METHOD OF MANUFACTURI NG SO SUBSTRATE BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5[0001] The present invention relates to a nethod of
manuf acturi ng a substrate over which a sem conductor |ayer is provided with
an insulating | ayer therebetween, and particularly relates to a nmethod of
manuf acturing a silicon on insulator (SOT) substrate. Further, the present
invention relates to a nethod of recycling a bond substrate in the 10

manuf acturi ng met hod of an SOT substrate. 2. Description of the Related Art
[ 0002] As substrates suitable for manufacture of sem conductor devices that

achi eve 15 | ow power consunption_and hi tion, attention has
been directed to SOMELHOR NNW’E@@S&?@%E Iayer i's provided
over a base substrate having an insul ating surface [0003] One of known
met hods of manufacturing an SOI substrate is a drogen ion 20 inplantation

separation method (see PaBARKGRUNEAF THE IRNENH@Nogen i on i npl ant ati on

separati Onlrﬁélti%ﬁﬂlﬁm%nﬁﬁfhm que of formng an SOT substrate in the
foll owi ng nanner. An oxide filmis formed on one of two silicon wafers

which i% tH08kFve as a bond substrate. At the sane tine, by inplanting

hydrogen ions i nfﬂ% e&r%gﬂlgﬁg%tl%ﬂq %l{egtt(? a. rﬁ‘eﬂmdcétfxgﬁpﬂ%cﬂldn yaegubiséaté QL%E'([jhlen the

bond substr at e. substrate is ose contact wt
ot her si |l i wbithwafearicdndadtos k&yermsmwéedas'lth abaswlmbéayreatﬂ@rebﬁmehn,tm oxi de

filmtherebe eat treatnent s split
with the uB V\'ﬁ Pyhlglaﬁﬁsg? %%egf?fi e Il%a;r/l%racas 8 Sﬂlf:é n'%ﬁgtf”st&ﬁ %ﬁ heat
treat ment Barthenethdameens ihyshticnt elatdsde afraethael of ﬁtycdmgathomﬂ ststraveemtltehe base

substrate and sen co r that is split fromthe bond substrate.
Thus, i{% Q%g"‘l Stdérsﬁlés&ate [ 0004]

2. Description of the Related Art
[0002]
As substrates suitable for manufacture of semiconductor devices that achieve

15  low power consumption and high-speed operation, attention has been directed to SOI

substrates in which a semiconductor layer is provided over a base substrate having an

insulating surface.

[0003]

One of known methods of manufacturing an SOI substrate is a hydrogen ion

20 implantation separation method (see Patent Document 1). = The hydrogen ion

implantation separation method is a technique of forming an SOI substrate in the

following manner. An oxide film is formed on one of two silicon wafers which is to

serve as a bond substrate. At the same time, by implanting hydrogen ions into the

bond substrate, a microbubble layer is formed in the bond substrate. The bond
25  substrate is put in close contact with the other silicon wafer that is to serve as a base

substrate, with the oxide film therebetween. Then, by a heat treatment, the bond

substrate is split with the use of the microbubble layer as a splitting plane. Another

heat treatment on the base substrate side forms a strong bond between the base substrate

and a semiconductor layer that is split from the bond substrate. Thus, an SOI substrate
30  is formed.

[0004]

Furthermore, for an efficient and economical use of silicon wafers, a method by



Furthernore, for an efficient and econom cal use of silicon wafers, a
nmet hod by which many SO substrates can be manufactured with as few
silicon wafers as possi ble has been researched (see Patent Docunent 2).
[ Ref erence] [Patent Docunent] 5[0005] [Patent Document 1] Japanese

Publ i shed Patent Application No. H5-211128 [Patent Docunent 2] Japanese
Publ i shed Patent Application No. 2000-349266 [ 0006] The bond substrate
still retains its wafer formafter the split. If defects and the 10 like
remai ning on a surface used for the split are renoved by etching,
polishing, or the like, the bond substrate can be reused_to manufacture
anot her SOVhishmeny §0& suljstigfosygan be manufagured withas few sgffcon WG AsRISEbFat e in

this nanneﬁash,@gﬂ;e%hg@gegpgéﬂﬁogﬁm&{t%n increase in oxygen defects such as
an oxi dation-induced stacking fault (OSF) due to an 15 ion irradiation

step, theriRefereicst ory during split of the bond substrate, or the like. If a
bond subst gﬁiﬁg an i ncreased nunber of oxygen defects is used to
nanufacturI%%%tg sugstrate, sem conductor properties significantly

det eri of at ®00$10008] Further, in an ion irradiation step, an inpurity

et *SiliRo gy ek ARl eyl e ep L oce s
def ects, s[RafenaDoduigrut 2tTypaakerfnblisied Petcstedppliedtios dios 2609e349266 conduct or
properti es.[0§6J RY OF THE | NVENTI ON
The bond substrate still retains its wafer form after the split. If defects and the
10  like remaining on a surface used for the split are removed by etching, polishing, or the
like, the bond substrate can be reused to manufacture another SOI substrate.
[0007]
Repeated use of a bond substrate in this manner has involved a problem of an
increase in oxygen defects such as an oxidation-induced stacking fault (OSF) due to an
15 ion irradiation step, thermal history during split of the bond substrate, or the like. Ifa
bond substrate having an increased number of oxygen defects is used to manufacture an
SOI substrate, semiconductor properties significantly deteriorate.
[0008]
Further, in an ion irradiation step, an impurity element such as a heavy metal
20  which is contained in an electrode, a chamber, or the like could be added to the bond
substrate. Like oxygen defects, such an impurity element adversely affects the

semiconductor properties.

SUMMARY OF THE INVENTION
25 [0009]

In view of the foregoing problems, an object of an embodiment of the disclosed
invention is to prevent malfunction of a bond substrate which is caused by its repeated
use.

{0010]
30 According to an embodiment of the disclosed invention, a bond substrate split
in formation of an SOI substrate by ion implantation separation method is subjected to a

first heat treatment in an argon atmosphere and then a second heat treatment in an



25[ 0009] In view of the foregoing problens, an object of an

enbodi nent of the disclosed invention is to prevent mal function of a bond
substrate which is caused by its repeated use. [0010] 30According to an
enbodi nent of the disclosed invention, a bond substrate split in formation
of an SO substrate by ion inplantation separation nethod is subjected to a
first heat treatnent in an argon atnosphere and then a second heat
treatment in an atnosphere of a m xture of oxygen and nitrogen, so that a
reprocessed bond substrate is formed and used again as a bond substrate in
an ion inplantation separatjon nethod. This is detail ed bel ow [Q0011] 50ne
enbodi mentatipspheg of p auEHEe qf resrniagh qt@gan,ﬁ%fl}qbﬂre@focwﬁg?g@s PITALS Bn ]SCJ
substrate gpaldeidged dedih bsh bh®ButiRiratt lif afliicH infiGantatidaREpastioa idkdd. Wi t h
accelerated ions to forman enbrittlenent region in the bond substrate; a
second st ephipfs deoietl bdow-he bond substrate to a base substrate with an

i nsul at i ng[robﬁﬁer t herebetween; a third step of splitting the bond substrate
at the enbrittlement region to forma sem conductor |ayer 10 over the base
substrate with Oneembgdilmgnt ofghd pryssnt inkentieh éxasaethod effganifachmng gn §O&p of

subj ecti ng b ! bLd | i tQ a first
heat treat Sr?%gr}?at%)ﬁlgg‘%ﬁlg'r%tg%&%?ﬁ%g gh%lﬁaglhgtﬁg)%? ﬁgﬁ{ Sggﬁs:g@{gﬁ%%ﬂérgigaﬁ (Ehesgment in
an at nosphfere apfembritiiexieutrregioh iroshy dpond subdirateita wgem step didomliag thefosdessed

bond substrate, in ich.the reproce t . L S ain as

t he bond s%’gﬁall%lmea%“f ﬁ‘ébst} Py sg %6& S%%gf‘gg%% %g?éneg‘%eﬁ’n!;1 ? ﬁ}ékpg%%\q)}g

st ruct ur e, splifingftheibédil sbsgateatnthd empattibmensedgiof teeformbresesti@pdudtordayerhe fir st
step to the third step are repeated n tjnmes,(n: a natural.n r Qreater

t han of® eqtisf wﬁeog?? SupsateL g %?enmf 8“%1(’5‘3%" %lgrr@tbﬁ%qvﬁer“é ,amz!i;lr? %&#%ngt%?i m f or ned
on a surf agsjeefing Me bsRINBERESHI Rahdesbiliaémal eegian tb hdirs e mdatheatint r eat ment

can be used as the insulating 20 | ayer in the. bond to,the_base sut%strate.
[ 0013] an argon atmosphere and theh a second heat treatment in an atmosphere of a mixture o

oxygen and nitrogen to form a reprocessed bond substrate, in which the reprocessed
bond substrate is used again as the bond substrate in the first step.
15  [0012]

In the above structure, the fourth step can be performed after the steps from the
first step to the third step are repeated n times (#: a natural number greater than or equal
to 2). Further, in the above structure, an oxide film formed on a surface of the
reprocessed bond substrate in the second heat treatment can be used as the insulating

20 layer in the bond to the base substrate.
{0013]

Further, the above method may further include the step of polishing a surface
of the bond substrate split at the embrittlement region between the third step and the
fourth step.

25  {0014]

In the above structure, the concentration of the oxygen in the second heat
treatment is preferably less than 5 vol.%. Further, the atmosphere during the second
heat treatment preferably includes chlorine in addition to oxygen and nitrogen.

[0015]
30 Another embodiment of the present invention is a method of manufacturing an
SOI substrate which includes: a first step of subjecting a bond substrate to a first heat

treatment in an argon atmosphere and then a second heat treatment in an atmosphere of



Further, the above nethod may further include the step of polishing a
surface of the bond substrate split at the enbrittlenent regi on between the
third step and the fourth step. 25[0014] In the above structure, the
concentration of the oxygen in the second heat treatnent is preferably |ess
than 5 vol.% Further, the atnosphere during the second heat treatnent
preferably includes chlorine in addition to oxygen and nitrogen. [0015]
30Anot her enbodi nent of the present invention is a nmethod of manufacturing
an SO substrate which includes: a first step of subjecting a bond

substrate to a first heat treatnment in an argon atnpsphere and then a
second heat MPFWEIFERYEP ARG QR Spiferd P ol pdisting be g?ﬂ%%&%@ﬁﬁ LG
nitrogen; gcaeeRAdomt®Ror al EkBgkiahbfGedibie il@B Bosd Aiktiat;e hird @teE_Q)‘Ee' er at ed
ions to forman enbrittlenent region in the bond substrate; a third step of

bondi ng t Heongingcthe heysk yulsteate & 4 bEgsubYRFS VIt RR WFHAHHIPYPREGICREIFAGY: | ayer
ther ebet weghy: o A 3teh Q&'%}%lﬂt'ﬁé 8R tHhd SPstrhde i he! AN HIRhI B 16mAL t he

enbrittlenent region to forma 5 sem conductor |ayer over the base

subst r &t e setidpntintor lager| ever titp basy spbatiater wik tthee insulaig bayen therebefeerh step i s
per f or med t are
Fepeat od 11 e bl SE R bR A MAEARE HhERe Rk eb BIRE [uphBp 2 P o
Not e t hat armrdphited spmes (4 ¢ atti@hnamieer greatef thikeor ¢guel tb@).m " SO substrate" is
used as a @ﬁlﬁoncept al so including a substrate provided with a |ayer of a
sem conductor "ot her than silicon. In other words, in this specification and
the like, a bondidgeidstinaiespesi€idatioprandeizuikacthe teemIBORSULSEl e 'SHhstiaake
includes a substrate other than a s d of a ,silicon materi al

, upstrate for
[ 0017] 1015 6pneFRE P AReiuding 2 sybatraj gtqvesigédﬂﬁﬂ/@mfi 7 SERPdRetyr e A8 of a

repr ocessegilandssist «8lde, Wi th peItiGEsn QXY BRMIGShaohe s@istrhidRidéd For
el enents, thereby |nprOV|;% the properties of an_ SO substrate nmanufactured
S

usi ng t hi smeybachire e SBbipsEalp dchudea subsirtp ather thar a sikstaeifonedof ehe
properti esgipfondnQRg substrate can be suppressed, and therefore the nunber

of tines ﬂ%o?ﬁpeatEd use of the bond substrate increases. This can

15 An embodiment of the disclosed invention enables formation of a reprocessed
bond substrate with reduced oxygen defects or impurity elements, thereby improving
the properties of an SOI substrate manufactured using this reprocessed bond substrate.
Further, deterioration of the properties of a bond substrate can be suppressed, and
therefore the number of times of repeated use of the bond substrate increases. This can

20  further suppress manufacturing costs of an SOI substrate.

[0018]
Thus, an embodiment of the disclosed invention can prevent malfunction of the

bond substrate which is caused by its repeated use.

25 BRIEF DESCRIPTION OF THE DRAWINGS
[0019]
FIGS. 1A to 1E are cross-sectional views illustrating an example of a method
of manufacturing an SOI substrate.
FIG. 2 shows a manufacturing process flow of a reprocessed substrate.
30 FIGS. 3A to 3E are cross-sectional views illustrating an example of a process
of manufacturing a reprocessed substrate.

FIGS. 4A, 4B-1 to 4B-3 and 4C to 4E are cross-sectional views illustrating an



20 further suppress manufacturing costs of an SO substrate. [0018]

Thus, an enbodi nent of the disclosed invention can prevent nal function of

t he bond substrate which is caused by its repeated use. 25BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0019] FIGS. 1A to |E are cross-sectional views
illustrating an exanple of a nmethod of manufacturing an SO substrate. FIG
2 shows a manufacturing process flow of a reprocessed substrate. 30FI GS. 3A

to 3E are cross-sectional views illustrating an exanple of a process of
manuf acturing a reprocessed substrate. FIGS. 4A, 4B-1 to 4B-3 and 4C to 4E
are cross-sectional views illustrating an exanple of a method of

manuf act ur§%agpkerrt aorethodipd magpfacturing an SO substraigp_ 1 5A-2 5B-1 to 5B-3 and 5C

to SE are cross-gg§t 5Qnalsavd exp1i ol $158r Aldl 51O B HEEYRTRLA-RbticRalTReRed Of
manuf acturing an SOT substrate. S5DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0020] iltustrqging phesfemple of armpiigidral magufearipe P Qb t he acconpanyi ng
drawi ngs. Note that the invention is not limted to the description bel ow,
and it is apparent to those skilled in the art that the enbodi nents and
det ai | S5t her eof can b®EFAILER DRSGRAPE@N QF THE INVENTION

[0020]
Hereinafter, embodiments are detailed using the accompanying drawings.
Note that the invention is not limited to the description below, and it is apparent to those
skilled in the art that the embodiments and details thereof can be easily modified in
10  various ways without departing from the spirit of the invention disclosed in this
specification and the like. In addition, structures according to different embodiments
can be implemented in appropriate combination. Note that throughout the structures of
the invention described below, identical parts or parts having similar functions are
represented by the same reference numeral, the explanation of which is not repeated.
15 {0021]
(Embodiment 1)
In this embodiment, an example of a method of manufacturing an SOI substrate
is described with reference to drawings. Specifically, a process of manufacturing an
SOI substrate is described using FIGS. 1A to 1E, and Process of Forming Reprocessed
20  Bond Substrate is described using FIG. 2 and FIGS. 3A to 3E.
[0022]
(Process of Manufacturing SOI Substrate)
First, a base substrate 100 and a bond substrate 110 are prepared (see FIGS. 1A
and iB).
25 [0023]}
As the base substrate 100, a substrate formed of an insulator can be used.
Specific examples thereof include a variety of glass substrates used in the electronics
industry, such as substrates of aluminosilicate glass, aluminoborosilicate glass, and
barium borosilicate glass, a quartz substrate, a ceramic substrate, and a sapphire
30 substrate. Note that by containing a larger amount of barium oxide (BaO) than the
amount of boric acid, a glass substrate as mentioned above has heat resistance such that

it is more practicable. Thus, a glass substrate containing a larger amount of BaO than

5



10 various ways w thout departing fromthe spirit of the invention
disclosed in this specification and the like. In addition, structures
according to different enbodi ments can be inplenented in appropriate

conbi nati on. Note that throughout the structures of the invention described
bel ow, identical parts or parts having simlar functions are represented by
the sanme reference nuneral, the explanation of which is not repeated.

15[ 0021] (Enbodi nent 1) In this enbodi nent, an exanple of a method of
manuf acturing an SOT substrate is described with reference to draw ngs

Specifically, a process of manufacturing an_SO substrate is, described
usi ng FI GShe |amougt oF B9y prederablyrberpedi ndlotse fiabde S8is e diping Substrat e

i s descri bcfegcﬁb?iioﬂ% séﬂéﬁ‘of%hea&ge FhéPa g {uBstdie is OQPR ihd B GRSt o1 00.
Manuf acturing SO Substrate) First, "a base substrate 100 and a bond

subst r at e THeOisapba plasspuburateasdle RpGHbstiste K0y whigh reafisgsyolagpr ggs devise base
substrate %‘gqnex e&ﬂ}%ﬁésg’%tagré‘d%mgtspf an insul ator can be used. Specific
u

exanpl es thereof I'nc e a variety of glass substrates used in the
el ectr dni c[@024ijdustry, such as substrates of alum nosilicate glass,

o o nobor 0| Lo i Bprd S RSO L SSIRALORR e BIEIS o,
cont ai ni ngsubsttadd GemedwdarGroop 1B aidment, cucldes ¢ Bagle ¢rpwiad diliven aolpaate, of boric
acid, a gl sau?g e grls,lrls)tzsilt ée?'}naemgg s%s%taie?gre g si%g 9:\é?ysg?gili@oenaéen[ﬂgnsihglts%gs%%te,s 0(1:'h that
example. It is also possible to use a compound semiconductor substrate formed of
10 gallium arsenide, indium phosphide, or the like. As typical commercially available
silicon substrates, there are round silicon substrates that are 5 inches (125 mm) in
diameter, 6 inches (150 mm) in diameter, 8 inches (200 mm) in diameter, 12 inches (300
mm) in diameter, and 16 inches (400 mm) in diameter. However, the shape of the
bond substrate 110 is not limited to a round shape and can be a rectangular shape or the
15 like obtained by processing. Further, the bond substrate 110 can be manufactured by
the Czochralski (CZ) method or the floating zone (FZ) method.
[0025]
Next, an embrittlement region 112 is formed at a certain depth from a surface
of the bond substrate 110, and the base substrate 100 and the bond substrate 110 are
20 bonded to each other with an insulating layer 114 therebetween (see FIG. 1C).
[0026]
In the above step, the bond substrate 110 is irradiated with ions of hydrogen or
the like having kinetic energy, whereby the embrittlement region 112 can be formed.
[0027]
25 Further, the insulating layer 114 can be formed using a single layer of an
insulating layer such as a silicon oxide film, a silicon oxynitride film, a silicon nitride
film, or a silicon nitride oxide film, or a stack of any of these films. These films can
be formed by a thermal oxidation method, a CVD method, a sputtering method, or the
like.
30 [0028]
Note that in this specification and the like, the term oxynitride means a

substance in which the oxygen content (atoms) exceeds the nitride content (atoms).



it is nore practicable. Thus, a glass substrate containing a |arger anount
of BaO than the anount of B203 may preferably be used. Note that in this
enbodi ment, a description is given of the case where a glass substrate is
used as the base substrate 100. The use of a glass substrate as the base
substrate 100, which realizes a |arger size device and inexpensiveness, can
reduce costs. 5[0024] As the bond substrate 110, it is possible to
use a single crystal sem conductor substrate formed of a Group 14 el enent,
such as a single crystal silicon substrate, a single crystal germani um

substrate, _or a single crystal silicon germani um substrate, for exanple. It
is al so po‘%‘%iieﬁP‘BPIPoS%é@é oFYRIBIAS It A qURERFC BB XY B RH EITPETe STI6MhERd of 10

gal I'ium arl%ﬂfﬂ;ggﬁat &dﬁ@é&ﬁ%&ﬁ%&%ﬂlgﬂﬁom@o o110 dibK®.5 D15t A, 03110 aem®y Ci al |y

avai |l abl e on substrates, There are round silicon substrates.that are 5
i nches (12&mdrin) td 10 di%anredpectjvely. i Futtles, thd BOmmityidé pxidé meatsex subgaioadmes (200

nmm in diangter, 12 inches 00 i,n.di ameter d 16 inches 00 mm in
di anet er . Q&ﬁw’éﬁ’,}“%gﬁ%“%fﬁ%{ﬁg%‘?“ﬁ%ﬁ%%ﬂﬁ O’s({%éltcPfétte%Qitfﬁg's@ﬁffx Piited to a
round shapgli@ndi€idfotide & o Rbitang ihdidigheygen hitiolgen, Bicbh, lead bipdragened by
processing. Further, the bond substgate 110 c%p %e Egnudact rgd ?8 t he
Czochr al sl @peqrziontgamaRe BPmhie 3 ¥ati Wy'ozord "t E2) ot ﬂ.ﬂﬂ%l 383%

Next, an egly ,'r% Snggfsi{.] R @& dhd 2bdve eﬁgg: @E vauELttAh& Ege%plofrihgm a

surface of the bstrate 110, and base substrate "100° and"t he bond
subst r at e Rutberforé backstntiedeg] speotremetty (RBrorviyttogem farwend| ssetienigg (HY8r 114

t her ebet n.(see Fl 1C). .[00 I.n.the above t he bond

subst r at ﬁ%gf’?wit??g%ﬂﬁ%’ﬁm\[ﬂ’?ﬁ%@ﬁ%t °8Pteﬁtf/8?%sdlé)nex8¥edt @g%pl%ke havi ng

Ki netim en@ogy], whereby the enbrittlenment region 112 can be forned. [0027]
25Further, the ipsulati | ayer 114 can be formed using a. single. |layer of
an insul ating | &b @L&Hgaéére foagp P{:E}}?a]dr)\Sﬁ g‘l—? l?qng%ubﬁmg‘i ﬁocﬁnspgg%fh?ri de
film a siddinedidd Fei D lifb aQEmRofducios Giyei lisTand @ spiitibdad fhibstate 200,a st ack
of any of these filnms, These filns can be forne 4% t her pal oxj dation

met hod, a WWErbietRsemicandisior fayer hlP Wepmerd, ovet ﬂTFdrPéE%/ fuperaig 4o egf IC- Not e
that in thig) SE&EishhCEinl QNbAAE Fdtebdcbiigs atrBifodetdcd vONY RibsiradanfRansa a
substance in which the oxygen content (atons) exceeds the nitride content
(at ons)3 reprocessing process, and can be reused. Note that since there are defects or the like
on a surface of the split bond substrate 200 due to the embrittlement region 112, such
defects may preferably be removed before the reprocessing process. Accordingly, the
reprocessing process can be carried out more successfully.  As methods of the removal,
an eiching treatment and a polishing treatment such as CMP are possible.
20 [0030]
When the heat treatment is performed, the heat treatment allows an added
element to be separated out inte microvoids formed in the embrittlement region 112,
resulting in an increase in the internal pressure of the microvoids. The increase in
pressure generates a crack in the embrittlement region 112, whereby the bond substrate
25 110 is split along the embrittlement region 112. Since the insulating layer 114 is
bonded to the base substrate 100, the single crystal semiconductor layer 116 split from
the bond substrate 110 remains over the base substrate 100.
[0031]
After that, by subjecting the semiconductor layer 116 to a surface treatment or

30  the like, a flat semiconductor layer 118 is formed (see FIG. 1E). As the surface

treatment, there are an irradiation treatment with laser light, an etching treatment, and a



For exanple, silicon oxynitride is a substance including oxygen, nitrogen,
silicon, and hydrogen at concentrations ranging from50 to 70 at.% 0.5 to
15 at.% 25 to 35 at.% and 0.1 to 10 at.% respectively. Further, the term
nitride oxi de nmeans a substance in which the nitrogen content (atons)
exceeds the oxygen content (atoms). For exanple, 5 silicon nitride oxide is
a substance including oxygen, nitrogen, silicon, and hydrogen at
concentrations ranging from5 to 30 at.% 20 to 55 at.% 25 to 35 at.% and
10 to 30 at.% respectively. Note that the above ranges are the val ues
obt ai ned by enpl oyi ng Rutherford backscattering spectronetry (RBS) or
hydr ogen fRoVigking treatmentspshag (NI &r expgblener, the total of the constituent
el ement cog@pents does not exceed 100 at.% 10[0029] Next, by a heat
treatnment or the like, the bond substrate 110 is_ split at the enbrittl enment
regi on 112 i nt o Thronghthenhavroprosess, 49 SOL sakstrgigdn which|the sepusodediordayesat e 200,
wher eby t ] i -Qr ate 100
(see FIG hﬁl%)sigmﬂ%gaggﬁrﬁ ﬁ%{é% %g]ﬁs st r1<'§1)t6 j 1%0%ques§l\éﬁ%gsfag§r12§?%é§%§§§ﬁbond
substr &t e danbewhtainad.15 r epr ocessi ng process, and can be reused. Note that
si nce ther@ gg']e defects or the like on a surface of the split bond
substrate 8 due to the enbrittlenent region 112, such defects may
pr ef er abl y(PhgessaitPoating BEmoesstdddBdand Bubstassi ng process. Accordingly, the
reprocessi ng process can be carried out nore successfully. t hods of
the renmoval, anNSEBRITEFeEY %fa'icH’iQﬁ‘fSS’&ﬁ&heaSPHBF’?rg%“%ﬁm?? %(g% ﬁéiﬁfc%ﬁgﬁmgs CWP are
possi bl e. R&r&ROONIG. 2 and FIEMAth$E heat treatnent is perforned, the heat
treatment all ows an added el enment to be separated out into m crovoids
f or medlqd n A% lenbrittl enent region 112, resulting in an increase in the
internal pressurg @ rdphRedtinfe YR the sPELINAGHEASR 100 chf BS SubjRtedaper ates a
crack in the enbrittlenent region 112, whereby the bond substrate 25 110 is
split al onfrst brat eeament endareasend kegl Beptmand.  Since the insulating layer 114 is
bonded to {yhgsbase substrate 100, the single crystal sem conductor |ayer
116 split fromthe bond substrate 110 remains over the base substrate 100.
[0031] After thdthe firgt benbjteeotriany camdesparformed i taprargey afmosplgre. o Hesur f ace
treat t t i b 1 t i . (see FIG
15 Al nligiihe A bl Bhilly B MARARAS I O A R
| aser | i ghdtmosphert duhing thetheatattaatimknt iscanchrgon goobspbére iy which dtermpenorbanct as CWP,
for exanple. [0032 .Thro t he above, .progess, trate in
whi o e ot oRaEpSeet g5t Spa et BF afRERGoREEA TR 1esh el L DD L 121 T 1
with the i Wabi; g tapahnield hdriaeheineans restanthheodtialite etso °C and

less than or equal to 1300 °C; and the time for the heat treatment is greater than or equal

20 to 30 minutes and less than or equal to 960 minutes, or alternatively, greater than or
equal to 30 minutes and less than or equal to 240 minutes. Alternatively, the first heat
treatment may be carried out in a hydrogen atmosphere or an atmosphere of a mixture
of hydrogen and argon. When the atmosphere of a mixture of hydrogen and argon is
employed, the proportion of hydrogen in the introduced gas may preferably be 4 vol.%,

25  for example.

[0036]

By subjecting the split bond substrate 200 to the heat treatment (first heat
treatment) in an argon atmosphere, oxygen separated out in the bond substrate 200 is
melted and out-diffusion of the oxygen is promoted, so that the oxygen in the bond

30 substrate 200 is reduced. Thus, a zero defect layer (a Denuded Zone (DZ) layer) can

be formed. This makes it possible to suppress generation of an oxidation-induced



[ 0033] (Process of Form ng Reprocessed Bond Substrate) Next, a
process of reprocessing the split bond substrate 200 is described with
reference to FIG 2 and FIGS. 3A to 3E. 10[ 0034] As the reprocessing
process, the split bond substrate 200 can be subjected to a first heat
treatment and a second heat treatnent. [0035] The first heat treatnent can
be perfornmed in an argon atnosphere. The 15 follow ng are possi bl e exanpl es
of conditions for the first heat treatnment: the atnosphere during the heat
treatnment is an argon atnosphere in which the proportion of argon in the

I ntroduced gas is greater than or_ equal to vol . % and | ess than or equal
Lo, 100 volnetfef e cum v Borche PRl FosEett QbR PG GRoR AP Of S or

equal to IlJobnbrefing 85SOL fdG, equal to 1300 C and the time for the heat
t r eat ment is%greater than or equal 20 to 30 minutes and | ess than or equa

to 960 mi ri@e or alternatively, greater than or equal to 30 ninutes and

less than or equal Ln@Als HrAM:ASan b beOibld @by anldifhekd 565 migk of T eal ment

may be carried out In a hydrogen atnosphere or an atnosphere of a m xture
of hydriogerxyaerd and gérogenherhet followingparp hrnssiblef exgmile tof reonditionsy frdfen and
argon is g : I ' : b ihehiN€a M QAUREHALGas may
preferablfgggﬁ%gggrigﬁmgg%gﬁégﬁﬁgﬁ%Fg&yﬁ%g%%%eggwgﬁﬁ?eéfPng t split bond
subst r at e iBGGhitlothepeooetitn dfregtaemtthé introdticedamt it t gatheolt? (prefeaablyar gon

at mosphere, oxygen separated out in the bond substrate 200 i |t ed and
out - di f f udPBihaT> Yel&o) by damperauts o H’ﬁthéef,‘f%“"t“ﬁ&tgf‘?%ﬂ@wgwam”ﬁﬁ bond 30

substrat e @0 18ssAUGeHual TH500 &; 28] Be GRlcTBE thb ¥R relimmeBB Uitk dane (D2)
| ayer) can be formed. This makes it possible to suppress generation of an

oxi dat 10on-drregualetd 30 minutes and less than or equal to 240 minutes. In this case, an oxide
film can be formed on a surface of the bond substrate 200. Note that an increase in the
proportion of oxygen in the introduced gas tends to hamper removal of oxygen in the
bond substrate 200 in exchange for a rise in the growth rate of the oxide film formed on
the surface. Further, the oxide film may include nitrogen atoms.
15 [0038]

Alternatively, the second heat treatment may be performed in an atmosphere of
a mixture of oxygen, nitrogen, and halogen (e.g., fluorine or chlorine). The following
are possible examples of conditions for the second heat treatment in this case: the
atmosphere during the heat treatment is an atmosphere in which hydrogen chloride

20 (HC) is introduced into an atmosphere of a mixture of oxygen and nitrogen so that the
proportion of HCI is 1 to 10 vol.%; the temperature of the heat treatment is greater than
or equal to 1150 °C and less than or equal to 1300 °C; and the time for the heat
treatment is greater than or equal to 30 minutes and less than or equal to 240 minutes.
In this case, an oxide film including chlorine atoms can be formed on a surface of the

25  bond substrate 200.

[0039]

By subjecting the bond substrate 200 to the heat treatment (second heat
treatment) in an atmosphere of a mixture of oxygen and nitrogen, out-diffusion of
oxygen in the bond substrate 200 is promoted, so that the oxygen in the bond substrate

30 200 can be reduced. Further, the oxide film formed on the surface of the bond
substrate 200 through the second heat treatment functions a gettering site for impurity



stacking fault (OSF) even when the bond substrate 200 is used repeatedly in
a process of manufacturing an SOT substrate. [0037] The second heat
treatment can be perfornmed in an atnosphere of a m xture of oxygen and
nitrogen. The foll ow ng are possi ble exanples of conditions for the second
heat treatnment: the atnosphere during the heat treatnment is a mxture

at nosphere in which the proportion of oxygen in the introduced gas is 1 to
25 vol . % (preferably, less than 5 vol.%; the tenperature of the heat
treatment is greater than or equal to 1150 C and | ess than or equal to 1300
C, and the time for the heat treatnent is greater than 10 or equal to 30

m nut es arﬁiem@gs(etghanﬁt@irele@mwswibasmgp%m exnickeh or pretal sidicides thereefXi de film

can be f o JBdabiinfs ohd Sbshhic! 208, DIMCOHDUS BebnPRO BBkl BRRoRY | NCT Case

in the propor |on of oxygen In the introduced gas tends to:hanper renoval
of oxygen out-diffisionorfdoxyps i tiedond GubstratexAiaangealfco panarediesethp AMPIHEY gr owt h

rate of th OXIdefI f.or h urface. Further, the oxide film may
i ncl ude ni ¥ gnet‘ohm(é de(ﬂ]nﬂi gé@]ﬁr&te%@ Al ternatively, the second heat

treat ment oeyolbe perfor rred in an atnosphere of a mxture of oxygen,

ni trogen, and hal ogen (e.g flugrine or cIorln f nggare

possi bl e exanpl gjémg (d,‘gﬂﬂﬁ the Sree c}jrea'iﬁ%an?‘érgdﬂcfmhea SptT“raréaa &8 \%Ie%t his case:
the at nDSphgizen gl hitdg éﬂ"lﬁyf%@t@hg&H&@Iy@&ﬂ&odc&ntﬁﬁoﬁ&@%phﬁh6 Vd’]%l\/h‘lﬂ]h hydr ogen
chloride 20 HCI% i's |ntroduced into an atnosphere of a mxture of oxygen
and ni t r ogaHodised g the et GHoPOTEPSEPEMIRY is 1 to 10 vol . % the
terrperatur@og)f the heat treatnent is greater than or equal to 1150 C and

| ess than e]qual to 1300 C, and the tine for the heat treatnent is

great et0 t han or Fetfhermore v@@nnam inselgting iryPre smeh o0 B swifaes of Bebmadpi nut es.

In this ca b@,.f on a
surface of Et;[%ﬁtreﬁ(g %&El([)hgﬁlgéuttés‘%ércg%deH%gg a&!&h@%&lﬂ%ﬁh@ﬁg%ﬁﬁ# gg}ehegﬂreﬁd

subst rat e 200g impurieelmwents suchas hewy mes sothd oxida film paehermdiinedi n an

at rmsphere @I‘ ]a m xture of oxygen and nitrogen, out-diffusion of oxygen in
t he bond SL s%rate 200 is pronoted, so that the oxygen in the bond

subst r at e 30 ZOG’refanablyeasrtb@jmpmdessﬁglptdtess in tihecokidiwett; thefifsbandesdeand t he

f b h.
sur aC ]5 bgﬁ{-@?}%ﬁ grli'asc?)%n 11F§ P53 v&n 151%@th t hﬁw SHeal gclﬁ&%& whi e TR

funct | urtty
and second heat treatments are performed in combmat10n are described below.

[0043]
When the heat treatment (first heat treatment) is performed in an argon
atmosphere with metal impurities (e.g., metal elements such as copper, iron, or nickel)
20  included in the bond substrate 200 or with metal impurities 130 adhering to the surface
of the bond substrate 200 (see FIG, 3A), the heat treatment cause these metal impurities
130 to diffuse throughout the bond substrate 200 (see FIG. 3B). These metal
impurities 130 are separated out in the vicinity of the surface of the bond substrate 200
when the bond substrate 200 is cooled. Further, silicides 132 of these metals are
25 formed on the surface of the bond substrate 200 when silicon is used for the bond
substrate 200, which is problematic (see FIG. 3C).
[0044]
Even in such a case, performing the first and second heat freatments in
combination enables the gettering of impurity elements such as metal impurities, which
30 are formed on the surface of the bond substrate 200 and in the vicinity of this surface
during the first heat treatment, in an oxide film 134 formed on the surface of the bond
substrate 200 during the second treatment (see FIG. 3D). The oxide film 134 is then

10



el enents (e.g., netal elenents such as copper, iron, or nickel, or netal

sui cides thereof) included in the bond substrate 200. Therefore, the second
heat treatnment pronotes out-diffusion of oxygen in the bond substrate 200
and al so can reduce the inpurity elenents included in the bond substrate
200. 5[ 0040] Further, during the second heat treatnent in an

at nosphere of a m xture of oxygen and nitrogen, by setting the oxygen
concentration to less than 5 vol.% in the introduced gas, the out diffusion
can be pronoted. [0041] 10Furthernore, when an insulating |ayer forned on
the surface of the bond substrate 200 through the s&gongKQ t treatnent

i ncl udes clmeFshe ThEbagePredsased bprctyubgraty |36 54p bF FRYEFT t55° ts such as
heavy netaﬁmgﬁ the oxide fil mcan be obtained. [0042] Preferably, as the
reprocessing process in this enbodinment, the first and second 15 heat

treatments are AbbihaealthaushsIGHn3 At ﬁ@usgﬂteﬁﬁé{aﬁw%? _Qleé’é}ﬁlieé-\}léd%hen t he
first and %g,?&ml B8 3ok SR TS w8 906 ARGl ARk 1198 nd) B descr i bed

bel ow. [00 eat treatnment (first heat treatnment) is
perf or ned used anthaingolatieg lapephé fa the hond tethg bajerspeatiate 188. (e. g., et al

el enent s S#‘:’Bh as copper, iron, or nickel) 20 included in the bond substrate
200 or wit ﬁgtal inpurities 130 adhering to the surface of the bond
substrate 200 ( sEas,Fh& coRwnatibthef Higafirst raedtsoemt lsau seatmiets enphiesathe

inmpurities 130, to diffuse throughout .t he bon t eewnEl G 3B).
These net af*°PHpifAf F?aé@e‘igf)sﬁpées B‘S&’f%\bﬁlee% o] (FF’ZH}%%&\E/}}C% gne?i%&gf ert e surface
of the bongbrssifagionalf ehe2fifdt it secbitehdao mdatmehis tis affertiz® Paitisuledyolvbeh theur t her ,

silicides 132 of these talg.are 25 fornmed on the surface. of the bond
Substr Mo S RHLHOSTS H0: FIGES Aap e ot Aratiatetsdee Micch | <
probl emati g 4 388 FdsSbilidCiat [(DPdA} dRuamtd suchushmaal asgyitipe bleraringet he first
and second heat treatnents in conbination enables the gettering of inpurity
el enent s stfrcasf thebend subgiaks 4%0es, whi ch

[0047]
Further, it is preferable that the second heat treatment be performed after the
15  first heat treatment when they are combined.
[0048]

This is because, when the heat treatment (second heat treatment) in an
atmosphere of a mixture of oxygen and nitrogen is performed in the presence of minute
defects due to oxygen in the bond substrate 200, an OSF the core of which is the minute

20  defect is possibly generated in the bond substrate 200.
[0049]

By performing the heat treatment (first heat treatment) in an argon atmosphere
before the heat treatment (second heat treatment) is performed in an atmosphere of a
mixture of oxygen and nitrogen, the second heat treatment can be performed in a state

25 where minute defects included in the bond substrate 200 are reduced. Thus, the second
heat treatment can suppress the generation of an OSF in the bond substrate 200.
[0050] _

In this manner, performing the second heat treatment after the first heat

treatment can suppress the generation of an OSF in the bond substrate 200 and reduce
30 impurity elements included in the bond substrate 200, as well as effectively promote

out-diffusion of oxygen in the bond substrate 200.

[0051]
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30 are forned on the surface of the bond substrate 200 and in the vicinity
of this surface during the first heat treatnent, in an oxide film 134
formed on the surface of the bond substrate 200 during the second treatnment
(see FIG 3D). The oxide film 134 is then renoved. Thus, a reprocessed bond
substrate 136 can be forned (see FIG 3E). [0045] Not e t hat

al though FIGS. 3Ato 3E illustrate the case where the oxide film 134 forned
on the surface of the bond substrate 200 is renoved, the oxide film 134 may
be 5 used as the insulating |layer 114 for the bond to the base substrate
100. [0046] Thus, the conbjnation of the first angJ secqnd heat
treatments enabFegherrgompated ithwhsn YuERRIGReLArE GpIved DY PR Sﬂﬁ!’fl’gotBF em caused

by the firgtmbestmt beat iate 20k AGE bemeht ihRE dddnSdmaddersemond heat
treatments is effective particularly when the 10 split bond substrate 200

i s subj ecteandisabstrais 0P sl bryrepycdesk aeiger puehey ebtimphbacpyss of hseetierigol i s a

hi gh possi fL ki 1y grQH:E HY8 o ' hid .adhere to
t he surfac‘gle ix)ljflﬁl%fﬁea%gﬁlg su %}%ér%gtﬁl erﬁ‘1 g%gﬁaj[e%gﬁ%e%% %S#Méél%??dhgﬁlﬁli t is

pr ef er abl etht hinitytef tieswlace hig the &t hrenireabeens dyfpsrinmeing thespconfhibeat5 fjr st

heat treat ggirﬁ%l%\eﬁﬁ& tﬁeb ﬁ%t aﬁterg At.neﬁl#'tedﬁf}%ﬁg,]the manufactur] . ri)c%ssbc%ﬁ%g.se’ when

the heat trea (‘'secon rea I'n an atnospiifere of a m xture of
oxygen andsimplifi@lgenusesofptbe boidaddmi 134t whicprie femee ocofthersuriace ofléfedmind due to

_ s ofthariatice o _
et oct 1 & psEnrp GRe oo B i BRLFRTET FEp gy W™ M0 20

per f or m ngiotthebddeatbstrate®dent (first heat treatment) in an argon atnosphere
bef ore theohg,ﬁt treatment (second heat treatnent) is perforned in an
at rmspH%re[Q a m xture of oxygen and nitrogen, the second heat treatnent

can be perfornmeds desaiteiaibbve, the first and second heat treatments for the split bond
substrate 200 enables the formation of a reprocessed bond substrate in which oxygen
defects or impurity elements are reduced.
[0053]

15 Note that although at least the first and second heat treatments are performed in
this embodiment, the present invention is not limited thereto. A polishing treatment
may be performed after the second heat treatment or between the first and second heat
treatments. Further, when the number of the minute defects due to oxygen in the bond
substrate 200 is small, the order of the first and second heat treatments may be reversed,

20  or the first heat treatment may be omitted to perform the second heat treatment alone.
Furthermore, when the amount of the metal elements adhering to the bond substrate 200
is small, the second heat treatment may be omitted to perform the first heat treatment
alone. When only the first heat treatment is performed, the surface of the bond
substrate 200 is preferably subjected to the polishing treatment after the first heat

25  fireatment.

[0054]
{Usage of Reprocessed Bond Substrate)

The reprocessed bond substrate 136 formed as above can be used in the same
way as normal bond substrates. In other words, an SOI substrate can be manufactured

30  with use of the reprocessed bond substrate 136 as the bond substrate 110 illustrated in
FIGS. 1A to 1E. This can reduce manufacturing costs of an SOI substrate. Refer to
the above Process of Manufacturing SOI Substrate for details.
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25 where m nute defects included in the bond substrate 200 are reduced.
Thus, the second heat treatnent can suppress the generation of an OSF in

t he bond substrate 200. [0050] In this nmanner, perform ng the second
heat treatnment after the first heat treatnment can suppress the generation
of an OSF in the bond substrate 200 and reduce 30 inpurity elenments
included in the bond substrate 200, as well as effectively pronote

out -di ffusi on of oxygen in the bond substrate 200. [0051] Furt her
conpared with when inmpurity elements are renoved by polishing the surface
of the bond substrate 200 after the heat treatnent in an argon atnosphere,
t he bond sl¥88%lrate 200 can be recycled a | arger nunber of times because of

the gettering OfnddiGnd MYl o Bl sWRIER Be bmrpadpPNiEhenosyr face of
t he bond substrate 200 and in 5 the vicinity of this surface during the

first heatreprogessme iprocessycapdref iosistantglo tahproeass oh haneagturingean RRhsubsieter t he
first heat .treat E , L GvdtQGESSaif ABHthe
sinplifi edplgg/a?ﬁglg?g%cmﬁ%gﬁ%%?%g&?ﬁ1%%5]?%, ﬁ?ﬁkﬁ%% matd on t e@%urface of
the borgl s@hst 1ot emf Gdnd tiei sugfatdie Thertore the atprocesdgreressas prdferablpsul at i ng

| ayer 114 for th ond to the base substr 00., 10[ 0052] .. .As
descri bed %W@?E?ﬁé%q?w%ﬁm%é’éﬁﬁﬁ é‘ﬁ'?stoﬁrgél?;f?rﬁtgﬁ? gep? ¥ % HEeSF 2t bond
substrate gR@-PRaRbasgthe fiahnti@al of 23 rEY esesaRde higndusbdrsstr ke in

whi ch oxygen defects or inpurity elements are reduced. [0053] 15Note that
al t hough atePToses$ingtMecess r"%*tmha?'f‘ﬁx%&érfﬂd”r?@%‘! 13 P@&Pfﬁﬁtﬁﬂg P Bt?‘i‘ %'Eﬁ'ed in

this enbodfeRle ahdQuipr&sRAlofl MXGRIHARA (eS.,NQhckidgTbi EklppiREr 6 the WonROIl i shi ng
treatnent may be perfornmed after the second heat treatnent or between the
first Hhd sbsworedirdathethemeh@poy. Further, when the nunber of the minute
def ects dug)og@ oxygen in the bond substrate 200 is small, the order of the
first and second heat treatnents may be reversed, 20 or the first heat
treatment may b uothin tthel seapngclrehb irepimeat Jedbe dibpen TP ite RFOCEISole.

T S ARG S0, 808, SLEIE neigine v e o

substrate I'S sha t'reat nén y be omtted to perform
the first fibatl34 roaathersmifacal afrthe rapheessod | bpnd [sebstratest3ohendescribed ahofe- | s

R
base substrate 100. In this case, the step of forming the insulating layer 114 can be
omitted, leading to suppression of the manufacturing costs. It is needless to say that
the above oxide film may be removed.

[0057]
20 The structure described in this embodiment can be used in appropriate

combination with the structures described in other embodiments.

[0058]

(Embodiment 2)

In this embodiment, another example of the method of manufacturing an SOI

25  substrates is described.

[0059]

Although the process of reprocessing the split bond substrate is detailed in the
above embodiment, an unused bond substrate may be subjected to this reprocessing
process. In this case, removal of contaminants in the bond substrate and a reduction in

30 defects are possible, contributing to a further improvement of the properties of a
manufactured SOI substrate.  Further, since the oxygen in the bond substrate is reduced

and the DZ layer can be formed even to a certain depth of the bond substrate, growth of

13



(Usage of Reprocessed Bond Substrate) The reprocessed bond substrate
136 fornmed as above can be used in the sane way as nornmal bond substrates.
I n other words, an SOT substrate can be nmanufactured 30 with use of the
reprocessed bond substrate 136 as the bond substrate 110 illustrated in
FIGS. 1 Ato 1E. This can reduce manufacturing costs of an SOT substrate.
Refer to the above Process of Manufacturing SOI Substrate for details.

[ 0055] - Note that the reprocessed bond substrate 136 obtained by the
above reprocessing process can be resistant to a process of nmanufacturing

an SOT substrate plural tinmes because the zero defect .|ayer Z | ayer) is
formed evedt PoF ﬁafb'éfi@gﬂibﬁeddéb‘fweg ‘?rgo.f,tmie@@?flﬁli’f’at?i %Oifﬂ@ybsoﬂ?l %&@g’f‘tey :

Ther ef or e, o R hERERE 8SHHAIE Hith GESchdisEbdtatf |Bhtab hyt fBjcbel N theddb@ks.t he
manuf acturi ng process of an SO substrate is repeated n tines (n: a natural

nunber gr edeterthat Hagpreeeseéass nogrelate)io thegprrogeshot theibrud shbptrate ing dierderet he

r epr ocessi r i " o Welo BN Fing costs of
an SOT subs rbgtsgﬁlgigallse}ggf;‘)e%gtsrésaﬁgﬁﬁo‘%ﬂggﬁeﬁiﬁ%{gﬁcﬁoﬁeb%g?%&gfpg(%g%k'i ng or

chi ppi i§) [@boedJhe bond 10substrate due to the thermal history. [0056]

Further, the segond heat tre nt.in_ the abqyve. r 0 Si CeSS IS
perforned in ancsg?cﬁntg%ﬁgt?]gs 8@#&% il Haa%l)%tg%rﬁ?her & ueloésl ﬁ’gg‘i Hp? ﬁog£¥o°?snati on of
t he oxi de Forringl Repeotedshe Batdf Sabstafe tihethe ephore easedihend refebsbr e 136, as

descri bed above. 15 Therefore, the oxide film.134 used as.t he

Thoul At ng AR E A tpe B Phire gt O an SOLHRS SRS S case,
the step Oﬁlefuf@é Bih {hg bbﬁue?db@@até #rind@ bly aeleal fdat@arit, fgiﬁer(idi’ritﬁetcieehriplti@mt ng to
suppression of the manufacturing costs. It is needless to say that the
above Yki dbroesss ff MapupeunngVletyosttain57] 20The structure described in this

enbodi ment rgpgfy be used in appropriate conbination with the structures

descri bed 1 n other enbodi nents. [0058] (Enbodi nent 2)
Note that the bond substrate provided by the above heat treatment can be

resistant to the process of manufacturing an SOI substrate plural times. Therefore, it is
preferable to perform the reprocessing process after the process of manufacturing an

15  SOI substrate is repeated »n times (#: a natural number greater than or equal to 2).
Refer to Process of Forming Reprocessed Bond Substrate for the details of the
reprocessing process. Also in this case, a reduction in manufacturing costs of an SOI
substrate and suppression of deterioration (e.g., cracking or chipping) of the bond
substrate which results from the thermal history can be realized.

20 [0062]

Further, because the second heat treatment is performed in an atmosphere
containing oxygen, the oxide film formed through the treatment may be used as the
insulating layer for the bond to the base substrate. In this case, the step of forming the
insulating layer can be omitted, leading to the suppression of the manufacturing costs.

25  Itis needless to say that the above oxide film may be removed.
[0063]

Note that the above oxide film may include a halogen element such as chiorine
or fluorine. For example, in order that the above oxide film include chlorine, the
second heat treatment is performed in an atmosphere containing chlorine in addition to

30  oxygen and nitrogen. Making the oxide film include a halogen element in this manner
provides the effect of fixing impurity elements such as heavy metal in the oxide film to

suppress adverse effects on the semiconductor properties.
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In this enbodi nent, another exanple of the method of manufacturing an SO
25substrates is described. [0059] Although the process of reprocessing the
split bond substrate is detailed in the above enbodi ment, an unused bond
substrate may be subjected to this reprocessing process. In this case,
renoval of contam nants in the bond substrate and a reduction in 30 defects
are possible, contributing to a further inprovenent of the properties of a
manuf act ured SOT substrate. Further, since the oxygen in the bond substrate
is reduced and the DZ | ayer can be formed even to a certain depth of the
bond substrate, growth of an OSF can be inhibited, and the nunber of tines
of repeat e®%68le of the bond substrate can be increased conpared with a bond

substrate that igengucibidestBel iR hiiechbREBas. chobe &Etﬁtintdfﬂ)ﬁ)pﬁﬁt@(:ess does
not relate to the reprocess of the bond substrate and therefore can be

sinply cal tambindtienwithrtkssttweites deseriberbin|othes ebedimeris-of "reprocessi ng
process". QQPO] Since the details of the heat treatnent are the
sanme as those of Process of Form ng Reprocessed Bond Substrate in the above
enbodi nent (Embefdenent 3) t he correspondi ng descriptions. Further, as for the
nanufactur&,of aQ}§OTf5ﬁpstre%§ mﬁtp t he use of the bond substrate forned
by the heaftt "PFERt MefacRiLing SOf 5938 4escriptions in 10 Process of

Manuf act uri ng SOk Enwedinicat 8, exaPRd bf the method\sft igartulieturing @n IS0 duistrtbst r at e

provi ded by the above heat treatnent c be resistant to th rocess of
nanufactur¢ﬁ§°§ﬁg “EEH?FW&HQ%ﬁWﬂW§I ggﬁﬁﬁﬁ‘*ﬁ% ?ﬂ?éﬁﬁ%?ﬂﬁ?gﬁﬁg?erab|e to
per f or m t hgf 1he RhVe ERHoREnREOCARS At ldehilddWhily 1€ 8asrigionIBNhE aghelpdrRg an 15
SOT substrate is repeated n tinmes (n: a natural nunber greater than or

equal 1% 23s thegerad Embgdipregtband 2ofre pwitifing Repr ocessed Bond Substrate for the
details ofﬂb@a reprocessing process. Also in this case, a reduction in
manuf acturing costs of an SO substrate and suppression of deterioration
(e.g., cra@hishiode) chi ppi ng) of the bond substrate which results fromthe

thermal history "lcoalglegpnew{tﬁ,aa{ }n%%acmﬁng method according to First Mode is described
with reference to FIGS. 4A to 4E.
15 [0067]
First, the base substrate 100 is prepared (see FIG. 4A). As the base substrate
100, a light-transmitting glass substrate used for a liquid crystal display device or the
like is available. As the glass substrate, a substrate having a strain point of 580 °C or
more (preferably, 600 °C or more) may preferably be used. Further, the glass substrate
20  is preferably a non-alkali glass substrate. The non-alkali glass substrate is formed
using a glass material such as aluminosilicate glass, aluminoborosilicate glass, or -
barium borosilicate glass, for instance.
[0068]
Note that as the base substrate 100, it is possible to use an insulating substrate
25 such as a ceramic substrate, a quartz substrate, or a sapphire substrate, a substrate
formed of a semiconductor such as silicon, a substrate formed of a conductor such as
metal or stainless steel, or the like, as well as the glass substrate.
[0069]
Next, the bond substrate 110 is prepared (see FIG. 4B-1). As the bond
30  substrate 110, for example, a single crystal semiconductor substrate formed of a Group

14 element such as silicon, germanium, silicon germanium, or silicon carbide can be

15



20 [0062] Further, because the second heat treatnent is performed in
an at nosphere contai ning oxygen, the oxide filmformed through the
treatment nay be used as the insulating |layer for the bond to the base
substrate. In this case, the step of formng the insulating | ayer can be
omtted, leading to the suppression of the manufacturing costs. 25 It is
needl ess to say that the above oxide filmnmay be renpved. [0063]

Not e that the above oxide filmmay include a hal ogen el enent such as
chlorine or fluorine. For exanple, in order that the above oxide film

i nclude chlorine, the second heat treatnent is perforned in an atnosphere
cont ai ni ngis€kl orine in addition to 30 oxygen and nitrogen. Making the oxide
filmincludg;® hal ogen element in this manner provides the effect of fixing
inmpurity elements such as heavy netal in the oxide filmto suppress adverse
ef fects on the gdtieginthers isrnpligyietien es the pigp@ei)the bond sahgiatgtldicfogr e

descri bed | \ TR ' iRUSnfeRriNALALN W th
t he struct%gragi’mdgssgxrgﬁggd m%?%gtrebtgﬁ)%gﬁﬁ%%?gwl%g%ﬂ 5 (En’bodi ment 3)
(Process of300/emujfiadtauetengr SOIncBes (¢ ¢ g )in diameter ¢an bEmprsldi ddtamatvelwranpl es of
t he met hod_of . manuf act.ur i n I I ' ith reference
to draw ngS ARFEC 3?t°rpsz‘iﬂrgglsa?etlf{§g£%rag& §}afr &téa?lgﬁlta Fﬁ!ﬁ%ﬁ% g@%e%\!:‘ t he above
Enbodi ment@olljand 2 are detailed while the descriptions of the same parts

10 as t hos_e of exgq:hé]?ngﬁlatjfngaggerzl @' f(())rg]ie%to%qhe Locolr?dG gjbstga'%é rl?(; (slt\a/gg‘fé.
4B-2).
10 [0072]

As the insulating layer 114, for instance, a silicon oxide film, a silicon
oxynitride film, a silicon nitride film, a silicon nitride oxide film, or the like can be used.
These films can be formed by a thermal oxidation method, a CVD method, a sputtering
method, or the like. When a CVD method is employed to form the insulating layer

15 114, use of a silicon oxide film formed using organosilane, such as tetraethoxysilane
(abbreviation: TEOS) (chemical formula: Si(OC;Hs)4), as the insulating layer 114 is
preferable in terms of productivity.

[0073]

In this embodiment, by subjecting the bond substrate 110 to a thermal oxidation

20 treatment, the insulating layer 114 (here, a silicon oxide film) is formed. The thermal
oxidation treatment is preferably performed in an oxidizing atmosphere to which
halogen is added. For example, the bond substrate 110 is subjected to the thermal
oxidation treatment in an oxidizing atmosphere to which chlorine (Cl) is added, thereby
forming the insulating layer 114 oxidized with HC1. Accordingly, the insulating layer

25 114 inctudes chlorine atoms.

{0074}

' Note that although the insulating layer 114 has a single-layer structure in this
embodiment, it may have a stack structure. Further, when the insulating layer 114 is
not necessarily provided, for example, when there is no particular problem with the

30  bond, a structure in which the insulating layer 114 is not provided may be employed.
[0075])

Next, the bond substrate 110 is irradiated with ions, thereby forming the
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To begin with, a manufacturing method according to First Mde is described
with reference to FIGS. 4A to 4E. 15[ 0067] First, the base substrate
100 is prepared (see FIG 4A). As the base substrate 100, a
light-transmitting glass substrate used for a liquid crystal display device
or the like is available. As the glass substrate, a substrate having a
strain point of 580 C or nore (preferably, 600 C or nore) nay preferably be
used. Further, the glass substrate 20 is preferably a non-al kali gl ass
substrate. The non-al kali gl ass substrate is forned using a gl ass materi al
such as alum nosilicate ?Iass al um.noborosilicat ST gl ass, bar.i um

st

bor osi | i cawebrifiement regipn s (YRS FBoes) MRE &of dor; W@m;? 5&2dBst rat e

100, it i Sbe%s $idRldEng! QordS GecRdratddS wyaaﬂ rwm&&bb%rdali@ dRBvesiC o afBmA @er ami ¢
substrate, a quartz substrate, or sapgmgre substrate, a substrate forned

of a seni comfiidemsnt waew HS aial qegiain. deﬁfhs ersyrlace ofrthe Gorst substeagn et or such

as netal o I
0080] - Nepoepluby €age? bERL torleal}f the iKGaerRE alfL tncRF (el lURARPBURS | P E

bond 305 sulkich ahe emﬂzﬂttleinomt wanpl18, is domnedg| &n @thyfst“a)lfdssélm elémftl@tlw
substrate for ”Eﬁ‘iz?sf fo?“m% ougdémne&eabng&hl &lgcgigmﬁ%%%staﬁg,ﬁq}y tg%l%étlﬁé(;ug silicon

ger mani um Tegien ton €arb can there is
no |imtat a\&mgerpehétmnsm eptbfoftthe idmendHeeh Ster depth 4t1@hickh dhe exbmifiementa

? gg‘oc (;1:;1 u F]%(g)]{ﬂl:}'iz tl% o%eq tlsl%%geﬁi)%% %C n es ean: facgl OF lth%rg%&’lg ubs{.lrgtc i nches 5

i'aneter can be us
Al ternati veloy, a round sem conduct or subst rat e processed into a rect angul ar
shape nay be_u
{0076]

Further, the depth at which the above-described embrittlement region 112 is
formed determines the thickness of the semiconductor layer which is to be split from the
bond substrate 110. The depth at which the embrittlement region 112 is formed is
greater than or equal to 50 nm and less than or equal to 1 um, preferably greater than or

15  equal to 50 nm and less than or equal to 300 nm, from the surface of the bond substrate
110.
{0077]
In the addition of ions to the bond substrate 110, an ion implantation apparatus
or an ion doping apparatus can be used. With an ion implantation apparatus, a source
20  gas is excited to generate ion species, the generated ion species are mass-separated, and
the object to be processed is irradiated with the ion species having a certain mass.
With an ion doping apparatus, a process gas is excited to produce ion species, and the
object to be processed is irradiated with the generated ion species that are not
mass-separated. Note that in an ion doping apparatus provided with a mass separator,
25 ion irradiation involving mass separation can also be performed as in the ion
implantation apparatus.
[0078]

When an ion doping apparatus is used, a process of forming the embrittlement

region 112 can be performed, for example, under the following conditions:

30 - Accelerating voltage: greater than or equal to 10 kV and less than or equal to 100 kV
(preferably, greater than or equal to 30 kV and less than or equal to 80 kV)
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[0071] Next, the insulating layer 114 is forned on the bond substrate 110
(see FIG 4B-2). 10[ 0072] As the insulating |layer 114, for instance,
a silicon oxide film a silicon oxynitride film a silicon nitride film a
silicon nitride oxide film or the like can be used. These filns can be
formed by a thermal oxidation nethod, a CVD nethod, a sputtering nethod, or
the Iike. Wen a CVD nethod is enployed to formthe insulating |ayer 15
114, use of a silicon oxide filmformed using organosilane, such as

tetraet hoxysil ane (abbreviation: TEOS) (chemi cal fornula: SKOC2I-15)4), as
the insulating layer 114 is preferable in terns of productivity. [0073] In
thi s enbodiDesatgreaty tnior equal tog * he /ponandlasdbangr equel t9 4 6 19 /eRer nal

oxi dati on treatment .. the insylati I r 4 il oxi de
film is f Solgl AR Sl Bt S %rgmalttség%‘“rr’él’%“t (‘i(‘g%af%g‘ g?eg'ﬁ* gﬁggf formed in
an oxi di zi fgaiab FRIPHET MotdpriefRiably, heheom beqasdde) Kkem’exanpl e, the bond
substrate 110 is subjected to the thermal oxidation treatnment in an

oxi di zi ng BPMsphere to which chlorine () is added, thereby formning the

i nsul at4 ng | ayenryehdnQdi GbriRtapiatablsiCuseACE pascion@lning fiyatogensatl 54 hsag | ayer
25114 includes chlorine atons. [0074] Note that although the
i nsul at i ngpsl thy sourtd gahaByausing gl gas | capiaiing hydregere B nHe'hied dhbsen kent , it

my have a.5iaeh SILUGLULE. THLUNRoMnGn, Khed AL BhiA%ob Aehukld [ S not

necessari I%/enpr Vi rexanple, ere 1s no particular problemwth
t he 30 bonslHA i@ mititwiieh tha indiliation tidyeerfonsed apraferablayaege. 1 BpediBealigtinpr ovi ded

may be enpl oyed. [0075] Next, the bond substrate,11Q. js.irradiated with

i ons, t her @90 pepnhitheprenpetionspfilhy jqnp é’hgﬁf"t?lé’&h)’ﬁzl’la?g(dée’@nfﬂs’@mf‘t‘%ﬁé) . More
speci fjgal yy, X Rk Srerdibil, Afe b6t A 4 FR ReRed. ergkedisby an

el ectr}(g leio/e(JIrlﬁ{sor‘gel I ve?reeé toy’f oréln‘8 e1 enbllﬁdtltlérrent region 112 ;t a
certai n dejpthader mmha oupdrace o6fH:{ henb emablesuths thydtogen toncepgdwineinathieng ener gy

of the i Onen?ﬁ%t en%nt E‘e%?oni ﬂ%itéj gen fg 1%ﬁga|toei\nst/cq1$r0?%orgonlthrisotlagiliEa?e% sgl‘iet% Bleat
embrittlement region 112. Furthermore, the irradiation with a large number of H;"
ions, the embrittlement region 112 can be formed in a shorter period of time as

15  compared with the case of irradiation with H" ions and Hy" ions. Moreover, the use of
H;" ions can reduce the average penetration depth of ions; thus, the embrittlement
region 112 can be formed at a shallow region.

{00803
When an ion implantation apparatus is used, preferably, the irradiation with Hs"

20  ions is performed by mass separation. It is needless to say that irradiation with H' or
H," ions may be performed. Note that since the use of an ion implantation apparatus
involves selection of ion species to perform irradiation, ion irradiation efficiency could
be decreased compared to the case where an ion doping apparatus is used.

[0081]

25 As the source gas for the ion irradiation step, as well as a gas containing
hydrogen, it is possible to use one or more kinds of gases selected from a rare gas of
helium, argon, or the like, a halogen gas typified by a fluorine gas or a chlorine gas, and
a halogen compound gas such as a fluorine compound gas (e.g., BF3). When helium is
used for the source gas, an ion beam having a high proportion of He" ions can be

30 produced without mass separation. Use of such an ion beam can realize efficient

formation of the embrittlement region 112,
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5 which the enbrithenent region 112 is formed. In other words, the
enbrittlenent region 112 is formed in a region at a depth the sanme or
substantially the same as the average penetration depth of the ions. Here,
the depth at which the enbrittlenment region 112 is forned is preferably
uniformin the entire surface of the bond substrate 110. 10[ 0076]

Further, the depth at which the above-described enbrittlenent region 112 is
formed determ nes the thickness of the sem conductor |ayer which is to be
split fromthe bond substrate 110. The depth at which the enbrittl enent
region 112 is formed is greater than or equal to 50 inn and | ess than or
equal to 1{98%3] preferably greater than or 15 equal to 50 tun and | ess than

or equal to 300 pifhe theBhbhRleSbki(ra5ion P2 dali®e BANEd BHSIBS Bn 1dLiathbR077]
In the addition of ions to the bond substrate 110, an ion jinplantation

appar at us @ividad intonlurdsieny  dp s sasase diffarepsaysesceas Wey Re aped Brashisrant at i on
appar at us, ﬁﬁdﬁﬂg%%? ifeCsaBRSotrde BXEhPHe ﬁ%d.g :ﬁﬁré%ﬁﬁp!e%ﬁe? RECin8diatdd 8

generated 10n Species are nass-separate the object to be processed is
i n- adi af edpasfarimed heing easEaciaes sounce rags,afurkertion irraviation ooy bh paromed dopi ng
apparatus, _a process I i fe du i - i £S e obj ect
to be procléssmsiﬁ%lgss%?nrra 'g?%rgé% %Shgfc’(%]ugceg%aﬁérg&fs 86%?6%9(2%3& ltsaggl?%g%eﬁare not
mass- separ fitse dsingNa thelopéragasi av aalmlogen cdmpowg geppandahersioprigedicted cantbe a nass
separ at or, %? ig@ i.rradi ation.i gl\[{, | vi ng mass separation can al so be

per f or med BEIHCY B8 S8 AP FAHEAY 'S8 Mppar at us. [ 0078] When an ion dopi ng
appar atus jopgssed, a process of formng the enbrittlement region 112 can be

performed, for amp| e, under t foll ow nq condjtjaons:, 3 el ting
vol tagt? great eﬁé‘?"ﬁa{'{ﬂe Base ég‘if te 190 #gd Wvg%g Sf“gsé%l{et ﬂ§r?f%P°f%§§§ ee ? j)&loo kV
(pref er abl ¥¢). grepadificallly @b vase alsdte 100 38d k¢ Buid dubsfatd MANaerboadsdadb t o 80

kV) Dose: greater than or equal to 1 x 1016/c aﬂ% Igtss than_or equal to
4 x 1016/ cHAsh ot it the dpsplatinn layes, 114 thersbetyeqn, o plisF theiysfpes of e Basg oo

(pref er abl ¥bs@t€a0ENis i 3Bntt wE Me (PR BAIE Bisuld@iLiapEe] By abbissugr eat er
than or equal to 10 | _tA/cn®
treatment realizes the bond between the base substrate 100 and the bond substrate 110.
15  Note that as the mechanism of the bond, a mechanism related to van der Waals’ force, a
mechanism related to hydrogen bonding, or the like is considered.
[0084]
Note that before the bond between the bond substrate 110 and the base
substrate 100, at least one of the base substrate 100 and the insulating layer 114 formed
20  on the bond substrate 110 is preferably subjected to a plasma treatment. The plasma
treatment for at least one of the insulating layer 114 and the base substrate 100
contributes to an increase in hydrophilic groups or an improvement of planarity.
Accordingly, the bond strength between the bond substrate 110 and the base substrate
100 can be enhanced.
25 [0085]
Here, when capacitively coupled plasma is used, the plasma treatment is
performed using plasma generated by introducing an inert gas (such as an Ar gas) into a
chamber in a vacuum state and applying a high-frequency voltage between an electrode
provided with the substrate to be processed (e.g., the base substrate 100 or the bond
30  substrate 110) and the counter electrode. Since electrons and Ar cations are present in
the plasma and a self bias is generated on the surface of the substrate to be processed,

the Ar cations are accelerated to the substrate to be processed side. By collision of the
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[ 0079] 5When an ion doping apparatus is used, a gas containing hydrogen can
be used as the source gas. By using a gas containing hydrogen, Il, H2+, and
H3+ can be generated as ion species. Wien a hydrogen gas is used as the
source gas, the nunmber of H3+ ions with which the irradiation is perforned
is preferably large. Specifically, in an ion beam the proportion of 113+
ions in the total of fr, H2+, and 1-13+ ions is preferably 10 70 % or nore.
More preferably, the proportion of H3+ ions is 80 % or nore. The thus
increase in the proportion of H3+ ions enables the hydrogen concentration
in the enbrittlenment region 112 to be 1 x 1020 atqns/cnB_or re. This
facilitat esscelpiaed Agrcations withghe surfaggreiihe pasgsesirate 100,46 $UrBrHef 18 bashe

i rradiati of,u s BYIDRLerifl. 1ASHis BRS a driBctRmYTithd L@HBNLE thegi on 112
can be for%%%lg) s‘?horters’I eriegdéof ti r?e as a1I;5£5corrpar ed with the case of

i rradi ati Oassisubstrate+1Q00isspraferentiplly etohest byispwtisviag: thahethe plangsty gfithe ons can
d t h | | ; er [+ -I' t
Caton LisoBAF DERRIE A" S gl (i, s st e

region 112°°Ccan orne a oW T egl on. en an ion
i mpl antat | eatioay rapattias sich as sdnic prisfapccanyhe hdsesybsiratelil 3 ¢apbewpmovedi3+ 20

ions is perfo d by.mass separation. IS, e 0
i rradiati o‘?’fl(\/\{h{g%afet yu(??“%ial} %%gth‘%%abe‘k}pt%#l 8}%5&%6 EStnttlaa Fﬁag%{m{stih%%é) the use
of an ion pdpinasd asmOplagppgdnatatsl bynwobdemgseteaaivegas (2. oNOsgesciray t o

performirradiation, ion irradiation efficiency could he [ conpar ed
to the castz @AErd ¥l 2dANIBYT $8° 4Ppar % & BB 58%1?%%@?%% sour ce
gas for E) Pgighmqﬁgne)adbmghon%b@%e lgsctm»felghs &sin&o@[%d,dogstl?isnblngo hstelirogen, :c t
is possible to use gne or more kinds of gases selecte roma rare gas o
hel i uml ar gefeets eusedrhy q“ih%,"féharféﬁfgﬁ ﬂbf’égs"t ﬁ?%‘%g&[ﬂf‘“& SPWE?&P?'ne gas or a
chlorine g g%nd a hal ogen conpound gas such as a fluorine conpound gas
(e.qg., BFS@} en heliumis used for the source_gas, an ion beam having a
“hi gh proportion pfthifempegigents fheplasty sABRAIE SPRPTRLESIERTEELE i on.  Use

of such an, BRI ERAPInGMhBAIES) hmehsdt JpEiNBilyOtheafeatultt GiIHrgdnl enent
region 112?1& ﬂFl(l)lés))%zm bl eflﬁzAuSrtﬁlter,) t he enbrpi@tltler)r’e?nt reg ion 112 can be

formed t hr plagha mhyeLp perfarmed gnéer icordidnnsivehetr thalel prvrdt 1EHep8%0 Pnththi s case,
a diff¢sent oW £6 198S BY dRSl B0 AR i8I0l (iUl RIOBias LB SaMe

source gas  nmay be use For exanple, after 1on irradiation is 5 perforned
using a raf® tgdg0Ws Ehsfilowingyers, mdrespérelic paditionsale IEP prveni 0 Wer f or ned
using a dag, ORI A8 pEOHCs RBa Ano 01 fiSy A8 is oRom! Ak he REia! I on 1S
performed tIrst USsing I hal"ogen gas or "a hal ogen conpounhd gas, and then ion
i rradi at i omolegn 1O (F.6F WEdnOsi ng a gas contai ni ng hydrogen.

[0087]
20 After the bond substrate 110 and the base substrate 100 are bonded to each

U

other, the bond substrate 110 and base substrate 100 that are bonded may preferably be
subjected to a heat treatment so that the bond is strengthened. The heat temperature at
this time is preferably a temperature at which the split at the embrittlement region 112
does not proceed. For example, the temperature is set to lower than 400 °C, preferably

25  less than or equal to 300 °C. There is no particular limitation on the length of the time
for the heat treatment, which may be optimally set as appropriate depending on the
relationship between the treatment time and the bond strength. For instance, the heat
treatment can be performed at 200 °C for 2 hours. Further, only the region that is used
for the bond can be locally heated by irradiation with microwaves or the like. When

30  there is no problem with the bond strength, the above heat treatment may be omitted.
[0088]
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[ 0083] 10Next, the base substrate 100 and the bond substrate 110 are bonded
(see FIG 4C). Specifically, the base substrate 100 and the bond substrate
110 are bonded to each other with the insulating |layer 114 therebetween.
After the surface of the base substrate 100 is in contact with the surface
of the insulating layer 114, a pressure treatnent realizes the bond between
the base substrate 100 and the bond substrate 110. 15 Note that as the
mechani sm of the bond, a nmechanismrelated to van der Waals' force, a
mechani smrelated to hydrogen bonding, or the like is considered. [0084]
Not e that before the bond between the bond substrate 110 and the base
substrate 100, afex, gheshong subsipiet 8 iHapdis ind) Bt semicondusterdangT ¢ Heandndgl at i ng

| ayer 114 ﬁ&@%ﬁsu%% £ %tr}ﬁe Qﬁl@ﬂm%m@ﬁtt{egbﬁ ll-é-QséeSFI@r %?V%E%PW @cted to a
pl asma treatnment. asma treatnent “for at |east one of the insulating

| ayer 114 amd Svlbﬁ@aibdéé ey pstferably be perfaomd by blicaisrepianenn The fasapseatyrp

hydr ophi | i 0 I I e bond
strength bfeé %eeﬁég?%g%r%ﬁhc%}ﬁggzé‘%ar@gé %E) @b%ﬁt e%ée%ga ngl'g ?gtﬂge ?L%g can be
enhanced. 60085)0. For msmeethergIasapaxsir&tcwewwd@@dplwsb mbmwcs used,

t he plasma,treat nent rfornmed | e gduci ng an
inert gas PE{RApe ﬁ’gméﬁor,&li‘ﬁbeé"st)realnﬂ?r%mé’r% Igﬁiﬁfé‘?t tf’ﬁgcé'pe&&'gﬂ “élfyﬂatf’ gg appl yi ng
a hi gh- f r eg1d9BG8 Ynat Ok @B 1OBHWES N HAW R SR 14 d%%ﬂﬁrgqaéb sl tdh Viigeaabstrate
to be processed (e.g., the base substrate I00 or the bond 30 substrate 110)
and the colintiempesterstarerss. thay tiscraage dhe EABCTARE Jirnos dimitsA dhogte. pegent in

t he pl as ey, 3 he substrate to
be processegﬂgtﬂﬂe ﬂchdclzlf'?l ??ﬁ%ﬁﬁgg&%ﬁl %e‘?{&rzﬁ&fa&%? eég(grbz?%o}l%te to be
procesked @o8¥. By collision of the accelerated Ar cations with the
surface of the se, subst r at t he .surf.a £ 1h rate 100 is
et ched by sputt 2@1 ﬁgoveiieatttﬁﬁagnﬂg {1Ses g p%lra%%ee%ﬁfﬁ eoﬁOImPe ? %%lﬁgcﬁiro a?‘iﬁng t he base
substrat e ihGRe babilehet eedidal 12y rfﬁﬁmhgﬁl onempon b4 cnagk int thel smbmﬂtlanmtanar ity

of the surface t he base strafe 10Q.can roy d. . Furt her y the
accel er at eF&RE IEE'C § pffsult;t Eﬁ)g“ﬁdtsiu %Iageu]glﬂ 5% %Flﬁﬁ% céﬁ%‘é%eg‘é’ﬂ t he base
substrate 100 eatorBiRgle Y thiadudtbe lHas 16 ylit ficth ah€ dond euldthtc viaved.
Alternatively, the plasnma treatnment can be erfornedfu3|fn | as generat ed
by int F%duﬁ%@lsa""t@’éé‘%ﬁ Pare Yhuratee 190 Fapherp sigge sy migitap 533‘5 as an

inert gas iubbeat@ 100aRDR dabe Subé@aEUOD S ﬁéa@edawﬂﬂﬁ@ﬂéayltﬁmnhlagi@v&léﬁquency
vol tage. Wien the reactive gas is introduced, is possible to repair 10

def ects cabeydds Bymed ¥rbaigtesics, prothatipe hend SHF“&%@”O@S@“@?EB%‘E@&% 100 usi ng
sput t eri ngroehH086] In this enbodinent, the plasma treatnent is
performed using an argon gas by an inducti veI y_coupled plasma (1 CP) nethod.
Speci fical ly, tHderrasadafest cappadbydheuit prrrhe ipmiradiatoa steg opadutitder
condi t ;NS MEEr fclaﬁddcgi? lgﬁm%'f@mileqoast&s&ﬁ)gg a\%vet Iaﬁd:lelﬁe PRSP Yl fhei S 0.1 tO
5.0 Pa, the gas owrate s to 2000 sccm and the RF bias voltage is 75
to 300W Téwefatolis omipagedar eThme@r@pecmaﬁner&oﬁm ridueing thpedafts pawdie i s 500 W
(0.11 Wc h cm and
the Re bi aeersiiaiesl BB N b o angre o) Bimdfiie h Suftte kit Or 8
semiconductor layer 116 may preferably be performed.

[0091]

25 In this embodiment, for example, irradiating the semiconductor layer 116 with

laser light can realize the reduction in defects and the improvement of the planarity of

the semiconductor layer 116. Irradiating the semiconductor layer 116 with laser light

makes the semiconductor layer 116 melt so that the semiconductor layer 116 cools and

solidifies, resulting in formation of a single crystal semiconductor layer in which the
30  defects are reduced and the surface planarity is improved.

[0092]
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[ 0087] 20After the bond substrate 110 and the base substrate 100 are bonded
to each other, the bond substrate 110 and base substrate 100 that are
bonded nmay preferably be subjected to a heat treatnent so that the bond is
strengthened. The heat tenperature at this tine is preferably a tenperature
at which the split at the enbrittlenent region 112 does not proceed. For
exanple, the tenperature is set to |lower than 400 C, preferably 25 | ess
than or equal to 300 C. There is no particular Iimtation on the |ength of
the tine for the heat treatnment, which nay be optinmally set as appropriate
depending on the rel ati onship between the treatnent tj ancl t he bond
strength. For i Kerhsica, thinpdgrden fr, desforsing t}éeaﬂnﬂ%‘ei?e?# %nﬂ’ﬁg%t"r@ Cfor 2

hours. Furdhetond@iayel ﬁm% eQicAicl Rat TS (i et ERicohMR1drRr, GRReriiry OCcal |y

heated by irradiation with mcrowaves or the like. Wen 30 there is no
pr obl em wi et¢hing dreyment, 9 rae st (eichinge redsoort, et caminationdf bty B bfitted.

[ 0088] ORMers WRS LAt SO 1aSerS B! Fdmbd o8 stiid8n, th

sem conducqeéﬁoql%d;g)r%if%;hg%g ?ﬂ% bor]dJ su@strat ea%oo at the esrrbri t_t?emant

r egi on 511 2sefieadEt@ 4Ry canlirethgped using SFdrad$hed peagbsstgasesdy 1Yy pghingr ef er abl y
be perforned by.a heat treatnent. The tenperature for the heat treatnent

can be set"BHEEY on the upper tenperature limt of the base 5 substrate
100. For ipesexince, when a gl ass substrate is used as the base substrate

100, the t t for th { treatnent i | t t
Uhan or equal 1 G ASTEoRARP Eo0E RSO CEatis) TGeaE rbalsRB e B ST o

the gl ass subsdé al0as&FGWME)hst and the tenperature greater than this range,
t he terr(gerature is not limted thereto. Note that in this enbodi nent, the
heat tHeatlP8%t! is performed at 600 C for 2 hours. 10[0089] The above

heat treatment Qa4s Qs AlEOBAIDei ddsd RdheteOthdNMesedflight Gk alatiofl pré@teethei n t he
enbrittlenment region 112, resulting in generati? of a crack in the
enbri t t | engpling Egaimant i shis gabgdipgat, ppe cRPRAIRET @ glﬁn%ff’%f’a‘t Rvagn gty ¢

al ong the gahid &Eﬂe%ﬁﬁﬁktchﬁgitfé@uﬂehamaﬁ%gérf&nﬂ& Yeforkliie: Is@ligandatEitdn, | ayer
116 split fromthe bond substrate 110 15 renmi ns over the base substrate

100. Fur t herbotlsbafere anthaftar fedpgenightigedidivRdi ng t he substrate 110 and the
base sppst(oggﬂ 100 is heated by this heat treatnent, a covalent bond is
formed at the’interface, so that the bond strength can be further enhanced.
[0090] There ar Nadefhatalthoughlssay light is meedstpirealize the pedyetieia defoatsiapd @i at i on

step on a ﬁlirt{g&?e n Of ﬁeyb%.ﬁmt?cg%ctﬁﬂdéh%oﬁa{ménﬂy&{e, o duBEdTESE @S &S | bed

above, and e planar e surface I's inpaired. Therefore, a treatnent
for reduci mgetitive idabedistedihartfe. s cdnetivnt ior deffepjsesnd] gpreyement pfienent f or

D101 09, S k5 ANI e by A SR RS o
i rradi 28 i nif attheatuseantos anidfect wdudtiay éy urlbEesyury, fa treatment for improving planarity,
such as an etching treatment, may be employed alone.
[0096]
Note that the split bond substrate 200 becomes a reprocessed bond substrate
through a reprocessing process, and can be reused.  Since there are defects on a surface
25  of the split bond substrate 200 due to the embrittlement region 112 or the like, such
defects may preferably be removed before the reprocessing process. Accordingly, the
reprocessing process can be carried out more successfully.  As methods of the removal,
there are an etching treatment and a polishing treatment such as CMP.
[0097]
30 (Second Mode)
Next, a manufacturing method according to Second Mode is described with

reference to FIGS. 5A to SE. Second Mode is different from First Mode in that the
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| aser light can realize the reduction in defects and the inprovenent of the
pl anarity of the sem conductor |ayer 116. Irradiating the sem conductor

| ayer 116 with [ aser |ight makes the sem conductor |ayer 116 nelt so that

t he sem conductor |ayer 116 cools and solidifies, resulting in formation of
a single crystal sem conductor layer in which the 30 defects are reduced
and the surface planarity is inproved. [0092] Further, a thinning
step for decreasing the thickness of the single crystal sem conductor |ayer
may be carried out. To thin the sem conductor |ayer, either a dry etching
treatnment, or a wet etching treatnent, or a congi ng]][’hi og of _both may be
per f or med. inFdatingxlayss| 191 inamed aets i hagmanbetras 1Py efberelorp o FeRPYFS i | i con,
the 5 sem%ﬁw&g&me&%@&_ can be thinned using SF6 and 02 as process gases
by a dry etchi'ng treatnent. [0093] As descri bed above, the

sem conducfi0898]l ayer 118 can be forned over the base substrate 100 (see FIG

4E). 10[0094] . s gljl\ﬁﬂgeé%rtm@ fd@%g{k,%% GESEIOMALH, hiiPtHeaiilatink ght

irradi ati on prece Ing tre in this enbodi ment, one
enbodi nent lagér Mhes farmedoter itheisne swhstrats (spo P16 Hi-Ded Refre te Pl 4aHar ®echi ng
t reat ment ga¥ thstr%er&fr med before the laser light irradiation, or both
bef ore and®&f &P t'hé " 'aser Iight irradiation. 15[0095] Not e t hat

al though |mees] light is used to realize the reduction in defects and the

i nprovenent of the planarity in this enbodi pent ' t he
present inventi o HBPW‘F%’F’EIE’BI qﬁ) B ?mfﬁg’drogf%c%ﬁgggpgﬁm e eig?% and
i mpr ovenenipofo Whkh Rl splddrink ndtRad, heldseal G PR dndthodysi thg Lize yabdapplingt hod such

as a heat treatnment. Further, 20 jf reatment for.a.defect. reduction is
unneced@ar fpr exampleat HHag tL? gruleling l?\‘/'?r?l]é)tl g ﬁé;l"ﬁq?cﬁ ,fgrstl]ffg RO%CIs enm%‘fef% fng
treat ment, 1398Y1008s SRk AKLRrAbDReh 0895 durface has hilatptankhigt Theinsyidting bond

substrate 200 becones a reprocessed bond substrat thr.Pgo%Q a re]grocessi ng
process, ahaercdt carbe fogaediusing epeer mogs wagrals selgclsd om sliconaxide, ICHS ¢ he

split bond,substiRbe o2QRrdEesilidont bR Bxibd, tdafinh &ed, Qundiddn afitridae | i ke,
such defects may preferably be renoved before the repr oc?sm glggﬁr ocess.
Accor di ngl gluminyen exypioée shimigio pigideseridea andibe kg r FapexPlHh Wessful ly.

As net hods ofi the .l eIPHRlinslifABE Sayt 8 0RNoRhebnNGiry! 228 R1bkilA8 Gad bpal | shi ng
treat mint  Suap Loyl
chemical vapor deposition method enables the insulating layer 101 to have excellent
planarity. Note that although the insulating layer 101 has a single-layer structure in
this embodiment, it may have a stack structure.
[0100]

20 | Next, the bond substrate 110 is prepared, and the insulating layer 114 is formed
on the surface of the bond substrate 110. The bond substrate 110 is irradiated with
jons, whereby the embrittlement region 112 is formed (see FIG. 5B-1 to FIG. 5B-3).
The steps of FIG. 5B-1 to FIG. 5B-3 are the same as those of FIG. 4B-1 to FIG. 4B-3,
and therefore details thereof are omitted.

25 [0101]

Then, the base substrate 100 and the bond substrate 110 are bonded to each
other (see FIG. 5C). Specificaily, the base substrate 100 and the bond substrate 110 are
bonded to each other with the insulating layer 101 and the insulating layer 114
therebetween. Through a pressure treatment after the surface of the insulating layer

30 101 is in contact with the surface of the insulating layer 114, the base substrate 100 and
the bond substrate 110 are bonded to each other.

[0102]
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[ 0097] 30 (Second Mbde) Next, a manufacturing nethod according to
Second Mode is described with reference to FIGS. 5A to 5E. Second Mode is
different fromFirst Mode in that the insulating layer 101 is formed over
t he base substrate 100. Therefore, this point is nmainly described bel ow.

[ 0098] First, the base substrate 100 is prepared (see FIG 5A-1),
and the insulating 5 layer 101 is forned over the base substrate (see FIG
5A-2). Refer to FIG 4A for the base substrate 100. [0099] There is no

particular limtation on the nethod of formng the insulating |layer 101, to
which a sputtering nethod, a plasma CVD nethod, or the |like can be appli ed,

10 for exanpl e. Nsittdhatthedors r’f%‘“ulbalt“i Bgtesy dhe hond sastrates |10 ands thegbasthe hond,
the insul agjpRightt @{Y@Et 1;9éfér§ol@{oeshﬁfe@t%y bR FBHrSU00, thbdlsulabhSlagér f1ace has

high planarity. insul ating | ayer 101 can be forned using one or nore
material s %)@lnatpedlefb@msgbﬂtﬂa@oﬂooshed@% sbisirate A 00y ar theyimsulating lay @kyni tri de,

o1 1160 b8 othd!Eaee QLML BUE O el HEHAT MR bilice BbMALAUT:

oxynitride umnumnitri oxl| For exanpl e, when silicon
15 oxi de |Bnpns@dhé bend strength sutha bomiginteafpes bet@den th@b%étsnbﬂtramﬁlﬂgnﬁﬂw

or ganosi | ape % chem cal vapor deposition nmethod enables the

i nsul ati ng alsgy tr‘i i ‘0 have excellent planarity. Note that although the

i nsul ati ngjoiayler 101 has a single-| ayer struct ure in this enbodinent, it

may have a stack struc [0 te 110 is
prepared, and tH{éS?Xr?E’Beéto?ﬁtf ﬁ“ég‘iétr ’s fv8{]ﬁ%a grat?%%ea REESF the bond
substrate a&@omama 6O mdths YRS gfvah e m&maﬂwsly,r adccmﬁlﬁmhtmmtdif idiffesent Wwhetr eby t he

enbrittl ement glon12|sf é d( ee FIG SB- F% 5B-3). The steps
of FI d&p- ‘Ieatffael# magign p §eft“ﬂ’8§téﬂt?v %1 to FIG 4B-3,
and therefgnesdetails thereof are omtted 25[0101] Then, the base

substrate 100 and the bond substrate 110 are bonded to each ot her (see FIG

5C). Speci fi cal |Exampls of theewa frsatment dncludy ag goRe,ECalpo "SUB ST I 0 are
bonded to ga6h %Q?%le‘é‘!uh%) gadonR Widnifag théymid dBdniN@ hbBod S Whaki ng | ayer

114 t herebetween. Throu a pressure treatnment after the surface of the
i nsul at i ngfungiyenal water such as pure water or hydrogenated water and a carrier gas such as

15  nitrogen are sprayed together), and the like. Examples of the dry treatment include an
ultraviolet treatment, an ozone treatment, a plasma treatment, a plasma treatment with
bias application, a radical treatment, and the like. The surface treatment as described
above has the effect of improving hydrophilicity and cleanliness of a surface of the
object to be processed (i.e., the single crystal semiconductor substrate, the insulating

20 layer formed on the single crystal semiconductor substrate, the base substrate, or the
insulating layer formed on a base substrate). As a result, the bond strength between
the substrates can be improved.

[0105]
The wet treatment is effective for the removal of macro dust and the like

25  adhering to a surface of the object to be processed. The dry treatment is effective for
the removal or decomposition of micro dust such as an organic substance which adheres
to a surface of the object to be processed. Here, it is preferable that the wet treatment
such as cleaning be performed after the dry treatment such as an ultraviolet treatment,
because, in this case, the surface of the object to be processed can be made clean and

30  hydrophilic and generation of watermarks on the surface can be suppressed.

{0106}

Alternatively, it is preferable to perform a surface treatment using ozone or
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30101 is in contact with the surface of the insulating |ayer 114, the base
substrate 100 and the bond substrate 110 are bonded to each other. [0102]
Not e that before the bond between the bond substrate 110 and t he base
substrate 100, it is preferable to subject the bond substrate 110, the
insulating |ayer 114 fornmed on the bond substrate 110, the base substrate
100, or the insulating |ayer 101 forned on the base substrate 100 to a
surface treatnment. The surface treatnent can 5 i nprove the bond strength at
t he bond interface between the bond substrate 110 and the base substrate
100. [0103] . As exanpl es, of the surface treatnent,. a wet. treatnent, a
dry treat mHIEen dhep U8 ABIeRER ahsipsletiyRehLr OGN BHOXYARR By HATVRFGE a

conbi nat i ogcRf adisflofif ey tendtilest LABIHVE NMemoQl 3r GRERhPRIHRNoObrgdhif er ent
dry treatments may be enpl oyed, [0104] Exanpl es of the wet treatnent

i ncl ude ansubstencss tadaringeptthsirfage of tseobipst & by prosersedra Farthes) Wamserry) |
Tegasoni ¢ Glank Ryed -yl aide ChRANLNG: igREbRA il YRbERiHUGR ligal vater
such as pure water or hydrogenated water and & carrier gas such as 15

ni trogeh ahwingpayadienghdedsethin 280 dmt, [whith kean Bleaviplessapfo ppdordr thet r eat nent
i nclude an ravjol ) ; rneatment, a
pl asma tregggr#élﬁ@’ %gtrﬁﬁ%vitaggﬁgg%{} (It’ %ug?@%%%gg}%P gg?@%ﬁ%ﬁfggﬁ) rfrglr?tao% jggtnﬁ ht%he like.
The sur f acgrotessat cwe bt nmde thescaffebi@d. aBpscefiddescriftion éfefef is nafde betpwovi ng

hydr ophi |'i fdb and cleanliness of a surface of the object to be processed
(i.e., the él ?(t]gl e crystal sem conductor substrate, the insulating 20 |ayer
formed on the sifuglegamply Shaburfeaireamanicifahe sbibatto &t roctdsed Basefosuddst r at e,
or the_ jnsyulating.layer forned op .a base substrate). As a result . the bond
strength bBY viEafatie "%‘%é‘?‘?aé’ °i‘§ Qgﬁ Ble 3P nPESRIE™e [%Tﬁ'gjngTﬂ’@’gWé't eat ment
is effecti umdis@ion tWigh NighDYMin®h Waedlangthusdss ahsh RO® ond ked Ahadbdng ng to a
surface of the object to be processed. The dry treatnent is effective for
the renovalFagiengdtohdddm PoRoss which pty ‘H%‘?OIER% » L mg RIS ceNeRg: ance

whi ch adhepgseh Qirblét Yk for6 8s Al h@0abb8 e deferlied Pr AREEAR By, Uyafrdiatidn | S
preferable that the wet treatnent such as cleaning be perforned after the
dry treat niith light having avayplengllyiless dhan 188 imppeihich fegnpléaviolehraypiaglghse, t he
sur facgsof othen abivet hs dBnbGnYQereHed can be made clean and 30 hydrophilic

and gener a}oll(())g] of watermarks on the surface can be suppressed. [0106]

An example of a reaction caused by the irradiation with light having a

wavelength less than 200 nm and light having a wavelength of 200 nm or more in an
atmosphere containing oxygen is described.
20 Oz +hv (A nm) > OCP) + OCP) - - - (1)
OCP) + 02— 03 - - - (2)
Os + hv (o nm) — O('D) + Oz - - - (3)
[0109]
In the above reaction formula (1), by irradiation with light (hv) having a
25  wavelength less than 200 nm (A, nm)} in an atmosphere containing oxygen (O2), oxygen
atoms in a ground state (O(P)) are generated. Next, in the reaction formula (2), the
oxygen atoms in a ground state (OCP)) and the oxygen (O,) are reacted to generate
ozone (O3). Then, in the reaction formula (3), by irradiation with light having a
wavelength of 200 nm or more (A; nm) in an atmosphere containing the generated ozone
30 (O;), singlet oxygen O('D) in an excited state is generated. In an atmosphere

containing oxygen, the irradiation with light having a wavelength less than 200 nm,
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Alternatively, it is preferable to performa surface treatnment using ozone
or oxygen in an active state such as singlet oxygen. Ozone or oxygen in an
active state such as singlet oxygen enables effective renoval or
deconposition of organi c substances adhering to the surface of the object
to be processed. Further, by use of ozone or oxygen in an active state such
as singlet oxygen in conbination with light 5 having a wavel ength | ess than
200 urn, which is an ultraviolet ray to performthe treatnment, the renoval
of organi c substances adhering to the surface of the object to be processed

can be made nore effectjve. Specific descriptjon thereof ﬁ made. gelww
[0107] For Whigh dgptreuitrpyiglet vy RS 450 FRER of prongAnd the ¥ ’38%?"8 essed is

performed dbhByvihd & %Qvlre’iéﬂgﬂfbfvﬂob Brrbibrtrhdiy ké%hﬁ‘st inlthéIdtheratiorPHY shigled SRYMR
contai ning oxygen. By irradiation with |ight having a wavel ength Iess t han

200 run aney Keepmposition of the aeerel cRip frlee Joamend ay dessriesd Heve fvambe

ultraviole gqﬁg et en as
wel | as oz%ﬁ%ﬁ%g%b %”g%ﬁﬁéate mﬁ%ﬁ?%?%at?@é? QE ra%hgg?on Q§ " 1ight
havi ng & M@Nﬂﬂﬁhgﬂhnhﬂsﬁmﬁﬁ&ﬁH%&&MH@mxwﬁmch is an uItraV|oIet ray, si ngl et

15 oxygen gﬁ as ozone can be generated. [0108] An exanple of a
reacti on c&iy d by the irradiation with light having a wavel ength less than

200 urn and |i gifuri@Videkatplooral Ragioh calsed B) tivimadiai® ®ith Hg@masibgaspher e
cont ai ni ng oxygen is described. 20 02 + hv (X1 nm -> 0(3P).+ O(3P) (1)

0(3P) + Q2wav neﬁllesstlzaz)w@:@mrwa{l@nwaere@W@gom@zmdﬁ%@?d[0109] In the
above reacb%gﬂ E@r cg%? ?ﬁFjrr@glatlon with Iight (hv) having a 25
20 m

wavel ength Tess tha i n an at nosphere contai ni ng oxygen
(02), bXyge(P)+0z2—0s---(5)

O3 + hv (A3 nm) — O('D) + O - - - (6)
[0111]

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

less than 180 nm (A3 nm) in an atmosphere containing oxygen (Oy), singlet oxygen in an

15  excited state O('D) and oxygen atoms in a ground state (O(°P)) are generated. Next, in
the reaction formula (5), the oxygen atoms (O(’P)) in a ground state and the oxygen
(O,) are reacted to generate ozone (O3). In the reaction formula (6), by irradiation with
light having a wavelength less than 180 nm (A; nm) in an atmosphere containing the
generated ozone {O3), singlet oxygen in an excited state and oxygen are generated. In

20 an atmosphere containing oxygen, the irradiation with light having a wavelength less
than 180 nm, which is an ultraviolet ray, results in the generation of ozone and, by
decomposition of the ozone or oxygen, singlet oxygen can be generated. The surface
treatment as described above is performed by, for example, irradiation using a Xe
excimer UV lamp in an atmosphere containing oxygen.

25 {0112}

The light having a wavelength less than 200 nm causes breakage of a chemical
bond in an organic substance and the like adhering to the surface of the object to be
processed. With ozone or singlet oxygen, an organic substance adhering to the surface
of the object or the organic substance in which the chemical bond is broken is removed

30 by oxidative-decomposition. The surface freatment as described above can enhance

the hydrophilicity and cleanliness of the surface of the object to be processed, making
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atons in a ground state (0(3P)) are generated. Next, in the reaction
formula (2), the oxygen atons in a ground state (0(3P)) and the oxygen (02)
are reacted to generate ozone (03). Then, in the reaction forrmula (3), by
irradiation with Iight having a wavel ength of 200 nmor nore (A2 urn) in an
at nosphere contai ning the generated ozone 30 (03), singlet oxygen O(D) in
an excited state is generated. In an atnosphere containi ng oxygen, the
irradiation with Iight having a wavel ength |l ess than 200 nm which is an
ultraviolet ray, results in the generation of ozone, and the irradiation
with |ight having a wavel ength of 200 inn or nore results in the generation
of singlet 6?9‘@éﬁo’fﬁyﬁ‘é‘?§§@ﬁposmlon of the ozone. The surface treatnent as
descri bed [@lfp e can be perforned by, for exanple irradiation using a

| ow-pressure nercury |anp = 185 nm 5 X2 = 254 nm in an atnosphere
cont ai ni ng oxygevthofgithe]s ace treafmni freperfogpedoefprs| the Bﬁseaﬁu?%f&?tw@riscaused by

the irradigfjon tQ\Mchterbolnli%nBstlg?eviﬂ)%naS heng! Bnd grﬁﬁocgl(lgglﬁ r%]E&Qe BfBserd an

at nrosphere cont al ni ng oxygen i s descr 02 + hv --> 0(D + 0(P)

(4) 10 D( Pnventdf is mo0Bfdted Gerethy TH3 SImfgce -twam(egD)na-y b)ezrepla@@; Wi 1the |
'n the aboye [.of %ﬁggﬁl%gén%dai%ﬁst Yae! &7 &%@ﬁédoaﬁwtﬁb plabfRliriRhig a

1
wavel engt hpfless I n an at nos ere contal nlng oxygen
(02), singNete shatypehirstnMade, the plasma treatment may be replaced with the surface

treatment described in Second Mode or combined with the plasma treatment.
[0114]

10 Next, the bond substrate 110 is split into the semiconductor layer 116 and the
semiconductor substrate 200 at the embrittlement region 112 (see FIG 5D).
Accordingly, the semiconductor layer 116 remains over the base substrate 100.  Affer
that, the treatment of reducing defects, the treatment of improving the surface planarity,
or the like enables formation of the semiconductor layer 118 over the base substrate 100

15 (see FIG. 5E). Note that the steps of FIGS. 5D and 5E can be performed in the same
way as those of FIGS. 4D and 4E, and therefore details thereof are omitted.

[0115]
Note that the split bond substrate 200 becomes a reprocessed bond substrate
through a reprocessing process, and can be reused.  Since there are defects on a surface

20  of the bond substrate 200 due to the embrittlement region 112 or the like, such defects
may preferably be removed before the reprocessing process. Accordingly, the
reprocessing process can be carried out more successfully.  As methods of the removal,
there are an etching treatment and a polishing treatment such as CMP.

[0116]

25 An embodiment of the disclosed invention enables formation of a reprocessed
bond substrate with reduced oxygen defects or impurity elements, thereby improving
the properties of an SOl substrate manufactured using this reprocessed bond substrate.
Further, deterioration of the properties of a bond substrate can be suppressed, and
therefore the number of times of repeated use of the bond substrate increases. This can

30 further suppress manufacturing costs of an SOI substrate.

{0117]

Thus, an embodiment of the disclosed invention can prevent malfunction of the
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15 excited state 0(D) and oxygen atons in a ground state (O(P)) are
generated. Next, in the reaction fornmula (5), the oxygen atons (O(P)) in a
ground state and the oxygen (02) are reacted to generate ozone (03). In the
reaction formula (6), by irradiation with Iight having a wavel ength |ess
than 180 nm (X3 nn) in an atnosphere containing the generated ozone (03),
singlet oxygen in an excited state and oxygen are generated. In 20 an

at nrosphere cont ai ni ng oxygen, the irradiation with Iight having a

wavel ength |l ess than 180 nm which is an ultraviolet ray, results in the
generation of ozone and, by deconposition of the ozone or oxygen, singlet
oxygen canbdnd syesyatearhieh is vhsedby tyepeaisdait-nent as descri bed above is

performed by, fof,;eXxadRlaGon ! fs" BeieAt ioﬁ”]#ﬁh&g_ 2R RpUiBRIon UWerdalMio.1 N an
at nosphere cont ai ni ng” oxygen. 25[0112] The |I%§t havi ng a wavel ength | ess

than 200 t 2009%Hy2@s ilsd edibalgparoPatent Pféps ernApebrd. £¥% HheoigEmsaatedisiidt ance and
the like i s :ﬂgq. e object to be processed. Wth ozone
or single?g§§§§§%?hﬁxag§ gﬁ%% u%@%@%%e adhering to the surface of the

obj ect or the organic substance in which the chem cal bond is broken is
removed 30 by oxidative-deconposition. The surface treatnent as descri bed
above can enhance the hydrophilicity and cleanliness of the surface of the
obj ect to be processed, making the bond nore preferable. [0113]

Al t hough the surface treatnent is performed before the base substrate 100
is bonded to the bond substrate 110 in Second Mde, one enbodi nent of the
present 5 invention is not limted thereto. The surface treatnent may be
replaced with the plasma treatnment described in First Mbde or conbined with
the plasma treatnment. Note that in First Mdde, the plasma treatnent may be
replaced with the surface treatnent described in Second Mbde or conbi ned
with the plasma treatnent. [0114] 10Next, the bond substrate 110 is split
into the sem conductor |ayer 116 and the
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sem conductor substrate 200 at the enbrittlement region 112 (see FIG 5D).
Accordingly, the sem conductor |ayer 116 remains over the base substrate
100. After that, the treatnent of reducing defects, the treatnent of
improving the surface planarity, or the |ike enables formation of the

sem conductor | ayer 118 over the bddeABMSstrate 100 15 (see FIG 5E). Note
that the steps of FIGS. 5D and 5E can be perforned in the sanme way as those
of FIGS. 4D and 4E, and therefore details thereof are omtted. [0115]

Note that the splj ieBRAdssdattiating 20 BOIa0BsREe, 2ompHEiAgessed bond substrate
t hrough a reprocessing process, and can be reused. Since there are defects
on a surface M6t gep pﬁgomximla@ ambrittlemenp orgienum @ bondyaubstale byt inadising theyi on
112 or ,th i ke, such defects nay preferably be renoved before the

repr océ’é’gﬁ%ﬁ‘&”’gﬁ@c"g "90%ccordingly, the reprocessing process can be carried
out nore sugcgsshd kil of ASontkighiid Hoall subgratemmudase biietateawith an inhdhingg
treatnment and a polishing treatnent such as CVP. [0116] 25An enbodi nent of
t he di dasieothesehiewe®nt i on enabl es formation of a reprocessed bond substrate
wi th reduce g f 4 i rd : L i the
properties %fﬁ%l)rq %%’r%gtf’gg{@g?%e ﬁ@gf%‘g%&aar&éegﬁgg‘% %gb%lmn%%&%%ggefgﬁgoeﬂd
subst r atRicohtidthelayerdetetht base substrané withehpimopleting kyethembétwredn;smdst r at e can

be suppressed, and therefore the punper, of tines qf repeated use. of the
bond substr &t@“ﬁgﬁf‘é’a%é@blef’ﬁpg ﬂ&eaﬁmggs F?Wﬁﬁﬁbﬁ?e@geg@ﬁwg&egppn@ %osts
of an £ %ltj)gf%h 7 aTeTel} Snftinb &l SSRhokheRNt | on
can prﬁr@%‘#ﬁ%@ﬁ%ﬁ taﬁgb%ggﬁ{jhngubstrg%gﬁﬁ%aé#ai s caused b)(/) Iimtés

r epeat ed amsigture of oxyg¥h asd aiypier Bt foom airepioaesserl bendisbsiraiee Pat ent
Application seri,al, no. 2009-104203 filed with Japan Patent Ffice o ril.
22. 2009, tHEesintherepaeste Lope SHpsUEE ﬁr‘?"&éﬁ%‘ﬂfsian‘%"&dps b “b;ﬁﬂe fist'P
referengs. CLAIMS

2. The method of manufacturing an SOI substrate according to claim 1,
wherein the fourth step is performed after the steps from the first step to the third step
are repeated n times, and

wherein n is a natural number greater than or equal to 2.

3. The method of manufacturing an SOI substrate according to claim 1,
wherein an oxide film formed on a surface of the reprocessed bond substrate in the
second heat treatment is used as an insulating layer in bond to a base substrate in the second

step.

4. The method of manufacturing an SOI substrate according to claim 1,
wherein a concentration of the oxygen in the second heat treatment is less than 5

vol. %.

5. The method of manufacturing an SOI substrate according to claim 1,
wherein the atmosphere during the second heat treatment includes chlorine in addition

to the oxygen and the nitrogen.

6. A method of manufacturing an SOI substrate, comprising:
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1. A nethod of manufacturing an SOT substrate, conprising: a first
step of formng an enbrittlenent region in a bond substrate by irradiating
t he bond substrate with ions; a second step of bonding the bond
substrate to a base substrate with an insulating |ayer therebetween;

a third step Bfst sigpiof tfomging b epdbnidtlemesns regiow 1ma%pné sebttrale by Bragdiatingdbg on to

forma,sem conduct of .| ayer over the base substrate with the insulating
| ayer tQ?@H]éB@stﬁ\ﬁgeeW%éor?’ a fourth step of subjecting the bond

substrate spl kdcond stdpeofehdiding thertamd Jubgirae tb @ Bast isubstrape afitht arehifsulatihg i N an
argon at nosphere and then a second heat treatnent in an atnosphere of a
n‘ixturéafﬁfﬂ@ﬁ(?@féﬁ‘le%d nitrogen to forma reprocessed bond substrate,

wherein the i ' nd guURshrate in
the first sregiidSES ARG B Rfhbelme AR e 20 5502

accor dissmidondadtar laydr, ovehthediape substrdte withiths irsplatisg peyef therabdtvaktier t he st eps
fromthe first step to.the third step rereﬁeaLedntlmes er ei

and . inn
is a natural? ey PE Belishing,a surdacesef the hogd pubstrate é?htﬁéh‘?rﬁ'[ng?ﬁ\é\ﬁ&em

manuf a%%%'g%dan SOT substrate according to claiml, wherein an oxi de
filmforred on a surface of the reprocessed bond substrate in the second
heat tr eat menfifth stepaddubgsctiang the bohd substrateaphit afi the ombittiement pgdan wUbBIst at e

inth tep. 4. Th t f turj Sl D bst r at
accor aitRG! PONDRGA R aragR BT AAB T SEOBA ot (A Phahu o PHEE b fona
heat t rgakifBBY okypeh@R8 nititipen o #2h-a ¥processe®@ borddubaRalod of manufacturing an

SOT substrate according to claim1, wherein the atnosphere during the
second heat whereinrthereprorsisssddzondtaubstraie is wsed d@pin asrp bend subsissty g’é%hfhﬁ@tt he
nitrogertl. 6. A nethod of manufacturing an SOT substrate, conprising:
afirst™@ep of forning an enbrittlement region in a bond substrate by
irradiating the bond substrate with ions;

7. The method of manufacturing an SOI substrate according to claim 6,
wherein an oxide film formed on a surface of the reprocessed bond substrate in the
second heat treatment is used as an insulating layer in bond to a base substrate in the second

step.

8. The method of manufacturing an SOI substrate according to claim 6,
wherein a concentration of the oxygen in the second heat treatment is less than 5

vol. %.

9. The method of manufacturing an SOI substrate according to claim 6,
wherein the atmosphere during the second heat treatment includes chlorine in addition

to the oxygen and the nitrogen.

10.  The method of manufacturing an SOI substrate according to claim 1,

wherein the argon atmosphere includes argon and hydrogen.
11.  The method of manufacturing an SOI substrate according to claim 1,

wherein an oxygen included in the bond substrate is reduced by the first heat

treatment.
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a second step of bonding the bond substrate to a base substrate with an

i nsul ati ng | ayer therebetween; a third step of splitting the bond
substrate at the enbrittlenment region to forma sem conductor |ayer over
the base substrate with the insulating | ayer therebetween; . a fourth
step of pol ilghi ndha mhcﬁ«h@fénmmfaqt@nmmmse\ﬁmﬂxSFratte@cgqsﬂing to clajrp &,

enbrittl enment, regi,on; an afifih | ecting the bond
substrate sﬂYl}etrelgfhet#ﬁ%o%%ﬁ}qslf’}ﬁr%h%:h{deé g&?’%ﬁﬂ?g%%g%st heat treatment in an
argon at nosphere and then a second heat treatnent in an atnosphere of a

m xture of oxygen and nitrogen to forma_reprocessed bond Eﬂuﬂ_ﬁz}irate,

wher ei n t he 1Bepr ddegsethodotimarufpeipring an POI sdshalg fseording ig substrate in
the first step. . 7 e d; Ot BE ! ok €heat
accordi ng td”elgelr lflrﬁ"h,oxygéﬁ ]ﬂ%%gellnn{haen oxXl| ggﬁﬁarépngsf 2éfurred obﬁugﬁggﬁace of

t he repraggesed bond substrate in the second heat treatnent is used as an
insulating layer in bond to a base substrate in the second step. 8. The
met hod of manufacturing an SOT substrate according to claim6, wherein a
concentration of the oxygen in the second heat treatnment is |less than 5
vol . % 9. The method of manufacturing an SOT substrate according to
claim®6, wherein the atnosphere during the second heat treatnent includes
chlorine in addition to the oxygen and the nitrogen. 10. The nethod of
manuf acturing an SO substrate according to claim 1, wherein the argon

at nosphere i ncludes argon and hydrogen. 11. The method of manufacturing
an SOT substrate according to claim1, wherein an oxygen included in the
bond substrate is reduced by the first heat treatnent. 12. The met hod of
manuf acturi ng an SOT substrate according to claim®6, wherein the argon

at nosphere includes argon and hydrogen. 13. The nethod of manufacturing an
SOT substrate according to claim®6, wherein an oxygen included in the bond
substrate is reduced by the first heat treatnent.
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