogen- con%alnhn Iage_ g he. oxhﬂgnfllm|132 nd the surface of
t he base subStréfe Y ﬁ“?@”@a P hEFL Fncliqiing whde  the
nitrogen- conﬁamnﬁngmhaVﬁnmnmm bEMmﬂMMEﬂg@hﬁhﬂmmbﬁfﬂmﬂﬁﬁﬁaﬁdhﬂﬁm@hat t he
enbrlttl%ne ch as a

silicon oxi nltez?t?%%%né %ntcd 3'{011{ r%caglmuno he sumgonducto: sszsg lgl Prﬁ 6&111 é%r and t hen
t he surfaceﬂwhwmh@ﬂbwpd%mﬁmknméﬁwlmhewBﬁawnﬁ&mGOﬁkrtﬁeﬁmageiSMﬁmgrate 120

may be bondeg doiens RaALNEE sylAA37h WERAEONANLARL OB 91,48, 30l e

crystal seniconductor aye? g I npurities co fase
substrat e 12@nipepdpder sibfiate Bie, dfe bodvar srenglh sars by ﬁraiefe\fﬁ@fb)t premotcigde fil m

132, which iggy E@Fréfﬁﬂorpfba&i@ﬁ FHAGHE CLY hé m@qmtcl@éam?& OfierSiAPELS @t € 100, and
the surface oﬁ’ base substrate 120 nay be bonded to each other without

provi di g tﬁ@ﬁﬁ?T4%§%ﬁw@8ﬁﬁ%$nlng | ayer 121 on the base substrate 120. In
this case, @igsep in

Next, the separated single crystal semiconductor substrate 100 can be reused in
a process ol manufacturing an SOI substrate as described above in Embodiment 1.
[0136]

20 Note that, though a case in which the oxide film 132 is formed on the single
crystal semiconductor substrate 100 and the nitrogen-containing layer 121 is formed on
the base substrate 120 is described in this embodiment, the present invention is not
limited thereto.  For example, over the single crystal semiconductor substrate 100, the
oxide film 132 and the nitrogen-containing layer may be sequentially stacked, and then

25 the surface of the nitrogen-containing layer formed on the oxide film 132 and the
surface of the base substrate 120 may be bonded to each other. In this case, the
nifrogen-containing layer may be formed cither before or after that the embrittiement
region 104 is formed. Nete that an oxide film (such as a silicon oxide film) may be
formed on the nitrogen-containing layer and then the surface of the oxide film and the

30 surface of the base substrate 120 nxay be bonded (o each other.

[0137]

When contamination of the single crystal semiconductor layer 124 by

[
A



5whi ch the nitrogen-containing |layer is provided can be omtted. [0138]
Note that the structure described in this enbodi nent can be inpl enented by
bei ng conbi ned appropriately with structures described in other enbodi nents
in this specification. 10This application is based on Japanese Patent
Application serial No. 2008-227725 filed with the Japan Patent O fice on
Septenber 5, 200R, the entire contents of which are hereby incorporated by
reference. CLAIMS: 1. A nethod of manufacturing an 501 substrate,

conpri sing a first step of formng an enbrittlenent region in a bond
substrate having a single crystal side by irradiati ng t he bond substrate

w th accel er; . . | g crystal
side of the ’@%ﬁg’ei s%grg%nethaend% Sﬁggrgtgqgﬁt)glgtrggagg o eac H]t% S§r{wg h an

i nsul ati ng I%yexidetiHarldbetighen formpdion the single grysthi acetiosn@pwowbﬁtﬂ&m@ﬁg a single
crystal sem copduateL oﬂtﬁeﬁ%ﬁe s‘ﬁyﬁiratet@@mgfa&ebo%%%& ERh Brniy »Lthm&}e}: l ating

| ayer therebetween by splitti ng bond substrate at r|t | ement

regi on; the “’3?&3&001%%%‘“8 kAYed 2ét‘é’pﬂle PeystbiyaeH@0hdndhis yisst ¢ st ims the bond
substrat & i Rvtidhend ditrbn-tdutBMGNatR i H Sl RS FeQinifi@r M ng anot her single
crystal sem @% ]duct or |ayer; after repeatedly reusing the bond
substrat e, R ng the bond substrate to a single crystal sem conductor
substrate to for midc %ﬁ&k@dud@b’@ésoﬁli&b&ﬁHﬁdﬁmbo&lﬂﬂnu&inrt@ lﬁb@mett@epiged | ayer
substratea abolgi g nthe gt tbhro hthll‘g st eps. The

met hod of maﬁ‘“% Cloaiie naé’m"ﬁ“%‘ X “%‘db%‘?‘%%‘?% %?&%8?&’? i gk ’ﬁicﬁ‘i‘siﬂ i

wher ei n bondpwdgicafont he bond substrate split at the enbri ttIemenl regi on and

the single crystaXL 3&9@1"% ;‘g%q)se%uggtfa‘,tue d SR8 f gﬁceﬂg %QE@P% ng directly

a surface of the e *and ace of t ySt al
sem conduct éP0%BUNELY &led wfit dr Jepvat Paens iHTidvcer Brigatihverit *m(s% pier froirsred on at

| east one of.,gufd J}%ﬁzhtag: IQ?ebp ng(gﬁgated by reference.
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3. The nmethod of manu facturing an 501 substrate according to claim 2,
wherein the surface treatnent activates at | east one of the surfitces of

t he bond substrate and thelsem conductor substrate by irradiation with
argon in vacuum 4. The nethod of nmanufacturing an 501 substrate according
to claim wher ei n bondi ng of glheiddeand substrate split at the
enbrittlenent region and the single crystal sem conductor substrate is
performed with a bonding | ayer therebetween which is formed on at | east one
of the bondlsudbstihat« nandiatthensinigllevsrysta@mpsent conduct or substrate, 5.
m:f’ e: nOfa gﬁgg%galghg{ (3n91]]§Ql1 ?]ggﬂtﬁ!’{f?ﬁitl E’Cai U% IIQQ%QI({FLLLPQIdd,qld\’}ﬂ" R Slﬂﬁbu'}f\ al \IdLO
pol ycr9»5u!aidiamn@ll@em(bmhfdmt;‘t\urh <subsmmatoes,| s used as the base substrate.

ra

a second step of bonding the single crystal side of the bond substraie and a hase substrate to
cach other with an insuiating layer therebetween, and

a third step of forming a single crystal semiconductor layer over the base subsirate with ihe
msulating layer therebetween by splitting the bond substrate at the embrittlement region;

afier the third step, reusing the bond substrate as the bond substrate in the first through third
steps for forming another single erystal semiconductor layer;

alter repeatedly reusing the bond substrate, bonding the bond substrate to a single crystal
semiconductor substrate to form a stacked fayer substrate, and

usmg the stacked layer substrate as a bond substrate in the first through thid steps,

The method of manufacturing an SO substrate according to claim 1,
wherein bonding of the bond substrate split at the embrittement region and the single crystal
semiconductor substrate 1s performed by bonding directly a surface of the bond subsirate and a
suriace of the single crystal semiconductor substrate after that a surface treatment is performed on at
least one of surfaces 1o be bonded,
3. The methoed of manufacturing an SOI substrate aceording to ¢laim 2,
wherein the surface freatment activates at Jeast one of the surfaces of the bond subsirate and

the single erystal semiconductor substraie by irradiation with argon in vacuwm,

4. The method of manufacturing an SO substrate according to claim |,
wherein bonding of the bond subsivaie spiit at the embrittioment region and the single crystal
semiconducior subsirate 15 performed with & bonding faver therebetween which is formed on at least

one of the bond substrate and the single crystal semiconductor subsirate,

5. The method of manufacturing an SOT substrate according o claim 1,
wherein o glass substrate. a single crystal sermiconductor subsirate, or a polverystalline

semiconductor sthsirate 15 used as the base substrate.
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