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 acturing a substrate over which a sem conductor |ayer is provided
with an insulating | ayer therebetween, and particularly relates to a

met hod of manufacturing a silicon on insulator (SO) substrate. Further,
the present invention relates to a nethod of recycling a bond substrate in
the 10 manufacturing nmethod of an SO substrate. 2. Description of the

Rel ated Art [0002] As substrates suitable for manufacture of sem conduct or

devices that achi eveypHdPWrMARUFARRHRING SO1 80BsiRATESPeed operation,
attention has been directed to SO substrates in which a sem conduct or

| ayer is provided over a base substrate havi ng an i nsul ati ng surface.

[0003] One of known net hogg mﬁqﬁ substrate is a hydrogen
ion 20 inplantation separatl on t g}%t% see Patent Docunent 1). The

hydr ogen i drFicldepthednantian separation nmethod is a technique of formng an
SO sub§trﬁf}0% n the follow ng manner. An oxide filmis formed on one of
two sil ers which is to serve as a bond substrate. At the sane

time, by inpl antThegarbspdirmgmniohmeistek 0t o nidited dfonahuaginsing at sapstataer obubbl e

| ayer is fo din.th substra he bond..25,subst ) t in

cl ose cont ?fi‘l ?eﬁmf%g ‘%bf Tha? s IR (#%V\%{ elant%s"{%hngl gléﬂfe\?/’l%twggn aB ase
substr at e, pwtitdladshelaesitele nfettod of hemefetuiaen siliddresn mmlatar (sed) substesad ment, t he
bond subs te Iltwthteuseofth m cr.obubb r.a

splitting P‘g}i“Fév h E??Wéﬂnveﬁté’é]tre{‘)‘Feéé? ﬁé’f'ﬁtho(gn t"R&© Bg‘ﬂﬁg"’h’a‘}ﬁ‘éms’iﬁe forms a
st rong 1ponehaheth h&Bodbasa Seksstraee and a senmi conductor layer that is
split fromthe bond substrate. Thus, an SO substrate 30 is formed. [0004]

Furthernore, for an efficient and econom cal use of silicon wafers, a
nmet hod by 2Ipescription 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 subsirate. 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 therecbetween. 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



whi ch many SO substrates can be manufactured with as few silicon wafers as
possi bl e has been researched (see Patent Docunent 2). [Reference] [ Patent
Docunent] 5 [0005] [Patent Document 1 ] Japanese Publi shed Patent
Application No. H5-211128 [Patent Docunent 2] Japanese Published Patent
Application No. 2000-349266 [0006] The bond substrate still retains its
wafer formafter the split. If defects and the 10 like remaining on a
surface used for the split are renoved by etching, polishing, or the Ilike,
t he bond substrate can be reused to manufacture another SO substrate.

[0007] Repgaite thatp S0P butRirdey hn BY Rsinhi Ak Brel Rvith Hs T RINBAT whkeS ok RyRivked a
problem of an increase in oxygen defects such as an oxidation-induced

st acki ng fhasbeenregspicher (seq Rpteygh Doqusneny). j rr adi ati on step, thermal history
during spligesinctne bond substrate, or the like. If a bond substrate having
an increased nunber of oxygen defects is used to manufacture an SO

substr at e, [Pateni Remagstior properties significantly deteriorate. [0008]
Furtherg i@ﬁ@@ ion irradiation step, an inmpurity elenment such as a heavy
metal 20 Ich is contained in an el ectrode, a chanber, or the like could
be added td@ateheDépunwnt  JimmnesaPeblishedkRatent pgplicatiedf NotHS-2E02%h an i npurity

el enent ad S af fegt.s t ] I () MVARY OF THE
TAWENTI O LRy kLS Ep SR P ARG AbBhcaROPRE 2006 4028 AT o T
enbodi ment [060d1he di scl osed invention is to prevent mal function of a bond

SR e T R R RN
of an B0 BSkereibiatng ddya sublacd wed ditthd ipin amapacadigredidighpelishimg sarthect ed to a
first heat ireatment in an argon atmwsphere and fhen g second heat
[0007]
Repeated use of a bond substrate in this manner has involved a problem of an
increase in oxygen defects such as an oxidation-induced stacking fault (OSF) due to an
15  ion irradiation step, thermal history during split of the bond substrate, or the like. Ifa
bond substrate having an increased number of oxygen defects is used to manufacture an
SOI substrate, semiconductor properties significantly deteriorate.
[0008]
Further, in an ion irradiation step, an impurity element such as a heavy metal
20  which is contained in an electrode, a chamber, or the like could be added to the bond
substrate. Like oxygen defects, such an impurity element adversely affects the

semiconductor properties.

SUMMARY OF THE INVENTION
25 [0009]

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

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

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



2 atnosphere of a m xture of oxygen and nitrogen, so that a reprocessed
bond substrate is forned and used again as a bond substrate in an ion

i npl antation separation nmethod. This is detailed below [0011]] 5 One
enbodi nent of the present invention is a nethod of manufacturing an SO
substrate including: a first step of irradiating a bond substrate with
accelerated ions to forman enbrittlenent region in the bond substrate; a
second step of bonding the bond substrate to a base substrate with an
insulating | ayer therebetween; a third step of splitting the bond

substrate a?&nomere%m‘iam&&mapgeh%a Qftroléh, 5O A ArepRIVbCQIBIAG ksth@yer 10 over
the base substrate with the insulating |ayer therebetween; and a fourth

step of sioppedmdiged agaibana bendsybsiate in pp iqn implangaion senaration SRE- 1 egi on t o
a first hepfiisr@alib®diod.n an argon atnosphere and then a second heat
treatnment 1 n an atnosphere of a m xture of oxygen and nitrogen to forma
reprocesse[ﬂ’obﬁnd substrate, in which the reprocessed bond substrate is

used again as tRSRdyBHERR el L) [SUnah 8P shBukORKA) od Sof he above

structure, the fourth step can ter the steps romthe first
step to theibstite thekitlimp: afisst stepeﬁnsadianng arpesd gubstrate mathcedleratedivas tgr eat er

than or Capd 3 efoqllnzl%ﬂemeﬁjt t%}gﬁ in the borrf(? su%bO\f eEoLfl(x\ltsw eofb@ﬁdl@o%%g%mtm% I'mformed

on a surfaced essed bond su rate I'n he Sec
treat mrent adstrde tmsecchs@swshaeiwiﬂuhmhmmgtmgﬂhybaﬁerebewebmea limddsttpoof he base

substrate.%p[ligOIS Eurth % above et od.ma urthe ﬁ% P ? t he step of
pol i shi ng tertae &° ieie ?IP%H SCRHT 1t 8? 2 RRIQRAIT! (P &hent

regi onipet yeenhd bee tshbghdtes\bﬂp tl&nﬁhsdliftﬁlg Ihjbfhlrthéie&h&fbn 2401 h GOdrd stéph of he above
structure, he conCﬁntra on of. Elﬁe 0 |n the se ong?a?eat treatment is
pr ef er abl ysq isgting thg Rons! sypytradg, sp e&f‘i‘?ﬁ‘?ﬁﬁ‘e"? sShtt B P S econd

heat treat g oxpaﬁebgih | ¥d oG laWeeshd hbdt AehtiRni iR addehdsbidie bOa RIQLGE RS and
nitrogen. [0015] Anot her enbodi nent_  of the Pr esent ipvention és a
met hod of ¢ases and B‘Itlioﬁ‘@l topform a reprocessed bond substrate, in which the reprocesse

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 (n: 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



SO substrate which includes: a first step of subjecting a bond substrate
“to a first heat treatnent in an argon atnosphere and then a second heat
treatnment in an atnosphere of 3 a m xture of oxygen and nitrogen; a second
step of irradiating the bond substrate with accelerated ions to form an
enbrittlement region in the bond substrate; a third step of bonding the
bond substrate to a base substrate with an insulating |ayer therebetween;
and a fourth step of splitting the bond substrate at the enbrittl ement
region to forma 5 sem conductor |ayer over the base substrate with the

i nsul ati ng, baMeke drheyRRehYRRRbgen;Af deBindt ) JramidiRtingtBPbéRl MBIt Wil once,

the steps fromthe second step to the fourth step are repeated n _tinmes (n:
a natural #epssreddprsde dprm pypmbyittlament regien by the poigh gipstass; @ thisdstep Af t hi s

speci fi cat p ARiRNfe bR Libkiate 18 bR dbstrald with! RS ids@fafing la§erifbbdFed; 10
concept also including a substrate provided with a l'ayér of a sem conductor
ot her t hanandsd faugthrstep|of splittieg thgdoad sulistiate 9t Segppbeittement fesiondndorehe | i ke, a
bond subst [ at. - i a

subst ;o o SEpCr ARt apk ol BEL UG, S 3 SRR AVE ABSHIIER S 1 1
An enbodi makier thé fourth sep ssgleobaukd aneeihd steps drvabithe sechud stept fodke ofirtlasterepr ocessed
bond substrate wth _.reduced oxygen def i Ly elenents, thereby

i mprovi ng arfaﬁeé)egp%}%’ﬁg?jte? 3 méfl%l%é%er ?ﬁgﬁ tr%g]?ér éﬂagﬁtjé% %)E':t ured using this

repr ocessepobgind substrate. Further, deterioration of the properties of a

bond substrate n be s ressed, an therefore, unber. of tinmes of

repeated use of ﬁ%‘égﬁﬂﬁﬁgﬁpﬁg iFajton apgg}eégg,et ¢ty égﬁ?ﬁ*"tﬁ’ée 483 2 suppr ess
nmanuf agg ur kdigerst Afsh SndididNa SBktras Brividal eith 4 BREIK a EBdRondioebRedinaent of the
di scl osed invention_ can prevent malfunction of the_ bond substrate which is

caused by fitieony o Heathewoils, inthis ppeaficapproeny el obondEubBIRAGPRESOT [ 0019]

FIGS. A tQahde@i® of hP8OI SBSirdtO NRlud¥d £Whsirdtd Hﬁtelrfgaﬂ DeuRfate X3k 6r #f a

met hod of nmanufacturing an SO substrate. FIG shows a manufacturing

process f| gligaprmaiertabpr ocessed substrat e.
[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



30 FIGS. 3A to 3E are cross-sectional views illustrating an exanple 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 4 exanple of a
met hod of manufacturing an SO substrate. FIGS. 5A-1, 5A-2, 5B-1 to 5B-3
and 5C to 5E are cross-sectional views illustrating an exanple of a nethod

of manufacturing an SO substrate. 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON
[ 0020] Hereinafter, enbodinents are detail ed using the acconpanying
drawi ngs. Note that the invention is not Iimted to the description bel ow,

and it is @,@a@[@d}ta,ﬁ@hddhgaﬁnuﬁ&hﬂgeﬁgmsw@m@rt t hat the enbodi nents and
details thereof can be easily nodif in 10 various ways W thout departing

fromthe spirit B85t -l Neht 1B Qi %%ﬁo@’édsq o 9 &re %%@F‘ftioé%lﬂ‘%‘ﬁs and the

like. I'n aggliddi@h an Slaidptd daSRe Rt chifndhd $6F @RdragTbOdi ments  can be
i npl emented in appropriate conbi nation. Note that throughout the structures

of the invention described bel ow, identical parts or parts having sim | ar
functiopns are represgﬁc—fﬁw? ﬁﬁ*ﬁ? ng , the explanation
of which is not repeate 15 [0021 Empodi nent 1) In t hi s enbodi ment, an
exanpl e of [82¢et hod of manuf acturing an SO substrate is descri bed WI t h
Substrate is deahr i, BRhGRGa B GRRE fF AT RARL Gt
Repr ocesseNotelnt BenoveStdusis mat lanitesl to dsclesdoptonisilovg akdl &is @paradtt th Itlﬁe 3A to
ubst rate YOEOaTs o S BuRrE] Sur SR BERCLR el neT] 1y 1)
25 [ 0023] ﬁmohhewdyasaﬂﬁ)ubaépasﬁrg ﬂreﬁ tha spithsafr ﬂateemf/M1mdhmfosah i Mgal at or can
e 4500 SRS b o PR S R o e BB 2L
gl ass, al ueanruebﬂpréﬁiehtb@ai@p@bﬂas coxﬁﬁlﬂatlon. Note that throughout the structures of
the invention described below, identical parts or parts having similar functions are
represented by the same reference numeral, the explanation of which is not repeated.
15 [0021]
(Embodiment 1)
In this embodiment, an example of a method of manufacturing an SOI substrate
is described with reference to drawings. Specifically, a process of manufacturing an
SOI substrate is described using FIGS. 1A to 1E, and Process of Forming Reprocessed
20  Bond Substrate is described using FIG. 2 and FIGS. 3A to 3E.
[0022]
(Process of Manufacturing SOI Substrate)
First, a base substrate 100 and a bond substrate 110 are prepared (see FIGS. 1A
and 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 subsirate, a ceramic substrate, and a sapphire
30 substrate. Note that by containing a larger amount of barium oxide (BaQ) 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



barium borosilicate glass, a quartz substrate, a ceram c substrate, and a
sapphire 30 substrate. Note that by containing a | arger anount of barium
oxide (BaO than the anount of boric acid, a glass substrate as nentioned
above has heat resistance such that it is nore practicable. Thus, a gl ass
substrate containing a | arger anmount of BaO than 5 the anount of B203 may
preferably be used. Note that in this enbodi nent, a description is given
of the case where a gl ass substrate is used as the base substrate 100. The
use of a glass substrate as the base substrate 100, which realizes a | arger

si ze devi Ce AMfint REXDONShHE PRFSabIF B 1RAUCRofOHaf in ik QdAAlinfdst, the bond
substrate 110, it is possible to use a single crystal sem conductor

substrat e fesemRN &F 2igeney dhprasywhere Aglass subsite iaysed a8 thedeee wPsteal®0si | i con

substrat e, TR usg bPPhRsSHY St as YR AR UBIRHIDL HRIE reafifesd 1DLAMA deti¥St al
silicon germanium Substrate, for exanple. It is also poSsible to use a

conpound s#i ipexnensEteness.sap sdpere@sBor med of 10 gal | i um arseni de, indium
phosphige,ﬂﬁﬁ the like. As typical commercially available silicon

substr at es; tﬂere are round silicon substrates that are 5 inches (125 mm
in dianeter, 6 Astbhbend subgratar)10i it iglpessibledp usda ismgleesysf2 e@nineduttar di anet er,
12 inches } i , i nche: ] i ter.
However , tLégguéggkgégfgéggﬁéﬁgegﬁgg%%gﬁgaﬁ%gﬁﬁgﬁﬁg%ﬂgpﬁ$@§gkﬁggd§round
shape and gagle beystal geenbamg shiatrawhapesiogle tlystall Glidankgermditien sedtrizy, for ocessi ng.
Further, the and @ub tratebl%o can he ma ufacturg% q%% t?e CZqﬁg al sk

(CZ) met hot 8P h& ¥ 1R FNYPE JR&SY B A TR GIFET MBS RSt i t 11 enent
r egi on1{d12gdllsurh @rseride, ahdiamCgtobphide, de miehlilte. 0 Msatypivl fedaenerddllyt Hailidand
substrate 110, and the base subs ﬁgte 1%9 and_t he and su@%érate.llo are
20 bonded ¥ RaMEE MY 11 BARY NEEI PR lPat a8 1% MRSy EhatRBE (see FIG

1C). [0026{iambret, henoab@%so il Pn diafhetel) 8RELHSIMDO0 fid)an dikBheles 1D fikchel @b®d Wit h
ions of hydrogen_ or the |ike having kinetic energy, whereby

) | t he
enbritt| en®RY 17 sigmsieriant oyches @0) muy), in digpeten  H5Weysr el aﬂerﬂg trsul at i ng
layer 114 &R shgsthRr | Gk A 1iBBte@ to>d REUh®sHapy BMd Qb bBA redtdhgHlaPiHapdord thyEr such

as a silicon oxide film a silicon oxynitride film a silicon nitride
15 like obtained by processing. Further, the'bond substrate 110 can be manufactured by

the Czochralski (CZ) method or the floating zone (FZ) method.
[0025]

Next, an embrittlement region 112 is formed at a certain depth from a surface
of the bond substrate 110, and the base substrate 100 and the bond substrate 110 are

20  bonded to each other with an insulating layer 114 therebetween (see FIG. 1C).

[0026]

In the above step, the bond substrate 110 is irradiated with ions of hydrogen or
the like having kinetic energy, whereby the embrittlement region 112 can be formed.
[0027]

25 Further, the insulating layer 114 can be formed using a single layer of an
insulating layer such as a silicon oxide film, a silicon oxynitride film, a silicon nitride
film, or a silicon nitride oxide film, or a stack of any of these films. These films can
be formed by a thermal oxidation method, a CVD method, a sputtering method, or the
like.

30 [0028]

Note that in this specification and the like, the term oxynitride means a

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



film or a silicon nitride oxide film or a stack of any of these fil ns.
These filnms can be forned by a thermal oxidation nethod, a CVD nethod, a
sputtering method, or the |Ilike. 30 [0028] Note that in this specification
and the like, the termoxynitride neans a substance in which the oxygen
content (atons) exceeds the nitride content (atons). 6 For exanple,
silicon oxynitride is a substance including oxygen, nitrogen, silicon, and
hydrogen at concentrations ranging from50 to 70 at.% 0.5 to 15 at.% 25
to 35 at % and 0.1 to 10 at.% respectively. Further, the termnitride

oxi de nMeanporexampR! ARER dxPnitidi i€ B shibkenbd ICRERB ok PFHne Ritrofdi GiliBon, @xceeds t he
oxygen content (atons). For exanple, 5 silicon nitride oxide is a substance

i ncl udi ng bydyegsn at penceigpEipns renging Fam Wrid Myt o §entods atéorédnd? atYoons
rangi ng from 0 at % 20.10 t, % 25.1. Y% .an .0 30

at.% res p%%:dt(?%/g(i %/(?QtN)g’trgsﬁe té‘fel t hg a eg’vﬂf=,]§e ?egﬁgléégg%ggd%aﬁg val &ggst}nggthgi ned by
enpl oyi ng whidh lderfinsgdn baaks ¢abhsrdxogds the okygenebnitynt(RBSGY). oFohesedmplzen f or war d
scattering .(HFS).... Further, the total of the constituent ement contents
does. not " cxlieEiige oREe 52 %Stfwez@ﬁﬂu%wgw Oﬁ%nafﬁlf?ne&P_ % he | i ke,
the bond sgdastdiatiensldfih® 168l 3 to 3 atlohe20 BMWIrdib4, 128rB 16 i eghan1d i230 nto a

sem conduct or |layer 116 and a split bond substrate 200, whereby the

sem conducttdp, tegppetivelyl 6 Note thar the gbwyeapngeh aretihe salyespadiainadebyl ouplogee Fl G

1D). The S% Erf&ﬁ%qclé%éhﬁ%&;%cé%eﬂgﬁgﬁﬁ%r%ggx%géﬁ)ﬁ)%érﬁ CQ{%HH%; trate

t hrough a reprocessi ng process, an eused. te t ince there
ar e def ect Burdter, tilectotal dfehe @nstitusin eleme coftetth doespbi dxcldnd0stlst rate 200 due
to the nbﬁ%é | ement region 112, such defects nay preferably be renoved

bef orel{ he rocessi ng process. Accordingly, the reprocessing process can

be carried out Nuxe UL GeB Sfediniept oAtheMdehadsbodll sib@ratcenmoVidlsplit @nhet chi ng
treatnent and, I

polishing_treatnment such, as re possjble. 20 [0030]
When t he heEerieBeN FefRn 112 uﬁgﬁﬁﬁ?ﬁ_@@%&?ﬁéﬂp opd éé?lﬁgﬂ? FOFEEZYn added
el ement t owh&eSelRsethREndetor 10119 & ORI dTel BEBRE dubsthaRe1NREd F1G ement
region 112 resulting in an increase in the internal pressure of the

mi cr ovoi ds IDyhdhe felitehond substrafs Hshacamesom atpspcsssed bepdietbsirpe thygugh a
enbri t {4 enkRiocELk YoctdZ and VBRI udAE WQR a8 YRS MBleBire defects or the like

on a surface of the split bond substrate 200 due to the embrittlement region 112, such
defects may preferably be removed before the reprocessing process. Accordingly, the
reprocessing process can be carried out more successfully. As methods of the removal,
an etching treatment and a polishing treatment such as CMP are possible.
20 [0030]
When the heat treatment is performed, the heat treatment allows an added
element to be separated out 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



25 110 is split along the enbrittlenment region 112. Since the insulating

| ayer 114 is bonded to the base substrate 100, the single crystal

sem conductor |ayer 116 split from the bond substrate 110 remains over the
base substrate 100. [0031] After that, by subjecting the sem conductor

| ayer 116 to a surface treatnent or 30 the like, a flat sem conductor

| ayer 118 is fornmed (see FIG IF). As the surface treatnent, there are an
irradiation treatnment with |aser light, an etching treatnent, and a 7
polishing treatnment such as CWP, for exanple. [0032] Through the above

process, aﬂﬂﬁghg&aﬁ@hﬁaﬁ@“gmmmﬂmgmxhhgﬁseniconductor | ayer 118 is provided
over the base substrate 100 with the insulating |ayer 114 therebetween 5

can be obt B03dd. [ 0033] (Process of Form ng Reprocessed Bond Substrate)

Next, a process 1@fouRMebeeSHDLLsE 28 selshilseRe Alwhih i Rinfod@Ridr faydiescr i bed
with reference to FIG 2 and FIGS. 3Ato 3E. 10 [0034] As the reprocessing

process, the igpravideporner thebase sahseatpJO0 gath theinsylgingdewsy 14 thgrebeiveet heat

t r eat negt @@%e%b§§£&nd heat treatment. [0035] The first heat treatnent can
be perforned in an argon atnosphere. The 15 follow ng are possible
exanpl es of008#nditions for the first heat treatnent: the atnosphere during

the heat trgeatne i S._ag argon here.in which the proportion of argon
in the int@%ﬁﬁgﬁg%aggn se%fg§$g§£¥ﬁ§ﬁm§?%équal to 90 vol. % and | ess than or
equal to 100 volexfta frdesd efpproadssing tef spliBondeabstiatec0 R désctibedgw@at er t han
or equal to_1150 93 n an or equal to 1300 C, and the tine for the
heat treat FRESEICP © E%gﬁghﬁ%%aigg}mgqual 20 to 30 minutes and | ess than or
equal {® 9f@347 nutes, or alternatively, greater than or equal to 30

m nutes and |l ess than or equal to 240 mi nutes. Alternatively, égﬁlfirSt

heat treat ment Avdfe FRracsssiedErcsts hesplt bopd sehyente 2POeIfeRicE
at mospher efQf hedt eathéth 8nd PfeciH08AARE argon. Wien the atnosphere of a

m xt ure of hgdrogen and argon is
[0035]
The first heat treatment can be performed in an argon atmosphere. The
15 following are possible examples of conditions for the first heat treatment: the
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. Altematively, 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



enpl oyed, the proportion of hydrogen in the introduced gas may preferably
be 4 vol.% 25 for exanple. [0036] By subjecting the split bond substrate
200 to the heat treatnment (first heat treatnment) in an argon atnosphere,
oxygen separated out in the bond substrate 200 is nelted and out-diffusion
of the oxygen is pronoted, so that the oxygen in the bond 30 substrate 200
is reduced. Thus, a zero defect |ayer (a Denuded Zone (DZ) |ayer) can be
formed. This makes it possible to suppress generation of an

oxi dation-induced 8 stacking fault (OSF) even when the bond substrate 200

i s used repgAiRALML (ISP ePEPGRSSthe BbndTRUBLEAE OU is RGede@piatddlysabsirbake. [ 0037]
The second heat treatnent can be perfornmed in an atnosphere of a m xture of

5 oxygen atfdn#fachigesan YREsubgraGw ng are possi bl e exanpl es of conditions
for the sgpend heat treatment: the atnosphere during the heat treatment is
a m xture atnosphere in which the proportion of oxygen in the introduced
gas is 1 to 25 VdE segopepeat Eeaipeyt can be perfermed i an gimosphere ¢ofr miggepht ure of

the hea t&g%&ﬁ*%ﬂ& ﬂlﬁggﬁ.eaﬁﬁr foglhaﬂlgogreﬁ%ﬁmet&a&g}gg of CofdlflodseRS tﬁ%:an or

equal to 13 C, and the tine for Che heat treatnent is greater than 10 or
equal to 3@ceidheaidseatimrat: lesatmodphere dnriegythe heat bementis nuixdere atmppsplieres case, an
oxide film e fornmed a surface of the bo sybst.rate 20 Not e t hat
an i nor cash VRO HE prapRs ttafediin B fultyed SR Tl SoTeR et Bunas 1

hanmper renpy@hadf valXyPeR tifpdrditre o aRtesitRaintent B gRARr An eXefian@a15®r a rise
inthe growth rate of the oxide filmformed on ‘the surface. Further, the
oxi de fi | mand leschange eapal fo ¥R &% ardsthe imefoubgheanfreamenitis gisptgr thihe second
heat tfgat . i f al.xt.u oxygen,
it og SrguplBRodfnBEl LRl RRftuilloPlndl ELARNARGCS IAnTke hfofit 002
possi bl e eflanpinds forined ondistifasa of fhgbondsubsmato 2. hdwte thateatimpeease inthe hi s case:

e R
oxygen andbandisnlogyete 200 it exaharigh éor apise pothe igoowth ratédf the exide film fodmeddn % t he
T AU Sl R SRR AR g s gV 1O 1150 © and
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 chiorine). The following
are possible examples of conditions for the second heat treatment in this case: the
atmosphere during the heat treatment is an atmosphere in which hydrogen chloride
20  (HC}) is introduced into an atmosphere of a mixture of oxygen and nitrogen so that the
proportion of 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



treatnment is greater than or equal to 30 minutes and |l ess than or equal to
240 mnutes. In this case, an oxide filmincluding chlorine atons can be
formed on a surface of the 25 bond substrate 200. [0039] By subjecting the
bond substrate 200 to the heat treatnent (second heat treatnent) in an

at nosphere of a m xture of oxygen and nitrogen, out-diffusion of oxygen in
the bond substrate 200 is pronoted, so that the oxygen in the bond
substrate 30 200 can be reduced. Further, the oxide filmforned on the
surface of the bond substrate 200 through the second heat treatnent

functions gemedit g1d. NHetdl efl&nefn%rsuémtbrobﬁéf 1ro% 81 QERNOP e Glicid8Bh@bofgl enent s
such as copper, iron, or nickel, or netal silicides thereof) included in

the bond siskiledinethedund Hsiraecion, Thuclsee Sirdscrens heet atmeni PPIBIHt es

out - di 1 ush @0 fBli YOG ebdi 11 RARCHBRIIR! £a200 Sl anC Afiniiggluce the
inmpurity elenments included in the bond substrate 200. 5 [0040 urther,

duri ng t heelsmemnihchded intthechondeybistraty 266 at nosphere of a mixture of oxygen
and n|t§ @a oy setting the oxygen concentration to [ess than 5 vol.%in
the in ce]d gas, the out diffusion can be pronoted. [0041] 10

Furt her nor e, V\hMﬂ‘, dvrsng] dabisn@nﬂa’ydrtrémmdn @n apthespbere fod @eemodure € bond

substrate 200 thr heat treat i S I’I n atoms,
Theef fect et prd ifkgsim By SEEGE Beciianet - SREARLL HEEo BRE o Pt e "oxi de
filmcan bﬁm@moaﬂg@dthe[oﬁﬂﬂ&bsuﬁr@ﬁaégbimmedas t he reprocessing pr ocess in
this enmbodi nent, the first and second 15 heat treatnents are conbi ned as
shown in FI%41lh  The effects achieved when the first and second heat

treatnpgts are REhGHIRS wien CANMRMNAAORya | grﬂe@%ﬁlth@qmb@:leqw th[a%ﬂ@] When
the heat treatnment (first heat treat ment ) (Perforrred in an ar

at nospher esuisirae g4 droughsts Fqcp%hqaéﬂaamle%tlﬁp cg[cBleBRt atomgcthe 35@% Spper,

iron, or nf&hgﬁpur@ﬁelbﬁ%tyﬁﬁﬂ ad Real P R1RPRANSHOS fi] &nB0Bb@edM t h et al
inmpurities 130 adhering to the surtface of the bond substrate 200 (see FIG

3A), the hER#2kreat nent cause these netal inpurities
Preferably, as the reprocessing process in this embodiment, the first and second

15  heat treatments are combined as shown in FIG. 2. The effects achieved when the first
and second heat treatments are performed in combination are described below.
[0043]
When the heat treatment (first heat treatment) is performed in an argon
atmosphere with metal impurities (e.g., metal elements such as copper, iron, or nickel)
20  included in the bond substrate 200 or with metal impurities 130 adhering to the surface
of the bond substrate 200 (see FIG. 3A), the heat treatment cause these metal impurities
130 to diffuse throughout the bond substrate 200 (see FIG. 3B). These metal
impurities 130 are separated out in the vicinity of the surface of the bond substrate 200
when the bond substrate 200 is cooled. Further, silicides 132 of these metals are
25 formed on the surface of the bond substrate 200 when silicon is used for the bond
substrate 200, which is problematic (see FIG. 3C).
[0044]
Even in such a case, performing the first and second heat 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 (see FIG. 3D). The oxide film 134 is then
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130 to diffuse throughout the bond substrate 200 (see FIG 3B). These netal
inpurities 130 are separated out in the vicinity of the surface of the bond
substrate 200 when the bond substrate 200 is cool ed. Further, suicides 132
of these netals are 25 fornmed 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, performng the first and second heat

treatments in conbination enables the gettering of inpurity el ements such
as netal inpurities, which 30 are fornmed on the surface of the bond

substrate Z@fdvand This ahGridesiedibbod Rbsttad BeTuh bafRmeGsb WG #®. first heat
treatnent, in an oxi de film 134 formed on the surface of the bond

substrate B86Iduring the second treatment (see FIG 3D). The oxide film 134

is then 10 remyfdimadinSugtFrIGEPE R SIS AfhsRROhe THRSIHAL B 138e &R 10£ f Or med
(see FIG 3E). [0045] Note that althou GS. BAto 3E illustrate the

h FI GS.
case wher efored e ihgsutace wi thghond sbsate 6&) isemeNgdf the exide fitkmd3pwaribaubst r at e
200 is ke : i i he insul ating | ayer
114 forgtgg%gg?lg&{ﬂ%uftaﬁ%éj%}é%eﬁﬁ%?ﬁ@%t%%?éfg%%g tg'ql'ﬂ(?Js t he conbi nati gn of

the first Hd6lsecond heat treatnents enables the second heat treatnent to

suppress the pr ol emycaused i LIS HE5 o Sk AL HBhendl Bipikagpi nat i on

of the first and s€con eatnments I's ctive par arly when the
10 split bemondhiastrearhent 20 Sippsssihb padioadciusedabypibt fisth hery teateebtre e because,

L bRy T RO Dbl oS B TR e o2
Furtheno i $plit somy sbaraedod ié hejectelieo s polishthghmatment atuve/ih thiecpertheos med af t er
ngau; g, f :M%Z% h&i‘g}g%t@h}?‘% H"é?‘gﬁl?’r%m‘?{ftp (elegte?\éﬁgg“ﬁlé%g q’%@m&%% erggtlostﬁlf ?ms phere
of a m xt usgfaed oKy BRI sabkafdiZppogen is perfornmed in the presence of mnute
defects due to oxygen in the bond substrate 200, an OSF the core of which
is the ninl87]
Further, it is preferable that the second heat treatment be performed after the
15  first heat treatment when they are combined.
[0048]
This is because, when the heat treatment (second heat treatment) in an
atmosphere of a mixture of oxygen and nitrogen is performed in the presence of minute
defects due to oxygen in the bond substrate 200, an OSF the core of which is the minute
20  defect is possibly generated in the bond substrate 200,
[0049]
By performing the heat treatment (first heat freatment) 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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20 defect is possibly generated in the bond substrate 200. [0049] By
performng the heat treatnent (first heat treatnent) in an argon atnosphere
before the heat treatnment (second heat treatnent) is performed in an

at nosphere of a mxture of oxygen and nitrogen, the second heat treatnent
can be perfornmed in a state 25 where mnute defects included in the bond
substrate 200 are reduced. Thus, the second heat treatnent can suppress
the generation of an OSF in the bond substrate 200. [0050] In this manner,
perform ng the second heat treatnent after the first heat treatnent can

suppress the gengfidd @mpfedaritiOofied Mpuhy ddaRshisSib s by PRlidaARg theduce 30
inpurity elenents included in _the bond substrate 200, as wel] as

ef f ect i vel irfgeoabthe bopsd pubgirate 4Q) after dhe el Heaimpnt 1 38 apoR Aaesphers.dhe 200.

[0051] 11 Fuifitsi6dirateCRIRE 6reWidldd MARRr MIRYAF bE & WRERRAL 8f ML GedpMPYLd by
polishing the surface of the bond substrate 200 after the heat treatnent

in an ar gotheampyy plewents,tiuch 459 framed, pis the gurdacp 0Hthe andaibpteats 200esgd an | ar ger

nunber of fi - ' bR , Whi ch
are for%ed{hgﬁﬁtfﬂﬁﬁ%csfg# %é—%g%(? t g&tb%lﬁtr e@%ﬁ%ﬁ?&’gﬁ%o anc#?sﬁg%gt %’Iaﬁi cinity
of this sufréawentdfien thgfitshlecaf freatmertte alfurtherwatrendint manacpuing pravessgant be second

heat t . i 3 = h
manut act ur Pt} Ble SR bhlad ok, AERICRIbed BUdGHAD S obBnd o)
whi ch i s f aibstede 200 duning Sher feamrel leht trdabndntrad thesinbddtmg tlayef 0B uthebgnd he second

heat treat t, as.the insulating |ayer 114 for the bond to the base
substrate %Edg‘?baff)s bﬁ'ﬁ‘%ﬂ&is descri bed above, the first and second heat

t reat memt s[obs2] the split bond substrate 200 enables the formation of a
reprocessed bond substrate in whi.ch oxygen., defects or_inpurity elenents
are reduced. [0(5"5‘“‘3‘»‘]5]esc bfglﬁgf"ée’tth%f“éla’i‘ S%Qf’ldﬁfatltéeﬁé’i‘e“?%@rft er%‘lhté’ﬂﬁ‘s second
heat treat smeide a0 NSk MdBematibn it SpROGIed FRidtsubdthe: RIVBESENbxyigavention is
not limted thereto. A polishing treatnent nay be perforned after the

second heafefeAEiIMBEPHLY SlemsBls RBdEIUCREE first and second heat
[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  treatment.

[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 IE. This can reduce manufacturing costs of an SOI substrate. Refer to
the above Process of Manufacturing SOI Substrate for details.
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treatnments. Further, when the nunber of the mnute 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 treatnent nay be omtted
to performthe second heat treatnent al one. Furthernore, when the anount
of the metal elenments adhering to the bond substrate 200 is small, the
second heat treatnent nay be omtted to performthe first heat treatnent

al one. Wien only the first heat treatnent is perforned, the surface of the
bond substrate 200 is preferably subjected to the polishing treatnent
after the fgosst heat 25 treatnment. [0054] (Usage of Reprocessed Bond
Substrate) The reprocessed bond substrate 136 forned as above can be used

in the same wayNeig ther thel reeergsssd beandasebstrate 013y 1pbtaingd r bpg | they abgry

substrate &gﬂ)cps,@in e CE M8 0resiS RntWh tak%rU&:@s of m%ﬂﬁagtﬁﬂfg%eﬁleglbmg .
substrate 136 as e bond substrate 110 1llustrated in FIGS. TAto |IF. This

can r educeplmhtifnae bepansgghezese defodt layer HF layat) ds foamed eRafiep certpin d¢pth above
Process. of , Man cturid ng.SA Substrate f . t hat the
SS Seg:.% L c?a gr&g Sﬁio%ng fhee Ce. tﬁlereﬁ)ae, gt){}e ? & %szn\ge&r%césg 9§ Elcfel}?ntl

[
reproce 0 obtarne e a Feprocessi mg process
can be respafommed dftershepnamértirnf preatsfcdah SOI sahsaite BQepatddsi timésan: pl ur al

ti mes because fhe zero defect |layer, (DZ layer) is fornmed even to,a certain
depth 5 (efwdf“,af fﬁ’ﬁg?ﬁgrﬁtgn&f’ﬂeorsﬁ{v‘ﬂwla{f’e.%‘ Tﬁ%‘?se%%’r feduge, e, WmBSE LM% process
i sbpr ef er af&pwce@ﬁgfﬁg&eg vatfidte lead @ SBEUHCAGT liﬂ A nbf@dt@ﬁtgssosaf Ofafﬁl SO |
substrate is repeated n tinmes (n:. a  natural nunber greater n or equa

to 2). Thi $bgic ag &e@rfsw@nrﬁfn%éﬁm&\ﬂ%{@-g-» ﬁéﬂﬁ#@ge%fs?%ﬂédée&ggf%owﬂi ch | eads
to a reguckiveiatt fud B RGEHIRiGGycost s of an SO substrate and suppression
of deterioration (e.g., cracking or chipping) of the bond 10 substrate due

to the thelM8fl history. [0056] Further, the second heat treatnent in the

above reprocesSimghll LISohd heRe bR id Qh@'&b&%”}%?%@srsﬁgcﬁ%e%é n§ ng
oxygen, resulting in the formation of the oxide film 134 on the surface of

t he reproceefededime dupsphergtcenadale eyeeessrliibein @b dueatigoitheptfore, the
oxide Til Ml 343iRY B¢ sHERY Rnd MPrdcBSHY BbA uks@HE 138,148 deRbridefGpbRNd tO the

15  Therefore, the oxide film 134 may be used as the insulating layer 114 for the bond to the
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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base substrate 100. In this case, the step of form ng the insulating |ayer
114 can be omtted, |eading to suppression of the manufacturing costs. It
is needless to say that the above oxide filmmay be renoved. [0057] 20
The structure described in this enbodi mrent can be used in appropriate
conbination with the structures described in other enbodi nents. [0058]
(Enbodinent 2) In this enbodi nent, another exanple of the nethod of

manuf acturing an SO 25 substrates is described. [0059] Although the
process of reprocessing the split bond substrate is detailed in the above

embodi ment an GPF YABEHNBARE afdibe hiRbe TRMheDBf RPERGIEdf 1@ bbid Subk®fs Ocessi ng
process. In this case, renoval of contam nants in the bond substrate and a

reducti on Faf tpoingrepsee campared pik @ homd subsyate thas is peigubisctad futhe PEICesSnpr ovenent

of the pr ON@{etﬂlﬁﬁli@[gm ss dRE H&ﬁ@ltafért@%e%roc%mtﬁe%oﬁd sitdfrhiB 8hd theleRe€ t he
oxygen in the bond substrate is reduced and the DZ |ayer can be forned

even to a ecarbcaimplyeqlch “lht trdaembnd het thauldkstingiead of {pepratdssiog pro¢@san OSF can be
i nhi bitged, [ZI t he nunber of times of repeated use of the bond substrate
can be |ncLea ed conpared with a bond substrate that is not subjected to
t he process. N&tieetthatethild sf fiedeesgecainas another @heta thoset dfePmeps o€ess of

t he bond spubstrate and t efore can.be,sinply called "heat treatnment"” or
Lhe I+ ke | hotube Terotrsh] GradeSippR0maLe BV ERorPmhof i dBtarl's o
the heat tRaspoRMingakerriphiénss aPwxitRg & HosSte fanbiacoRsHE aafSOIFubsargwigepr ocessed
Bond Substrate ip the above enbodi t, refer to the or.r espondi.ng

oscri pt 1 ofte usepf o Bond g8 Tomet R Moristt rmet. st She GLTORIa dhoi th ¢ he
use of 14 heposd osMamifidithfSOIBREsthye. t he heat treatnent, refer to the
descriptions in 10 Process of Manufacturing SO Substrate. [0061] Note

that the bB@lsubstrate provided by the above heat treatnent can be

'rl'ﬁSi S]E ant t 'Ot theydi ae st Bénd RIBEAS Vi BN the@bovdl BSd: tRh@ndRl UiRbe t i MES.
ererore, | IS
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 » times (#: a natural number greater than or equal to 2).
Refer to Process of Forming Reprocessed Bond Substrate for the details of the
reprocessing process. Also in this case, a reduction in manufacturing costs of an SOI
substrate and suppression of deterioration (e.g., cracking or chipping) of the bond
substrate which results from the thermal history can be realized.
20 [0062]

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

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

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

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

suppress adverse effects on the semiconductor properties.

14



preferable to performthe reprocessing process after the process of

manuf acturing an 15 SO substrate is repeated n tines (n: a natural nunber
greater than or equal to 2). Refer to Process of Form ng Reprocessed Bond
Substrate for the details of the reprocessing process. Also in this case,
a reduction in manufacturing costs of an SO substrate and suppression of
deterioration (e.g., cracking or chipping) of the bond substrate which
results fromthe thermal history can be realized. 20 [0062] Further,
because the second heat treatnent is perfornmed in an atnosphere containing
oxygen, thpoexide filmformed through the treatnent nmay be used as the
insul ating layer for the bond to the base substrate. In this case, the step

of forming the Tbgstiugirhgescabed in fhis pambaditngns gcan| ks iy it GPRRB&GYppr essi on

of the manyfathdtohHGhGRSEScured AesclibddSin BRALERRhtsay that the above oxide
filmmay be renmoved. [0063] Note that the above oxide filmmy include a

hal ogen el B8Rt such as chlorine or fluorine. For exanple, in order that
the aboye gxjQiddot 8 i nclude chlorine, the second heat treatment is

per f or med ?%hanlaghglphere containing chlorine in addition to 30 oxygen and
ni trogen. {WaddesgpfiNeuiaciugieg SOL fwhstrattde a hal ogen el enent in this manner

provi des the effe of. fixing I npurj el.e ts such.as h netal in the
oxide Ti1mto Jopgratoeaianrly phi¥ segRt e e SuRt ol S Eier ¢ os. 14
[ 0064] Thearstdestgibet! withlegaendaad diawiighl SNewhiad paesthateandilferetsRehn ithbse
appropriate, conbinatign with the structures described in other

ehbod! ment & tF Bbae e diieRis e S5eBILE L rerimbRT dh TR ad

Subst r a4 €) ad thodeHp BdibBEent3, and0aPbakc®@f t he met hod of manufacturing an SO
substrate _are described with reference to drawi ngs. Note that parts that

are differBlf% romthose of the above Enbodinents 1 and 2 are detail ed
whil e the ggéggbg%ions of the sane parts 10 as those of Enbodinent 1 and 2

are omtted. [0066]
To begin with, a manufacturing method according to First Mode is described

with reference to FIGS. 4A to 4E.
15 [0067]
First, the base substrate 100 is prepared (see FIG. 4A). As the base substrate
100, a light-transmitting glass substrate used for a liquid crystal display device or the
like is available. As the glass substrate, a substrate having a strain point of 580 °C or
more (preferably, 600 °C or more) may preferably be used. Further, the glass substrate
20  is preferably a non-alkali glass substrate. The non-alkali glass substrate is formed
using a glass material such as aluminosilicate glass, aluminoborosilicate glass, or .
barium borosilicate glass, for instance.
[0068]
Note that as the base substrate 100, it is possible to use an insulating subsirate
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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(First Mode) To begin wth, a manufacturing nethod according to First Mde
is described wth reference to FIGS. 4A to 4E. 15 [0067] First, the base
substrate 100 is prepared (see FIG 4A). As the base substrate 100, a
light-transmitting glass substrate used for a liquid crystal display device
or the like is available. As the glass substrate, a substrate having a
strain point of 580 C or nore (preferably, 600 C or nore) may preferably
be used. Further, the glass substrate 20 is preferably a non-al kali gl ass
substrate. The non-al kali gl ass substrate is forned using a glass materi al
such as al ggggnosilicate gl ass, alum noborosilicate glass, or barium
bor03|I|cate | ass, for instance. [0068] Note that as the base substrate
100, it |s @%S|ble to use an insulating substrate 25 such as a ceramc

substrate, a qu@(lﬁ%u@i’hﬁer ﬁztﬁ'o hﬁﬁtaémﬁéﬁ)ﬁlﬁe Life %PQ]%I B@Hdesubéuééltﬁé rgte forned
of a sem conductor such as silicon, a substrate formed of a conduct or such

as netal eemplairemisendictssubsgatetthes i Sliaches 20Qanm) asdmmtegllaggch@u bstrate.
0069 X I t he
[ ] _fext 303:“{}%’%9%%5%9 %%?é ﬁ&ﬁesj(%b tnfh) H{cﬁ&ﬁét&%aﬁ %@ﬁTeE GAltétﬁatg?De gta“s

bond 30 sub exanpl e, a’'single crystal sem con

substrate foumlrmmafndact@sabqﬁatelm@mdmw a sagtahgelst shipei roayrhe wged mani um  si | i con
gernaniun](ﬁg]silicon carbide can be 15 used. [0070] Although there is
no Iinitat[ n"on the size of the bond substrate 110, for exanple, a

sem conduct or st rbd msulhtatg Jager8 1i ng fremed 20 Gharbgndi substiatentiides¢e AIZ. i nches 5
(300 mm n?g aneter or 18 inches (450 nun) in diameter can be used.
Alternatlvé round sem conduct or substrate processed into a
rectang@laﬁmsﬂape may be used. [0071] hbxt t he insulating Iayer 114 is

formed on the b%sd th%uggﬁlgtg}gela%%rolff eﬁear insfance, 4B_sﬁ?con ox1c{e P Im,” a silicon
oxynitride film, a silicon nitride film, a silicon nitride oxide film, or the like can be used.
These films can be formed by a thermal oxidation method, a CVD method, a sputtering
method, or the like. When a CVD method is employed to form the insulating layer
15 114, use of a silicon oxide film formed using organosilane, such as tetraethoxysilane
{(abbreviation: TEOS) (chemical formula: Si(OC:Hs)s), 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 {reatment in an oxidizing atmosphere to which chiorine (Cl) is added, thereby
forming the insulating layer 114 oxidized with HCl. Accordingly, the insulating layer
25 114 includes 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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As the insulating layer 114, for instance, a silicon oxide film a silicon
oxynitride film a silicon nitride film a silicon nitride oxide film or
the like can be used. These filns can be forned by a thernal oxidation

met hod, a CVD nethod, a sputtering nethod, or the |like. Wen a CVD net hod
is enployed to formthe insulating |ayer 15 114, use of a silicon oxide
filmformed using organosil ane, such as tetraethoxysilane (abbreviation:
TEOCS) (chemical fornula: Si (OC2H5)4), as the insulating layer 114 is
preferable in terns of productivity. [0073] In this enbodi nent, by

subj ect i ngehi@ubAGH ¢ %l@&tllﬁr(ée]ﬁ{@ kB33 tmfenﬁiemﬁw@atfdrommgﬁ hhgat ment, the

insulating |ayer 114 (here, a silicon oxide film formed. The therwm
oxi dat i on beapntipabyting donsr aqeglertindy by et Glasiis ifﬁldaFF éﬁli‘ﬁfeiil ty fahoipher e t o
whi ch - hal gaeubioRddadh 1120k o%AHR! Rph! Rin BN SUWITH BIf hblals118ub] ect ed
to the thermal oxidation treatnent In an oxidi zing atnosphere to which
chlorine (Grgeldraingddergy of the iasbypamfop thei ingdenbearighstberaed segtrolaherdenthat oxi di zed
with H | .ati l.ayer u . i ne
atoms, 1 00d Tt 2ehuchOf itH Ao ROiRIT Ser ks T AN

si ngl e- | aymgiostiidas fmmed in (1 Imgg)n a radegibntba tsamé or srbytafiializ the stmmecds the r uct ur e.
Further, when the | I 11 n api | Vld d, for
exanpl e, V\?lveragfei?g?eetralﬁgn zr%loptﬂg)rfttﬁ%u ar 1’f)[?ro’b hgr#%ht% etﬁgh % %n A gt ructure
in which thgmmnsuhﬁﬁmmgihaye%nmﬁﬂmnbnnomﬂmnnmndﬁdmaayfmebemphmwmﬂe [ 0075]
Next, the nd substrate 110 is irradiated with ions, thereby formng the
16 enbrittfenent region 112 (see FIG 4B-3). Mre specifically, for
exanpl @ aoren bean1inc|uding ions accelerated by an electric field is

delivered to form rittle t region 112 at a certain depth froma

surface of the B s‘{!’b T Wkﬁg‘e&eﬁ@&?gﬁl'@eﬁ%‘i‘]ﬁ ﬁgf“é?ﬁ‘g}ewnbfeg’(oﬁeﬁgdﬁ beam or
t he inci dememr&ﬂeba{eeﬁtmﬁ@ﬁmﬁé @ﬁ&gdﬂtﬁml&yeakfhﬁhww@b spli@roftelé i t t | enent
region 112 is formed. In her words, the enbrittlenent  region 112 is

formed in BorcHPEHGi 1 Jéﬁtdﬁpt%lr?é ot e St fegionyl12Hg T 1as the
aver age pﬁg@h&%&@& AERALD 50 hldA8 145 i of B 011110, HERLALIG erdbly ffin b e

enbrittle region 112 1s forned preferably uniformin the entire
sur f acés of equlabtotﬁ@nml andd st theneor equal fo 300 mn from the surface of the bond substrate

110.

[0077]

In the addition of ions to the bond substrate 110, an ion implantation apparatus
or an ion doping apparatus can be used. With an ion implantation apparatus, a source
20  gas is excited to generate ion species, the generated ion species are mass-separated, and
the object to be processed is irradiated with the ion species having a certain mass.
With an ion doping apparatus, a process gas is excited to produce ion species, and the
object to be processed is irradiated with the generated ion species that are not
mass-separated. Note that in an ion doping apparatus provided with a mass separator,
25 ion irradiation involving mass separation can also be performed as in the ion
implantation apparatus.
[0078]
When an ion doping apparatus is used, a process of forming the embrittlement
region 112 can be performed, for example, under the following conditions:
30 - Accelerating voltage: greater than or equal to 10 kV and less than or equal to 100 kV
(preferably, greater than or equal to 30 kV and less than or equal to 80 kV)
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110. 10 [0076] Further, the depth at which the above-descri bed
enbrittlenment region 112 is forned determ nes the thickness of the

sem conductor |ayer which is to be split fromthe bond substrate 110. The
depth at which the enbrittlenment region 112 is fornmed is greater than or
equal to 50 rimand less than or equal to 1 m preferably greater than or
15 equal to 50 nmand less than or equal to 300 rim fromthe surface of

t he 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 usedpodlV 5Baihdn? b LAk 351RR SRPREAhdSor ouad R £ €090 9aS 1S
excited to generate ion species, the generated |on species are

nass- separ aBeun camat témitphgreattr than dreeqoaloo Sspaidm’ priferablyi gteatdr thiat br t he i on
speci es havin certain mass. .. Wth an ion dqpi ratus, a process gas
'S exci t ed P BPIHIEE P BpEEPls Brealra et st L HEBIEL o ocessed i s

i rradi at edjoa7¢]h the generated ion species that are not mass-separated.
Note that 1 n an _ion doping apparatus prqovided with a nmass separator, 25 ion

i rradiation i nvolbimg iRREPIRE FRRREIYSIHUEEN? BISOP BRI IEBAR AR YA t he i on
| npl ant at | guRPRAKANS. BOUGRL IR oA AN ARRIAIHAPRA! Bhd!f! Satifed, @

process of formng the erbrittlenent redgion 112 can be perforned, for

exanpl e, ugeheratadhae idrospeeiod. nFViesoradintdrapes 2286 usetlcas dhesoatderggs, Vied nwgfer  gr eat er
than or equal, +t.0 10 kV .and l.ess than or egual t.o 100 kV referably,
oreater cnarois BB Rl Wl PR R e SR Do

great er t hahiobeffUd proporlonofT1 @hne BPthatal beHS Hhand B ieaki8 bref@atdy X
1016/ cnmez  Beam current density: greater than or equal to 2 Alcn?
(pr ef ef@bl YO Yopranarer Morgprederably digpropastion il ifps isgd e opmefeer dB¢ $hus gr eat er

th .10 2 9]. 5 i | nar.at i d,
an or equ@}eageomhglglr @/0 c%%gn [09% ]10115 eﬁ%geg tﬁg Hggf&fg%ggg%gn BRMiglde 'S use

a gas contal ni ng gen can b€ used as t . By using a gas
cont ai ni ngemydtrlagen regidn, 11225 be Ard 0¥3tonesam’ e moge ndhatfadliags kit asteci es.
Vhen a hyd(renqgriet’ﬂengmgnst riﬁ:gsiorliJ s1162d %%rt%gnenofe? lillﬁeciexra iaafibn tvsgt% an llj'clrrg)eerrlumber of Hy"

ions, the embrittlement region 112 can be formed in a shorter period of time as

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

[0080]
When an ion implantation apparatus is used, preferably, the irradiation with Hy"

20  ioms 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
imvolves 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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of H3' ions wth which the irradiation is perforned is preferably |arge.
Specifically, in an ion beam the proportion of H3 ions in the total of
it, H', and H3' ions is preferably 10 70 % or nore. Mre preferably, the
proportion of 113" ions is 80 % or nore. The thus increase in the
proportion of H3' ions enables the hydrogen concentration in the
enbrittlenent region 112 to be 1 x 1020 atons/cnB or nore. This facilitates
split at the enbrittlenent region 112. Furthernore, the irradiation with a
| arge number of H3' ions, the enbrittlenent region 112 can be forned in a
shorter pﬁgmgg of time as 15 conpared with the case of irradiation with H

i ons and ions. Moreover, the use of H3'" ions can reduce the average
penetration deptrther, thesabrifiament regien HAisan be foamed through dhedpn Tediaian be
formed at avﬁ@@hﬂtapiu;aqgieap th OR8Qse, Véh(ﬁﬁ‘el%ﬂt goel%e gga%ayntg@agearfn AR US s
used, preferably, the irradiation wi th ions 1s perforned by nass
separ at i onirraiatipe; on dischems souree gasymayhie u&eﬂr aﬁﬁr&tiﬁlmieg\mfﬁehloﬂtm@hatloms i ons may
e Der 101 MEdronbod Gsihl Blrad  AE G hNBuS Sullrydlbe hANirhIRLAN LA 0P RRRE 21 US

i nvol ves ectron o |on pecies to“pérformirrad ation n 1rradiation
effici encyu&mgm @as bmtaisog ém@egbncurmmuw ga@ tzhleo,cias araditioe igperfapmediopi ng
appar at us the source gas,for the ion irradiation
step, as hfs a hLl%gen %aﬁtoélanﬁoéen COIB?O e |atnld |ﬂ§en|olt(3n Si abdlwmo?o use one or
nore Ki ndSp@fongecSmn@egascbmdningchydmgenar e gas of helium argon, or the

li ke, a hah@gﬁn gas typified by a fluorine gas or a chlorine gas, and a
hal ogen co nd gas such as a fluorine conpound gas (e.g., BF3). \Wen
helium@s used Nieﬁf thd16asé Qubiseete J@8 andithei oA betatutbavi Bg nlddgBedFIopor ti on of

He' ions c b 0 hout epa i.on. of _ such an ion
beam can r%& %B ‘f%ih% tgﬁ?’asef b(g)a ﬁ’ﬁg’o ?l?SFrf‘tFﬁj'ﬁr"f‘fe paed o 112, 18
[ 0082] Fur éderrothek h@thetﬁmﬂsﬁltaim dr 1r1agh&ébeme%ncanﬂaethé QfitiRd of lcongh t he ion
irradiation_ divided into plural steps. In_ this_ case, a different source

gas may beSUpsEHe ilPU dnéth oonset Wil thai s¥Fpcsnof e yatiag Javes difc DA Sray be

used. For gxadRiiSealialdBE bblﬁlrbe't\ﬁé'eﬁ%@lgds@ @uﬂsﬁaté 1@@ Eﬁcpﬂh@'%gndjﬁfb%t@-l foar € gas as
a source gas, further ion irradiation can be performed using a gas

cont ai B ngNApdka gethe arechanissypicthe bend, a megltﬁplsmﬁlaieﬁrt%ma@qr S¥ralssfoper 4 or med

mechanism related to hydrogen bonding, or the like is considered.
[0084]

Note that before the bond between the bond substrate 110 and the base
substrate 100, at least one of the base substrate 100 and the insulating layer 114 formed
20  on the bond substrate 110 is preferably subjected to a plasma treatment. The plasma
treatment for at least one of the insulating layer 114 and the base substrate 100
contributes to an increase in hydrophilic groups or an improvement of planarity.
Accordingly, the bond strength between the bond substrate 110 and the base substrate
100 can be enhanced.
25  [0085]
Here, when capacitively coupled plasma is used, the plasma treatment is
performed using plasma generated by introducing an inert gas (such as an Ar gas) into a
chamber in a vacuum state and applying a high-frequency voltage between an electrode
provided with the substrate to be processed (e.g., the base substrate 100 or the bond
30  substrate 110) and the counter electrode. Since electrons and Ar cations are present in
the plasma and a self bias is generated on the surface of the substrate to be processed,

the Ar cations are accelerated to the substrate to be processed side. By collision of the
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first using a hal ogen gas or a hal ogen conpound gas, and then ion
irradiation can be perfornmed using a gas containing hydrogen. [0083] 10
Next, the base substrate 100 and the bond substrate 110 are bonded (see
FIG 4C). Specifically, the base substrate 100 and the bond substrate 110
are bonded to each other with the insulating |ayer 114 therebetween. After
the surface of the base substrate 100 is in contact with the surface of
the insulating |ayer 114, a pressure treatnent realizes the bond between

t he base substrate 100 and the bond substrate 110. 15 Note that as the

nmechani sm chl%ﬂ%dbﬁrb%oﬁ WiBGhafi-moe srahebR siRuXdMo6l ele Malcor dlcdase, @
mechani smrelated to hydrogen bonding, or the like is considered. [0084]

Not e t hat BdpEel9his & b spwiisaEne.t Hi thisines apsaiecion of e supface ifdhyase
substrate g0, Rrate® ARt 1s%r:|l>@fef€fnt1$lﬂ)eetpl?eﬁeb 's‘ﬁﬁtteﬁﬁ’é ethl}so %@Pﬂn&rﬁf Jengal ati ng

| ayer 114 formed 20 on the bond substrate 110 Ts prefe subjected to a
pl asma tr esurfrenof thphease [sebstrate t 108 avondat impravedit 11“11@?@31'5 bprike efceleratedi Asul at i ng

layer 144 apd,! 'ﬂﬁp%&%%?s&ﬂﬁ% fofli€ sublfdnoe ggﬂfﬂ{e dayéﬁ%s&a% AR dafl ¢ R ed !

hydr ophi i c groéu or an i I"ana t he bond
strength baﬂw@emaﬁhﬂmmumﬂcaubsBMBmed1l@mamuntheﬂha$ﬁnmumﬁtmaneml&@0 can be

enhanced. 2 rfoLmO&3 5J1n HIF)e)lasn?a gene%teﬁ%?ralﬁtlrcg ucmgrB reacltllee 5&(\3 l,as |5 used the

pl asma t r B e usrng gener gby Mt&ddL u0|ng an
inert gas Ns lgedj aaswah af\an gas) ghaninto a chaxlnaﬂbmra wmcumnvmwﬁdsipplymgamd

applying a,.hjgh-frequ e between an el ectrode vided with the
ahbstr ave nghpsneneeiahey (BhgtHR REtiSEn ElnGibil i aoBr hethuh 30
substrag e ddks anstdtttching i eic sexlfaesetofﬂﬂebaseSumateelloe@ﬁmgaﬁrﬁzttm. Ar cations

are presenépiq the plasnma and a self bias is generated on the surface of
the substr&P8k o be processed, the Ar cations are accelerated to the

substrate to be [pi0¢6EEREMSI(IBe pRYME GbhtinshiOB pafforhle usﬁig aR@ph ehabed Ar
cations with the surface of the base substrate 100 surface of the base

substrat e ADMIpcivelygouptedplasion () imgghodas Spesilically, he traaﬁﬁﬁlaj‘@ét IR of t he
surface of pihhes mgaﬁ@pe?%&m&d%r é&ﬁnioﬁs %&E%equ%%yls%@hﬁ@bobwstﬁytterl ng;

t hus, the planarlty surface of base ‘substrate 100 can be
i npr ovéﬁj mgysureds 0.18¢ S{OH’@, the a3 @(p\mrzgﬁls,&rto 2000 sccm, and the RF bias voltage is

75 to 300W. The following are more specific conditions: the ICP power is 500 W
(0.11 W/cmz), the pressure is 1.35 Pa, the gas flow rate is 100 sccm, 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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5 cations, inpurities such as organi c substances on the base substrate 100
can be renoved and the base substrate can be activated. Alternatively, the
pl asma treatment can be perforned using plasm generated by introducing a
reactive gas (e.g., an 02 gas or an N2 gas) as well as an inert gas into a
chanber in a vacuum state and applying a high-frequency voltage. Wen the
reactive gas is introduced, it is possible to repair 10 defects caused by
etching of the surface of the base substrate 100 using sputtering. [0086]
In this enbodi ment, the plasnma treatnment is perforned using an argon gas by

an inductively MD'ﬂ%&héﬁma{ell%’)ls ek sl the SRRbAdR R Idger | I¥EankinBAL MENt
with argon plasm performed under conditions where the |CP power is

100 to 3oob0nwsubﬁ@‘°1§}/0p¢tet§§@mérltﬂgmentlreglen51%)(sr-'a FloD)gadhe seiv ofdhe s 5 to
2000 stem b@daféuﬁé&%teﬁ'fom ﬁréfé}hﬁ@%péﬁom@b%\?héaQQr\é\{nnEHte el {eﬁ%ﬁ%ﬂa&r@f e nore

specific conditions: power 1S € pressure is
1.35 Pa, tfe thgabeat mwnfreat ean be s@(asescon ﬂwn@ppphéenmeramraéum&/@f thedws¢ s 100 W

(061 W only LODRT) _raPidblhs whies BARCSUBSS [ALEs A 30 46hagp, substrate

100 are b to each ase substrate
100 t hat athe tdngrechde mthjreeifteaaaindnyislmefemblbjsetctd) ectatenthan bieaamaltwemﬁfbnt SO

that the bon is stre hen d.. The heat tenperature at this tine is
pref er abl y2X ?Séﬁ&f@rom}%i-toié whi CHOWﬁ‘@rfﬁi ng'as fheelsss whpirats S evitiEnd egi on 112

does not pPiheGaRShratiielgr&X@TRArCthist Afed RPBMPEMILR is o Binitb® HeRUET Ndign 400 C
preferably 25 | ess than or equal to 300 C. There is no particular

limtati onthahintiieernbadiment.she keaetreatment isperforprd 40681 °G foedthawnt , which may be
optimaldy ﬁ)@g as appropriate depending on the relationship bet ween t he
treat msnt mg and the bond strength. For instance, the heat treatnent can
be performed at The@b@eftent Ratvomt sausdsiar dhivege, in grel vplunkeeofmaigiopeids foamed s used

for the bop irradi.ation _wt.h mcro yes. or t he
like. V\henng bbtﬁemen% dgl%nro freersr‘fvvléllnn FHEBONL s(f]rerweknmtﬂlllee bh Ve heat
t r eat ment regmnbéz onzkstzt edult, thedlR8 |sutdiratden o js iphéalbﬁg‘lﬂie&mlbﬂttlbmbﬂ rddihis split

enbr 1T emit  PeGFOReL: S/ Smic ey o R Y B B SBOrE bt race
110 mays pr ehrmsbdvwr e Rt fsabsmat Dy. a Fafkdr, tiheatheinterfadd éort AP@AE ahelr €
substrate 110 and the base substrate 100 is heated by this heat treatment, a covalent
bond is formed at the interface, so that the bond strength can be further enhanced.
[0090]
There are defects caused by the split step or the ion irradiation step on a surface

20  of the semiconductor layer 116 formed as described above, and the planarity of the
surface is impaired. Therefore, a treatment for reducing the defects on the
semiconductor layer 116 or a treatment for improving the surface planarity of the
semiconductor layer 116 may preferably be performed.

[0091]

25 In this embodiment, for example, irradiating the semiconductor layer 116 with
laser light can realize the reduction in defects and the improvement of the planarity of
the semiconductor layer 116. Irradiating the semiconductor layer 116 with laser light
makes the semiconductor layer 116 melt so that the semiconductor layer 116 cools and
solidifies, resulting in formation of a single crystal semiconductor layer in which the

30  defects are reduced and the surface planarity is improved.

[0092]

21



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

t he base substrate 100, the tenperature for the heat treatnent is
preferably set to greater than or equal to 400 C and less than or equal to
750 C. However, as long as the glass substrate can withstand the
tenperature greater than this range, the tenperature is not limted
thereto. Note that in this enbodinent, the heat treatnent is perfornmed at
600 C for 2 hours. 10 [0089] The above heat treatnent causes a change in

the vol ume of nMipgfRMOLASinhRERE fdrnadcRAsiBIIMd tHidk@BRNGF e Wikdle bl resul ting

in generation of a crack in the enbrittlement region 112. As a result t he
bond subst featieondugior layes play tbe sprgiad ovth e Te Hp therspmisepductos dayew eithey 2 dry

Accordi ngl &mﬁ?%ﬁ@h@%dwe%meﬁea&@ms94 It o fkRiRibR S FoRY DB rate 110

15 renmmi ns over the base substrate 100. Further, since the intérface for
bondi ng t heerfosmerst Far @Xf!!lll@e,awhert He tsmseondudion lesereis 1foomeds of eilieery thy this

heat trgat at the
bond stfen@ﬂ&ggﬁctﬁqx ‘8 %erljagﬁﬁda egfﬂﬁﬁrgﬁgéﬁ %f E’{Ibﬁeéérsggsgg iej?g%e%?néﬁ%aused by
the split stapemr the |on irradiation step on a surface 20 of the
sen1conduc08§ | ayer 116 fornmed as descri bed above, and the planarity of the
surface is |nﬂalred. Therefore, a treatnment for reducing the defects on the
sem conduct or | aysatesckibed alsova, the eativeritctbolayerniiB een hgfdrned sw flaclmspl anari ty
of the se ond toréjg 116 may preferably be performed. [0091] 25 In
this enbodf 3 ﬁﬁﬁ irradiating the sem conductor |ayer 116 with
| aser hmghgmgqn realize the reduction in defects and the inprovenent of the

planarity of the semc t | ayer Irr at i t he sem cpnduct or
ot 0 o th NS R PRRGER B oS Rbed ot dshubER Gyt PNt oo ¢ hat
t he sem coangugg &Eaﬂn@MQﬁ thhd BmB&RmENtakE eridinttint bEhe p&@&nllﬁwdﬁﬁoﬂ i door mat i on
of a single cr sta sen conduct or Iayer in which the 30 defects are reduced

and the sulmiedthpreenheeteping drepimspigpabbe perigraes betore thelasgrhight graditiohi ng st ep
for decr ea&:mgéﬁegﬁu SP @R 3aef lighGrSiafghe crystal sem conductor |ayer may
be carried out. To thin the sem conductor |ayer, either a dry
15 [0095]
Note that although laser 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 CMP.
[0097]
30 (Second Mode)
Next, a manufacturing method according to Second Mode is described with

reference to FIGS. 5A to SE. Second Mode is different from First Mode in that the
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etching treatnent, or a wet etching treatnent, or a conbination of both may
be perforned. For exanple, when the sem conductor |ayer is formed of
silicon, the 5 sem conductor |ayer can be thinned using SF6 and 2 as
process gases by a dry etching treatnment. [0093] As descri bed above, the
sem conductor |ayer 118 can be forned over the base substrate 100 (see
FIG 4E). 10 [0094] Note that although the case where the |aser |ight
irradiation precedes the etching treatnment in this enbodi nent, one

enbodi nent of the present inventionis not |imted thereto: the etching

treat ment FRyatie BEGT 100 BGRREREr thlSabdifkirdid 960, 'Trhél%ﬂir@tt:h@rbomt% bot h
before and after the laser light irradiation. 15 [0095] Note that although

| aser | i ghmaindy deseribed Belpwal i ze the reduction in defects and the
|nprovenenL09§ the planarity in this enbodinent, one enbodi ment of the
present invention is not |limted thereto. The reductlon in defects and
i mprovenent of tHiest, thy basashbspraigalPObie prepatei Asag B 64+ Ingandnthe erstbakingret hod

such assa 81101 ERTE bucr B URECubsBll Kdee P10 SABTERL B i A8TGhe T educt i 01

i S unnecessary, a treatnent fo y, such as an etching
treatnent,bmaymnemem@)oyed alone [0096] hbte that the split bond substrate
200 beconEﬁ} reprocessed bond substrate through a reprocessing process,
and can be rered. Since there are defects on a surface 25 of the split
bond substrate Ziﬂﬁredsl @o partitiiar lianﬂnﬁioh tohelnmmtethodagf formihg Zheoinsuldtingllayee, such

Accor di ngl 0T ERNFER 8 PuEek ARG, 0 ee P Rl FrBRRS oo et

su g cessh Iu I foyh exAdpleretingdshe ﬁlSlﬁlE@]gr lej?ﬁi\llah has & BeFRe iﬁir&hélﬁbrﬁ'é mlalménglaﬁng at ment
and a poli |n trea suc 0 Second Mde) Next, a
nanufactur ﬂ%ﬂﬁ%gg dPHWW@“&bméggﬁﬁ%ﬁﬁﬁﬁﬁsP@ha LHHY b PCMRPHING of er ence

to FIGS. 51%yé101 0% kan BeRaRs Madeonk o1 Albfdf RAiatls dleoml FofnShlichRdidb Rillcbat the 22
nitride, silicon oxynitride, silicon nitride oxide, aluminum oxide, aluminum nitride,
aluminum oxynitride, aluminum nitride oxide, and the like. For example, when silicon

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
ions, whereby the embrittlement region 112 is formed (see FIG. 5B-1 to FIG. 5B-3).
The steps of FIG. 5B-1 to FIG. 5B-3 are the same as those of FIG. 4B-1 to FIG. 4B-3,
and therefore details thereof are omitted.

25 [0101]

Then, the base substrate 100 and the bond subsirate 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 below [0098] First, the base substrate 100 is
prepared (see FIG 5A-1), and the insulating 5 layer 101 is forned over
the base substrate (see FIG 5A-2). Refer to FIG 4A for the base substrate
100. [0099] There is no particular limtation on the nethod of form ng the
insulating layer 101, to which a sputtering nethod, a plasma CVD net hod,
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 forned

such that this swif aes ﬂ%@o’“‘fe hh@ ol BB@ekd ¥ne THRI 'sﬁb%ﬂ&téltllt)gand @ﬁée&asewl can be
formed using one or nore materials selected fromsilicon oxide, silicon

nitride, sPUbPERR 1M jip prefesble tjsmbigehihgpand;sgbstigiei 148, the isHptnenayskil i

al um num nfotn[hb&i@n thea%dﬁﬁ‘sﬂwﬁlaféxm' {6 1S suBbiim Wop'ﬂefmgﬁatﬁé'm&%r 1@f‘d the
| i ke. For exa when silicon 15 oxide Is used for the i1nsulating | ayer

101, for nafqr@gs) 415 |ﬂitﬁgba§¢| sdrsatn 90 llemesugfaes ipsptraent.c i wefhcovgsonend posi ti on
met hod enaf), §v tﬂ@b&ﬂ& %ﬁj E%di}] é@yﬁrﬁ%%}%t&m}{% ecf&ﬁ@%ﬁb%&&te 1P aPanity. Note

that althou e Insu ayer as a single-layer structure in
this enbodbafsenmbstratb 166y have a stack structure. [0100] 20 Next, the bond
substrate f'()jlﬁ is prepared, and the insulating layer 114 is formed on the
surface of e] bond substrate 110. The bond substrate 110 is irradiated
with ions, \Aher!&ngatnbkseﬁﬁmismﬁertmahnanegi wet thekfneng af vy meshmesteend=2 G 5B- 1

to FIG 5B-3).. The s of FIG are .t same as those
o Fla aneoigen cof bR aR' gt | Aetabiet worbiendl oo SRR AT ou o0
[0101] 10 hetieatrh&ﬁs &%@nﬁﬂbﬁbxﬁaﬁcﬁfféxﬁﬁdagﬂﬁledulﬁaqtbmﬁﬁlbesaﬂsweate 110 are bonded
to each Qg (see FIG 5C). Specifically, the base substrate 100 and the
bond subst 4 110 are bonded to each other with the insul ati ng | ayer 101

and the insul at i;@ml ?m{@l’th%]%‘et tleheleBPRENBE B oddhe Aebinedt WiSSAINE wateat ment
after the surface of the insulating layer 3Q 101 is in contact vvlth t he

surface of (ZpRe ASHCERRIRgG, Megspnie cleaninge tvpywid Clngaing {p anethpd Wnghick ne pond
substrate fheicHewRRPARE &DuRkAGhePbNBfdrogenated 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 {rcatment, 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 {reatment,
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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[0102] 23 Note that before the bond between the bond substrate 110 and the
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 forned 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 treatnent, and a conbination of both are given

Al ternati vVekpsen th £OMVE SbicQiciOls Fhdidt@ikeRin. Wekoneld} dxy @Al iTBALSHWRY stade
conbi nation of different dry treatnents nay be enpl oyed. [0104] Exanpl es of

the wet tr &8hnintinglst | Qryeena §nadlesn effectize irpmppral ya derosiPeriBomf eprzanioz one

wat er cl eagiyd@locs FBLFROM theCduP@RY HOthe to‘lﬁ%étf foUlethrbde8RA1 NBurdtRr, BLedr i n whi ch
functional water such as pure water or ‘hydrogenated water and a carrier gas

such as 150#i0e 0p gEYECAriR agpchyeesiate Goedy Hetilgletagrygema ¢ombanatipl ity lght of t he

dry treat nﬁmr%g Q‘U«a‘é@l@? R 1ed! hiPYOP bl v&hﬁcﬁlafs%“ﬁltraﬁmlef)?agrnﬁ %Jrﬁ;ﬁh”iﬁ@.t’ a
pl asma treat t, a plasma treatnent wt bias application, a radica
t r eat ment , trestdenthide kdnkayal ditveganio fubsfances atieringto thsswigse el thedbjecbobe has t he

effect of | Loy ¢ b%‘é{i@ﬁ@k'eﬁ%ﬁ}%. .agn%r:ﬁilc%g&lri%)@(ﬁfﬁer%f ié‘mgél'é 1%%9 of the
obj ect to be processed (1.e., the si € crystal sem conductor ‘substrate,
t he i nsul aftiag 20 | ayer forned on the single crystal sem conductor

substrate, the se substrate, o he . i.nsul.ati | ayer f.ormed on,a base
Subetrat ). he O Butiie bt Sipat ey o i el Bohe Pt BB o e

i mproved. bPlidddiatdie witht ultiaedlarelight iia & faaabddpherel amtdidigg reagpwal By macro
dust and the |li ke .25 adhering to a, surface of e object. to be processed.
e ary 't 1 Baisting 10 UEMoRitEee ol o 200 me Ao it B s or o
dust such {avedhof FRD GnSeRdraNGEcVIe GliraR R k85, inta8 aBn&pRdr@eathing he obj ect
to be processed. Here, it is preferable that the wet treahnent such as

cl eani ng bEXYBER-FSHIBIREEFYEPT &% Welhas WPYF 2R Ba SRS u CHICBBUYEY: O LFAUBR et
treatment, witi?‘?%ﬁﬂﬁaﬁring' @Fiahéleﬁlg@fgﬁes thh 8 86 Whi BEHOE ah NBrARI&Ghy, tsthghe

T g Gayton os well 8 ozone. can be gencrated.
[0108]

An example of a reaction caused by the irradiation with light having a
wavelength less than 200 nm and light having a wavelength of 200 nm or more in an
atmosphere containing oxygen is described. '

20 O+ hv (3 nm) - OCP) + OCP) - - - (1)
OCP)+0; > 03+ (2)
O3 +hv (A nm) — O('D) + Oy - - - (3)
[0109]
In the above reaction formula (1), by irradiation with light (hv) having a
25  wavelength less than 200 nm (A; nm) in an atmosphere containing oxygen (O2), oxygen
atoms in a ground state (O(°P)) are generated. Next, in the reaction formula (2), the
oxygen atoms in a ground state (OCP)) and the oxygen (O,) are reacted to generate
ozone (Os3). 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  (O3), singlet oxygen O('D) in an excited state is generated. In an atmosphere

containing oxygen, the irradiation with light having a wavelength less than 200 nm,
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30 hydrophilic and generation of watermarks on the surface can be
suppressed. [0106] Alternatively, it is preferable to performa surface
treatment using ozone or 24 oxygen in an active state such as singlet
oxygen. Ozone or oxygen in an active state such as singlet oxygen enables
effective renoval or deconposition of organic substances adhering to the
surface of the object to be processed. Further, by use of o0zone or oxygen
in an active state such as singlet oxygen in conbination with [ight 5
havi ng a wavel ength | ess than 200 nm which is an ultraviolet ray to

perform t h@hichieal GaMiolet H@ TSR iR kheQen S @iNb fCozo i) Shd AfeSfradisiAN Wiy tO the
surface of the agbject to processed can be made nore effectlve Specific

descri pti ofght Ib}é‘fl%gﬂ Wﬁgelwﬂwfeép 8, or mqug reryltspp thegengrption of smgletoxyeet e

treatnent pf dEJb%hp@Qh&be% Banbr OBRSSefcd BeliREAO4TRLcrivkd MBYvd E4rPEd ation
with ultraviolet Iight in an atnosphere containing oxygen. By irradiation

with i ghtpmﬁwxﬁbbsa m@nﬁngtrhﬂmtmysmaadomcesmmmaww lagp (21 hal8Smep, a

wavel en th 0 nm or ar e uItraV|oIet rays, in an atnosphere
contalﬁgng oxydgw S|ﬁmfﬁpkgn?ngﬁmg% ' as ozone can be generated.

Al ternati vgllyg] by irradiation mnth Ilght havi ng a wavel ength | ess than 180

mu, which is an_ultraviolet. r | et 0X n. as wel | s .ozone can be
gener at ed. [0105’ ﬁfé\ > WEAPPL %fa rgact %%&%HS%&%%%%E igiipnoth hight E‘H’“é&? on with
l'i ght havi ngsl’engﬂﬁb@ﬁ'ﬂﬁlﬂgﬂb‘nhﬂﬁﬁn hibRBpheAohmathxyb &k dhseMbdag a wavel engt h
of 200 rimor nmpre in an ngspher e contai ni ng oxygen is described. 20 02

+ by (x1 n9)+hl1(7aﬂ@)—>p(@)3¢f)7(1’) “M(1) 0(3P) + 02 -, 03 ... (2) 03 + by

Q2 nm @ﬁf% ﬁ ) [0109] In the above reaction formula (1), by
|rrad|a ion i’ I|g ) having a 25 wavelength |ess than 200 nm (X1

nn) in an agmﬁsphahg_samﬁahnnng @ygen (02), oxygen atonms in a ground
state (Cx3ﬁ% are generated. Next, in the reaction formula (2), the oxygen
atons in a%tdund state (Q(3P)) and t he oxygen (02) are reacted to generate

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

less than 180 nm (A3 nm) in an atmosphere containing oxygen (0O,), singlet oxygen in an

15  excited state O(ID) and oxygen atoms in a ground state (O(SP)) are generated. Next, in
the reaction formula (5), the oxygen atoms (0(3P)) 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 (%; nm) in an atmosphere containing the
generated ozone (QO3), 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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ozone (03). Then, in the reaction formula (3), by irradiation with |ight
having a wavel ength of 200 nmor nore (),.2 nm) in an atnosphere
cont ai ning the generated ozone 30 (03), singlet oxygen (D) in an excited
state is generated. In an atnosphere containing oxygen, the irradiation
with light having a wavel ength | ess than 200 nm 25 which is an
ultraviolet ray, results in the generation of ozone, and the irradiation
with [ight having a wavel ength of 200 nmor nore results in the generation
of singlet oxygen by deconposition of the ozone. The surface treatnent as
descri bed @abevsl mae phgeratler formed by, for exanple, irradiation using a
Iomfpressure mercury lanmp (XI =185 nm 5 A2 = 254 nm) in an atnosphere
contalnlngqé%ﬂgen [0110] Further, an exanple of a reaction caused by the

irradiation w t g 1BIGRG Famiay 8! Ifc%hﬁ'ed' lﬁ‘e?&e tﬂk@ﬁ‘asé%@osﬂ%'l@O@@
at nosphere containing oxygen is describ 02 m QD + Q3P

. (4 1‘0)1@(3[2) the @pd_subgyzte 110 J@5§ecgrgi Mq§9 erqgeq{]w}lnnmt of tlg)pnpsegg . (6)
[0111] 4 &}Q&@qu%of]mﬁ%g&raer e%;&e tQWdeh AL At QPLaYidt Ridh |Gt havi ng

a maveleng ess t nm (A I'n-an_at nosphere”cont ai ni ng oxygen
(02), si ngplesmagyapmenti deseribed 1ip forst Mald @t combir@iDyitlatie pesoore treatmerts i n a

ground sta & (3P r e . i.n i r (5), the
oxygen atoﬁé (%%%E%%H&nﬁ%g%ﬁgu Jgg?dg%ﬁgﬁﬁl?ﬂégggég%%&‘%85?&é§gég%acted to
gener at e ozeneer( ddcribddnn Shend déelk oo corilanadulith théplastwytréatmadi ati on with

| i ght haViRﬁ @ wavel ength | ess than 180 nm (A3 nn) in an atnosphere

cont ai ni ng K generated ozone (03), singlet oxygen in an excited state

and oxygen are gﬁn@nﬁ&&m&idﬂ%u&@]aniﬁﬁﬂ@ﬁn&&ﬁ&mmﬁnmaknﬁmgeﬂxygaﬂwhéhe
irradiation wt ght. having. a wavel ength | ess 1 ch is an
uItraV|oIe?mpﬂyluq@éﬁwwng 2&%éﬁm§WeF5¥ﬁghmﬁw 8¥$ﬁbq3%d?eﬁgﬁ&%ggbnposition
of the ozoneooeamglwﬂteﬁhml@dnagét@tlapsmg@mex@m ber grMsAhB6tratel . Swileace
treatment as descri bed above is med by, for exanple |rrad|at|on

using a Xethaledksitraimephof fﬁ%lfigﬁie&ﬁtSaTthFrH§?fPP€P‘é’fd’BHrt°§1nﬁ TS UBRS RN [ 0112]
The 1ight hayé fe: GabRy RIBRH b HRSEmidATuCHR fyBiM 183N ke bise 3itAgae 9b0 2
chem C?Sl (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 propertics 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 organi c 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
cl eanliness of the surface of the object to be processed, naking 26 the
bond nore preferable. [0113] Although the surface treatnent is perforned
before the base substrate 100 is bonded to the bond substrate 110 in
Second Mod ondcgggsug{gb,gga{qg@;us&{b}lilggere%gageg%@g. S invention is not limted
thereto. The surface treatnment 'may be replaced with the plasnma treatnent
descri bed in Fi ridis Mpkcagon cisnbissddomi {dpandse Paterd ndpphetiomesrrial Nt e t hat

in First . : a L the f.ace

treat mont Aaesi gD Bl SR BRAL HER ol o RpRERL SRR, M s e b et ront
[0114] 10whkekre heteby bengostddiynefewndsl0 is split into the sem conductor

| ayer 116 and the sem conductor substrate 200 at the enbrittlenment region
112 (see FIG 5D). Accordingly, the sem conductor |ayer 116 renai ns over
the base substrate 100. After that, the treatnent of reducing defects, the
treatnment of inproving the surface planarity, or the |like enables
formati on 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 perforned in
the sane 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 through a reprocessing process, and can be
reused. Since there are defects on a surface 20 of the bond substrate 200
due to the enbrittlenment region 112 or the |like, such defects may
preferably be renoved before the reprocessing process. Accordingly, the
reprocessi ng process can be carried out nore successfully. As nethods of
the renoval, there are an etching treatnment and a polishing treatnent such
as CWP. [0116] 25 An enbodi nent of the disclosed invention enables
formation of a reprocessed
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bond substrate with reduced oxygen defects or inpurity elenents, thereby
inproving the properties of an SO substrate nmanufactured using this
reprocessed bond substrate. Further, deterioration of the properties of a
bond substrate can be suppressed, and therefore the nunber of tinmes of
repeated use of the bond substrate increases. This can 30 further suppress
manuf acturing costs of an SO substrate. [0117] Thus, an enbodi nent of the
di scl osed invention can prevent mal function of the 27 bond substrate which
is caused by its repeated use. This application is based on Japanese Patent
Appl i cat i ogyper isadh AB4ED 2909- 104203 filed wth Japan Patent O fice on
April. 22, 2009, the entire contents of which are hereby incorporated by
reference. 28 WHAT IS CLAIMED IS: 1. A method of manufacturing an SO

substrate, conprji ging%od%fMaﬁﬁcﬁlg%%ﬂcgoﬁsggma@gc@{brgggi ttlement region in a
bond substrate by 5 irradiating the bond substrate with ions; a second
step of bondi ng at fest bapd ok doystingatan qnebridtlesapne regiprstip ot dond tshbsiate bnisul ati ng
| ayer ther : i . of splitting the bond substrate at the
enbritt engﬁg&regﬁgg%%ﬁk%%ﬁ%ﬁp@ggrﬁ conductor |ayer over the base substrate
with the insul ata segotdayep of Hemdipet thedond snlgstrateOtoga fheser subsksate pvithf asubj ect i ng

t he bond S%Qﬁ%tﬁn%ﬁ%e?Blle}e‘i)eﬁ%tee%he enbrittlement region to a first heat
treatment T'h an “argon at'hospriere and then a second heat treatnent in an

at nospher e of a athixd steeofidpliting terboad dutnirste egike embriflenent aegieppdemssed bond

substrate, wherein the repraqgcess on ubstrate i s used againh.,as a bond

Subetr at o AR I ol B e B e B B AR bt PSR o

substrap e accor @i fogrth stes bpdubjcttingrhe bendisubkieatd split bhihs empriitempairegiomed aft er

t he stepsfrog;t e first step to the thiro{l1 tep are repeated n tines, and
s‘h %eag 1_;reatment in an

wherein n fos? ot reAtoapRf b av argPR Amasphepsapddpeng sespnd

atmosphere of a mixture of oxygen and nitrogen to form a reprocessed bond substrate,
wherein the reprocessed bond substrate is used again as a bond substrate in the
first step.
15
2. The method of manufacturing an SOI substrate according to claim 1,
wherein the fourth step is performed after the steps from the first step to the
third step are repeated » times, and
wherein # is a natural number greater than or equal to 2.
20
3. The method of manufacturing an SOI substrate according to claim 1,
wherein an oxide film formed on a surface of the reprocessed bond substrate in
the second heat treatment is used as an insulating layer in bond to a base substrate in the
second step.
25
4. The method of manufacturing an SOI substrate according to claim 1,

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

5 vol.%.

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

addition to the oxygen and the nitrogen.
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20 3. The nethod of manufacturing an SO substrate according to claiml1,
wherein an oxide filmformed on a surface of the reprocessed bond substrate
in the second heat treatnent is used as an insulating |layer in bond to a
base substrate in the second step. 25 4. The nethod of manufacturing an
SO substrate according to claim 1, wherein a concentration of the oxygen
in the second heat treatnment is less than 5 vol.Vo. 30 5. The nethod of
manuf acturing an SO substrate according to claim 1, wherein the atnosphere
during the second heat treatnment includes chlorine in addition to the
oxygen and the nitrogen. 29 6. A nmethod of manufacturing an SO substrate,
conprising: a first step of formng an enbrittlenment region in a bond
substrate by i fréaethodedmendageing sy spbstrateyfomprisiis: 5 a second step of
bondi ng the bong ﬁfgpsstegaljp thifhif BRSESHIRHA LN i ABond Batilraki B | ayer

t herebetween; a third splitting the bond substrate at the
enbrlttlen@ﬁﬂMngﬁgthbMB@mﬁﬂ@ﬂHQEnlconductor | ayer over the base substrate
witht i nsul at,i t t I, S a
surfacgf"3 of the t5?[0 Olisd%t%% rog[bgﬁgigg tﬁ\@gjtgm% %Léﬁsg% t]gn%iblgs?t %ﬁtg% “?@giﬂgn; and a
fifth stepmsﬂmggbmecﬁbngamhehbond substrate split at the enbrittlenent
region to a fir nt at here a second
heat treatnent |ﬁ£%£§q)@%ggéﬁgﬁmlmP@ml uﬁ%%ﬁge% gQﬁgnmnngh @gbgen to
forma repxmﬁ&mﬂ%ﬂw&dowlﬂ&tba&tﬁbstxmimﬂmetdselan@hamelmtﬂﬂtvbemd substrate
is used again as bon strate in t st step., 7..Th thod of
manuf act uri ng af gEFB ﬁ%t?d%% B%&?&W%ﬁet%5gwa ﬂ?%smﬁﬁ@?éWHt i de film
f or medi®n eniitémaerdaiont il reprocessed bond substrate in the second heat

treatnent is used as an jnsulating | in bond to se substrate in the
20 second step. ® ﬁfﬁl step ofI subject%g thegbon% ubstrate Spl(l)t at the em’ njgt ement regi%n to

a first heat treatment in 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,
wherein the reprocessed bond substrate is used again as a bond substrate in the

15  first step.

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

20  second step.

8. The method of manufacturing an SOI substrate according to claim 6,

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

5 vol.%.
25
9. The method of manufacturing an SOI substrate according to claim 6,
wherein the atmosphere during the second heat treatment includes chlorine in
addition to the oxygen and the nitrogen.
30 10. A method of manufacturing an SOI substrate, comprising:

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 a mixture of oxygen

30



8. The method of manufacturing an SO substrate according to claim6é,
wherein a concentration of the oxygen in the second heat treatnent is |ess
than 5 vol.% 25 9. The method of manufacturing an SO substrate according
to claim6, wherein the atnosphere during the second heat treatnent
includes chlorine in addition to the oxygen and the nitrogen. 30 10. A
nmet hod of manufacturing an SO substrate, conprising: a first step of

subj ecting a bond substrate to a first heat treatnent in an argon

at nosphere and then a second heat treatnent in an atnosphere of a mxture
of oxygen a,%@é}qnm trogen; a second step of formng an enbrittl enent
region in a bo substrate b irradiating the bond substrate with ions; a
third step of bdén#cery sipieobo &t embdttiegen] gier 13 gpland ;0BstiRfs BY an

i nsul ati ngmglahgé@gbgﬁ}pguggﬁw\@ﬂpmngnd a fourth step of splitting the bond
substrate at the enbrittlenent region to form a sem conductor |ayer over

t he base subst r athirdtethof bpading shel honid aepsiraty &1 2 base seispta@dth an ingylatieg n t he

steps fto sj@p to the fourth step are repeated n tines after
the fi rgst m&&%&g&g}g@ oatrnrgred once, and 10 wherein n is a natural nunber

greater than or adfiqual stepofZplittibg theHndrstlisoale of thﬁramblfl@emamwggoraﬁo oo
3:{' th L;a'{)g n%‘ § g C}%(gxidlqa?r laYer o%f%"%elba’se suy]mﬁa th‘l ?1% ng)suiaqg &érrﬁigr&{ R?e%n on a surface

e secon S use as the
i nsul ati ng | ayerwhereibtrdtdpo fiohethd asend stbys ta the éourthEstej:Zare fidpeatedet hiods of

manuf act ur i a subs rat according to claim10, wherein a
concent r at P%%t%?nfﬁﬁepd%féé’ PP ocond heat treatnent is less than 5
vol . % 120 13. Thﬂ:efﬁiﬁh%rﬁhnmmbacgrbmém@n&me@@lmwbst rate according to

claim 10, wherein the atnosphere during the second heat treatnent includes
chlorine in addition to the oxygen and the nitrogen.

11. The method of manufacturing an SOI substrate according to claim 10,
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
12. The method of manufacturing an SOI substrate according to claim 10,
wherein a concentration of the oxygen in the second heat treatment is less than

5 vol.%.

20 13. The method of manufacturing an SOI substrate according to claim 10,
wherein the atmosphere during the second heat treatment includes chlorine in

addition to the oxygen and the nitrogen.

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

25 wherein the argon atmosphere includes argon and hydrogen.

15. The method of manufacturing an SOI substrate according to claim 1,
wherein an oxygen included in the bond substrate is reduced by the first heat
treatment.
30
16. The method of manufacturing an SOI substrate according to claim 6,

wherein the argon atmosphere includes argon and hydrogen.

31



14. The method of manufacturing an SO substrate according to claiml, 25
wherei n the argon atnosphere includes argon and hydrogen. 15. The net hod of
manuf acturing an SO substrate according to claim 1, wherein an oxygen
included in the bond substrate is reduced by the first heat treatnment. 30
16. The method of manufacturing an SO substrate according to claimbé,
wherein the argon atnosphere includes argon and hydrogen. 31 17. The net hod
of manufacturing an SO substrate according to claim6, wherein an oxygen
included in the bond substrate is reduced by the first heat treatnent. 5
18. The nmethod of manufacturing an SO substrate according to claim 10,
wherein the argon atnosphere includes argon and hydrogen. 19. The net hod of
manuf act uri ng ar7Sthe meibesk ef anaaufaetuong) k sybeivatg agrording oclgiehei n an oxygen

included in the hoand SHBSERLRS (EAHGEE Dbt il lefiibd BFMe mlsf RAE MENt. 32

treatment.
5
18. The method of manufacturing an SOI substrate according to claim 10,
wherein the argon atmosphere includes argon and hydrogen.
19. The method of manufacturing an SOI substrate according to claim 10,
10 wherein an oxygen included in the bond substrate is reduced by the first heat

treatment.
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