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 (SO) substrate. Further, the present
invention relates to a nethod of recycling a bond substrate in the 10

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

achi eve 15 | ow power consun§F| on_and hi éeed operation, attention has
been directed to SOMEEHOD MWFE'%REQ SRLS ®AFE | ayer is provided

over a base substrate having an insul ating surface [0003] One of known
met hods of manufacturing an SO substrate is a drogen ion 20 inplantation

separation method (see PaBARKGRUNPRF THE INNE Nogen ion inplantation

separati Onlfﬁém%ﬁm{e%‘%ﬂﬁoﬁf“m que of formng an SO substrate in the
foll owi ng nanner. An oxide filmis formed on one of two silicon wafers

which i§ tB08Erve as a bond substrate At the sane tine, by inplanting

hydrogen 1005 | i SleaDAOGBHISHSLP s AALCHOMINH S YE s grged 0 the

bond substrate e’ls 0ose~-co h the
ot her sil i evbivhveafearicdndedtor ky¢rois smwéedamth abas&ulzslugsayeam;ebnxvtdentmﬂ oxi de

filmtherebetween. Then, by .a .heat tfeatnent is split
w th the uBEUSTR Rl T o BBt RapbbERERE R stiei B REMRPEHDY AsBs hoa
t r eat nent Eﬁl‘tlieh&hé)ﬁ&&:ns ilysdhiticat xelasdsde afmeth®l of 1stycling a hondl sitgirave émn tHehe base
substrié'e and semc ctor ﬁlésr that is split fromthe bond substrate.

Thus, fiag SP&F' ater 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 SOThiskyeny §9éSUbF%®7‘]an be manufapgrdavigtos f8w sgicon VBERSIEEE Fat e i n

this manney  has, | e&:\é g{i’a%n??o&ﬂi&ft n increase in oxygen defects such as
an oxidation-in uce stackin ault ( F) due to an 15 ion irradiation

st ep, ther[®Rekeréricsl ory during split of the bond substrate, or the like. If a
bond subst[g)aenﬂgaw ng,.an i ncreased nunber of oxygen defects is used to
manuf act ur strate, sem conductor properties significantly

det eri o at @00$10008] Furt her inan ion irradiation step, an inpurity

o ement S o fBER ok ARl PR IBIgh s By ot o0
def ects, srateneiboduiRur1]iTypattePablishad Paeselppliedibe MNos2a08e348266 conduct or
properti es. [O%JGI\}/IVARY 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 eiching, 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 propertics.

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 SOT 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 separation nethod. This is detaileg bel ow. [0011] 50ne
enbodi mentatepsihree of parEire QfpwEennapA NEZEn, #a b A ProcREsRt PeRd YPSUHF Bn SoT

substrate jaclifidided dodih 2Sh 1RhERuRfrateih 3HiéH inarRatRANpSathiathahed. Wi th

acceleraté@ fons to ?%§n1an enbrittlement region in the bond substrate; a
second st ephipts dstardell brfow.he bond substrate to a base substrate with an

i nsul atin Ob?ﬁer t herebetween; a third step of splitting the bond substrate
at the e I'ttlenent region to forma sen conductor |ayer 10 over the base
substrate with te entbsdighi ofghd myent inhentiohét avmethod efjaruldcoumglan$Op of

subj ecti ng e bond .substrate split..at the LLtl I to a first
heat treat %P“?ngﬂngr6§HQSF98§6ﬁg$%m5ﬁgm?§gﬁ&g£%é§gﬁ%%ﬁé§%d?@g£§nent in
an at nosphenf adfentbriedexient egioh ity dend artdtrait 7 sgeml step dfdromliag tlsphandessed
bond substrate, in i ch ghe reﬁioces§§ .bgnd §Hb§§%9te.i% q§eg agai n as
the bond sIPSFAIS{R ) BAst TePsHRipSYIUL AR Jnsulating jaysy therebetweepi; a find siep, of

struct ur e, sgiighel e bbkt SbaEate anthd empanleaenEdgiah i€ forinhescatiepaudtooiaydrhe fir st

step to the third step are repeated n tinmes (n: a natural _n r eater
t han ol0 eqeisr they bz supsifaenwpth the, msylating, @7@§¢ﬁﬂ?ﬁ?bfn$ﬁ'@%#ggg?i m f or med

on a surf a&ﬁjéeﬁn%]m@ bbRPIBGRSS Sl RandlehbiRabmait eegidh th Adir&@eandatieat int r eat ment
can be used as the insulating 20 layer in the bond to_the base substrate.
[ 0013] an argon atmosphere and then a second heat treatment in an atmosphere of a mixture of
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 » 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 at ggere and th a
second heat MHi¥tEEQfERYSInANA AItERBEBHIFEPR 9P OliTRTIRERE e bbgiete ¥

NN LTOGEN; GcSeRAdon Bilofl ah LhBRhEAGCR AR bond BaaLe Wiihuasrel er at ed

ions to forman enbrittlenent region in the bond substrat e; ird step of
bondi ng t heoridingcthe et subsieate ¢o a bhseswibsitats Pithiae WFwlAing favieh SETRETSES| ayer

t her ebet e 1 8 a B dedy BH's %:gt}l%%@nd%%%ﬁ'ﬁghet éq%mﬂﬂ&ﬂerﬁﬁ‘&?& B'6nfs the

enbrittl en®nt’ regrontt a 5 sem conductor |ayer over t base
substrad e sentitoridhaon hrscd eutarrtlye baspesubstiaty wiitht the érsulafipg dayer H@refoewm step is

perforned he St eps he secqn are
repeat ed n’ Frn@‘g O(L'ﬁth Sifp rlisa?e n%nc ere fgsa{? H}e chotnﬁ?te %Jﬁl @Olﬁﬁ%%p [0016]
Not e t hat merqhmedspﬁesbieaﬁmﬁﬂnmmﬂx@hmkkﬂMaormhmlménn1"SCW substrate" is

used as a &% oncept al so including a substrate provided with a layer of a
seni conduck®3 bt her than silicon. I'n other words, in this specification and

the Iike, a bondyssbat mahi§s ﬁ@atﬁafarﬂ&mﬁ@gﬂert@nmsoa@ulﬁemefswaswatae
i ncludes a substrate other than a substrate forned of a silicon materi al.

[ 0017] 10 5Aepnsemidioringiudipg a sestrate Pavadsd Vit &ves ofrp wieadetornthithasn of a

repr Ocessegﬁb&ﬁd 15 WSt GRKR, W il {RGHERMN MY IRN1RE T8dnd sabstiafdPibel
el enent s, ereby inproving the paagertles of an SOT substrate nmanufactured

usi ng t hi smeehduess e SEbrebsyatsdnqludes a sulsratgether ganarsubyiate fopmekofizhe
properties o) = ool % substrate can be suppressed, and therefore the nunber
of times of repeated use of the bond substrate increases. This can

[0017]

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 nalfiniction 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 method of manufacturing an SOT 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

nmanuf act uréxagpkef sarthodies mepefacturing an SQjsghstratgs_ 1 5A-2, 5B-1 to 5B-3 and 5C

to S5E are crossgggetQnalsavi eyp iyl s8I alii 88 @HEEXRMBLE-REtiRapRed Of
manuf acturi ng an substrate. 5DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0020] illusttdging ameratmple, of @mipiefidnd magufacrinpanf Pegbsfwing 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 ments and
detai |l 5 t hereof can bBEFAFLED DRSAIRIPE@N OF 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 {o 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 baving 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 1B).
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 subsirate. 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



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 SO substrate is described with reference to draw ngs.
Specifically, a process of manufacturing an SOT substrate is described

usi ng FI G3he lamounb of B0z rmayPposiersly die Fendni NgUREF de dBisetmbudinggihd2 Subst r at e

i s descri bgqcrﬁ%{&[}% Sgtﬁt rfg%@%%g%g &oa g%%&ﬁs@al?e 13[119%]&&(@399@@@&9%0

Nhnufacturlng rst, ase substrate 100 and a bond
substrat e ThHeusanfa glasqwbmate(@el@ s EEbstaie 20 whigh reaig¢sOla®pr 9ige deiise pase
substrate 100, a substrate fornmed of an insulator can be used. Specific
exanpl es t Hggpm?ﬁwﬁﬁﬁcm%“%gF?%?? of glass substrates used in the

el ectroni c@oR4idustry, such as substrates of alum nosilicate gl ass,

o am roborosiT] ot g Bhp R 00 ARG MR SRS WSSk B RS, o 1,
cont ai ni NggdstAE GRMed T UGrooh lbé‘dletmkmt oacliles @ BaiRle ¢rpaal dilivenanbamate, ef bori c
actd, 2 0l e ol kemanian Sibebate, of & above has, heal  resistanse, syeh 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.
{00271
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 umsubstrate, for exanple. It
i s al so poBeridshmpleosilieon axyribifgsds adubiance itdEEIXyEdh 8itfogeh stispRdddof 10

gal l'i um arseni de, . i ndi -pho ' 0, Io R Gal cially
avai | abl e %#?%Bﬁt 3 cgl%l{rrr%?%sr?g r%rgmaéoe&’?@uirfd/&g? f%ilostnﬁ‘sjﬁg%tt? g?regg_ﬁ; {’ hat are 5
i nches (128d0) d 10 shicaneépRetively. | FahRksg, thd dmnailide oxide aretser subStanceches (200
nmm in dianeter, 12 inches (300 mm in dianeter, an(j 16 i&ches 00 ram) in
di amet er. PBigB Remitregsa cemens datgms) FYseads i CyET BBt GPFS) s K5t ed to a

round siapg;ianchiGRB okRe & a{ﬁ&&tﬂ!ﬂ%ﬁﬁd@@ﬂ%eﬂrniﬁd@@n,kﬁicbh,@d(hbﬂlaio’fﬂﬂd by
processing. Further, the bond substrate 110 can be nmanufactured bg t he

Czochr al skéonc@iatinmst fanging fromhb tof 3haten?) oheatl?EAS Retsdo. qudddgy 3

Next, an emfyrittl ement i QN ' I m a
surface of 2% ﬁ’ereﬁp(?ﬁtﬂivez)hbé@rgea at %‘%é?bgn@%@%gge&ggié%t%%eggg%@g%gl t he bond
substrate Rifedst babksbangeg spetremetly RBEY ovhiytdrogan formerd shitergngl GRFS). 114

t herebetween (see FIG  10). [,00261 In the above ﬁ(} quD/ t he bond
substrat e Tumper.dhg toiakef the eapstiipert clegisat ot desyiah ©5°q F9 4%e havi ng

Ki neti 0 ENRJ0AY} whereby the enbrittlement region 112 can be fornmed. [0027]
25Further, "the insulating |layer 114 can be formed usi n? a,sipgigl e |ayer of
an insul ating | ayet Bue heafsreatmant jof dhe Bks. dee pondnsubstral 11Q nsrik ¢hiter i de
film a silj b bl; inkd Pl {d drd Pl Whad kibsirte@D0,2 St ack
of any of {3 g@@eﬁﬁt%ﬁ&T 1ezs]dgaof&i Ié“rﬁg“’gg‘%dt‘%g&? or med bysga t her mal oxi dation
net hod, a @UDehetivodmicandystortiasier ALP ircformefl ovr thenlase pybistratg 3 0P Geo &G,

Note that hﬁ).f/mh]:‘h%hs%?ﬁg&{di ﬁlﬁgtlaQQZ@(?gec{oH%g ![ai) nESOCéSEL% BoREBuBmARY {nkdudR amBaNs a

substance in oxygen cont en ~exceeds the nitride content
(at oms)5 Fespraessing pocess, land oan oxaensedr | tote thatsinga Baraprealefeqis| oy dhenlikeox ygen,

2t o o5 oo e iRl hRERRkyS 30T R ohy GRGAERRIGIGE B B D) 70
Furt her, t Hefette iy prdferalblg be xérokeveddafige thegeveteasineprioeesihi Advordieglnither ogen
content ( a}e%gc!)s ess?nxgcp?‘gc%gs c;[apl%e ANIAR Qutcn(‘?or%:[e gl?c}ccs(sﬁltll?r.nszls mgﬁ)lg)dsemlleﬁbval,
an etching treatment and a polishing treatment such as CMP are possible.
20  [0030]
When the beat treatment is performed, the heat treatment allows an added

element to be separated out into 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



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
t he val ues obtai ned by enpl oyi ng Rutherford bacicscattering spectronetry
(RBS) or hydrogen forward scattering (HFS). Further, the total of the
constituent el enment contents does not exceed 100 at.% 10[0029] Next ,
by a heat treatnment or the |ike, the bond substrate 110 is split at the
enbrittlement region 112 into a sem conductor layer 116 and a split bond
substrate 200, whereby the sem conductor |ayer 116 is formed over the base
subst r at e pOBhing greatmed su¢ip)s CMRdosgrpinplenond substrate 200 becones a
reprocesse@op@nd substrate through a 15 reprocessi ng process, and can be
reused. Note That since there are defects or the |ike on a surface of the
split bond substThatughAebdueptocess,e SEHisubstiatednevhichy thgypepncondoctordiayd def ect s
may prefer y be.renpve efore.t 0, I ess. .ngly, the
r epr ocessi ﬁ? %rpgjé’ ieg ¥ %gasgas}ﬂ?slt%gelggt% %D{rﬁ?%g@g%{%? %I 11513 .thﬁgﬁﬁﬁe%hods of

t he rempvatan trobeimehi Ng treatment and a polishing treatnent such as CWP are
possi bl e. é%%l[3 030] When the heat treatnent is perfornmed, the heat
treat nent an added el enent to be separated out into m crovoids
formed in gfi;lgceggmrfio%ingm@p&césg@ﬂm;hdJsLBstrdt@sul ting in an increase in the
internal pressure of the mcrovoids. The jncrease in_pressure generates a
crack in the enBYexttd EAesss of wgrogessing she %@P@%Sﬂbﬁ%ﬁtﬁaﬁ%‘ §1555°§§’P‘gf"’é 25 110 is
split al onggthe . eipid bblEFRIY 3A898@N 112. Since the insulating layer 114 is
bonded to the base substrate 100, the single crystal sem conductor |ayer
116 spl®t [003#4d t he bond substrate 110 renmins over the base substrate 100.
[ 0031] . ] h: ] ; 116 to a
surface treatne n‘@c ngg l}%pg{};%%sqél{%%%'ég tﬁ%?lpg%&%m?gﬁﬁjg C%ngpﬂ%{ gf’/ glgbjiﬁégqf)s f or med
(see FI G fifs} heab\gedtinentsind b agoend heasitreatment. t here are an irradi ation treat nent
with |aser d t, an etching treatnent, and a polishing treatnment such as
CwP, for e&a?%'gfe. [ 0032] Through t he above process, an SOT
substrate in whiTHe filke hsgnireaomehtictanrbe pyrérmed Snian peowistedgposrer Thee base

bst O with the i | ati I 114 th b bt ai ned.
substrobe 190utha el SRR UahiR0 LUt ADSHERLITER FuRRRO0! I ne

atmosphere during the heat treatment is an argon atmosphere in which the proportion of

]

argon in the introduced gas is greater than or equal to 90 vol.% and less than or equal to
100 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
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



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 treatnment and a second heat treatnent. [0035] The first heat
treatment can be perforned in an argon atnosphere. The 15 followi ng are
possi bl e exanples of conditions for the first heat treatnent: the
atmosphere during the heat treatnment is an argon atnosphere in which the
proportion of argon in the introduced gas is greater than or equal to 90
vol . % and | ess than or equal to 100 vol.% the tenperature of the heat

tC r eat (rjren}l sitas:}ci;xlgé?tle({)itlﬂ)anemwh@qlmtlbond)subi‘lsﬂe POGisrsqbeepeatsihhing PREHalI to 1300
, and the tine.for. the atnment is greater than or equal 20 to 30
ni nut es anocftrﬁ‘aélggac?lﬁﬁ%a%?ag%r&% 0 960 ninutes, or alternati 3e|y, gr eat er
than or equet7ito 30 m nutes and | ess than or equal to 240 m nutes.

Al ternatively, fi heat, t t b i | F
hgts?f::?rgih%art %%tfncéte?a%n)rg;gn%r 0 edh1§ 3.§ %ﬁﬁdssﬁler@ Yt a bfkefire drogen

at mosphere or an™ re-o ogen®and ar gon. en the
at Mmospher eo@herd afid Hiittdigen Of THy dhllogng ardpasiylenexasmpiaapifogeeditionh €orpthepor ti on

of hydrogen in the introduced S A eterably be 4 vol . % r

1(_'ax anFI e. t [zfe‘.?}@]l;e?feé‘ﬁﬁ“éélﬂ? fﬁﬁ‘“%ﬁ}@“%ﬁ‘g [hﬁg‘ﬁ?f%?ﬁ%éefiﬁg? &Y a%Iggs'?ﬁ‘f:ergheat
reatment jILhigh ¢ Jrfi GRS BRI intha MntAEeRA @k 1D 25 &ol.% igpar at ed
out in the bond sug@{]g atle 200 ?sn nmelted and O%t-di ffusi gn g?@fmﬁaé 1?Eygen is

pr onot eg, flss:s thiva$ vollie); theytgreperitnretdf ghehsatrezmend isgreaigrdhangy epwal fobiled. Thus,
"t possi bl & v Bt @ Rre T h ol BE RO Ed R ke O B TC T
(OSF) qyenombiil fohsd fapatts audidss Gag 02@fudl So 04k chimesealetiisycase) an opidscess of
manuf acturing an SO substrate. : .
filnt 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 chioride
20  (HCI) is introduced into an atmosphere of a mixture of oxygen and nitrogen so that the
proportion of HCl 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



[ 0037] The second heat treatnment can be perforned in an atnosphere of a

m xture of 5 oxygen and nitrogen. The foll owi ng are possi bl e exanpl es of
conditions for the second heat treatnent: the atnosphere during the heat
treatnment is a m xture atnosphere 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 treatnent is greater than or equal to 1150 C and

| ess than or equal to 1300 C, and the tinme for the heat treatnent is
greater than 10 or equal to 30 mnutes and | ess than or equal to 240
mnutes. In this case, an oxide filmcan be fornmed on a surface of the bond
substrat e Q6fentiNGtes ndialtelearenisrsucteasseppan, irdneopriskrbror msfpl silicidss Garod n t he

i ntroduced._gas_iengds .t no. i rate 200
in exchang’é‘glf@?dt @‘le sb 8&'1 E%Eﬁg{egirogw )fﬁﬁérr%t?itee’ %%g%ﬁgehdog?aré?% ?t?*%%ﬁ%)%i#ﬁn%g on the
surface. Foutidiffirsiont dfeoxygemin fhiel bondaybstatel Aeandi s ganreduesnibe MPHIrEP38]
Alternatively, the second heagt .trea nt may be perforned in an atnosphere
of a mixt u‘gﬁ“‘v“c’ﬂ‘ts Bﬁ‘ﬁé‘éﬁ??‘?ﬁ?‘?@@% Fatghzg@'hal ogen (e.g., fluorine or chlorine).
The fol4 owpogojare possibl e exanples of conditions for the second heat
treatnment in this case: . the atnosphere during the heat treatment S an

at nosphere in wii erh&é‘?‘@g SEFAGr eatetr'?g‘m(’lﬁdg)ani agnﬁosr@P%a‘hfiae rglfat'rllr'teoofan

at nospher e, Q%R afl ¥idE&h, Bf LUMPe: SRded cécoiliod Qo IRAthahFev@epOthei on of
HCl is 1 to"I0 vol.% the tenperature of the heat treatnment is greater than
or equal tintrodiBed gasathg ohedifusiemernde Pegided-t o 1300 C; and the time for the
heat treat&ggﬁi is greater than or equal to 30 mnutes and | ess than or

equal to 2 nutes. In this case, an oxide filmincluding chlorine atons
can beld or ned orFuathsmoiecehef art frsulang dayer Supse ran theogefacq ob §15) baagd

subj ect i N9 tbht?atg 95'(? ﬂ?rgu%%ttﬁggeec 1%(9 Qeatt ?re&iﬂ%n aﬁldésrc‘?ﬁ’c;ﬁ}ﬁ%oﬁs? Qpdcfsat

t r eat ment ) S1°R"Eh “at mosphier e of 'a M Xture o oxygen and nitrogen,

out - di f f usfiging ahpaity gemeitsn suches beavel netab &t tha beid@ O can hprabirdnedd, so that the
oxygen in {Oﬂgﬂgond substrate 30 200 can be reduced. Further, the oxide film
formed on urface of the bond substrate 200 t hrough the second heat
‘treatment funct imeradlygst therdprgesirgerdoss innigs embydimbentbea fisst fud ggeondnet al

el ements such as copper, i.ron, of nic , A Oretal . Sui.ci r )

i ncl udéd i heAf Fféatﬁ’ﬁ’f’\‘g a?u‘l?é‘ibﬂrlfaé‘s ﬁ%ﬂ)‘.’n ‘f‘ﬁgb‘e%orrreh,c egssa%éhcl%}r?g%ﬁleegt@& tt?rgt;t ment
pronot es oid @bdddushreadfientyarg pitfnned heohbitdtisnstdeatibe}ovand al so can
reduce the[()ioq‘g]uri ty elenents included in the bond substrate 200. 5[ 0040]

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 treatments 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 (sce FIG. 3D). The oxide film 134 is then
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Further, during the second heat treatnent in an atnosphere 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]
10Furt hernore, when an insulating |layer fornmed on the surface of the bond
substrate 200 t hrough the second heat treatnent includes chlorine atons,
the effect of fixing inpurity elenments such as heavy netal in the oxide
filmcan be obtained. [0042] Preferably, as the reprocessing process in
this enbodi ment, the first and second 15 heat treatnents are conbi ned as
shown in FIG 2. The effects achieved when the fi rgé ang second heat
t r eat ment sremoeedoe Thas, Aeapreassses hondabsiie Boscay B orpehige 2)- [ 0043]
When t he ggaﬁstreatmant (first heat treatnent) is performed in an argon
W

at nospher h netal inpurities (e.g., nmetal elenments such as copper,
iron, or nickel NogothatrithoushdFIGS. 3Ado Biodlnstap thecateevimypthe oxide diln 1a¢ 5|

impurities, 130 adher i t f . tig4 20k see FI G
3A), the h%’g{ledt Ornetglg rsr%nfi%e 8?&%*&%@%{5})@%3 a lsir%g%\%iﬁ{‘?lg?ﬂ?g%ﬂrtﬁg%, ffuse

t hr oughoutusetes the idulatidgsihyatté4 RO Ghe(lmad tdthGbasgBybstiTed8e netal i npurities 130
are separgﬁ}ﬁg6 out in the vicinity of the surface of the bond substrate 200
when t he Isubstrate 200 is cool ed. Further, silicides 132 of these

metal s are 25 f ghagdheroinbator bAce: Gfst tahé sbond leabitataess 20@leshda si | i con

is used for the bond substrate 200, ich is probl t] ee FlG 3C).
[ 0044] Evetscoifl hegheatment L, SUppEssy %FH%EI? Fsgd ﬁys&‘e aﬁgis g% gaetgroe%%leﬁtéatﬁ? reat ment s
i n combi nagdnmABaF R fileageidesd Rat batineixulis tffecalve patitdadyuwhermthenret al

inmpurities, which 30 are formed on the _surface of the bo .subst&}éate 200
and i n1@ hesplit ond suhsteste 309 is subifcted de 2 pQLE RN PEPUT R OE SB% HESt, in an

oxi de fil ms134;-h0fdaaeilaN tHab SmPiHth adéinddls §feR 430Bétal impurities adhere to the
surface of the bond substrate 200.
[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 treatmeni (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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substrate 200 during the second treatment (see FIG 3D). The oxide film 134
Is then renoved. Thus, a reprocessed bond substrate 136 can be forned (see
FIG 3E). [0045] Note that although FIGS. 3Ato 3E illustrate the
case where the oxide film 134 formed on the surface of the bond substrate
200 is renoved, the oxide film 134 may be 5used as the insulating |ayer 114
for the bond to the base substrate 100. [0046] Thus, the conbination
of the first and second heat treatnents enabl es the second heat treatnent
to suppress the problem caused by the first heat treatnent. The conbination

of the first and second heat treatnents is effective tic Iar V\,hen t he
10 split bond s¥bskeragomparsd with whes el lementisye F?’Fﬂ"pg%?rpf-} SthH’é because,

in this cagep.d KEHE pbii &bmﬁ@zméﬁér% hdaY ubdtAbnd iR tdoy AhespRAtStheuch as
metal inpurities adhere to the surface of the bond substrate 200. [0047]

Furt her, i bondsulpstrate@@ birebe tegycledipolarzer mmbor efitimes kestuse Af hE@e{EMES ned af t er
the 15 fir bi heagtl‘y %lex%t%tm hvmgﬁm%@&Xnﬂ{ SudRARr BRbond ABERdte 200 andin ThI S 1S
ea rea % secong FI

because, nment eat treatnment) in an atnosphere
of a mst umevmim@mygmwﬁacb uturhlgcﬂ@f&rst Ipapegatroentey nerformiiag ﬁaeés@nébeaéf m nut e

defects due X Su f which
is the m n'ﬁ?aim‘?gaﬁgﬁg% Sfléca 3 a%n?ﬂty glzl—%{arﬁ% ec?fgl nt %Frg tarﬁg'?e 20:)C

[ 0049] t smﬁﬁﬁeqoe;r ﬁ@rdﬁthﬁomlge fibmat34t mbahie firmed ionghe bm@pepf Gwthondt) in an
argon at nosphere_before t he t

per f or med 49t %‘F é]FeeSCB‘?nd}ﬁf'{??a%Pgn%’gafSt{‘sﬁgﬁﬁgl n%’% IH g&en %ﬁe second

heat treat gard baasubeeatpesd.orned in a state 25 Wnere m nut e def ects included
in the bond substrate 200 are reduced. Thus, the second heat treatnent can
suppr eb& t &> %jleneratlon of an OSF in the bond substrate 200. [0050]

As described above, the first and second heat treatments for the split bond
substrate 200 enables the formation of a repfocessed 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  treaiment.

[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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In this manner, perform ng the second heat treatnent after the first heat
treatnent 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-diffusion of oxygen in the bond substrate 200.

[ 0051] Further, conpared with when inpurity elenents are renoved by
polishing the surface of the bond substrate 200 after the heat treatnent in
an argon atnosphere, the bond substrate 200 can be recycled a | arger nunber
of tinmes because of the gettering of the inpurity elenments, which are
formed on the surface of the bond substrate 200 and in 5 the vicinity of
this surfd@esiuring the first heat treatnent, by perform ng the second heat

treatment after é\l}ogﬁejltl{litir gl';[& ge%%ceés%&‘aﬁ Nabshrie t MR Rkhed! B MBNAEAET Uri ng

process can be use of the oxide film 134, ich is fornmed on
t he surfacepmtessing phaess @ubist rsstant206 procdsngf tapufeduindah 8@t stbsedie nent, as

the insulating . layer 114 for t ond t he . t.r at . 0[ 0052]
As descri b%lHragB{?\?%,gecﬁWS thy fLq dg}ﬁ‘gqi"’e‘%&%gl e tlg?or eg? gnﬁtté%fcg@g%gpt%pl it bond
substraf e 200 RIMARIGFrok el QAR | Therfors, hepeoasser phoeas is posftmbye in

whi ch oxygen defects or inpurity elenents are reduced. %0‘385%?1 Not e t hat
al t hough’ aperfosaied aftqsdher manyfachiie PEEHPIRBAOLSPRGRIFN IR°HFY" BRFY BF fred i n

this embodigeal nuhBé BEASCHan! HVEMH &12).5 TR} chi iducel tidratiba. of kol | shi ng
treatnment may be performed after the second heat treatnment or b%t vfeen t he
first and wewoesdingeprocess, orivhelnads (g rredrstion \ip apnpREVATG SRS 8 28 O nut e

defects dug.l@,.0 éﬁggppﬂ[rgssfopeofb@é?&imt (e%t.,ecrg&%(g 8r §Hj§ﬂ)ih%) bheeobd@r of the

first and second reatnments may be reverse 20 or the first heat

t reat net subgtrdie domtotthegtiertnal wetofyor m t he second heat treat nent al one.

Furt her rmr% gvpen t he amount of the netal elenents adhering to the bond
substrate 8 s smal |, the second heat treatnent nmay be omitted to perform
the first heat tHhwehtimahé sedomdeheatVimatngmt \int the #bove trefiecessing PEACAENI | s

performed, the surface of .the bhond substr i S ected to
the pol i shP?‘Fg"r’E"F‘ié’l HLFHPORIPIE COPRANRE P %%%Z}g@lt%%qw%a@%ft%%F%Sq (Usage of
Repr ocessedifBand opuihs tstiicd)of the reprddesset dpndcebsmtt Hivnds dedssbedadlwove.36 f or ned

or ds, Tan' Sepolb States D38 Bl St (o eng t P BEbERs b O NET

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
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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
SO substrate. Refer to the above Process of Mnufacturing SO Substrate
for details. [0055] Note that the reprocessed bond substrate 136
obt ai ned by the above reprocessing process can be resistant to a process of
manuf acturing an SOT substrate plural tinmes because the zero defect |ayer
(DZ layer) is fornmed even to a certain depth 5 (e.g., 100 Fun) fromthe
surface. Therefore, the reprocessing process is preferably perforned after

the manufacturing process of an SOT substrate is repeated n tinmes (n: a
nat ural nuarb@BF gareke iwhibiteh and the agymer afdingss of yeppateduss of diphoad sHSU#Eimber of

the reprocgssing.RiQg %gxﬁgarw Wil &919%]}1&3%3& HAGYGHI QbjdoRa B M F6dedd. i Ng CcoS t. S

of an SOT substrate an uppression o terioration (e.g., cracking or

chi ppi ng) Nbtetthe thoprdcekOdads sotralate td the reprotdseof the bend subgtegteging thepeforse)
Further, the second t, treatment | he. above..repr i process is

per f or med 4% b&r?“%‘fqﬁﬁfgg epet %W?ﬁn?%ge fé%llélgtﬁéod O?egegF%c?S%%%i%ﬁ&tg Be formation of
t he oxigle fookp 134 on the surface of the reprocessed bond substrate 136, as
descri bed above. 15 Therefore, the oxide fiInL134 may .be ugﬁd as(#he

i nsul ating | ayerSince4the details, of thenbeat Feptmientyare dhe §Hag A3 1959 8HProcRsi4li s case,

the step Ofoﬁxﬁﬁ%ﬁ%ﬁc@ﬁe& NS sHdatsubgrakaygr tht14bgvanchBodiibdt adfer [t0adieng t o
suppressi on of the nmanufacturi grgthcosts.

: fa It is needlfss E)ﬁgg)ae{tha t he
above oxi deorfespandingydepraiptianpy EBrthqropsfey theompmbacturg et ¢ EOHBOETBEE™M n this
embodi ment ' EQHRIE By GhE QIHPR rBAIneAN rafrith i Rs&lptivhd Mr €S
descri bed fh%q’g?ﬁgﬁhu?ﬁg‘%girbﬁgﬁ?s@ﬁ{[eg%gs] (Enbodi ment. 2) SR i s

enmbodi h@nt ProgesstofibfaneieimngeSQF Sublgateret hod of manufacturing an SOT
25substr at ﬁﬁ)éif descri bed. [0059]

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 (n: a patural 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
insulat'ing 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 chlorine
or fluorine. For example, in order that the above oxide film include chiorine, 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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Al though the process of reprocessing the split bond substrate is detailed
in the above enbodi ment, an unused bond substrate may be subjected to this
reprocessi ng 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 manufactured SOT substrate.
Further, since the oxygen in the bond substrate is reduced and the DZ | ayer
can be forned even to a certain depth of the bond substrate, growmh of an
OSF can be inhibited, and the nunber of tines of repeated use of the bond
substrate can be increased conpared with a bond substrate that is not

subj ect ed M?Gﬂﬂe Erogessb Note that this process does not relate to the
reprocess of t o] h C LRl ; "heat
{roatmont® or tALS Tpstr arkahe Hink aRIRRGCAR BE LI ke RilFe

Si nce the gheitandtion ofithtiivestdaeates tesababintotier enbdiemedisre as t hose of Process of
For m ng Reﬁr essed Bond Substrate in the above enbodinent, refer to the
correspond ﬂéﬁdescriptions. Further, as for the manufacture of an SOT
su?strfgetﬁhmgmhmﬁgmpe of the bond substrate forned by the heat treatnent,
refer to e descriptions, in 10 Process of Manufacturing SOI Substrate.

[ 0061] (ProceppfdMamyfpcturing SPEAMbstalsst r at e provi ded by ?he above heat

treatnment can bg,mH.dkani 3! &ahPRs BF Heacthaf offBdtutR6iME iaA GOARuRGAlesUbst r at e
plural tinmes. Therefore, it is preferable to performthe reprocessing

process af arerdeschibedhyish eeferersie terdrawingst uNeirghatpans thare SUBEH 0@ 185°r epeat ed
ntimes ngﬁe Q%Jérﬂﬁbgﬁié{% r Q@%@ﬁe&ﬁa{w{e tﬁQHé’slcxji]IBtng))fthggirﬁé pdr® Process
of Form ng Reprocessed Bond Substrate for the details of the reprocessing
proces$0 AbssthosernfEmibsdipwse] amdl Y @dowitiedn i n manuf acturing costs of an SOT

Substrate @@g fuppression of deterioration (e.g., cracking or chipping) of
the bond s s?rate which results fromthe thermal history can be realized.
20 [0062] (FirstMolieir t her, because the second heat treatnent is perforned in

an at nosphere caontaini ng oxygen, .the oxide filmforgx ough t.
treatnent may be LR ‘ﬁgh’t"’négi“ﬁhg‘m‘%% W&th?‘g?%cPr% %t ]glgsqt%on}gg ! gestc ﬁ%’ ase
subst r at e. whh réBleficcGa Fe;S. UG 0EEP of form ng the insulating | ayer can be

omtted, leading to the suppression of the ma [
15 [0067] 9 pp nuf acturi ng costs.

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
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25 It is needless to say that the above oxide fil mnmay be renoved. [0063]
Note that the above oxide film may include a hal ogen el enent such as
chlorine or fluorine. For exanple, in order that the above oxide film
include chlorine, the second heat treatnent is performed in an atnosphere
containing chlorine in addition to 30 oxygen and nitrogen. Making the oxide
filminclude a halogen el ement in this manner provides the effect of fixing
impurity elenments such as heavy netal in the oxide filmto suppress adverse
effects on the sem conductor properties. [0064] The structure
described in this enbodi nent can be used in appropriate conbination with
the structwseés described in other enbodi nents. [0065] (Enbodi nent 3)
(Process of %ﬁnufaoturing Kg Substrate) I n Enbodi ment 3, exanpl es of
t he net hod of “manufacturing an SOT substrate are described with reference
to drawi ngs. NotAdthbhgtt theer issna hatitatiere odithé eizef the band Festatefl1Phfrabove

Enbodinents 1 and 2 are.detail ed Il .e o L Ok i t he: arts
10 as t hosgaSP?eEﬁﬁSﬁfcﬁ%dn‘F%f s%%a?"%teﬁg mﬂﬁeggjﬁﬁ{%%%é? Q%E%reé’t ﬂel\/]tl)ns'deg P
To begim wW30b mns) ifrdiadfess,tonn 8 ighes#bdohng dic dianietegcande Bseds t Altothetivady,descri bed

with refer 1%?1?1 sé&co@dﬁbr sﬁllﬁ\stlt‘a?e Iﬁ‘géesg'e%[ir%g %Zflctangular shape may be used.
[0071]
Next, the insulating layer 114 is formed 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 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(OCzHs)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 HCL  Accordingly, the insulating layer

25 114 include.s 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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First, the base substrate 100 is prepared (see FIG 4A). As the base
substrate 100, a light-transmtting 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) may preferably be used. Further, the glass substrate 20 is preferably
a non-al kali glass substrate. The non-al kali glass substrate is forned
using a glass material such as alum nosilicate glass, alum noborosilicate
glass, O bariumborosilicate glass, for instance. [0068] Note that as the
base substrate 100, it is possible to use an insul ating substrate 25 such
asba ceranéfmbritﬂgaema‘cgon d12)fseet FIGs dBsHr aMere specHicsilipdpn examplh sy Wie, a
substrate forned. of a.semc¢ C j bd G : t egf.or med of
a conduct o8y dRCutng 4oy a%c(r%{%g#éédlt% e%g S?C%gcl ,Sﬂe!)dr q??&%@%% a%ﬁ%/\l/e It? as the
gl ass subsémbrittemér@@68¢n Nexit, a ¢enginbdepth Sobst suafaee dflle bengrubpartedl§.see FI G
4B-1). As the_ bond 30 su?gj;tﬁr.ate 110,. for.

exanpl,e. a si
semi conduc B‘f‘elgﬂ%tef“%r% of B iatPeap of the Brigenry gggl% Frl%éeﬁet0§ gcﬁkg;ﬁ%atfs}é é%lhi?%to n,
ger mani §im whichi 6o Ru@EHRBRhUMAgIOAr 1120 1si foafed alibioder andsehe wmbditlemed?7 O]
Al t hough there_ is . ng limtatiqQn on éhg{a‘l ze of thlgg b g, ubstrate 110, for
exanpl e, aregiwi Kt fms! 1Lassehile? FHRAR MBI R R ?HE@ Oﬁlﬁﬁfm? i &eamet er,
12 inches SyekR0belBitatiof dEp@NGH 16 ol U8rel MEhasptl 46Ghith)thé bmiiiakeiber can be
used. Alternatively, a round sem conductor substrate processed into a
r ect angul aresisialj@ ipndgrmse iy prsferablppriiqrmpia e eqtig sy ﬁlogf}fcn?:j’“ﬁé?'éﬁnafm i s
formed on {he bond substrate 110 (see FIG
10 [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 jon 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 jon 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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4B-2). 10[0072] As the insulating |ayer 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 fornmed by a
t hermal oxidation nmethod, a CVD nethod, a sputtering nethod, or the |iKke.
When a CVD nethod is enployed to formthe insulating |layer 15 114, use of a
silicon oxide filmformed using organosilane, such as tetraethoxysil ane
(abbreviation: TEOCS) (chem cal fornula: Si(0C2H5)4), as the insulating

| ayer 114 is preferable in ternms of productivity. [0073] In this

enbodi nent, by subjecting the bond substrate 110 to a ther oxi dation 20
treat ment , - Ddse: gromer thin argqlad el x mﬂfc(nﬁembl,essa‘.h@ drieqes tok k@' /rcmfrr) i s formed.
The thermal _oxi datio t r eat ment r ef er gl erfo OXI di zi ng

at nospher e BERATER! AFISEY e ¢ ‘Hbl dequ?]otpazg&‘é/ﬁ& épref‘%%%b 8t%ate 110

i s subj ect gl f @ st 0O HTBhreR¥IbEALIARr thhSat dFRAlto 10 AT di 21 ng at nospher e
to which c grl ne (C ayis argdedﬁagiﬁerléby form ng tﬁe |n)s(ul ating layer 114

oxi di zed WOOROIHC1. Accordingly, the insulating |ayer 25114 incl udes
chlori at ons | 1 Bough ;rﬁggh athige hayer 114
has a rs1|§ngl e- Ia;))gg szh]rlﬁ%tdo Hel‘gl n}sgi@‘gs o%?m&*ntta ﬁﬁ eave a stack
structure. ad:ﬂfetd@&fc;a gabierBy heing rasgdsatmtmqpﬁa}agdrogmH sHmotandéizemrhel y
provi ded, for mpl e, when ere | art C robl em h e 30
bond, a stg‘“ﬁ‘@{ é‘s ‘?P WFiEh (Ween al‘l]%}[ﬂ?%qefl fsaV%¢Jasﬁﬁ9 LT P tm%lm{’ ed may be
enpl oyed bO8F 5t}ms|\ﬁiﬂwhﬁ:lli‘&e%ﬂﬂaﬁﬁﬁbﬂ:érﬁirﬁed—ih%référabl@ﬂﬂ@dx atS@dmﬂbaﬂl@ inons,
thereby formng the enbrittlenent %:eon 112 (see FI G 4B-3). Mre

speci fi cal fyjonfoorm gheprppationel Hzollpfﬁéla itotell of & nid: 4@4@3a6@éF5é)rf%fF’@Blyby an

| ect d del t +. i
geretcalr bﬁdelgfL (fr:ng%?gl\l/{grree;pg gragl t%lénmg 8§HP§I lxrngsﬁggdllf}o&%%rgglé%atl ng energy

~of the ionjbram ar tﬁehgrop&ﬁbﬁlaﬂqefamgi enitier eef helesgen oioscdntretminept kheat 5
which the enbrittlenent region 112,is forngd. In other words, ﬁ’é
enbri tt | enembriflegessegiarpl 250 pp i@ BomS/FT8 (PTaROTS Q“%I@ﬁ@‘FF“ESﬁBh‘saé or

subst anti al %X%lgﬁﬁrﬁt 0313, heFLﬁte@ﬁlﬁgg tH@’ﬁ%dlﬁfoh%ﬂP'%l%@e ‘ﬁt]mbgleoﬂ Aaps. Here,

t he deptha enbrittlenent region 112 is forrmed is preferably
uni f or m i nidnkethe némbristieuemt acgownfl1? h:@nbmnﬂarmgcbsm raashertgr] @ericdopDOME] as

15  compared with the case of irradiation with H' ions and H," ions. Moreover, the use of

H;" ions can reduce the average penctration depth of ionms; thus, the embrittlement
region 112 can be formed at a shallow region.
f0080]

When an ion implantation apparatus is used, preferably, the irradiation with Hj'

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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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 nmand | ess than or
equal to 1 m, preferably greater than or 15 equal to 50 nmand | ess than
or equal to 300 nm fromthe surface of the bond substrate 110. [0077]

In the addition of ions to the bond substrate 110, an ion inplantation
apparatus or an ion doping apparatus can be used. Wth an ion inplantation
apparatus, a source 20 gas is excited to generate ion species, the

gener at ed [06B2]lspeci es are nmss-separated, and the object to be processed is
rradiated Wit h dife] B0 cABRMAEHaNM 2 bal BE kéthidd BRGRR AL Bn AadiiBpdoP! NG
apparatus, a process’gas I's exclited to produce Ion specles, and the object
to be procdiskled irts plurai atthat dd this tset hdiffgenesoatasdial ony dpasdday eadinionar e not
mass-separated,. Note that in an ion doping par S.{royi i.th a nmass
separ at or , TPS1igH oF El}easafnﬁts%rﬁe #%%%‘?X/ﬁ%gseﬁas@&seg‘%‘%t ?fgeﬁ %éa%%a egéon lge
performed p&formed sing @iratengk agtaadoura gagartiadriisn [ro@78ibn can be pWfienmedn i on
dopi ng apparatus i s used, arprocess of formng the .enbrittl enIant Eegi on 112
can be per POMhRES FUTANRE MR8 il FOUHed ol F6RI 19§ EBHHY B RLIOEY

Accel er at i Rt Ught agBlogéepdsedr 4 Radkealcopgoiald gae, 4 thda mRdrhdissontdaabeor equal
to 100 kV (preferably, greater than or equal to 30 kV and | ess than or
equal to sperfopped priga sqycaREBIStEEEt equal to 1 x 1016/cn? and | ess than
or equal t 0§3]x 1016/ cn? Beam current density: greater than or equal to 2
1. 1A cn2 (prefeerably, greater than or equal to 5 utA/cnR, nore preferably,
great ef0t han or Neghdhe g@eﬁgb%WcW@)anflé‘EW ndsptidteald 0; a5, bepsisit ﬁﬁjeﬁb%ar atus is

used, a gag-forRtaliRidlg, MY HaQO8bstAD 106 aHd G Bshdl ABsHMII REaEAdndRYI0USI NG a
gas contai ni'ng hydrogén, it, H2+, and H3+ can be generated as ion species.

When a hydeasharthayagthi the insobiting layee 1 olierehetyaen. ¥l figniyefaceopl thg baseons wi t h
whi ch the | nradlati N f i : i fd ly, in an
i on beam fﬁ%@%}% glggﬁ il%%oé}g&l-)g{trﬂ?%nésﬁfagé t% Eg{‘f%%{tlfﬂng% gl??rlipﬁcﬁzéd,e&ar?d H3+

ions is pretamedtirgalies 1O behdbetwesmethe Mesubrtiafeck0Qlsing thet bpad sulbspetetlildn of H3+

ions is.80%or re. The t.hus.j,ner i . r i +.L QNS

enabl ¢33 ¢ hEeRy B3y s bl PR EEA oo Bl RPN RE: Bl b 3T e |

X 1020 at opetlamBroelatednehydrbgen boading,ior #tedike spdonsidered.t he enbrittl enent

region 112 Og thernore, the irradiation with a |arge nunber of H3+ ions,

the embrit 9 nt region 112 can be forned in a shorter period of tine as
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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15 conpared with the case of irradiation with it ions and 1-12+ ions.

Mor eover, the use of H3+ ions can reduce the average penetration depth of
ions; thus, the enbrittlenent region 112 can be forned at a shall ow region.
[ 0080] When an ion inplantation apparatus is used, preferably, the
irradiation with H3+ 20 ions is perforned by mass separation. It is

needl ess to say that irradiation with H+ or 112+ ions may be perforned.
Not e that since the use of an ion inplantation apparatus involves sel ection
of ion species to performirradiation, ion irradiation efficiency could be
decreased conpared to the case where an ion doping apparatus is used.
[0081] 25Ascéléreted Aucationg adthitlor surface ¢fghe base subisaate éao,glneespl,rfa%@sofm basys a gas
containin drogen. it i 0ssi-bl e 0 r [ ses

cel cot od raBirs R cshed By SRRl Artuii g R Brlbodiof okl syt @a0oS

typi fied masa stibsuaei 100 igaseforentiallyhbtohddniey gmsteriagdthes, [th¢ plpearity ovpbend gas

such as a fluori onpoynd (e.q.,. BE3 en _heli ] or the
source gasSUriage Pgﬁleﬁ:@g‘ﬁf‘ﬁ’éwt% 3%8 %‘PS&% %pf)oﬁ%c}'t ?Q!hourlltrﬁ%%° %ﬁetﬁ‘lgng%%legag%d e 30
produce Wiatibeimpimsiss SCRaS &izhi0d subsktcedon shectasasubbicate biferm barenyad | ze
efficient formation of the enbriftl Srreo‘& reg,ifn 11%. [O%ﬁ%% be Furt her,
the enbri tanddhe baser WYHEE 430G AR+ h@ﬁat AFo g FHHT SA4°%4t i on

di vi ded i NfQroRhél @inSHlERT: gdnBralddity i6@6ERwing adieidiior @ad (e30UM0®, gasramy be used
in each ion irradiation, or the sane source, gas na used. Epr exanpl e,

) S y be d
after ion Nrgadiatwdhas gnangbepoiied Gemie & # JA8TasPYAY PN ¥e? gas,

further iog. ﬁ&!:in%} L6 aNwREn R ERITE Gad !Bl iRGoducGBSt RYVEAGIB ik gepliydr ogen as
a source gas. SO, Ion'itrradiratiton IS pertorne I TSt using a al ogen gas
1K di at f d first hal

or a hH) ogdsfectrmpssdivn etphing of the sptfees of ghe bapg bisteats L0 weing SPICHBEf or med usi ng
a gas contl?jioFgj ng hydrogen. [0083] 10Next, the base substrate 100 and the
bond substtra él 110 are bonded (see FIG 4C). Specifically, the base
substrate 100 arid thihembotimesythsplasme tratneat is Hstfpmesd usBSRAEZBLEEOYWI th t he
insulating_ layer. 114 ther Byt age Rimlhewhass gubstrate
100 is in %H‘%éﬁ%tfve\?ﬁ ?Oﬁl%ﬁg’?agﬁl\éﬁggbg ‘@%thﬁietsgaﬁggﬁ?’l ng | ayer ‘f14,%Fg§ pressure
treat nent plaahd mepbé hefdmmad uiniet weretitidnh evhomgbe Eilopaweatel0000 380(0W e bond
substrate 110. 15 te that as the nmechapi : ism
rel atet t opvwedépwo\ﬁﬁglosﬁa’ %%r%?%,hmg %é%g%@r@b%téﬁr%?g%ta%o% hig)/1 rgggfé;ig@ﬁondi ng,
or the |ikes i 300Wsi Ter Rowing are more specific conditions: the ICP power is 500 W

ot s

(0.11 W/cmz), the pressure is 1.35 Pa, the gas flow rate is 100 scem, and the RF bias
voltage is 100 W (0.61 W/cm®).

[0087]
20 After 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 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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[ 0084] Not e that before the bond between the bond substrate 110 and

t he base substrate 100, at |east one of the base substrate 100 and the
insulating layer 114 formed 20 on the bond substrate 110 is preferably
subjected to a plasma treatnent. The plasma treatnent for at |east one of
the insulating |ayer 114 and the base substrate 100 contributes to an

i ncrease in hydrophilic groups or an inprovenent of planarity. Accordingly,
t he 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 treatnent is perfornmed using plasma generated by

i ntroduci ng an iNeet, thegfmmd (sshstrateald 0 anspht ijadhe semiconducedrdesised 16 andsthgacuum
state and applyin i gh;freqguency volta n . rovi ded
w ih the SobBhrda0 8 e ERUERRYL LRI, 018 A B) ARl oY G
bond 30 sufgiirsabstratt 10 nap grdférable bu pedsrnel dg b hedtareatBient e Thk ¢anpecatge and Ar

cations are present in the as and a self bias i ner at.ed pn the
surface of fof (e E‘f’fﬁﬂe?tﬁ%e@t P"Blph% S%‘ralﬂ?é%gg’éd?e PRRST AFIRE scﬁ"gﬁgméroé%éec Eferated to
the substrabherdi®10e FoPEREEAY whihl @ gldY s@iRlrktt 3¢ @Rd af tHeltase adewdtel@d,ed Ar
cations with the surface of the base substrate 100, the surface of the base

substrat e thetempsragire frs dhaRipatimermmey ispyeferbly s} @ efsafrs thag opfPrEHBnCof t he
surface of t rahec10ei r flﬁ{g%@rtﬂ 14sY sftsGhE SaPVinsRmlt eri ng;

t hus, the %ng%asrl ;E)rg&fﬁeﬁgu% aglgkvg e[?’ta‘f%e ase féubs?r ate 1%0 1can be

i nproved. fhernthgratulerédie thac tlissraage dheAtenperbtré st linmjsdrtharetes Noteh as
organi ¢ substances on,_ the base substrate 100 e~r.enpved and the base
substrate ‘HHEIBS 'P‘ir}\‘fﬁ?‘g&ge i‘?"f EPW?V%PV%’W%@&%PQS treatent can be
per f or pgd w@gg]g pl asma generated by introducing a reactive gas (e.g., an 02
gas or an N2 gas) as well as an inert q‘aﬂ% into a _chanper in, yac um state
and appl yi ng a HibgRbIYeaeFE)mpS Fiuge? © %%mtth‘é"ql‘é‘aﬁf’ PETQYRYSIE™Mt r oduced,
it is possifheehbrifiiSRait regibh ILf 8GhRing %U%&ﬁ;lratﬂ.‘dn et & biabg irofhe bhGrifkmbace of the
base substrate 100 using sputterin -%LFO 86] . In this enbodi ment, the
pl asma trewgioand2i sAperdsult.ihelbens Sh‘gs H0gs pple along yhesmbriiteresnt (88199 coupl ed
plasma (I {Bina P AR fdnGiddda¥ietot Dot N BALPRNroM thd LA QHLALASI® MRy be
perfornedcgglzdgr%cg(gﬂﬁllg??ons wher e %ﬁeﬁﬁ,& poy\gi? i%_loo to 3000 W the 15
pressut® | en@ins eusr 3hc)bidg, subsieatey490.f | Buthersince $hes intgyfapgdor Serdine H%d the RF
bi as vol tage i | loBVik Mt By MRS Get REGILE LCQRGIELd ONS: the
| CP power %8@61@%@{1 %%0%%%%}%1&&139‘3’% essturgyi s 1.35 Pa, t’ﬁe gas flow rate
is 100 seebgndastbrinhdatie inteafpcy o thatyde bendig@ngth can B1futherephanced087] 20Af t er
t he bond s@g{, ate 110 and the base substrate 100 are bonded to each ot her,
t he bond s ate 110 and base substrate 100 that are bonded may
preferably be subljesctredefeas caubakdty the sit sepor the idnhigediatien steprg 4 syrface

st rengt hene The. heat ' t er e at this.ti j erature
' wn oh 1 R rereatie R brbradha SbGuteBels LSS pRat e bR
exanpl e, t hafdcenpeiniaite@ | Theeforé,0al awementhdor 4ci6y theeldeablop Fe | ess
than or equal, to 300 C. re is no ti.cular liymtation on.the | ength of
the time fefuiFensueias jayer 1quﬁéﬁt 'frequ"ﬁﬂfoﬁﬁ?pﬁgmgp@? r%%lcf @e anily Ogﬁlbcr opriate
dependi ng @émit&iRIuétet Bdrans fiap phdtneie e pagorineeéat ment time and the bond

strength. For instance, the heat treatnment can be perforned at 200 C for 2
hours. Furtd9@] only the region that is used for the bond can be locally

heat ed,by i rradi @thiQBmbbdithell, EIrRUAMSIS, Badiiie: thi kemicMRbtor 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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30 there is no problemw th the bond strength, the above heat treatnent may
be omtted. [0088] Next, the bond substrate 110 is split into the
sem conductor |ayer 116 and the bond substrate 200 at the enbrittl enent
region 112 (see FIG 4D). The split of the bond substrate 110 may
preferably be perfornmed by a heat treatnment. The tenperature for the heat
treatnent can be set based on the upper tenperature limt of the base 5
substrate 100. For instance, when a glass substrate is used as the base
substrate 100, the tenperature for the heat treatnent is preferably set to
greater than or equal to 400 C and | ess than or. equal to 75Q C. wever, as
long as the gl a¥srteashstthinpmecsep Tt droreaniae (thie thigknss: af HeesitF'e 4% t han this
range, the ' febhed @uckdiatyet, Rithdt

enbodi msnts,e %ﬁﬁc’gﬁig’t&f&e’lﬁﬁgtﬁ?ﬁbg\)gﬁr ]:l%:iﬁié?ié;q[em%\%q C fory 2 houra:d.ry10[0089]
The above digang treatatene v & At etchingc reatgient 19T ttheomglinaiioa of e dpeX 8Fds f or ned
inthe enbrittle reai an esul:t i J r & fs; rgek in the
ebri 1 erPED; o Fignbias vha dE Rty pluGRRE Ridd P IBoRLAET {1

al ong the emicdnttdi@rieye carcl thinngd Rsing\§Eoandi Qugiis procedsezases by @aohir gche | ayer
116 split fromthe bond substrate 110 15 renmi ns over the base substrate
100. Furt h&f3™&tce the interface for bondi ng the substrate 110 and the
base substpab®y 100 is heated by this heat treatment, a covalent bond is

formed at the interface o that the bond,strength,can be f enhanced.
[0090] There ar e’“d??"é@ﬁ@ a@ﬁi‘}sg‘ﬂ SB‘W’PW@C%IIWI Elt%e‘bangre ?‘H‘eeﬁiogglrtlil?r%gsgi ation
step on a §EEAE ARGt 4. sem conductor |ayer 116 forned as descri bed

above, and the planarity of the surface is inpaired. Therefore, a treatnent
for retuci W§9he defects on the semiconductor |ayer 116 or a treatment for

i mproving the sugfiaGRat RIBOHN Y Gke WiRre & B diht Afradid@ioar prédedesehe
preferably be perfornmed. | 091%1 251 n this enbodi nent, for

. AR . > exanml e,
i rradi ati nefching trsatmenioin dbis embodimpat ong goipdiment ol dhe presgRt MYGHIOPS PP 6 ¢ he
reduction fn. hiddGrda PR HBYBE ber®frmb i Be fBfeafdlabdr Yightfirrhdigtion,
sem conduc%l%}tgf{ahglﬁos’ﬁ%?c I'r ragi atni r)gg?hgesenrlﬁ co%duct or | aser 116 with | aser
| i ght makesr bdiebeferviand afirdhedaser lightriradigiode| t so that the semi conductor
| ayer #’LG ft)?)% and solidifies, resulting in formation of a single crystal
ductor

sem co ayer in which the 30 defects are reduced and the surface
planarity is i npNawvédt alfleo@Rlaser light is used to realize the reduction in defects and the

improvement of the planarity in this embodiment, one embodiment of the present
invention is not limited thereto. The reduction in defects and improvement of the
planarity may be realized by using any other method such as a heat treatment.  Further,
20  if a treatment for a defect reduction is unnecessary, a 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 CMPF.
[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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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

conbi nati on of both may be performed. For exanple, when the sem conductor

| ayer is fornmed of silicon, the 5 sem conductor |ayer can be thinned using

SF6 and 02 as process gases by a dry etching treatnment. [0093] As
descri bed above, the sem conductor |ayer 118 can be formed over the base
substrate 100 (see FIG 4E). 10[ 0094] Not e that al though the case

enbodi ment inswatingdaes difidn forared roer e dwemn fubsiigie SRR t hereto:
the etchin R By, be performed before the laser light irradiation,
or both befor ge&tﬁ%}% ?ter the laser light irradiation. 15[ 0093] Not e

t hat al t holwg?8]l aser light is used to realize the reduction in defects and
the i mpr overrent yof, teypl anAkllYidofis i ATROdERE B 1)0BR] eisbadiamgt of the
present i nvent i on s mted thereto e reduction in defects and

| npr ovesrentayaf10t hefqminadlavarttl;e by sWstrate 43 F&Q. Ty 2)isiRetfranFlG ieler et hod such
as a heat reat Wgurther 20 if a treatnment for a defect reduction is
unnecessar eébts fl nt for inproving planarity, such as an etching

treat ment, [amay} be enpl oyed al one. [0096] Note that the split bond

substrate 200 becones a repr.oc ed bon su tr : cessing
process, and cani & i ogdagiculas ﬁrgﬁatf%eqne %m tﬂgggﬁﬁ?ﬁ%ﬂlg’ 5 of the
split bOMl@NQ&WhﬁJh% Hferthigandtiod, taq;lanﬁar@vnlmm or é:gdxkn cir be eppliethe | i ke,

such defects may preferably be re efore the r Rhac in FOCess.
Accor dithgl or e?‘?féplﬁep*?“éﬁee@gluﬁﬁ aB?% H)cl S BSUEATr ﬁmé &8 gﬁr@? lélg%lgtc%essf ul ly.

As et hOdSla%r fdiels W forhBE 6 Rh W tiasetachhRGidh aiarient Thﬂnhsuﬂaqu@ i shing
treat nent such [[0097] 30 (Second Nbde nuf acturing

net hod acc et Ht} %bs%@ﬁ‘ﬁuwel%%%@ﬁcﬂéla %‘Pctt‘ﬁl frogp @ﬁ\le g, ?(E'S 5A to
SE. Secondnﬁﬁﬁjee, siiRofl S SERRL siliEMiTide bxild dauuinhatidd, hﬂﬁummum nitride,

aluminum oxynitride, aluminum nitride oxide, and the like. For example, when silicon

where the laser light irradiation gl‘reecedes theﬂg({) hlLl}egcﬂ%erf%r ment, in this

15  oxide is used for the insulating layer 101, formation using an organosilane gas by a
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 embrittiement 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). Specifically, 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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insulating layer 101 is fornmed over the base substrate 100. Therefore, this
point is mainly 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 Iimtation on the nethod
of formng the insulating |layer 101, to which a sputtering nethod, a plasm
CVvD nethod, or the like can be applied, 10 for exanple. Since the
insulating | ayer 101 has a surface for the bond, the insulating |layer 101

is preferably formed such that this surface_has hi gh planarjty. The
i nsul ati ng | ayemNote that sfase the barsd baiesyy thi dogt S%%étenldtoe?‘?daﬂ{e BFect ed

fromsilicomfiit i, St bichRIbidolsub 8 S bdddGABs kYN0 the Hulafihd lagan Nl L1 de
oxi de, al um num oxI Je, alum numnnitride, alum num oxynitride, alum num
nitride oxfoomed amthet bpad|sukarateFldP, tiedapd mbsiie A0S oritedoinsulatinglayis 104 used for
the insul ating,l r i i ga 1 tr8ASeRY. chem cal
vapor depoéoinfl?%ﬁg)rfr% %%g%%bﬁgg%g?bttﬁ% %ﬁ%ﬁjg%g{t] a?%rséd{%ggt 0 hgl\h}ecagxcel | ent
pl anari3y. inljod e thé béndadtehghi ghthe hend inpface hetyednalyebond Gubstrats 140 gndithee- | ayer
structure t’ﬂn? tq’iﬁteﬁ dinment, it may have a stack structure. [0100] 20Next,
t he bond sUBEFTEIE" is prepared, and the insulating layer 114 is forned
on the surfoacs of the bond substrate 110. The bond substrate 110 is

irradiated with jons, ereby the enbrittlement region 112 is formed (see
FIG 5B-1 to FI S a8t g;"frﬁ@ %T%‘&s“%ﬁ"éwgbtﬁ g ’ﬁﬁyj%f‘é‘.“fﬂaraﬁd?he same
as those oforilifatiofiBofl bbth EleGgivdB- 3 Alendtivdigr ef amsbitkeibai ofs diffesane ofetar e
omtted. 25[0101] . Then, the base substrat% 1001 and the bond
substr i e reaimapts otsniRbinatign atdiffersat iy teamentepay bgePPIo¥e i £ cal Iy, the

base subst{()qb@] 100 and the bond substrate 110 are bonded to each other with
the insulating |layer 101 and the insulating |ayer 114 therebetween. Through

a pressure treatiampleapf dhe vefdreaimang alde aft PEone EGHmEnt §§NE Q5U 01 is in
contact wi gﬂoﬁé‘%at%y 'bfeﬁﬁiﬁ%)(,)fm B@nicNGsndHel, MPorRMCEIcahldy (af MEhb@SE vaidpst T at e

100 and the bond substrate 1I0 are bonded to each other. [0102]
functional 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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Note 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 layer 114 formed on the bond substrate 110, the base substrate
100, or the insulating layer 101 formed on the base substrate 100 to a
surface treatnent. The surface treatnent can 5 i nprove the bond strength at
the bond interface between the bond substrate 110 and the base substrate
100. [0103] As exanples of the surface treatnent, a wet treatnment, a
dry treatment, and a conbination of both are given. Alternatively, a

conbi nation of different wet 10 treatnents or a conbination of different
dry treat nefiesn idn ¥ave fategyelyas singlefapryeen.  OZpneonygein AN ACYGHA®e e at ment

i ncl ude angggone S&@g@tgﬁggn URivlG SAGMRe WRn8Yal( 67 Ao nkiEibn CHfEaftainig) |
megasoni ¢ cleaning, two-Tluid cleaning (a nethod in which functional water

such as pusubstasdce rdearingyiel thsganaee ol tbﬁtoélecthbean@affSF‘ider Fygherfycysed 15
nitrogen ac';z%lnﬁ R YO LAIRL LGS sta@ et BE sihblCoxyaéR TP L&RbiRtioh NGt liyht! I eat ment
include an"Ultfraviofet treatment, an ozone treatnment, a plasma treatnent, a
pl asma §r ebdvirent wivelengthdessabpi 26@miprwhich isaah elifaviolet aBEhperfgmdthene | i ke.
The surface treatpent as, descri. £ e dbiRf @WeNY

hydr ophi | i g?ﬂtve%h{égé?%‘gﬁ} ?tﬁ%rgisﬂ%ﬁ%%ﬁ%%g? %ﬂégﬁ%%%ﬁg&% jgté)ct °t ojmge processed
(i.e., thepsitrgidranibyatadt mesnifecinau c Specifiudestripgive therdofisimadabeipivng 20 | ayer
formed on hﬂﬁ single crystal sem conductor substrate, the base substrate,
or the ins {} ng layer fornmed on a base substrate). As a result, the bond
strengt h bet weerrdrkeaplbshé airese Gafnmbet ¢fithe objed.to bO pBb}ssdthid pegbrniedeat ment
is effective for, the renoyal . of cro dust,_and the like 25 adherijyyg to a
sur f acéd of by HéfaG‘B}l%tm&b %@V&?%cgg@eﬂl. AL YTGRPeYG SRPARRE PEEER ective for
the renoval Qlaide e Asht h&indf Waedldgthidss Sherh 206 nan and dighi badnhat ance

whi ch adheres to a surface of the object to be processed, Here, . it |

: . t
pr ef er abl e Werdengtthel 208 pREiFethick G!f?’rpl%"‘%llate‘"& > PTG sRheTs RGN Ief t he

dry treat Npfoes UGHHASxfitndb WeRY doBb cdn'Rale®ifled. DERGHEREly] BY ibdistitase, the
surface of the object to be processed can be nmade cl ean and 30 hydrophilic
and gener awithriight howingp revrisngsh lesh dhag 130 ump whiph Feas BBV SE BY: SP8IF06]

Al ternagi vgJ()y enlab whi aPSRhEEA G ehQate@r fOrm a surface treatment using ozone
or oxygen H‘?an active state such as singlet oxygen. Ozone or oxygen in an
active staf®@08Lch as singlet oxygen enables effective renoval or

decompositi on of ARy SHRSHARREcAtleby e iadifiRnouiih A6 ok, OD] ect

to be processed. use of ozone or oxygen in an active state such
as si ngl et waxglgegth less tenBPam od light hatingyhwaSelpraih AH2Q0 Wa\vE A1t ess t han

200 nm which is an ul.t.ravi.ol . performthe treatnent, the renoval
of organi calglﬁoﬁg eéﬁ%oélgaugala 8’?’?3%%5%‘{8?‘%‘1?%9

€ surface of the object to be
20 O, +hv (% nm) —> OCP)+ OCP) - - - (1)

OCP)+ 02> 03---(2)
O3+ hv (A 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 (O}, oxygen
atoms in a ground state (OCP)) 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 (0O;), singlet oxygen O(ID) 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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processed can be nmade nore effective. Specific description thereof is nade
bel ow. [0107] For exanple, the surface treatnent of the object to be
processed is performed 10 by irradiation with ultraviolet light in an

at nosphere contai ni ng oxygen. By irradiation with |light having a wavel ength
| ess than 200 nm and |ight having a wavel ength of 200 nu or nore, which are
ultraviolet rays, in an atnosphere containi ng oxygen, singlet oxygen as
wel | as ozone can be generated. Alternatively, by irradiation with |ight
havi ng a wavel ength | ess than 180 nrn, which is an ultraviolet ray, singlet
15 oxygen as well as ozone can_be generated. [0108] . An exagple of a
reaction celigleds anvlirmdolet rudeslE o g geRREget 7995 159 Sedaodiriangv it | ess t han
200 nm andydyh Gitkin AN ENEBHVEFYE0 SRM: Pdl redRR iR McQlondBlich dfRinglet Shypes pher e
contai ni ng ‘oxygen i s described. 20 02 + hv (Xi mu) -> 0(3P) + O(3P) (1)
OE) 3P) + 02by decdgpositigrppf GB odepe.( AlE supfpce sregmen) asidegoribed gbgye LA b9] I n t he
above reactipon formdla (1), .by..i.rradiation w ' hayg a 25
wavel engt Wﬁr@ggefw&m%‘?él?ﬁr %(c%t?onﬁlglﬁ%tailﬁﬂg}‘]@s%ﬁ[}%l‘#gﬂ:ﬂgl&ﬁ g?rtl't_a?lgr? ?ﬁ% oxygen
(02), oxXygen- 2940i1®) ih bn n@Esherceontanting ¢:0£aP) ) are generated. Next, in the
reaction forrmula (2), the oxygen atons in a ground state (O(3P)) and the
oxygen (02P1HHe reacted to generate ozone (03). Then, in the reaction
formul a (3), by pufih@difddaeRleWttatehdtidR baltay b thearu@mednonigh higtohadf9anm or

nore (k2nn) in an atnosphere containing the_generated ozope
wavelength less than 180 nm in an atmosphere containing oxygen is described.

O; + hw (A3 nm) — O('D) + OCP) - - - (4)
10 OCP)Y+0;—05---(5)

O; +hv (A3 nm) —» O('D) + Oy - - - (6)

[0111}

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

less than 180 nm (?; nm) in an atmosphere containing oxygen (Oz), singlet oxygen in an

15  excited state O('D) and oxygen atoms in a ground state (O(3P)) 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 (Os). In the reaction formula (6), by irradiation with
light having a wavelength less than 180 nm (k; 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 treatment as described above can enhance

the hydrophilicity and cleanliness of the surface of the object to be processed, making
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30 (03), singlet oxygen O(D) in an excited state is generated. In an

at nosphere cont ai ni ng oxygen, the irradiation with lIight having a

wavel ength | ess than 200 nm which is an ultraviolet ray, results in the
generati on of ozone, and the irradiation with [ight having a wavel engt h of
200 nmor nore results in the generation of singlet oxygen by deconposition
of the ozone. The surface treatnent as descri bed above can be perforned by,
for exanple, irradiation using a |lowpressure nercury lanmp (X, = 185 nm 5
X2 = 254 nn) in an atnosphere contai ning oxygen. [0110] Further, an
exanpl e of a reaction caused by the irradiation with [ight having a
mavelengtHh¢b@§h?%9ﬁ“@8@ﬂ%n1in an at nosphere contai ni ng oxygen is
described108%5+ hv (X3 nm -> 0(D) + 0(3P) (4) 10 O(P) + 02 -> 03(5) 03
hv (X3 nm i)) + 02 (6) [0111] _ In the above reaction formula (4),
by irradiation Wlthbugh atsuifaeetregimenpisrariorpehbefasdhe hass statraiend®28 . 3 nn) in

an_at mspher g, £ (L)onth%i B0l SuOXAEE T of D28 ecoid ?’g{d% oX U6t AT tho pRYGHt ed state

0(D) and oxygen atons In a ground state ) are generated. Next, in the
reacti gn fioventba i§ Tpt litdited oherglen Eho merface ((Rpimanh mpygbeotamticed At @ad t he
oxygen (02), are reacted t enef. one t Lo dpr mul a
(6), by i r&lﬁsﬁaafrf’ Rt %ﬁaﬁ)leghlf‘ %}%@W\‘S&a&m&ve eer?g%vﬁhltgg;gfagﬁgaﬁew(f nm (X3 nm
in an at noNpbehs HORrgi Modg thhelgenetratwchtongnbe (10@)cedswitly|the sufargen in an

crct e o gL S DGR LSRR St AR BMBRRNGEE cori e
which is amiwjtraviolet ray, results in the generation of ozone and, by
Sur 0D 1 1 eat enlerhnTaTH s ABVE T B TR B AR b e
i rradi ati oRlisinAfctér %EosEu@l B0 AV theargnbriftlchidnatisgisphEI2e (@enFEG.NBEDY oxygen.
B A ordioely, the nmdortiutiey By s eSS ovel e Biae sibiksid 106 RhGakave of
a cheni cal Accordingly, the semiconductor layer Ie
' 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 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
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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bond in an organic substance and the |ike adhering to the surface of the
object to be processed. Wth ozone or singlet oxygen, an organic substance
adhering to the surface of the object or the organic substance in which the
chem cal bond is broken is renoved 30 by oxidative-deconposition. The
surface treatnent as descri bed above can enhance the hydrophilicity and
cleanliness of the surface of the object to be processed, nmaking the bond
nore preferable. [0113] Al t hough the surface treatnent is perforned
before the base substrate 100 is bonded to the bond substrate 110 in Second
Mode, one enbodi nent of the present 5 invention is not Iimted thereto. The
surface t rizatdsebstratashidhds eanseleeits Mpeatedtue pl asna treat ment descri bed in
First Mode or c i h a Gcdibat sdrdl Fg, St Mode,

t he pl asna trealﬁ‘rrﬂvgsn{21 Erlﬁc\%%lbe ‘?‘e% %ge H:/im}%pﬁﬁ%%gpgﬁl?tfggg treatment descri bed
in Second maeloazoscﬁlmbmn@dlam Pateri ©fftaagmaptik 23t 2% the[oiEqonteoRott, the
bond substrg £ %1 elb S, Ilttedq) fene%c em conductor layer 116 and the

seni conducY o™ 8oEt %Ene ?881 rittlement region 112 (see FIG 5D).
Accordingly, the sem conduct or Iayer 116 renmi ns over the base substrate
100. After that, the treatnent of reducing defects, the treatnent of

i nproving the surface planarity, or the |ike enables formation of the

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

Note that the split bond substrate 200 becones a reprocessed bond substrate
t hrough a reprocessi ng process, and can be reused. Since there are defects
on a surface

28



20 of the bond substrate 200 due to the enbrittlenment region 112 or the

i ke, such defects may preferably be renoved before the reprocessing
process. Accordingly, the reprocessing process can be carried out nore
successfully. As nmethods of the renoval, there are an etchinng treatnent and
a polishing treatnment such as CvP. CIRAIMB 25An enbodi nent of the discl osed
i nvention enables formation of a reprocessed bond substrate with reduced
oxygen defects or inpurity elenents, thereby inproving the properties of an

SO substratie ”BDUﬁQQEBMEQEMﬁﬁﬂ@ﬁh@nﬁSﬂﬁmﬁh&m&sedmpﬂﬂdgsubstrate Furt her,
deterioration of the properties of a hond subst e su ressed and
t herefore t WefimirfRD obsubiesing afbandpaisligfe fo rStt ‘éatb%‘f?gm P s

i ncr eas nelOSpPBllf 7 aﬂi{ 7 szntd at %Hﬁﬁfeﬁ?(ﬁ)} ﬁ?ﬁﬁﬁ@ﬁﬁ&é P4 BRGIrE o‘i’fox%'ensﬁd

substr an e I ment di scl osed invention can
pr eventiti@dehyinct i on of the bond substrate which is caused by its repeated

use. Thi s plicatjon, is bas n Japanese Pat catl seri al
no. 2009- 10@2&9301140 PLER) Ohi ﬁoﬁnﬁlgpa&he'ﬂ‘g‘?‘%‘ﬁ'ﬁle’é&’gﬁ‘é’é‘ 1B '9&]5‘5 Jubs %d’ﬁ@ ln‘t‘
entire rﬁﬂ%%ﬁﬁﬁe%ﬂ%ﬁ@m@re hereby incorporated by reference CLAI M5 |
nethod manuf acturing an SO substrate, conprising a flrst step of

subj ect i ng a third dtepuifdionding thebend substrathdas b@ﬁfembﬁ’éﬁ? with gingulgtipg layer
at m)sphere and then a second heat treatnent in an atnosphere of a mxture
of oxyé]é‘ﬂ'e %gen a second step of forming an enbrittlenent

region in a abﬁﬂﬁjthséiﬁ? bf @%muh% thé basd atibshatd Methbasbrittibatitaigioni tohformns ;
a third step of bonding the bond substrate to a base substrate with an
i nsul atsemipondyeser laperrasiorthadess subpigate with the insulating layer therebetween,

wherein the steps from the second step to the fourth step are repeated » times after the

first step is performed once, and

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

2. The method of manufacturing an SOI substrate according to claim 1,
wherein an oxide film formed on a surface of the bond substrate in the second heat

treatment is used as the insulating layer in bond to the base substrate.

3. 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.%.

4. 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.

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

wherein the argon atmosphere includes argon and hydrogen.

6. 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
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a fourth step of splitting the bond substrate at the enbrittlement region
to forma sem conductor |ayer over the base substrate with the insulating

| ayer therebetween, wherein the steps fromthe second step to the
fourth step are repeated n tinmes after the first step is perforned once,
and whereinment i s a natural nunber greater than or equal to 2. 2. The

nmet hod of manufacturing an SO substrate according to claiml, wherein an
oxide filmfornmed on a surface of the bond substrate in the second heat

treat ment i g used\ gstHol®f nd@ufaeturing ah SHrsubstrd Rdmpdsinge base substrate.
3. The method of manufacturing an SO substrate_ according to claiml

wherein a cenfesitstent 0B Fubiectinge aohspgdesibsiatenie %eﬁ;’é‘h C3f HFAP RIS AR 218D | ess
than 5 vol 'P%\‘,:\ﬁ and. tgiertl %E@cc{ﬂat ﬁtr%m%ﬁpﬂf Qt?ﬁﬁﬂedsgﬂer@%f AGhixSHB TRy Berp&sPr di ng

to claidf®® erei at nosphere during t econd heat treatnent
i ncl udestredenori ne in addition to the oxygen and the nitrogen. 5. The

met hod of manufacturin n SO substrate according tao clai Wherein the
argon at nospnecend sep Qge’gr@r‘w SRprGRCRlsRon lg.agbﬁ@ Sr‘f‘%?tﬁag%l %gflrra 1ating
manuf a ' : rate according to claim1, wherein an oxygen

i ncl udg%yﬁ%ﬂﬁuggﬁ%%@g strate is reduced by the first heat treatnent.

7. A met hod sothirdetepf efdtondinggha boigTubstrats tte atbase subsisate sviftyan insulating layey st
step of, subjecting a bond substrate to a first heat treatnment in an argon
at nospHBFEPANE®hen a second heat treatment in an atnmosphere of a mixture

of oxygen a’%fdﬂrﬁ{ QGS BT splitting tAe HBA@ RGbstlatPaihef @itirittgmant @afoni fot foemreat
region in a bond substra?e by irradiating the bond substrate with ions;

a t hi r destiemdodtoblapefi avgr thedabonbsiealp stithdhe insylating layer WEREEEER with an
insulating |ayer. therebetween; I f It 4iids Lig thond
substrate at%ﬂ%‘néﬂ%§tiaﬁlfr%§lﬁe[ S 8%31 (S)tﬁg%%&]fggzrngnﬂg&%gar#ge hégt%rl E:’ayer over
t he baqﬁstsggéiﬁ{rsrpgﬁgnﬁ@&fhcb,%di nsul ati ng | ayer therebetween;

wherein # is a natural number greater than or equal to 2, and

subjecting a bond substrate to a third heat treatment in an argon atmosphere and then

a fourth heat treatment in an atmosphere of a mixture of oxygen and nitrogen after steps from

the second step to the fourth step are repeated » times.

8. The method of manufacturing an SOI substrate according to claim 7,
wherein an oxide film formed on a surface of the bond substrate in the second heat

treatment is used as the insulating layer in bond to the base substrate.

9. The method of manufacturing an SOI substrate according to claim 7,

wherein a concentration of the oxygen in the second heat treatment is less than 5

vol.%.

10.  The method of manufacturing an SOI substrate according to claim 7,

wherein the atmosphere during the second heat treatment includes chlorine in addition

to the oxygen and the nitrogen.

11.  The method of manufacturing an SOI substrate according to claim 7,

wherein the argon atmosphere includes argon and hydrogen.
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wherein the steps fromthe second step to the fourth step are repeated n
tinmes after the first step is perfornmed once, and wherein n is a natural
nunber greater than or equal to 2, and subj ecting a bond substrate to
a third heat treatnment in an argon atnosphere and then a fourth heat
treatnment in an atnosphere of a m xture of oxygen and nitrogen after steps

fromthe second ep.t h . 1 8. The
met hod of mfil%uf aiﬁh&rrquéocg%ﬁgéﬁﬂ"é%g}é% %f%égglc'%ﬁ%?%&ﬁgﬁgﬁg. m ,7’vvherei n an
oxi de film fyier@fl & oRygon frebeledfint e bowd sebsnater & ecduned by thecfind Heett
treatment is used as t%e insulating layer in bond to the base substrate.
9. The tregt®@d of nmanufacturing an SOT substrate according to claim?7,
wherein a concentration of the oxygen in the second heat treatnent is |ess
than 5 vol . % 10. The method of manufacturing an SOT substrate

accor di ng t d3cl ai Améthodhdheinofacheingtan¥ Preebsirate; comgrising: second heat

t t t includ hl.orjne.i dditi to th the.nit .11,
The et hod Of ERRm el HPIRGRE & CSPds St to 851 BF G OmERaiTr i FaiTbr i
the ar gan GhIRSHAEHEN LNELHISRaP iR heaD th BY 9R8BRere of a mikdure UTRxyBéhad Of

manuf acturi'ng an SOI substrate according to claim?7, wherein an oxygen
i ncl udenitregent he bond substrate is reduced by the first heat treatnent.

13. A nethod of nuf act uri ng an substr viC rd Shng. oo £ TSt
step of subj %%FF?‘?@“SP Bg nﬁr‘?ﬂ%san %{Psgq%mgnﬁ‘ fe%fsot% lﬁeaaw}]tdrszfg%gr%%tb yilﬂra%l%tlﬁ gon
at Nnosphgs goRGibbiRREwkhs&sONd heat treatment in an atnosphere of a mixture
of oxygen and nitrogen; a second step of faormng an enbrjttlenent

region in a atbird stpfthoadimgdhe berchsnbsiratado erhaspenhgtrat el an mswleting tayes ;
a thi rq Stﬁgﬁ of bonding the bond substrate to a base substrate with an
i nsul atPAG°IHSEF t her ebet ween; a fourth step of splitting the bond
substrate ata fduethestdy of spiuigtthe gndBubstrafeosithe awbritiamehtctegion! @yfermor er
t he base substrate with the Insulating_|ayer ther wherein

bet ,
the st epmidondusteniayerayvshthedragpsubgiratn ihghie insulstiag faé’g%t\ﬁgégsté’%eéﬁ n tines
after the fifst RifPstbss &hHRY B0 RES 1o @B%ourth step are repeated  times after the

first step is performed once, and

wherein # is a natural number greater than or equal to 2, and

polishing a surface of the bond substrate split at the embrittlement region after steps
from the second step to the fourth step are repeated » times; and

subjecting a bond substrate to a third heat treatment in an argon atmosphere and then
a fourth heat treatment in an atmosphere of a mixture of oxygen and nitrogen after polishing
the surface of the bond substrate.

14.  The method of manufacturing an SOI substrate according to claim 13,
wherein an oxide film formed on a surface of the bond substrate in the second heat

treatment is used as the insulating layer in bond to the base substrate.

15.  The method of manufacturing an SOI substrate according to claim 13,

wherein a concentration of the oxygen in the second heat treatment is less than 5

vol.%.
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wherein n is a natural nunber greater than or equal to 2, and

polishing a surface of the bond substrate split at the enbrittlenent region
after steps fromthe second step to the fourth step are repeated n tines;
and subjecting a bond substrate to a third heat treatpent in an argon
at mosphere died t Hdw racthed ok manfagtutingan HehsubshatgaceraABgimeladnds: a mi xture
of oxygen and ni.t r,0ogen t i shi : : s rat e.
s, “The’ et o VRGP ET Ble. B0 kol Rl AR iudeR SHBARC PR
wher ei Ro @iz Ryigeteaid themitfsgerd on a surface of the bond substrate in the
second heat treatnent is used as the insulating layer in bond to the base
substrate. 15. The nethod of manufacturing an SOT substrate according to
claim 13, rei ' [ eat

t reat nent ;Msﬁr es 21“ @%ﬁﬂ@f{%ﬁ&é}éﬁ&uﬁﬁg %Sogﬁ%&gn%eﬁga&gﬁgﬁggﬁﬁg? uring an SO
substrat e aocxlmreihtige 4rgorchtaiosphede incheiee argon laed hAydroggther e during t he second
heat treatnent includes chlorine in addition to the oxygen and the
nitrogen. 17. The method of manufacturing an SO substrate according to

claim 13, whgr ei nrifelifietBb @O RSRASS Sn SOT buskatteaicantingne chpdnagen. 18.
The nethod of manufacturing an SO substrate accor dlggl to claim13, wherein

an oxygen i nefianeiadan oxygen boheied ulns theabend subssatee ésd resipeedh dyf thes firgh pat
treat netpetaﬁnent
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