METHOD OF MANUFACTURI NG SO SUBSTRATE BACKGROUND OF THE | NVENTION 5 1.
Field of the Invention [0001] The present invention relates to a nethod of
manuf acturing a substrate provided with a sem conductor |ayer with an
insul ating | ayer therebetween, and particularly relates to a nmethod of
manuf acturing an SO (silicon on insulator) substrate. 10 The present
invention also relates to a nethod of recycling a sem conductor substrate
in the nmethod of manufacturing a substrate provided with a sem conduct or

| ayer with an insulating | ayer therebetween. 2. Description of the Rel ated
Art 15 [0002] As a substrate suitable for manufacturing a | ow power

consunption  sem condueheib BFVARUIAGRIRNE sI SbsRRagoper ati on, an SO

substrate in which a senlconductor l'ayer is provided over a base substrate
having an insulating surface is receiving attention. 20 [0003] One of

known net hods of manufact g @$ OFPREGOE]TIGNA hydrogen ion
i npl antati on separation netho see Patent Docunent 1). The hydrogen ion

i npl antation separation nmethod is a technique in which an oxide filmis
formed gn ?Iﬁ&%%kﬁ@ ‘%@é r and serves as a bonding film and a m crobubbl e
| ayer is forne SI|ICOﬂ waf er by inplanting hydrogen ions or
nobl e gas [Mf§] i nto the S|Iicon waf er fron1 the upper surface thereof. An
oxi de film may i.ch is be used as
2 base substrat o reTen int reidls 3 % et P o lbse  B0GaFCH S ons

are i npl anpedided itk ai sendéangactoiofdyac twithi &l msheaung Hey’erSﬂhbﬂeB@WeeNafaﬁd, whi ch
serves as a e supstrate, oxide film.therebet t he heat

Creat ment BRI IR B rokmGaciiing op 0L PSOR 68 SR ARE b 1 ne

f or mer wi | ThOprewmf @kentioh Blsb hﬁatesr\ﬂo(hrrﬁlélhtbbclﬁedyam%ra sechnasctd sabskawage pl ane.
Furt her a% tr eat ment ?tron |y bonds the silicon wafers so that an SO

substrate € Tghadeef mapufashiag apubstafeomorided WEb A seBisandicton s Wihekhod of
manuf act ur ing@langibybr Herdb¥twebn. SO

2. Description of the Related Art
15 [0002]

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

20 [0003]

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

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

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

silicon wafers so that an SOI substrate is formed.



substrates using as small a nunber of silicon wafers as possible so that
silicon wafers are used effectively and economcally (see Patent Docunent
2). 5 [0005] Since the shape of the split silicon wafer is preserved, the
silicon wafer can be reused in order to manufacture another SO substrate
after that a remaining | ayer over the separation plane is renoved by
etching or polishing. [0006] 10 As described above, in the case of using a
silicon wafer repeatedly, the thickness thereof is reduced. Thus, a nethod
has been proposed in which a silicon wafer which cannot stand a process of
manuf acturing an SO substrate is utilized in other uses. [0007] 15
[Ctation [gogh)] [Patent Docunent 1] Japanese Published Patent Application
No. 2000-124092 [Patent Docunent 2] Japanese Published Patent ABPIication
No. 2000- 349266 Repeandighas deengopdncsad ong wethpdef mpnufgeieig 8 nluply oS

sem conduchfusuhaligt QA a4fifithet Br Slicdh OIS 95 BARBc 41k FRAHNAGLYT € of SO
has problens. Thereare a |limted nunber of es or processes to which
thin sen1cmn@&@hﬁkdgmbgmﬂamggnmaﬂyﬁ@eagpmﬂkmwmwﬁﬁéh causes limtation on
uses org ? §ses in which it is used. Due to this Iimtation, the
eff|C|ency of "anot her process in which the thinned sem conductor substrate
is used is 25 | |Silerleyh¢ shapreoii tbwlieai.licdmwadﬁdistpir@med rheasiironcedy cofi be

manuf act ur i g3 SR SHRSIEALE unidier Sor ShIECHd 4P o SUBRLADTEL bok | TP OVE

t he use ef |C|enc A Thifned” senlconaué?or Supst f are % dons| der at i on
of anotherﬂmsqmﬂmopphneﬁsmanwmyehhmgermﬁmhmgd senlconductor substrate is
used. Stilt %n manuf acturing an SO substrate, a sem conductor substrate
is expens(ng therefore, it is inportant to reduce cost by inproving the
use effibci ency ofs descidbeds ghoveofidthet Gise Sufbsinzah &ilicShJMM%‘BYre%ataﬂE th&VENT| ON

2 [0009] Agc d|n t .one, enpod| nment resent invention, . jn view of
the above t ﬁf@ﬂfﬁt Th Ph‘@etb‘t"{egﬁ“n e IESIOH YECh & SR ove the
use efficigagy W‘l’lichod'zlﬁnot stand a process of manufacturing an SOI substrate is utilized in

other uses.

[0007]

15 [Citation List]
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[0008]

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

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

30  semiconductor substrate.

SUMMARY OF THE INVENTION



sem conductor substrate in a process of manufacturing an SO substrate.
Further, 5 according to one enbodi nent of the present invention, another
obj ect of the present invention is to achieve cost reduction by effective
use of a sem conductor substrate whose thickness is reduced due to
repeated use, in a process of manufacturing an SO substrate. [0010] 10
According to one enbodi nent of the present invention, in a process of

manuf acturing an SO substrate, after that a first single crystal

sem conductor substrate has been repeatedly used as a bond substrate, the
first single crystal sem conductor substrate is bonded to a second single
crystal seppgonductor substrate. Then, a stacked-layer substrate forned

fromthe first single crystal sem conductor substrate and 15 the second
singl e crystal s¥¢PEsrdoonecmbodimenizeidhe presad itventee in vewed thesabgsed as a

bond - subspipi, LOOKL (P, BUBAMLITERTorOK (b MRpf\E HNsel MYEDLY A ghoc! udes a

first step of preparing a first single crystal sem conducto ubstrate to
be a bond samgsandntter subdtraie hmseprocss tof ananufagturiag amed@heubstratp ofurther i ng an

enbrittle - egi on. i P i . - LGandyGt strate by
i rradi a% i %&%ﬁé&f {IOI’ st %s}ffb%g eefnt: P f/ES e;qrgg%%ngéﬁlggﬁng%%?ﬁ%g{}r at eéjvg’\fe? %P

accel er at ethventmnsis amdciierdiosgretdingion hyseffestiveghie off ¢ s¢maikoslectibc erbduae or
substrate apd the base substrate to each.other w th an.insul ati | ayer
*her ebet vieSHosedAFRRES R Paee B8 §rensBisFRSE 48 b Booet ol Utl BLEDP R 0C o
| ayer over sibkteatbase substrate with the insulating |ayer 25 therebetween by
separati ng h? first single crystal sem conductor substrate at the

embrittl enkh region. The first single crystal sem conductor substrate,

which 1@ split accotdity &nbhé tehibodidiaht bE Fhe PrdsénttiAGentibh,r th 8t @pPcesd Hfreused as

a bond substrate in the fiyst st n- tipes is.a patural nunber
above or e %ﬁbT¥F$%ﬁﬁsohﬁ%%¥m%ﬁ§g§@%ﬁéﬁ%ﬁgﬁgﬁﬁg&HFPP§Pm£?@bmﬁﬁmﬁﬁe third
step are rppRewesdeptaleiffBifed as St RHH adbdiae theSHRS binde & rystal fsoh¥Bativbyr 30
bondi ng the first S|n8 e crystal senjconductor, substrate, which is split in

the nth thfyparatgtip Ponded the swewhginglengivatel seaicendugianisebatic @Fnstibst r at e.

And the st aehed1dyay fibstratdRShEREHSEM R HSLEnAS cstRIORMIDHAR AR trhi shiie T rst
step. Note that another step can be 3 provided between any ones of the

st eps 1% onbelecond piggle stystgl semigomducterispbptigtedygnded|tp gachyother is used as a bond
substrate.

[0011]

One embodiment of the present invention includes a first step of preparing a

first single crystal semiconductor substrate to be a bond substrate and a base substrate, a

20 second step of forming an embrittlement region in the first single crystal semiconductor
substrate by irradiating the first single crystal semiconductor substrate with accelerated

ions and bonding the first single crystal semiconductor substrate and the base substrate

to each other with an insulating layer therebetween, and a third step of providing a
single crystal semiconductor layer over the base substrate with the insulating layer

25  therebetween by separating the first single crystal semiconductor substrate at the
embrittlement region. The first single crystal semiconductor substrate, which is split at

the embrittlement region in the third step, is reused as a bond substrate in the first step
{n—1) times (» is a natural number above or equal to two). Afier the steps from the

first step to the third step are repeated » times, a stacked-layer substrate is formed by

30  bonding the first single crystal semiconductor substrate, which is split in the xth third
step, to the second single crystal semiconductor substrate. And the stacked-layer

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



One enbodi nent of the present invention can include a fourth step to
inspect the first single crystal sem conductor substrate which is split at
the enbrittlenment region 5 after the third step, and, according to the
result of the inspection of the first single crystal sem conductor
substrate, it can be determ ned whether the first single crystal

sem conduct or substrate split at the enbrittlenment region is to be reused
as a bond substrate in the first step, or as a first single crystal

sem conductor substrate which is to be split at the enbrittlenent region
and bonded to the second single crystal 10 sem conductor substrate so as to

formthe shRciigdnd@¥aiang BRStor #le@iepNabA thd@bt s@%a;% bRfhirBigP can be provi ded

between the third step and the fourth st ep. 013] The term "sem conduct or
devi ce" inl%®Mls specification refers to devices in general that can

oper at e by Ut | icricnhialehPHOE bREef AVAREGhhiRR o Rl deaRl Mpdevi ces,

15 el ectro-optical devices, conductor circuits ctro I C deV|ces
are incl ud‘@é firsh singlaerystal @gmcyld@fﬁortsh’em@@mlndw@ selitet ﬂldem'bnélemﬁm‘-@ﬁm’n Accor di ng

to one g ol t

substr at e rIﬁepwoul épplgr\}é agg%%éltg‘ég%ae@? of alt? sigol;é ?ﬁ&a?\%@?eﬁr%&n% ess

can be usedwtali smprooduess sobsﬁrmwmthsrrdertﬁgmmd S@etlsuﬂmtﬁirat snglahatstal s, t he
use effici &:ﬂﬁé’onﬁ&c&& n&lb:?t‘fahrt]g gﬁ{%da?%eogmgﬁltﬁg trg 81?‘ % Rebd ! use O dI %E£OUt

limtations regar processes. ccor ng % one énb t of the
present i nsnbsttate)m theaﬁ&tamap; @nahmﬁmt singlel b@hmbﬁemlm&sﬁortshbmhmeﬂﬁch 8 t¢ educed

due to re at u can.he effecti.vely used in the ess. of

manuf act ur ng?p aé((aﬂle e&’t?&?t °Bjeat ‘?/g]i%rfé%ﬂ’ ﬁ%’ggﬁ ir%ﬁl Hj§o§ SRl spstbss of 25
manuf atd ur jefgedntiect@ubstapsio aﬁltte forn tHEESta’cRétLllla'?éi' subftlate- m&ﬁﬂhﬁiﬁg%ﬁ OF THE
DRAW NGS [.0015 Ato | H are vi i trating a nethod o

manuf act ur ﬂ’gcaﬁlrl?eg’awdeéget?ﬁff’s@lfig’t“gsmﬁlaéﬁ‘e Lf’cf’efi are views illustrating a
met hod of amjfacturing an SO substrate. 4 FIGS. 3Ato 3E are views
illustrating an_exanple of a method of bonding. _single crystal

sem conduct or sUBStIFER eteryispndusio fryéreofin i (Paticatiph getar tSde"écﬁbélt rate.

general that can operate by utilizing semiconductor characteristics, and display devices,
15  electro-optical devices, semiconductor circuits, and electronic devices are included in
the category of the semiconductor device.
[0014]
According to one embodiment of the present invention, a thinned
semiconductor substrate which would have been discarded or used in another process
20  can be used in a process of manufacturing an SOI substrate. That is, the use efficiency
of one semiconductor substrate can be improved without limitations regarding other
processes. According to one embodiment of the present invention, a semiconductor
substrate whose thickness is reduced due to repeated use can be effectively- used in the
process of manufacturing an SOI substrate, whereby material cost in the process of

25  manufacturing the SOI substrate can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]
FIGS. TA to 1H are views illustrating a method of manufacturing an SOI
30  substrate.
FIGS. 2A to 2I are views illustrating a method of manufacturing an SOI

substrate.



FIGS. 4A to 4E are views illustrating an exanple of a nethod of bonding
single crystal sem conductor substrates in a nethod of manufacturing an SO

substrate. 5 FIGS. 5A to 5F are views illustrating an exanple of a nethod
of bonding single crystal sem conductor substrates in a method of
manuf acturing an SO substrate. FIGS. 6A to 61 are views illustrating a

nmet hod of manufacturing an SO substrate. FIGS. 7A to 7G are views
illustrating an exanple of a nethod of bonding a 10 bond substrate and a
base substrate in a nethod of manufacturing an SO substrate. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0016] Herei nafter, enbodi nents of the present
invention Wil l@cdessrbBedarwiidvs ﬁﬁstfa%hgraﬁr&ﬁmf)l@ &f@nﬁ&@@@%ﬁdlﬁg

drawi ngs. However, the present invention can be carried out in many

di fferent vBglesrystahgmicongustos substrytey Acapeihestf mpufRyEes kO] Whstae- t he art
that nodes and da&gi hg 9fspt fie v@év@ssﬁiﬂgtra‘hﬂg%ﬁtéx% c a5t AOﬁlefﬁB&i'offlb%Hdlhg various
ways Ww thout departing fromthe spirit and scope of the present Tnvention.
Ther ef or e, Sl@giecrygﬁ@@monﬁmﬁ@bsyntwslarm@thq'dnfemq@rl@@@ﬁnmn $el substtafari ted to

t he desgription t41e;.f t dr awi ngs
for desgrl bi ng t@éseﬁt ds%r?%ér)]%}%@&uﬁ %ggrel%{gﬁj ef%ﬁ%%ﬁ"&ﬁﬁé lllI%éhléélused for
the sane povsteloasicondygtyr substistesiawinmgha ofinaanfaétunig 4033, subgint. t he r epeat ed

embodi hent . an- ciavors Sroiae S bk T RRGE R €l ML o i

be descri badstvdte.h ref erence to dravvl ngs. [0018] First, a single crystal

sem conductor s r s. used as a te.and a base

substrate 120 a%gé%r?bgor Z@ a(%élgwﬁl f&tratf% %ﬁ‘aﬁe&dfomféﬁgf%%dl?%% single

cryst a0 sebondaubhivate@nd s bisststlntrete 100 method ofamgiictyring agiSOY lsebsahitySt al

sem conductor substrate that is formed of an el enent belonging to G oup 14,
such as a 5 single crystal silicon substrate, a single crystal gernmanium

substrate, or a singl ®ETAYSERDESTRIPTION OF THIINVENUDSE rat e, can be used.
Al ternati V[eoloYé] a corrpound senm conduct or

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

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



substrate fornmed of gallium arsenide, indiumphosphide, or the |like may be
used. The size of a comrercial silicon substrate is typically 5 inches
(125 nm in diameter, 6 5 inches (150 nm in dianmeter, 8 inches (200 nm in
di anmeter, 12 inches (300 nm in dianeter, and 16 inches (400 nm in

di aneter, and a typical shape thereof is a circular shape. Note that the
shape of the single crystal sem conductor substrate 100 is not |imted to
a circular shape, and a single crystal sem conductor substrate processed
into a rectangul ar shape or the like, for exanple, can also be used. 10

[ 0020] As the base substrate 120, a substrate nade of an insulator can be

used. Mor e singRagYstdl GilikdrYsubSratd@faisaloYe Qfstdll geﬁl%nﬁh&bﬁib&@&t@%rfauﬁ;gle%@stﬂs ed in
the el ectronics industry, such as an al um nosilicate glass substrate, an

al um nobor &4icP1 é%ﬁr’émgma%@stéaﬁaw Be asedandligmpfisiclyu eompp B aew@c@rass
substrate; s@siaidtned ‘d?%lfnﬁﬁ%rseﬁd@ & B¥h %h%gﬁﬁg r i 1y PheSRPRNIfiE

substrate can be used ternatively, e base substrate 120, a S|ngle
crystal séif®b ﬁcmémﬂm@kﬂﬂmowpbsn@m Hyrieally Ssingbgse(12¥ pon)ain Firhéteroh

substratke) n QHHF Q

polycrygtaﬁﬁ?ﬁiaggk¥§5n sﬁ%%%}gfg?gﬂg§8be u%é%ME%?s ?&ﬁ?y taPF%ne silicon
substrate Hmmem\ﬁadtlég@ebﬂ%@mmignId@s@tﬂxqmémsvmealtshm tkeregifngh eircudary st al
silicon su at e a C sS_substrate.
20 [0021] AEWE NP i 1Y Wi 3k ACntE B SR 06 AR UG
damaged i s lmﬁtacﬂ tmmlcmmasmpedzaﬂ esmgle@dysdﬂapmﬂncdndamlasubmaieamecsssfedhﬂite asi ngl e
crystal sen1 m1u %1 o %fggg %te 10 er thqi the single crystal

seni conducf % BT PR Y ) H°¥Wg“%5?% B8ftate 120 are bonded to each
ot her thhﬁHHO]nsulatlng | ayer 102 therebetmeen (see 25 FIG 1CQ. [0022]

The enbrittlenent region 104 ¢ be fornmed by irradiati th i ngl e
crystal semico g’f‘*%‘b@?‘?é‘?@ % {hstte Radest en ishiateg o SF‘% Z\ﬂ‘érg such

as hydr ogespdciiiesily, a V@923 bf @tksAGhstraRs th@ﬁdtéﬁéeﬂfﬁgthle%hé%orﬁ&and@trﬁlsﬁkgﬂa@ Iayer of
an insulating | ayer. such as_a silicon oxide film a silicon oxynitride

film a si F‘?&‘b‘ﬁl“iﬂs{hf:?ta@laﬁﬂi fubstrate, ap jafuagpeterasicafe g&w E}}?Str%t? |128¢ adpiipme | ke,
or a stackegrobiflyfé gldbec@Rfrate 2R St 3@ irarldN§erabiid TR0, B hanpmeleby 6 a

t hermal oxi dation method, a CVD nethod, a sputtering method, or the Iike.
substrate can be used. Altcrnatively, as the base substrate 120, a single crystal
semiconductor substrate {such as a single crystal silicon substrate) or a polycrystalline
semiconductor substrate (such as a polycrystalline silicon substrate) may be used. A
polycrystalline silicon substrate has advantages of being less expensive than a single
crystal silicon substrate and having higher heat resistance than a glass substrate,

20 [0021]

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

25 FIG 1C).
{0022]

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

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

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



[0024] In this specification, silicon oxynitride contains nore oxygen than
nitrogen, and in the case where neasurenents are conducted using

Rut herford backscattering 5 spectronetry (RBS) and hydrogen forward
scattering (HFS), silicon oxynitride preferably contains oxygen, nitrogen,
silicon, and hydrogen at concentrations ranging from50 at.%to 70 at.%
0.5 at.%to 15 at.% 25 at.%to 35 at.% and 0.1 at.%to 10 at.%
respectively. Further, silicon nitride oxide contains nore nitrogen than
oxygen, and in the case where neasurenents are conducted using RBS and
HFS, silicon nitride 10 oxide preferably contains oxygen, nitrogen,

Si l'icon, apéthdamallRERAoAhethO)GENVID Bleth@B S sphidddtis MebiHddOs the Alfe, Y0t 0 30 at. % 20
.%to 55 at.% 25 at.%to 35 at % and 10 at.%to 30 at.% respectively.

hbte that P¥R@bntages of nitrogen, oxygen, silicon, and hydrogen fal
wi thin the ranges, ls\eR; AU MR yhRSe! Qhalns IDGHy B ALOTREAN! ai ned

in the silicon oxynitride or the silicon nitride oxidé is defined as 100
at.% 15 [ewR5] thedsseghenthsasuhments preeeandedied usng)&flmfwécchbscs@qmg ate the

singl e § rygéle% romgt (ﬁ%gg%hofly(ﬁbl%ﬁt %(ﬁ‘gv rdlqgat a%g?[F?ggEﬂ&M % egl on

104, where a 5| ysta m con uctor I'S provi over the
base subst p@f@alﬂ&?@owmhowgenlmmﬁeai $ihepn, hlayhydrdgm athelncem@ettmemngmge FI G

1D). 20 [ 0 sdvlltm)‘"t(% 7&%’3’%%%%? qmﬁ)sfgrﬂeﬂ %5 }‘tg(a %}%CH H ﬁeat t P eat ment ,

chemi cal 9 Ement reglon
due to terrpe&’ ate:queetwah;cr Fastber, ﬁhcotnhamge okide tcbnﬁammhmmamtrﬁgmhhamxmgme cavities

occurs, whic uses crack i [ Thus, the
o mal e or v asdin BEREE shaf P Gruredlisty s SR buRE RElS A wfgoti igde

enbr i t 10 emexitle pegeably ddtainSi dxggent, métrdgds Wikdonn@nd AydogehOR doscddanttad to t he
base substrate 120, _t si,ngl ¢ al _sem condyct o er ichis
separ at ed F?@HW%%WES§$ﬁd?égg?gs%;%%éé%?iﬁﬁ%u§¥ gpgh%%ﬁ%éﬁﬁdiéﬁt¥g ®provi ded
over the bageatstbsdspaatifely 20Note| @2 Plercb@hgdshos nhifgtn,t 68t esticond Alf f usi on
furnace, a_heatin furnace such as a 30 resistance heating furnace, a

rapi d t her hgdro Pithig therpnges giga ABRVEs Where Hedota\pmber ?féé‘%‘?%?jm?ﬁfﬁér atus, or

the |ike cannbsiibseskynititiclod eheGAREn WS ELoxaid iRIARPRAI(ALHS;. 1 S used to
perforn1the heat treatnment, the heat treatnment can be perforned at a

heatindg> 7[0025]
Subsequently, heat treatment is performed to separate the single crystal

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

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



tenperature conpri sed between 550C and 730C for a treatnent time conprised
between 0.5 m nutes and 60 m nutes. [0028] Through the above-descri bed
steps, as illustrated in FIG 1D, an SO substrate 5 having the single
crystal sem conductor |ayer 124 over the base substrate 120 with the

insul ating | ayer 102 therebetween can be manufactured. [0029] Next,

pl anari zation treatnent is performed on the single crystal sem conductor
substrate 100 after separation has occured (see FIG 1E). By the

pl anari zation 10 treatnent, the surface of the single crystal

sem conductor substrate 100 after being split is planarized, which enables

the singl eghkshdd céﬁmlseer&%;eﬁrﬁ@b@%aah@oé% Eotréaenén?qﬁfedco@ﬁqs@d bond

substrate in a process of manufacturing an SO substrate

pl anar i zat bawedanybhmippies anded mawishi ng can be performed on the Si ngl e crystal
15 sem con tor substrate 100 after it has been split. Accordingly, a step
on the se dltl on plane of the single crystal sem conductor substrate 100
can be reduced Thchghhl&rabow dﬁ:senhmdestgsaislimmwmmala seSOL adutat or | ayer
havi ng def atl ne of the
onare £y bs e il S oot Bt Svenge Boe SR onfNaBB) “oe. ary
et chi ng, | hsile@g 1afer W82 thelebdtveg, caf be idyutb@ue@nbi nation 20 thereof. [0031]
As the et zﬁ)%g% an organi c al kal i ne aqueous sol ution can be used in the wet
et chi ng. exanpl e of an organi c al kal i ne aqueous sol ution, a solution

containing 0. Z%etxo pﬁn&%aasn ir@éﬂh@ntﬁ?bélﬂﬂn@dm@ﬂielé RY&féﬂillséiﬁlc()MH} is
preferably used (e. pr oduct nane fgactured by TOKYO OHKA

KOGYO COQ. |, subyirsts 10p naffeﬁ|S§Par%§’£“ Basc ATHEFd éf'e?JrFé@erlgbl eB% dhe plasarisitper at ur e

of an o gaﬂéa(%mé’:{tktﬁé thFac@Gﬂﬁ@'dﬁg}éQhHEdl KnicRANAESsubstNR 1) dfef BeidPspie and i's
nore preferably about 50 preferable treatnent tinme ranges from 30

seconds t oiseirpadEdoyish eraablfs ﬁh?rseigﬂﬁe?%@lémoebem sgeirafe ddhigde reysed32] 30 It
i s preferallfdnlafnstdie th Mol 6P ERAIRAS bh QDIEMhsBe | MTEr i ng the single

crystal sem conductor substrate 100 after split 1n the solution in a
treatment 43K, In 8

As planarization treatment, wet ctching can be performed on the single crystal
15 semiconductor substrate 100 after it has been split. Accordingly, a step on the
separation plane of the single crystal semiconductor substrate 100 can be reduced.
Further, it is preferable to remove a semiconductor layer having a crystal defect, which
is formed over the separation plane of the single crystal semiconductor substrate 100.
Note that etching may be dry etching, instead of wet etching, or may be combination
20  thereof.
[6031]
As the etchant, an organic alkaline aqueous solution can be used in the wet
etching. As an example of an organic alkaline aqueous solution, a solution containing
0.2% to 5.0% of tetra methy] ammonium hydroxide (TMAH) is preferably used (e.g.,
25  product name: NMD3 manufactured by TOKYO OHKA KOGYO CO., LTD.). In this
wet etching, a preferable solution temperature of an organic alkaline aqueous solution
ranges from 40 °C to 70 °C, and is more preferably about 50 °C; a preferable treatment
time ranges from 30 seconds to 600 seconds, and more preferably about 60 seconds.
[0032]
30 It is preferable that this wet etching be performed by immersing the single
crystal semiconductor substrate 100 after split in the solution in a treatment tank. In



this case, an effect of collective treatnent of a plurality of single
crystal sem conductor substrate 100 can be obtained. [0033] In addition,
when the wet etching is perfornmed, a side surface and a rear 5 surface of
the single crystal sem conductor substrate 100, as well as the separation
pl ane thereof, may be etched. By this etching, a scratch, generated in the
single crystal sem conductor substrate 100 during transportation thereof
or the like, can be renoved. By renoving the scratch in the single crystal
sem conductor substrate 100, an effect of preventing slip dislocation or
cracks fromoccurring or being generated is obtained. 10 [0034] Further,

al t hough n@js &E@%eﬂ&&%?ﬁollﬁ@ﬁveﬂ%ﬁﬁiéﬁgef & uﬂl‘itydcﬁ siigleBriil sBRichRfupRe on the
surface of the single crystal sem conduc substrate 100 and then renoved.
By this f%‘rbﬁ‘ﬁ%t“r‘mcéﬂb?ﬁ sd-de film an effect of dehydrogenation of the
single cry sem conductor substrate 100 can be obtained. In a process
of manuf ac ur| ng an SO 15 substrate, a |ar nunber of hydrogen ions nmay
be contai ned i nla adéppm when &lppﬁb@tfﬁm&lsyp ?dnﬂf $lé¢n5tilt%esﬂél§aﬁf gt on pl ane
of the sin Iy form ng
dehydr o%en%{rﬁgﬁsqtﬁéeg%%é%?Ltlgggggl%gbﬂmriﬁ&%%? P@u f}g glr%eﬁgr ahg gﬁﬁv\é/ay of

f or mi ng anthewepfiendyi bareicked: o Byethisostehingher matcio@enmatsd)m lhe singlelicrigtab gas
cont ai ni ng I §inCAS: LN

mpur 1 oo B B0 bt Do Rk s RE Rt U I Y BB | e
metal i rrpuBytmrmmrtgntﬂe sdratch [n the smpjotcuysed sénﬁc«tﬂnlactov(stﬂietrafte Il{m aalaﬂ“eue of enoved.

0035] As the planarj.zati.on tre formed on the
Lo tace of PeTerBn g AR 88t Bhor R BB siesRbe el e BT B B e, et or e
or after tjoesajet etching. 25 In t he case of pol i shi ng bef ore t he wet

etching, it is e.to polish the s atlo an the S|ngle
crystal seni con HET'E‘ g’ﬂfﬁ!’t‘}"é f@f)ﬁerﬁ’é’ﬁg I‘thﬂ ?ﬁhﬂ RPNt region
104 is thimeetrfideast tﬁ&lﬁngxlcﬁtetai bdnicondatiehsubaiaRs 100 endddleh $d$ii1dﬂ@d SByIp! €.

Simlarly, in the case of polishing after the wet etching, it is also

pr ef er abl ethisoformgfiansef the oxidepfilma angiflep) ofhdehyrrogenatian qf Iﬂ'é’ tipgle ogystal

sem conducificohdRsds @bfralfhobQaadsdiditia. ﬁpa gﬁﬁ%%’fﬂrﬁﬂuﬂa&tﬁﬂﬁ‘g s soel atively
flat when conpared with the rear surface. 36] As a polishi n% nmet hod, it

is prefraBberaldy @nBresyERRs %faﬂnytfeefwameamay 0 contained n 3 dep

approximately 500 nm from the separation plane of the single crystal semiconductor

substrate 100; therefore, performing dehydrogenation treatment is useful. A

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

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

like captured in the oxide film can be removed.

[0035]

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

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

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

embrittlement region 104 is thinner than the oxide film, which makes the polishing

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

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

[0036]

As a polishing method, it is preferable to employ chemical mechanical



9 polishing (CWP). Here, the CVWP nethod is a nethod of planarizing a
surface of an object to be processed by a chem cal and nechani cal conpound
effect using the surface as a reference. In the CW nethod, generally, a
polishing cloth is attached to a stage, and the stage and the object to be
processed are each rotated or vibrated while supplying 5 a slurry (an
abrasi ve) between the object to be processed and the polishing cloth. The
surface of the object to be processed is polished by chem cal reaction
between the slurry and the surface of the object to be polished, and an

ef fect of nechanical polishing between the polishing cloth and the object

to be poli ghadingl(OMP)i SHEEPAELIONEN tnethoWRs b $nethidl &F PlaARMnd S th:lcBRe 1At a | ow
polishing rate; therefore, a suede pO|IShIn8 cloth and a 10 slurry in a

di amet er oPbIgH thbs pracesepdryra chewicalas apeghanjoalicameponl effechiingsthe AETSE anar i zes
the surfacg Qfeféraﬁ:es'ﬂ%@cﬁ/@yﬁ&%d $640 4 nsigaisﬁﬁlﬁ%}misraﬁs&e&@wa mléeh a polish

mar gi n of (ﬂgrOX|nate y 200 nor to 1000' nmto Rave an average surface
roughness &fd thapipgased tretabispt ©. b2 progetsed e B&QhWPtafeGOBVIPIateﬁBNmN stprilging

enbodi nent t S trate
100 isn$edﬁégggé %%R%?gﬁgé?ygffgh&?éggﬁﬁ%éééf apb§OX|n% P§ %Q§1to 15 m
[ 0038] Su bse‘@efeﬂﬁthyobjtdﬁ@ Ipd roeessed dipdishegl by Cbmy@alarhaogembﬁwmjubc gnrrgubst r at e

100 is b a. pr f Iy ] n SO
substrat b SRERRALH e SHRSL [ plitnly, R S 0G1 0L o RUHLAENAIRET S5 o1
i n this enbageeensht polishieg sloﬂgdnd tior gtgecato lsethel@dd ubttbis esthbditnestt EMPAD whose

t hi ckness is uce o,re ed use |s bonded.,to .,a th r, Si | e
Ervetar S SRR aN RafrPeg at Qi PERES R el TR Stk 3 0P

substrabt e AGRy (rﬁaedaallﬁbt@‘x oﬂ_%)nm BB30MAtard lﬁefeiah@' wed1glsacie pylBhiak phamiizzonduct or
substrate 10 |nned due to reu carded _nor used
e har * pfte utiecet b Gref ST bk Fstra 108 uih s PSR Gy 1 at o
100 is reuslqﬁoyﬂl&atalyb(}ﬂ[d st 1@oe nhy thaiang RoRdeshd quBRet Rashnesd B0l €
crystal senlconductor substrate 150. In this case, the use efficiency of

one seni cHRIILREEY OuR (004 an be inproved in a process of manufacturing
an SO 30 mpabstrate because the single crystal sem conductor substrate 100
can be used Wi thout waste. As a.result, cost reduction can be achieved in

the pr dtess of rAAHS g@lgqql,lm% tgehthlckness of the single crystal semiconductor substrate
100 is reduced by the planarization treatment of approximately 1 pm to 15 pm.

[0038]

Subsequently, the planarized single crystal semiconductor substrate 100 is

reused as a bond substrate in a process of manufacturing an SOI substrate and bonded to
20  a base substrate 120 again.
[0039]

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

25  That is, the single crystal semiconductor substrate 100 which is thinned due to reuse is
neither discarded nor used in other processes. Instead, the single crystal
semiconductor substrate 100 is reused as a bond substrate by being bonded to another
single crystal semiconductor substrate 150. In this case, the use efficiency of one
semiconductor substrate can be improved in a process of manufacturing an SOI

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

SOI substrate without limitations regarding other processes.
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SO substrate without limtations regardi ng other processes. 10 [0040] For
exanpl e, after being split, the single crystal sem conductor substrate 100
is reused one to ntines (nis a natural nunber higher than or equal to
two) as a bond substrate in a process of manufacturing an SO substrate.
After performng the steps 5 of FIG 1A to FIG IE (n + 1) tines, the
single crystal sem conductor substrate 100 can be bonded to another single
crystal sem conductor substrate 150 to form a stacked-layer substrate 200.
Then, the stacked-layer substrate 200 can be used as a bond substrate in
the process of manufacturing an SO substrate. [0041] 10 Note that the
nunber of togoagps in which the single crystal sem conductor substrate 100 is
reused in a process of manufacturing an SO substrate can be determ ned as
appropri ate depdivdF¥grin aftwévemsisekﬁng%mak qryséal spmigendastossubgirate KXyist al

sem conductQtedssHesh rnat‘i'ﬁesl@ois aPnaRBhIl RAMHTRRGhE Rn bDEE1 RIWS) GE ¥ HoRd

sem conductor substrate 100 of planarization treatment, of the like. 15
[0042] |t eubsirdie inde prceds 9b thappfaethang ath8O0k pybglrate.c riféar perfermipg thediteps or

bst i . . i t
cem conttuct oS E et PP 2 285G Snms (RO BREE chRPRBhlflud hE-E NEB o1
sem conducbobomlubitanather d:i}ifle crysisitsemittonductbe beystratail @) tol fiorm adekeddagehe nunber

of tinmes in iC he. si ngl ryst al ] duct or subst r at 00.is 20
Peuseq as HBGHEhndr, M Shebbhy & B S e bebal HR bR sty T o
t he singl ethe@rytadsalf nasirheromicblat SO sgbsagaier at e 100 is reused as a bond
substrate hﬁ4ﬂeternined dependi ng on the state thereof. [0043] For
exanpl e, ak-I'nspecting step may be provided, in which it is decided upon

25 inspgction whejdaethat iR Sinltgh &f ainydstial wiseKNitEOs1akI6 tepfstal UbBIcbRIBA 00 af ter
t he separation and planarization treatnment can be used as a bond substrate
in a proced®sEre 198457 %Esed, ing RIpresort Jppvtrras an el syt 98 Pe | ustrat e

a process @iermudf a@,ca;ﬁpfdlgﬁgte dz.-ge g ShRd fAdKBedsbivE GRgihbesihgle Refstal N st ep
is provided. Note that FIGS. 2A to 21 have a structure in which the
i nspect i ngsestieqndpaor ghstnte d0Phe pelisle arassing efuthersinaly cpystak|segicondygtor At o 1H.
substrate 100 of planarization treatment, or the like.
15 [0042]
It can be determined whether the single crystal semiconductor substrate 100 is
to be reused or bonded to another single crystal semiconductor substrate 150 depending
on the state of the single crystal semiconductor substrate 100, instead of determining in
advance the number of times in which the single crystal semiconductor substrate 100 is
20 reused as a bond substrate. In this case, the number of times (#) in which the single
crystal semiconductor substrate 100 is reused as a bond substrate is determined
depending on the state thereof.
[0043]
For exarnple, an inspecting step may be provided, in which it is decided upon
25  inspection whether the single crystal semiconductor substrate 100 after the separation
and planarization treatment can be used as a bond substrate in a process of
manufacturing an SOI substrate. FIGS. 2A to 2I illustrate a process of manufactaring
an SOI substrate in which the inspecting step is provided. Note that FIGS. 2A to 2I
have a structure in which the inspecting step is added to the process illustrated in FIGS.
30 1Ato1H.
[0044]

In the inspecting step, the single crystal semiconductor substrate 100 is
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[0044] In the inspecting step, the single crystal sem conductor substrate
100 is 11 inspected. For exanple, the thickness or the anbunt of bent of
the single crystal sem conductor substrate 100 is measured. Further, the
state (whether a scratch exists or not) of the surface of the single
crystal sem conductor substrate 100 or the |like may be observed. Note that
t he nmeasurenent of the thickness or the anbunt of bent of the 5 single
crystal sem conductor substrate 100 can be perfornmed using a | aser

di spl acenent sensor. Note also that the observation of the state (whether
a scratch exists or not) of the surface of the single crystal

sem conduciRhe3eddSFHALEmBR) B¢ till@eds! KCthE ARt opﬁérft R sidgleNGyda

m croscope. [0045] 10 As illustrated in FIGS. 2A to 21, the |nspect| ng
step can bécpicgndugtersubstraie 1%18 messuedy tHyethpr &waﬁttheﬁwr@ﬁ@rawh@mm( see FIG
2F) . Accor , et erm ned
whet her th?{g@}%@k%ﬁ%@gr sesmgtl:%)ér%y cltsgllrﬁ&sgﬁ%ltsc{o?gub%&%Q IOOFg&gglkp'?lggbe reused
as a bond bebbierete Weteithat thy heaswromde ! the thivkndseer thé agbaent of Yent af the

sem conguc 0 e ere the
result gf %ﬁgle%%%té(g:ﬁ‘t%lgor? %@%{)r &8 thgei ﬂ@]hcgﬁgg Rglff&%!éﬁ%%g %edrh&g%g %t or
substrat e igBomedbs asophadhd: ebsaivaiah efthelsteieqwhethdrer siatgy am@r qastoa)l of

sem conduct,or bstr, as _a bond subst

oppost e, M ptee e ol SRl SorhEHRRELT Sy RraBoR B ML PS eetidet 't e 100
does not n’petfforhiaéuﬂﬁ)g@ﬁﬂﬂﬁcepsdm ned condition, the single crystal

sem conducﬁ(g)rdlsﬁubstrate 100 i s bonded to another single crystal

sem conduc ubstrate 150. The thickness of the single crystal

sem conduct or su@§ﬂruatt-s@edlﬁQJIGBozAwanmﬂmei,ns;feaﬁngd@élﬁﬁaﬁi eeprovigscher astioe si ngl e

crystal onduct or, substrate 100 ts. th redet er ned C jtion.

ot her word O'Hq r‘]{e planagization, feqtment aeg ﬁf@kﬁf@ssgﬁ& ‘f‘% By ]ércg tg

sem conducipectidPstep,at @in b AeletnibEwhan® thdsidSe &gam@éﬁn&hmcwduﬁshﬁﬁkness or
exceeds it, the single crystal sem conductor substrate 100 is reused as a

bond subst 8% & apbip l?‘h’@“%ﬁﬂ&éélbpéd sybstrgt @r isgtg e Rpeded 1 peothatisinelfed¥stdt  t he
singl e crysgtRbo@framsied Pjo. substrate 100 is smaller than a predeterm ned
thickness, the single crystal sem conductor substrate 100 is bonded to
anot hed3si el crystal  seni conductor substrate 150 so as to formthe

stacked-l ayer s %%&zﬂﬁﬁe,%@ﬁm case where the result of the inspection shows that the single

crystal semiconductor substrate 100 meets a predetermined condition, the single crystal

semiconductor substrate 100 can be reused as a bond substrate.  On the opposite, in the
case where the single crystal semiconductor substrate 100 does not meet the
20  predetermined condition, the single crystal semiconductor substrate 100 is bonded to
another single crystal semiconductor substrate 150. The thickness of the single crystal
semiconductor substrate 100, for example, can determine whether the single crystal
semiconductor substrate 100 meets the predetermined condition. In other words, in the
case where the thickness of the single crystal semiconductor substrate 100 is the same
25 as a predetermined thickness or exceeds it, the single crystal semiconductor substrate
100 is reused as a bond substrate. On the opposite, in the case where the thickness of
the single crystal semiconductor substrate 100 is smaller than a predetermined thickness,
the single crystal semiconductor substrate 100 is bonded to another single crystal
semiconductor substrate 150 so as to form the stacked-layer substrate 200.
30 [0047]
Note that the state of the surface or the amount of bent of the single crystal

semiconductor substrate 100, as well as the thickness thereof, may determine whether
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30 [0047] Note that the state of the surface or the anmount of bent of the
single crystal sem conductor substrate 100, as well as the thickness

t hereof, may determ ne whether 12 the single crystal sem conductor
substrate 100 neets the predeterm ned condition. Alternatively, the

i nspecting step may be provided before performng the planarization
treatnent on the single crystal sem conductor substrate 100. [0048] 5
Providing the inspecting step prevents the single crystal sem conduct or
substrate 100 which is thinned due to repeated use from bei ng broken; thus,
the use efficiency of the single crystal sem conductor substrate 100 can

be inproveghd Bnfle dy<e4leemi@hdubRRUfBetad 100 idtsSEe SR coh@849] 10 As
descri bed above, the use efficiency of one single crystal sem conductor

substrate é\dﬁﬂtaevqlweomwcwg Houmay paproxided heforearpaipaning tha Meterigtistesses

because ev%atn@futo%rthéﬂﬁgté ¥NeRfoRductdr Sutitrgi§o.cryst al sem conduct or
substrate 100 is reduced the single crystal sem conductor substrate 100

can be used0U48] a process of nanufacturlng an SC] substrate as a bond

substrate af ter gl g ANIRLAANILNSLoSIIThE S|l ShfithaRAGuC Or

substrate 150. Thi ost In the pro ess 0 acturing
an SO substhstate 1106 vtiecbr sdhiveel dt[d)toa@peandtleetftm beihg bekpy| thuse thesusal

sem conduc t e substrate
150 may bete | %ee}é? %eon'ﬂélg gasc ?Coﬂlt&%r Suﬁ{t%eérena q \932 %q‘?‘ﬁl%ld%g‘{ & ngl e
crystal sepumamdmnxmuﬁemmngamémﬂsﬁﬂﬁaﬁay be bonded to the single crystal
sentconduc&&f fubstrate 150 with an insulating | ayer therebetween.

Her ei nafte nmet hod of forming the stacked-layer substrate 200 by

bondi ngot he si nghe descyibddabbovsetiic ane difiicaty sbloaé sakR dPdalasethidonéuctirngl e
crystal sem.,conductor .substrate lio to each .other is desgribed with

reference CYPSERESN Snipryod witiqug imjtationg rogarding, athey precessca begpuse gveg e [ 0051]
FIGS. 3A t aft@Ehb |thidBicsabe HR8E BRI Serhibendattdd kbsgity S0alis s@nicepmduct or

substrate 100 and Ehe single crystal sem conductor substrate 150 are
directly bétg &l’}fSBI sem1conductor substrate 100 can be used in a process of manufacturing an
SOI substrate as a bond substrate after being bonded to another single crystal
15  semiconductor substrate 150. This enables material cost in the process of
manufacturing an SOI substrate to be reduced.
[0050]
Note that the single crystal semiconductor substrate 100 and the single crystal
semiconductor substrate 150 may be directly bonded to each other; alternatively, the
20  single crystal semiconductor substrate 100 may be bonded to the single crystal
semiconductor substrate 150 with an insulating layer therebetween. Hereinafter, a
method of forming the stacked-layer substrate 200 by bonding the single crystal
semiconductor substrate 100 and the single crystal semiconductor substrate 150 to each
other is described with reference to FIGS. 3A to 3E, FIGS. 4A to 4E, and FIGS. 5A to
25 5K
[0051]
FIGS. 3A to 3E illustrate a case where the single crystal semiconductor
substrate 100 and the single crystal semiconductor substrate 150 are directly bonded to
each other to form the stacked-layer substrate 200.
30 [0052]
First, the single crystal semiconductor substrate 100 and the single crystal

semiconductor substrate 150 are prepared (see FIGS. 3A and 3B). Note that it is
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each other to formthe stacked-layer substrate 200. 30 [0052] First, the
single crystal sem conductor substrate 100 and the single crystal

sem conductor substrate 150 are prepared (see FIGS. 3A and 3B). Note that
it is 13 preferable that the surface of the single crystal sem conductor
substrate 100 and a surface of the single crystal sem conductor substrate
150 be polished and planarized in advance. As the single crystal

sem conductor substrate 150, for exanple, a single crystal sem conductor
substrate that is forned of one or a plurality of elenments 5 belonging to
G oup 14, such as a single crystal silicon substrate, a single crystal

ger mani um suRsiHAtHRL 1 snﬁfa@é B ﬁﬁ%l@%?&sta@ isbhOfiuRE FREHLHI fabsiarat e can be
used. In addition, a coefficient o her mal expansi on and the |ike of the

singl e crysfre okheriagls gustab semiconsdpetat wibsigre hikba pebishadragd @lasprasd dn

sem conduc R GUbSL R SindRArdif bfifonBRIE MRS EabfId of g of the
same material as the single crystal sem conductor 10 substrate 0 is used
as the si nghsalcsyueaidugenisdsivelechdr issivbued af eong 59, aA&@@WMleﬂwmmﬂﬂefective
bondi ngs ca ¥ e 1, t rmed on
ei t her or gﬁgn%?Rfﬁgﬁ§u?%§%§9% ﬁ£@QS|ng §ﬁ§§§§%§%5%2%13 GQ f%?

substrat e gdMamng subsrag pf aaiagbfcrststvé s@nq»tgg@memymtsabstrane&aséammtmdﬁmt or
substrate ] e 3 n t he surf €€ st al
senlconduc?%&mébbsf?%.lmf Q?%lgn%hém§ﬂ? %égdo%g § g?ﬁﬁ cpé%Y

sen conducienticondubat subdteatel B0 aad ehdodiple chyttal sfeml[dﬂincﬁd‘ce)r.%ﬁmkied SD awghe substrate

200 (see FIG 3F). 54] . As surface tr ment irradi ati on of

t he surfac®"Hf" %eﬁe@ %B%ﬁfgefowfipts%eﬂe SN IE@FH‘% 8?1 Spsle csf%agts?lﬁltc%n‘%ﬁ@ and the
sur f ace) of siubkigats il(D(gisfilsﬁ‘l” ysstha kingle rergei deisicariductstibirat @50.5Qdsbddingsy, f ast
atom c beam of a on g in vacyumis perfornmed, which activates the

sur f aces; gﬂ@ﬁwe “EMB“ ? APESEfyst al semi conduct or substrates are bonded

i n vacuum giszjoom tenperature (vacuum bonding). Alternatively, as the
surface treatnent, wet treatnment nay be perforned on either or_both of the

surface of the < serfass treatagng fs E“éf?i“&%ﬂwa%@tﬂéﬁf g eth phths sederehidhe he

surface ofsihhe iRl @nidah@dr SHAONDICIRN theS URELE afrethd SPrglVREeRIPY
hydroxi/li groups are introduced, and the two single crystal ~sem conductor
e

subst r & essamEgonguctoovliEre {30 (59 REFth6T %@ép)bmcﬁuﬁgcebét%@ﬁglp gy stal

semiconductor substrate 100 and the surface of the single crystal semiconductor

substrate 150 are bonded to form the stacked-layer substrate 200 (see FIG. 3E).
[0054]
As the surface treatment, here, irradiation of the surface of the single crystal
20  semiconductor substrate 100 and the surface of the single crystal semiconductor
substrate 150 with a fast atomic beam of argon (Ar) in vacuum is performed, which
activates the surfaces; then, the two single crystal semiconductor substrates are bonded
in vacuum at room temperature (vacuum bonding). Alternatively, as the surface
treatment, wet treatment may be performed on either or both of the surface of the single
25  crystal semiconductor substrate 100 and the surface of the single crystal semiconductor
substrate 150, whereby hydroxyl groups are introduced, and the two single crystal
semiconductor substrates may be bonded utilizing hydrogen bonding between the
hydroxyl groups. In this case, heat treatment may be performed in order to increase
the bonding strength.
30 [0055]
FIGS. 4A to 4E illustrate a case in which the single crystal semiconductor

substrate 100 and the single crystal semiconductor substrate 150 are bonded with an
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hydroxyl groups. In this case, heat treatnent may be perfornmed in order to
increase the bonding strength. 30 [0055] FIGS. 4Ato 4E illustrate a case
in which the single crystal sem conductor substrate 100 and the single
crystal sem conductor substrate 150 are bonded with an 14 insulating |ayer
whi ch functions as a bonding | ayer therebetween, so as to formthe

st acked-| ayer substrate 200. [0056] First, the single crystal sem conductor
substrate 100 and the single crystal 5 sem conductor substrate 150 are
prepared (see FIGS. 4A and 4C), and then an insulating |ayer 142 which
serves as a bonding layer is forned on the whole exterior surface of the

singl e cryskahtieR&GOMHUE hRtisidbstd 8Rink0Rydr S ctitzend® as [PRRAlmés t he

a
insulating layer 142, a single layer of a silicon oxide film a silicon 10
oxynitride“ﬁﬁﬁﬁﬂ@@F%#WW%ﬁﬁQonitride film a silicon nitride oxide film or
the like, @psg stacked |ayer thereof can be used. These filns can be
formed by a thermal oxidation nethod, a CVD nethod, a sputtering nethod,

or the like. Herfdrst, dhe sisgle| gy semidgadictanhmburaten0q aerd et single lcgptal 142

(such ag a&@&ogauétbxj slm)suia&. 1f59 %ﬁ%&ﬂ?ﬁledqg{?fﬁégj Aﬂgi%igﬁf) @dﬁl&e@?gﬁ%ﬁﬂg treat ment

on the single crystal sem conduct'or substrate e that the
t her mal oxlagenli4d whichesttvaeasta Hoodipg ddyer ialidrned en fherwiett dxtermnsurfixe déthée on

at nospher e_. . i ygen, to which hal ogen is
added. Forﬂ%%gggggvégﬁgﬁgﬁggE@#%ggﬁggﬁ?ghﬁgﬂ%'tnent is perforned on the

singl e cryg0&T] sem conductor substrate 100 in an oxidation atnmosphere to
whi ch chlorine (

i ol o111 (6 by BE TP AR oo RS bR D A o1 1
nmade ot0 a &iyhnimido it niiligorC hitwdd filtn,af sifiGon diiRdel S48 Al NG the aKer orldl2 _
containe CALSLLTSAO0: thechy 90, et ol eLLelL 16, L Mok, vl cf S
crystal  sefkthod)dUCHDr metfts tar luterd30mans, tdaehe By, T 8RR, @fcatd® ®RidBLe crystal
sem conduct pr substrate 150 are di sposed to face each other
where the insulating layer 142 (such as an SiO, film) is formed by performing thermal
oxidation treatment on the single crystal semiconductor substrate 100,
15 [0058]
Note that the thermal oxidation treatment is preferably performed in an
oxidation atmosphere such as an atmosphere containing oxygen, to which halogen is
added. For example, the thermal oxidation treatment is performed on the single crystal
semiconductor substrate 100 in an oxidation atmosphere to which chiorine (Cl) is added,
20  whereby the insulating layer 142 which is chlorine oxidized is formed. In this case,
the insulating layer 142 is made of a film containing chlorine atoms. The insulating
layer 142 contains chlorine atoms, whereby an effect of gettering of metal, which is an
impurity, can be obtained.
[0059]
25 Next, the surface of the single crystal semiconductor substrate 100 and the
surface of the single crystal semiconductor substrate 150 are disposed to face each other
so that a surface of the insulating layer 142 and the surface of the single crystal
semiconductor substrate 150 are bonded. Accordingly, the stacked-layer substrate 200
is formed (see FIG. 4D). Further, it is preferable to perform heat treatment to increase
30  the bonding strength after the surface of the insulating layer 142 and the surface of the
single crystal semiconductor substrate 150 are bonded.
[0060]
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so that a surface of the insulating |ayer 142 and the surface of the single
crystal sem conductor substrate 150 are bonded. Accordingly, the

stacked-| ayer substrate 200 is fornmed (see FIG 4D). Further, it is
preferable to performheat treatnent to increase 30 the bonding strength
after the surface of the insulating |ayer 142 and the surface of the

single crystal sem conductor substrate 150 are bonded. [0060] 15 Further, a
sel ective etching of the insulating |ayer 142 may allow the insulating

| ayer 142 to remain between the single crystal sem conductor substrate 100
and the single crystal sem conductor substrate 150, while the insul ating

llayer 142 for medi@Rera séfééfzir@&élnﬁé oft A& indb1aGleeeydr A¥Bhap WIS tatRuRHAR: May be
renoved (see FIG 4E). Note that 5 the renovg? step %f t he |nsuﬁg§|ng | ayer

142 can bel2yeh 1428 rﬁwamrm%éhw@é qrysial spppisondicion gubsrpter 109 andithe f or med by
a CVD net hﬁﬂgle @rﬁﬁl"&ernﬁédnﬂﬂ:t%m@ﬂte B, Wife {Helfﬁsufhﬁné Ilh%er M hak& fathe

singl e crystal sem conductor substrate 100 whi ch be bonded to the

singl e cryﬂﬁﬁpeQéﬁﬁéwdﬁﬁdmﬁiS@ﬁb@@ﬂ&@@%WHG13@903h$ﬁ3ﬁﬁ}Aﬁﬂeﬂﬁa@ﬂmély, even
when the | BSULALY didh e HiRlatils 1RLATE) A tog%uﬁm , (S (AL SHE T ace of
m con a

the single crysta Uctorss bstrate 1 ermal oxidation
met hod, themﬁma@Hediﬂﬁ&@ﬁmymd@Ya&ﬁ@DQQQM¢EMmm§Kmamuﬁdﬂt@théhbasbesubstrate

120 with _bificd DL ALACLAYSEnASRALRL TRAAD DISRHLACE Bhald e

stacked-1 a meen Wi t renovi n e 1 nsul ating
| ayer 142. mhgeb@mml%mmmmhmhmsmmnmmaﬁo15 step of the |nsulat|ng | ayer 142
and the stﬁ@gﬁf formng the insulating |ayer 102 can be omtted; thus, a
process of ufacturing an SO substrate can be sinplified. [0062] Note
that, @&bthough Rifstatiddy,t &edEvlichl this tifisalating Néyee 82 iofforhed d:inl’l thewhkole t he

mhole exterior surface. of. the sij e crystal. sem nduc ubstrate 100 is
b ovi ded  S6HAr SHIERG! PRSEEREPRE Tyercioy TR LODYadTeaP BT ng | ayer

t he i nsul aikfhgd, |tﬁé’&ﬁck&&?ay€ﬁ$ﬁbblﬁ1t@2@0/mdﬁde Bondel €0 ajarb%@cmafatet [ witingl e
crystal seni conduct or substrate, 150 |nstead and the surface of the single

crystal s efhe cBsriag Jryes et foxped 9B dhengyrians ofhbiA cagkedslay HesubFaie2l) of t he

insul at i ngthle@B&Gveérﬂmethtox@ﬁbvmg5hé:irﬁ§at1§gp\la5(é} B i I usd eAkLmd re@SRI I N whi ch

an insulating Iayer whi ch serves as
15  step of the insulating layer 142 and the step of forming the insulating layer 102 can be

omitted; thus, a process of manufacturing an SOI substrate can be simplified.
[0062]

Note that, although FIGS. 4A to 4E illustrate the case of bonding where the
whole exterior surface of the single crystal semiconductor substrate 100 is provided

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

[0063]

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

30 [0064]

First, the single crystal semiconductor substrate 100 and the single crystal
semiconductor substrate 150 are prepared (see FIGS. 5A and 5C). Then an insulating
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bondi ng layer is provided on both the whole exterior surface of the single
crystal sem conductor substrate 100 and the whol e exterior surface of the
single crystal sem conductor substrate 150, and then insulating |ayers are
bonded to each other so as to formthe stacked-layer substrate 200. 30
[0064] First, the single crystal sem conductor substrate 100 and the single
crystal sem conductor substrate 150 are prepared (see FIGS. 5A and 5C).
Then an insulating 16 |ayer 144 which serves as a bonding |layer is forned
on the whol e exterior surface of the single crystal sem conductor
substrate 100 and an insulating | ayer 146 which serves as a bonding |ayer
is formed pas»eltmMMJs%r«%gqﬁlsdﬁamgqg)feﬁgwedw%&m oY $U:flee of the

sem conduct or substrate 150 (see F 65] As each of the
i nsul at i ngsipgly erystall emieanduciorgubsiratsi 196 land trpipeylati 1@65146 ‘G]@lnh gxvadesafilm a
silicon OXE&ldufg G@e} i ”}onﬁec?'({( whold e gén&l BB f'th& M thiglg oxide
film or t , a stac ayer thereof can e use hese filns can
be forned bﬁ}nlaortdhetpmbstram(ﬁ@e(meﬁGﬂE&MSM CVD net hod, a sputterl ng

net hod, ¢ &Og | i ke. Here, a case is 10 described where the insulating

| ayer 144 <[;1 ]the insulating |layer 146 (such as SiO. filnms) are fornmed by
perform ng ther nid eaobxioﬁﬂieiimulatting&tymrlt44cand 4% assinpdd byﬁrqfatsﬁiconseﬂdb conduct or
substrate 0 and the s I onduct or . r 150
respective ﬁé’nt%é?lh{%gﬁ?l g‘ﬁﬁ I(’)‘ifdgaﬁfno YL toxﬁgﬁ?i‘ O or med in
an oxi dat iﬂaen oﬁfamﬁ]pddﬂﬁﬁrﬁl&rMIc@hbehﬁdeﬂgemdss fiankeml. be HornhAAG0d thEtel
insulating ers 144 an beforrred of, the s terial or
ditferent  FEEERRIpEho d[@cfg‘?‘jjj B2 o REtIRE ROl or fipike; &H S 9%t

sem conglucgkrisddbshdratie maﬁataigdaﬁéﬂem:; 20dsne fragetigy labdel 4 @REheascoiyvst al

sem conduct or substrate 150 are di sposed tq face each other A so that a

surface of M 3 dofms bygperiaympe tharmalh pxidation fragtmes o (e piRglEIAYS4hg | ayer

146 are bendeshdud6C Risii-ig! Wo bAE 18 ARERAchRUL kertiUbRiub Bt Qukdte! $5d, 0r Med
(see FIG S5E). Further, it is preferable to perform heat treatment to

i ncrease t FREPISEIAY-ngNetE rthfgihp thermel oxidations festment BRY teepariesnehin 8 | ayer
144 and t h@xlﬁé{foil%ﬁﬁosﬂfleré H')ewl’ua?h’a]l@éeh Rodgey er 146 are

15 [0066]

The insulating layers 144 and 146 may be formed of the same material or
different materials.
[0067]
Next, the surface of the single crystal semiconductor substrate 100 and the
20  surface of the single crystal semiconductor substrate 150 are disposed to face each other
so that a surface of the insulating layer 144 and a surface of the insulating layer 146 are
bonded. Accordingly, the stacked-layer substrate 200 is formed (see FIG. 5E).
Further, it is preferable to perform heat treatment to increase the bonding strength after
the surface of the insulating layer 144 and the surface of the insulating layer 146 are
25  bonded. '
[0068]
Further, a selective etching of the insulating layer 144 and the insulating layer
146 may allow the insulating layer 144 and the insulating layer 146 to remain only
between the single crystal semiconductor substrate 100 and the single crystal
30  semiconductor substrate 150, while the insulating layer 144 and the insulating layer 146
formed on the surface of the stacked-layer substrate 200 are removed (see FIG. 5F).
Note that the removal step of the insulating layer 144 and the insulating layer 146 can
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25 bonded. [0068] Further, a selective etching of the insulating |ayer 144
and the insulating layer 146 may allow the insulating |ayer 144 and the
insulating layer 146 to remain only between the single crystal

sem conductor substrate 100 and the single crystal 30 sem conduct or
substrate 150, while the insulating |layer 144 and the insulating | ayer 146
formed on the surface of the stacked-layer substrate 200 are renoved (see
FIG 5F). Note that the renoval step of the insulating |ayer 144 and the
insulating |layer 146 can 17 be omtted in the case where the insulating

| ayer 144 and the insulating |layer 146 are selectively forned by a CVD

nethod, a spYkdiesi il hd BN Qter@lthd HSulhddeSla@ 194 @ﬁ@%sntu@atbg la)QPWQ‘eOf the
single crystal sem conductor substrate 100 and the singlée crystal

sem conduc#d¢ctiyelydermed by S0V D anqtipded prusiexieg mttlpft/er the lilg am suifpees tofhe

i nsul ati ngphaNarofldf Lisgll Arped eﬂutotteuaettotlﬁ,suaétmb'ard B §1ﬁ£1€ sfihe single
crystal sem conductor substrate 100 by a thermal oxidation od, the

st acked- | ajericendystor wbetra?00my be bonded to the base substrate 120 with
the insyl agd Og | ayer 144 formed on the surface of the stacked-|ayer
substrate 0 ]10 t her ebet ween, w thout renoving the insulating |ayer 144.
In this case, thbltereatiyolsl evest‘ebenoﬂletiheﬂ&thsdlamiwg isdpmmedldan tndholhe step of

form ng the lLnsy ﬂt%%/%at 1 s%alg 1cgn%uct8 ({05%7101]11 18a§1%n0f

manuf acturing an can e Si rrp thove 'FI GS. 3A
to 3E, Fl Ghethdd, tho sthekeddmar RitESate 300 oy HE, boanh:dr tuslrnelnatse ElgnstrétS 12@ efth whi ch

i nspects et her, t he stac - | ayer ubs at e, 200 f b di t he
Single. oy EamuaiHECRE F0 foredd 3, B SNAS & B e kel RrotupGuf 208

sem comducﬂmrebemhstwlﬂtoet imibvagnthb énsubi€ifly &8/ef 1HNdAn ShibsShdeatiR defhodal pr ocess
of manufacturi sub tra ovi ded ult of the

i nspect i ng>%€R 8B%eéﬂsa 8% Y ee 44@@%@&@{ %&}EF‘%E%H?tlF%Eta@ngﬁebﬁﬁd@Pe’& ed when
a bondi ng sin@rdothus a PecessOF tahathctadibh SR BOIGTBMGIRan BE GMpREQS a defect. This
brings an effect of inproving productivity of a process of manufacturing

an SO sub&%4te. [0071] As described above, when the process as described
in this enbodi me@tabb®e FIGS. 3A to 3E, FIGS. 4A to 4E, and FIGS. 5A to 5F, an inspecting

15 step, which inspects whether the stacked-layer substrate 200 formed by bonding the
single crystal semiconductor substrate 100 and the single crystal semiconductor
substrate 150 can be used as a bond substrate in a process of manufacturing an SOI
substrate, may be provided. As a result of the inspecting step, a defective
stacked-layer substrate can be detected when a bonding step of single crystal

20  semiconductor provoques a defect. This brings an effect of improving productivity of
a process of manufacturing an SOI substrate.

[0071]
As described above, when the process as described in this embodiment is
performed, even if a single crystal semiconductor substrate which is thinned after being

25  reused is unable to be used by itself in a process of manufacturing an SOI substrate, the
single crystal semiconductor substrate becomes able to be used in the process of
manufacturing an SOI substrate by being bonded to another single crystal
semiconductor substrate. As a result, the use efficiency of one single crystal
semiconductor substrate can be improved. Accordingly, cost reduction can be

30  achieved in a process of manufacturing an SOI substrate.

[0072]

Note that, after performing planarization treatment on a surface of the single
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perfornmed, even if a single crystal sem conductor substrate which is
thinned after being 25 reused is unable to be used by itself in a process
of manufacturing an SO substrate, the single crystal sem conduct or
substrate becones able to be used in the process of manufacturing an SO
substrate by being bonded to another single crystal sem conductor
substrate. As a result, the use efficiency of one single crystal

sem conductor substrate can be inproved. Accordingly, cost reduction can be
30 achieved in a process of manufacturing an SO substrate. [0072] Note
that, after performng planarization treatment on a surface of the single

18 crystal .56m RRbdGMr 1:!@%)/ £24 (%%FI@ €8), 5h @OI lul@rate %ﬂta@@ inSHO Blok &k €

obtai ned in the_grocess manuf act urin substrate described in
thi s embodPhErouigetiringe amsSéH fubptraterdengribed uy Flh%g eakb@@meetowubq gredd®vi ce

provi ded V"hfaﬂufﬁct&ﬂﬁé? §<§1tn@(5nd915t01t H'@flde @wdé&t \Htl'l é'tﬂgs;st&h@r b ROt Qurifibivst al

sem conduct or | ayer 4 (see F . 5 10073] The structure deséribed in
this enbodHWEﬁBkanﬁﬁéxmnwkﬁﬁ@hbﬁﬂIB?G@EFKQIHhonblned appropriately with
struct ug es(gﬁ§fr|bed in any of the other enbodinments of this

speC|f|cat{ [0074] 10 (Enbodinment 2) In this enbodinment, a case where a
st acked- Iayer s uBst stalcmrQOéBcvibﬁdchn thés embodimenti qant beeingoventadnto deimpnt by
bondi ng a n t Str crystal
seniconduc?%ﬁgém%%#¥§%%k %%%%%% 8%1%%Bfﬁa§§§5ﬂé Qggggﬁﬁmﬁmﬂg ?rate in a
process of thisspadificttioni ng an SO substrate will be described with 15

ref erence B@ %famﬁngs. [0075] First, the stacked-layer substrate 200 to be
used as a A& substrate and a base substrate 120 are prepared (see FIGS.
6A and16B) (Erhesdémena2pase i s described where the stacked-layer substrate

200 is formed fromthe sin Ie crystal sem c ctor substrates. 20 100 and
T50 whi ch are baRdbh SEPARLGE I She A O G PRy A FRigh s

t her ebet we@fimed HOWR\UBEve @nlifddasde By Ibaidhg & Whgler @il fsemiFeativkiop Butishige si Ngl e
crystal sem conductor substrates 100 and 150 direct]y bonded to each

ot her, whi (I:q)p ifugl A é@&%%&ﬁ é%\?%ndm:tloﬁ substrate 150 to each otheér is used as a bond

substrate in a process of manufacturing an SOI subsirate will be described with
15  reference to drawings.
[0075]

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

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

[0076]

25 Next, an embrittlement region 104 whose crystal structure is damaged is
formed at a predetermined depth from a surface of the stacked-layer substrate 200.
After that, the stacked-layer substrate 200 and the base substrate 120 are bonded to each
other with an insulating layer 102 therebetween (see FIG. 6C). Here, the single crystal
semiconductor substrate 100 is provided with the embrittlement region 104. Note that

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

therebetween in the case of leaving the insulating layer 144 which is formed on the
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reference to FIGS. 3A to 3E, nmay alternatively be used. [0076] 25 Next, an
enbrittlenment region 104 whose crystal structure is damaged is fornmed at a
predeterm ned depth froma surface of the stacked-|ayer substrate 200.

After that, the stacked-layer substrate 200 and the base substrate 120 are
bonded to each other with an insulating |layer 102 therebetween (see FIG
6C). Here, the single crystal sem conductor substrate 100 is provided with
the enbrittlenment region 104. Note that 30 as descri bed above with
reference to FIGS. 4A to 4E, the stacked-layer substrate 200 and the base
substrate 120 can be bonded to each other with the insulating | ayer 144

t her ebet wegRolk Bxtbi s6ARR 0PihelsPBMI BEtdAl RenibdlRutal dubdratedodr 144 which is
formed on the 19 whole exterior surface of the single crystal

seni conduct®/7lsubstrate 100. [0077] Next, heat treatment is performed and
the stacked-|ay@gexs ﬂpﬁ%{e%ﬁnﬁggeﬂf&n@@ Llﬁcf m@%mcﬁfggayi%gmﬂs&été SR kplftGPI on 104,

whereby a single crystal sem conductor |ayer s 5 provided over the
base subst thatambrilEnwnt kegidse ! G4a sthierebl rig singly exrystah Zemisendiistor esen 1242 FI G

6D). | 0978 roIiIaEcP tflJ'Gas@gﬁ%?rhg%%r&i%ﬁleﬁhﬁﬁigﬁi o ll(')ijﬁltefeﬁ%tﬁrgeﬂ &eé: | G 6D,

an SO substrate aving t single crystal s onduct or layer 124 over
t he base sElstbPate 120 with the 10 insulating | ayer 102 therebetween can
be nanufachﬁz d. Note that, after perform ng planarization treatnment on a
surface of"t single crystal sem conductor |ayer 124 (see FIG 6H), the
obtai ned SO suli%trough ehecabovdrdesusied stops, asalwstrated i Flidh 6B, sreBOT orbetwat or

devi ce proyided mﬁlq a

transi.staor or.the,.like, utilizing t sipngl e crystal
Sen conaucbtsiie e Bojlaf Sutisthe Sy g o Giyd bhekesteetitel 28 o3 o
t reat memt  insulfréiaf layera02 aleréteeych aak @d naayRtusdbSNo@t tRat2 Offer peffomiing t has
been split (see FIG 6E). Here, th | anari zation,treatnment i erformed on
2 surf ace BRI gL pY 8 siface S oREIE PEHA LU BRI 06T 13hIEh i s a
separ at i ONFId. 8HS. the Bytainb® SPI 3iatrhieakh 08 ubddeRk MRbfacthiiey §déhiR6muebr t he
st acked- | ayer substrate 200 (here, the 20 surface of the single crystal

sem conducttceduipadsdayith 3 raysisigr; & Hhetike, alising e isinglecrysil seraicpadugior whi ch
enabl es t hgygti2¢kRdri@ypr substrate 200 to be reused as a bond

15 [0079]
Next, planarization treaiment is performed on the stacked-layer substrate 200
afier it has been split (see FIG. 6E). Here, the planarization treatment is performed on
a surface of the single crystal semiconductor substrate 100, which is a separation plane.
By the planarization treatment, the surface of the stacked-layer substrate 200 (here, the
20  surface of the single crystal semiconductor substrate 100) which has been split is
planarized, which enables the stacked-layer substrate 200 to be reused as a bond
substrate in a process of manufacturing an SOI substrate.
[0080]
After the planarization treatment, the stacked-layer substrate 200 is inspected to
25  determine whether the stacked-layer substrate 200 can be used as a bond substrate in a
process of manufacturing an SOI substrate (see FIG. 6F).
[0081]
In the stacked-layer substrate 200, a defect or the like exists near the interface
where the single crystal semiconductor substrate 100 and the single crystal
30  semiconductor substrate 150 are bonded to each other. In the case where a part having
the defect near the bonding interface is used as the single crystal semiconductor layer -

124 of an SOI substrate, a defect may be caused in an element formed using the single
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substrate in a process of manufacturing an SO substrate. [0080] After the
pl anari zation treatnent, the stacked-|ayer substrate 200 is inspected to
25 determ ne whet her the stacked-|ayer substrate 200 can be used as a bond
substrate in a process of manufacturing an SO substrate (see FIG 6F).
[0081] In the stacked-|ayer substrate 200, a defect or the |ike exists near
the interface where the single crystal sem conductor substrate 100 and the
single crystal 30 sem conductor substrate 150 are bonded to each other. In
the case where a part having the defect near the bonding interface is used
as the single crystal sem conductor layer 124 of an SO substrate, a

def ect nﬁ%r?ﬁal%ﬂﬁc%ﬂdﬁcﬁbrﬂ%}:e@'l@ﬂe nthef&csreesy pRviathg the ikpRBhe sicgOwmityst al
sen conduct or a‘é 3124 her ef or e, providing the 1 nsgectl n step, which
k&

i nspect st Hepests cliedylayer subsiptieat09 af@o Hah%Sebeeil tsPlifa shepystigbilify| qitthe ¢ he
reliabilityeni! B aChEURAL tinR) thePlise! dMiciaRYRortd @gle%%ta%&negﬁdueﬂoﬁncy of a

singl e crystal sem conductor substrate canh be i nproved. [0082] In the

i nspect i ngsubsteyse canthe igprgved. of t he st acked-| ayer substrate 200 i s inspected.
For exaqmp Ig) he t hi ckness or the anmount of bent of the stacked-I|ayer
substrate 8% measured. It is particularly preferable to nmeasure the

t hi ckness of thén thengdpectngystpathe stendfdchnsiankediaysiusubstragt 20010 Mnspecivad. dept h

hobondi ot A6 ab Mol h3IR or ihe 37 M CPRNERDL SRl ADS; 100 1°

t he bonding in ace) er ab tat e
(whet her amsasnetic hitex pmlenlmty pnafe)rabdaef tot measenartﬁadmclmésstdiehts siaglk edstabryer

substrate e2(%(:’011 uchge St ce he SI n E‘ afJ fjn'tgondu tor ﬂ:bstrate
100) or t & TTRE " Thi's s Srge é 85 %01 8¢ SHEE e bondi ng
interfate emitdndudidi smmﬁtesloogb &edfo)i&ﬂhghnter%a) cmdum Qfefeiaﬂibétordbfsﬁvé.OO t he

hi gher is possj bility that a defec r the |i eeX| 15 Note that the
T ckness O SARE G STRObERES OF Bonet BEURed T ajer Qe HFarboEdd can be
nmeasur ed UNONghedsutfa@alt tiil Sl HEINemSRAGRtr siitrteabgortihalikd hanstiat e
(whether a scratch_ exists or not) of the surface of the stacked-|ayer

substrat e 2H8"s61the Hherter k@ disipnegdo Wﬁ%@%@?ﬂﬁgﬂéﬁensbw%eaeé cn[sebss] 20
Af ter suchsedicdnBsf@Chbffte 100, BRMidMRr det SosSbMgdhahehdied: of AR Blakisad- | ayer

15  Note that the thickness or the amount of bent of the stacked-layer substrate 200 can be
measured using a laser displacement sensor. Note also that the state (whether a scratch
exists or not) of the surface of the stacked-layer substrate 200 or the like can be
observed using a microscope.

[0083]

20 After such an inspection, it can be determined whether the stacked-layer
substrate 200 is to be reused as a bond substrate, according to the result of the
inspecting step. For example, when the result of the inspecting step shows that the
stacked-layer substrate 200 meets a predetermined condition, the stacked-layer substrate
200 is reused as a bond substrate in a process of manufacturing an SOI substrate. On

25 the opposite, when the stacked-layer substrate 200 does not meet a predetermined
condition, the single crystal semiconductor substrate 100 and the insulating layer 144
are removed by polishing or the like so that a surface of the single crystal
semiconductor substrate 150 is exposed (see FIG. 6@G), whereby the single crystal
senmiconductor substrate 150 is used as a bond substrate in a process of manufacturing

30  an SOI substrate (see FIGS. 1A to 1H and FIGS. 2A to 21).

[0084]
The thickness of the single crystal semiconductor substrate 100, which forms
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substrate 200 is to be reused as a bond substrate, according to the result
of the inspecting step. For exanple, when the result of the inspecting
step shows that the stacked-|layer substrate 200 neets a predeterm ned
condition, the stacked-|ayer substrate 200 is reused as a bond substrate
in a process of manufacturing an SO substrate. On 25 the opposite, when
the stacked-1|ayer substrate 200 does not neet a predeterm ned condition,
the single crystal senmi conductor substrate 100 and the insulating |ayer 144
are renmoved by polishing or the |ike so that a surface of the single
crystal sem conductor substrate 150 is exposed (see FIG 6G, whereby the

singl e crygb alackedaies AAHEL 200 SEP SIS cam Qetbiinibls RHAS e BRIt rate in
a process of manufacturing 30 an SO substrate (see FIGS. |Ato 1H and

FIGS. 2A t¥bsimfe 200omeuy teipsedetsraiead sanpdgiont hEurdien gp avelliay sheathickesss ebnduct or
substrate é@gmgm%lfs%ﬁﬁnd&%r sk al@b, e %6kt oTHREL §:4hE sdlr hOT

exanpl e, can determ ne whether the stacked-layer substrate 200 neets the
pr edet er mi fedceohdE tsingle. crial tshiaicondustopsistrats 0Aean prrrpresaly determine si ngl e
crystals sem S . or the state of the
surf ace5 ofe‘mt1 ﬁgﬁg&é&%ﬁ%&%%g%%{é%h%g%nglﬁ%tggﬁegj%ﬁggﬁ%%gﬁﬁﬁ ' can appropriately
det er mi ne [088%het her the stacked-1ayer substrate 200 neets the

redeterm ned c | t : t .i ' . be

Br ovi ded bef or e%ﬁéettﬂbal?glﬁ%&?%ga%lgw%frr}e@?tr?gn‘E} ‘8?{1 gea;%%ﬁ’#% srﬁ% e %’%%)%er"m %{Ihe

pl anar i zat rgumént etap.neENitis ¢nabloethe plabredtion] O&86¢nt talfk dmiged. when a def ect exi sts
in the sta@bgﬁg-l ayer substrate 200, providing the 1inspecting step nmakes
the defect'*Tess likely to be included in the single crystal sem conductor
| ayer R4 of anES&d wheibatdefdce exids in tﬂideﬁhdlded-la}eﬂal‘baﬁ'été)IIO@,Lpravidﬁgfiné in an

el ement which i.s forned usjn he. single crystal m conductor | ayer 124
can be suPpcELEeeP 18 ﬁd%%eé%tt lesy I]l‘gf’lyt"ﬁe ‘éﬂ‘?ﬁb"&‘tségr% BSHEDEFRh this
enbodi nent segidbnBe:tdr e MBNS Rt $OI subgiahy GBIz RRRGER 6T AlEkY ikt h

structures descrihed.in other enbodinents in this_ specification, [0088]
element which is formed using the single crystal semiconductor layer 124 can be

suppressed.
15 [0087]

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

[0088]
20 (Embodiment 3)

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

25 1Ato 1D, FIGS. 2A to 2D, and FIGS. 6A to 6D in the above embodiments.
[0089]

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

30  acid/hydrogen peroxide mixture (SPM), an ammonium hydroxide/hydrogen peroxide
mixture (APM), a hydrochloric acid/hydrogen peroxide mixture (HPM), diluted
hydrogen fluoride (DHF), or the like. Alternatively, diluted hydrogen fluoride and
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20 (Enbodinment 3) In this enbodinent, a nethod of bonding a single crystal
sem conductor substrate used as a bond substrate and a base substrate to

each other in a process of manufacturing an SO substrate will be
described in detail with reference to drawings. Specifically, the
foll owi ng steps correspond to the steps which are illustrated in FIGS. 25

lAto 1 D FIGS 2Ato 2D, and FIGS. 6A to 6D in the above enbodi nents.
[0089] First, a single crystal sem conductor substrate 100 is prepared (see
FIG 7A). It is preferable in order to renpve contam nation that a surface
of the single crystal sem conductor substrate 100 be cl eaned as

appropri at fafeP indR¥RAB GRotShaA\IbAdiSdHafdddl laferdfelpGh dlchy e QaARLeREIRXdikle M Xt ure
(SPM, an ammoni um 9%%(2“))(' e/ hydrogen peroxide mxture (APM, a

hydr ochl or f¥s@lSE@icRpdcHg stbsier d%-de mixture (HPM), diluted hydrogen
fluoride (fdgby}, or the like. Alternatively, diluted hydrogen fluoride and
22 water including ozone nay be discharged alternately to clean the surface

of the single dY¥ebta oxider fdondik tipformedser she suwrge qfobheOfingletystehn oxi de
film132 i g fiaBdondie %Ur(%eggg;qh the single crystal 5 sem conduct or
s 1"ks

substrate 100 (see FlI the oxide film 132, for exanple, a
single | ay®P9Hf a silicon oxide film a silicon oxynitride film or the

li ke, or a stac 10 us. f ; e _formed by
a thermal oxi da?l@sgﬂr}l} %@Eé%aelﬁéyb%%%?ﬁgda §1§§\géa§{3f§f? ﬁgfcrre%@%%hg’ra 10 the
i ke. | n aslbédn cxppitriddediims drehokikaler & btacked 3Frer thefeof cmpdelnyeda ToBedibhod, it is

preferable_in ter of product.ivity t ilicon oxide.filmformed by
usi ng org%larllloseif‘ﬁl(j;{rrllr%i b§(uac erénsalljf”él ?@3%%@%?&@%&8@7%%“ ?I?r@rfpéﬂf‘ﬁ%gf chem cal
fornmul 80 Bk (lRe2 Hm) Aditha, whed tesodide fibx i1d2 if fdried 33. a COOOAethod Sitlidy t hi s

crtedi ment . kIGOH et PASRCAD UL, SOge, GG, Libm fs forred by
substrat e orgdsi{fmeesichGas 7Baethbgsitaher @stre@xticdat TROS,! kRahib® N foringlapr ef er abl y
per f or med éi?Oé?Hs)‘;())ﬁfi: gsggggtrﬁegiigg%%%ze‘ to which hal ogen i s added.

[0092]

I5 In this embodiment, the oxide film 132 (in this case, an SiO, film) is formed by
performing thermal oxidation treatment on the single crystal semiconductor substrate
100 (see FIG. 7B). The thermal oxidation treatment is preferably performed in an
oxidation atmosphere to which halogen is added. |
[0093]

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

[0094]

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

30 [0095]

For example, the thermal oxidation treatment can be performed in an oxidation

atmosphere containing hydrogen chloride (HCI) at a concentration ranging from 0.5
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[0093] 20 For exanple, the thernmal oxidation treatnent is perfornmed on the
single crystal sem conductor substrate 100 in an oxidation atnosphere to
which chlorine (C) is added, whereby the oxide film 132 which is chlorine
oxidized is fornmed. In this case, a film containing chlorine atons is
formed as the oxide film 132. [0094] 25 The chlorine atons contained in
the oxide film 132 induce a distortion, which |eads to an inprovenent in
an absorptance of noisture into the oxide film 132 and an increase in a
speed of diffusion. In other words, when noisture exists on a surface of
the oxide film 132, the noisture on the surface of the oxide film 132 can

be rapi dl'y yoRs01 081 GNGredbdibiyiSLdoll o) Qith REpeX 1818xFdeh Thd 3La tdfpeAHES] For
exanpl e, the thernal oxidation treatnment can be performed in an oxidation
at nospher e rasgimgafrem nPOh e rtogdid0 ¢l dvpidelly HOP) °8). aTrewmeaintimatingn beangi ng
fromO0.5 9 r eferabl 2 .. % W th-re ct to oxygen
and at o Soplfes Biderdy 401 KO TLRBHAR e M3 apd} it LI IR GRss0° )
Treat nent bf e oege lidm toop farmed! nipgt e eompristd drtvesn NBuns, andr Ef08r ahl y

bet ween_ 0. d hour.. .The thickness f the oxide film be formed may
be conp?isg%g%g?$g§n‘fﬁsaﬁwaﬁﬁé&iﬁﬁ a‘ﬁg%efﬁ%%?é%%%?@“ﬁ%?&ﬁ%ﬁmSO nm and 300
nm, and f fo9ekanpl e, the thickness is 100 nm [0096] In this enbodinent,

concentration of_the chlorine atons.contained.in the oxide. filmJ132 is
ool oy 08 Do e s Pl eSOt I s e s S ied in {he oot

at oms/ cnB. Ahen? GhlcahitdIRd &b WeBcortpRis&P BétdeaLd i NoY NRomtddfeatd h M 1§2, an
effect that a 10,heavy netal (such as Fe, C, N, or M), which is an

extrinsic PRIy When ehigringraiemsge comginedigribapiisafiin h3opn effect shangl e

cryst aloseqlL£onia (Qich 34 PSIEARE of Ab)! %hi@ﬁ?é’ﬁﬁéxﬁ%si&iﬂa?@ﬁﬂy, {the tﬁﬁ:’dqg film132
cont ai ns hal ogen such as chlori’ne, whereby an inpurity whi ch has an
adversary &Rt @wtangrationef i sigkle comsips semicandngteromburteol00duprsrantede (for 15
exanpl e, aﬂaﬁypble ion such as Na) can be gettered. That is, by the heat
treat ment, iIch is performed after the oxide film 132 is formed, an

i mpurity contai g axndet il 13 pgitenchalegeal suslens cdomhec twereby bs timpurdty i s

separ at ed %}cht l?ast Qle aﬁ)@%irsqgf fe:ﬁ'l:crtn 0]i13 %leagllldlglfl:.‘, ecar‘j(z:sttaq dsemiconductor substrate (for
15  example, a movable ion such as Na) can be gettered. That is, by the heat treatment,
which is performed after the oxide film 132 is formed, an impurity contained in the
single crystal semiconductor substrate is separated out to the oxide film 132 and reacted
with halogen (such as chlorine) to be captured. Thus, the impurity captured in the
oxide film 132 can be fixed and contamination of the single crystal semiconductor
20  substrate 100 can be prevented. Further, when the oxide film 132 is bonded to a glass
substrate, the oxide film 132 can serve as a film which fixes an impurity such as Na
contained in the glass.
[0098]
In particular, when halogen such as chlorine is contained in the oxide film 132
25 by HCI oxidation or the like, contamination in a semiconductor substrate which is not
cleaned sufficiently or a semiconductor substrate which is to be reused repeatedly is
effectively removed.
[0099]
The halogen atom to be contained in the oxide film 132 is not limited to a
30  chlorine atom but may be a fluorine atom. In order to perform fluorine oxidation on

the surface of the single crystal semiconductor substrate 100, the surface of the single
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wi th hal ogen (such as chlorine) to be captured. Thus, the inpurity captured
in the oxide film132 can be fixed and contam nation of the single crystal
sem conductor 20 substrate 100 can be prevented. Further, when the oxide
film2132 is bonded to a glass substrate, the oxide film 132 can serve as a
filmwhich fixes an inpurity such as Na contained in the glass. [0098] In
particul ar, when hal ogen such as chlorine is contained in the oxide film
132 25 by HO oxidation or the like, contam nation in a sem conductor
substrate which is not cleaned sufficiently or a sem conductor substrate
which is to be reused repeatedly is effectively renoved. [0099] The

hal ogen at @RkhD shiSic6AEB BEkirhid 100isOXhAGsdd 1ok U3 ArdfRoR@lacidl Mdt Bdnto @ 30
chlorine atombut may be a fluorine atom In order to performfluorine

oxi dat i on &#iectadetos mﬂfla%eowamﬁeﬁ@m@t emc%ry%léﬁﬁ@eﬁﬁnmwr thegmadt r at e
100, the SHﬁB&ﬁﬁ Q&m&gﬁ /1 patFmed4n Cory SkhticHe Tt RPRC LT WD ik e 100 s
imersed in a hydrofluoric acid and then subjected to thermal oxidation
treat ment PHgRdoMTdbsirddedat nosphere; or thernmal oxidation treatment is
per f or ngd E gp oxi dation atnosphere to which nitrogen trifluoride (NF3)
IS added P 100] Subsequently, an enbrittlement region 104 whose crystal
structure is darfagesguertly, fnosmbetitl¢ment bagioni 19¢vdhose grstall stryetnieds Aauagedr
substrate r # t i crystal
e conductar AL B RIpRiORERy Mok 15 LA RSB g By 2T 15 5
As i || ustr atadihting thd GnZle, cripypali senmzbméﬂqtmgswktmtes |10@Ivetbcioy1$ thaving (kinetic

sem conduct or bstrat 0 ce t ions .l hrou h th oxide
film132, thee rsgns}:r@ gc)ér g‘sl lrlrlf)'ql'a%i% o a{&aﬁ’grbéfdmf é‘lraﬁln cF e Fhrjf omt he
sur f aceo of sdnfieor@lnctgl eberrayes 1l witls ecve eeidUict0103sthiagl tieexidFilmAcepthdi ngl y,
the enbrittle t ne on 104 c n be r . The i ns 3 are ions which
br'e obt ai ni%H B ECTPAG &' L st Tgae! BT Pan e R LR aeE T sour oo
gas, and i eScindattont €tbsiritet 108, plAass@inglye t@(ﬁeﬁlaﬁftleﬁieﬁtr fonh €04 & pkasnma and
accelerated by an_electric field.  [010 The depth at which the

enbrittl enth“eﬁl -egi5riomRg43 pEe ipBy YRigh Efar?%lﬁ@l Eﬁwmi%dsoum gas to produce

a plasma of the source gas, and ions included in the plasma are extracted from the

15  plasma and accelerated by an electric field.
[0101]

The depth at which the embrittlement region 104 is formed can be controlled
by the kinetic energy, the mass, the charge and the incident angle of the ions 103. The
kinetic energy can be controlled by the acceleration voltage, the dosage, or the like.

20 The embrittlement region 104 is formed at substantially the same depth as the average
penetration depth of the ions 103. Therefore, the thickness of a single crystal
semiconductor layer separated from the single crystal semiconductor substrate 100 is
determined by the implantation depth of the ions 103. The depth at which the
embrittlement region 104 is formed is controlled so that the thickness of this single

25  crystal semiconductor layer is greater than or equal to 10 nm and less than or equal to
500 nm, preferably greater than or equal to 50 nm and less than or equal to 200 nm.
[0102]

The embrittlement region 104 can be formed by ion doping treatment. The
ion doping treatment can be performed using an ion doping apparatus. An ion doping

30  apparatus is typically a non-mass-separation type apparatus for irradiating an object to
be processed which is disposed in a chamber with all kinds of ions which are generated

by plasma excitation of a process gas. The apparatus is called a “non-mass-separation
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by the kinetic energy, the mass, the charge and the incident angle of the
ions 103. The kinetic energy can be controlled by the accel eration
vol tage, the dosage, or the like. 20 The enbrittlenent region 104 is forned
at substantially the sane depth as the average penetration depth of the
ions 103. Therefore, the thickness of a single crystal sem conductor |ayer
separated fromthe single crystal sem conductor substrate 100 is
determ ned by the inplantation depth of the ions 103. The depth at which
the enbrittlenent region 104 is forned is controlled so that the thickness
of this single 25 crystal sem conductor |layer is greater than or equal to
10 nm and {88 Spfdiaik” YechG4! G oBJQct 9 3Q dﬂé@esa@&@é ff-afled WAl Rdl BARLET equal
to 50 nm and Iess than or equal to 2 0102] The enbrittl enent region
104 can beWitbqnﬁemas@ysemﬁmﬁomnﬁgmt plestarenin cwmast i m%oppmgmiaewm nt can be
per for med @a&&s%a b 4R %M@ 1 hQR PRI GIR ARRALAL US| S
typically non- mass- sep ra I 0 e appar at us for Frra g an object to
be process&dapphaiapts in svhibhspebgdt forbeaprodesasth ay imaliated at%hth 1 mbswehamngw whi ch
are gengra C [Qgess gas. The apparatus is

ed g "g%%ﬁﬁ§¥§£%§%ngnﬁéﬁ%&gagg%f%ms%H%an us" because an object to be
processed [803rradiated with all klnds of ions wthout nass separatlng
ions in plasma. ,lL.n contrasg @p r.ion IHB an% ﬁg ? S.is a
mass- separ at i on YPEEREEPE P e iordonng 4pgaraiuy Are; ﬁ% RVIEF G PPABBA Bt us i s
an appar at whichan\whjectto da pedesed 1stdi)spb&dpﬁloibﬁé‘s$ﬁde (%5 gleﬂdrﬂdigateaebdvmﬁsh i on
speci es hav a 5 specific.mass th SS s ration of iong in
pl asma. i%g% S Rt BB R BF SR N B0 P aﬁbwﬂgn ezt
foll ommgsm@oﬁmam’ae includes WREE PRIy @Rjc8Thr {ppRtiely QUR%SAE td SerdiabP@sed, an

ion source for generating desired ions, and an acceleration nechanlsn1for
accel er at | $16¢ ORGSR ISR gleirofy on grelingsihe sHHEsecsHs iheenergiomismaotdsBar ce

i ncludes ajgRs SRR Vet CRr foRhersttizPbMis 2 fﬁﬁh{{n@eel&%dé O ggRefiRt e a
desired ion SE cies, an electrode for excitin e source gas to generate

pl asma, antPupheg highifequensy disshargias wfestredes efrthagﬂferl%wwdg Pheagsealeragion j | anent

el ectrode, m@ctﬁﬁﬁﬁ%&lﬁdé@ eleSRIdRE Ll a@élg&trfaétﬁﬁ‘éféaﬁb’dedhé&!&é!éﬁhwe@étﬁ@& rode or
the like is used. The acceleration nechanismincludes el ectrodes such as

an ext Fact ¢ descleration elseteode sand acreund elecirede; apewerrsspiely frsupplying ptwsrae i on
el ectrode, th@&%}@m%ﬁé&“@ﬁ’c}]%%’ﬁ Oﬁ%e éiel?t? L ol 1%' Mcl&@erd ﬁ%ﬂ@b&%{é&g?&""er to

t hese el ectrodes; and ese e ectro es that are I nc ed in the
accel er at | machanism are provided with a plurality of openings or slits, through which ions that

are generated from the ion source pass and are accelerated. Note that the components
of the ion doping apparatus are not limited to the above-mentioned components, and a
20  mechanism is provided according to the needs.
[0104]
In this embodiment, hydrogen is added to the single crystal semiconductor
substrate 100 using an ion doping apparatus. A hydrogen-containing gas is supplied as
a plasma source gas. For example, dihydrogen (Hy is supplied. Plasma is generated
25 by excitation of a hydrogen gas. lons included in plasma are accelerated without mass
separation and the single crystal semiconductor substrate 100 is irradiated with the
accelerated ions.
[0105]
In the ion doping apparatus, the percentage of trihydrogen cation (Hs") to the
30  total quantity of ion species (H, Hy', and Hz") generated from the hydrogen gas is set to
be higher than or equal to 50%. Preferably, the percentage of Hs' is set to be higher
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mechani smare provided with a plurality of openings or slits, through which
ions that are generated fromthe ion source pass and are accel erated. Note
that the conponents of the ion doping apparatus are not limted to the
above-nenti oned conponents, and a 20 nechanismis provided according to
the needs. [0104] In this enbodi nent, hydrogen is added to the single
crystal sem conductor substrate 100 using ani on dopi ng apparatus. A

hydr ogen-containing gas is supplied as a plasna source gas. For exanple,

di hydrogen (112) is supplied. Plasma is generated 25 by excitation of a
hydrogen gas. lons included in plasnma are accelerated w thout mass

separ at i onthainrtdagalSiongop OSM&:'E fhhssS QPhaQRH UChA! perfelndd &t én l&pdbﬁn%r radi at ed
with the accelerated ions. 0105#Bln the ion dpplng appar at us,

per cent age@RPRTafSHiE PEfgEIege of Pamkintliof onispecigsdHs 3 tp plaehkindyefrien sRPCSs i on

speci es ( , t ; to be

hi gher th;%mgﬁﬂgéﬁQQanﬁg%%gﬁﬁ_ ggg%%%ﬁa] %ﬁﬁg %ﬂﬁ?ﬁg@ b§$§?%yset to be
hi gher  26higharhayror egquedto §036.8 0Rkis Sbawesarbs m@e*ipam mthmtms |hsvin®the pené or med in

an ion gloﬁlg JfoﬁPPa%rb%taHéed 1}1h%01%%£t¥a?‘%}it g uepto th sEc’ll de&h Iegﬂ]l ﬁ%%rys{ fs (H3) to

pl ur al I on spec I'S pre era to be
hi gher thawnowonéuplamub@ra&a%) nor e preferably h| gher than or equal to 80%
This is beﬁﬁ by irradiation with ions having the sane 5 mass, ions can
be added i N &lconcentrated manner to the same depth in the S|ngle crystal

sem conduct or substdentte f3@0 the[ itfhllentent ospitar 1@40atf@rslmrt betaﬁm)ﬁbmttherrent

region 104 at a short distance fromthe urf eIer tion voltage

for the io ai?)éﬁ gcéqalgraanBrgl Vé ‘38 er% belg’ FEEE 3half he

per cent@geineieadd3n the p&cdningp|oAHYR ionld Yl HRGRA, hﬁﬂ%eﬁ&fhsbﬂn%é(i&ﬁledttﬁ thoie single

crystal sem conductor substrate 100 eff|C|entH¥. Because the mass of an H3'
s

ion is thtBae pivsgksepicondylns selastrpled00 sHficintiyy. Begppse fifamaseabambldrieen at om
s added 1@ e inBRP LARP gl dan 3R CBHCH A QR MRI:A0G0hS Afd i mé ON Can be

three tines as high as that for an H 10on accel eration vol t age
for ions camwbbpmn@peqxbuumnM@M@y@hanﬂhnsmoﬁnh6&awtmmmashghdsémibn step can

be short enaendHf %rlllq Wh%g 'tjlﬁetalcgélérgtlo% volttagg fc))lfl gonFs) lil:gn e‘?‘ chr%gsed tlilrg cyc\fe time of
15 an ion irradiation step can be shortened, and productivity and throughput can be
improved.
[0107]
Ton doping apparatuses are inexpensive and excellent for use in large-area
treatment. Therefore, by irradiation with H;" by use of such an ion doping apparatus,
20  significant effects such as an improvement in semiconductor characteristics, an increase
in area, a reduction in costs, and an improvement in productivity can be obtained. In
addition, though a heavy metal may also be introduced into the single crystal
semiconductor substrate 100 in the case of using an ion doping apparatus,
contamination of the single crystal semiconductor substrate 100 by the heavy metal can
25  be prevented by irradiating the single crystal semiconductor substrate 100 with ions
through the oxide film 132 containing chlorine atoms.
[0108]
Note that the step of irradiating the single crystal semiconductor substrate 100
with the accelerated ions 103 can also be performed with an ion implantation apparatus.
30 The ion implantation apparatus is a mass-separation apparatus in which an object to be

processed that is disposed in a chamber is irradiated with a specific ion species through
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[0107] lon doping apparatuses are inexpensive and excellent for use in

| arge-area treatnent. Therefore, by irradiation with H3" by use of such an
i on dopi ng apparatus, 20 significant effects such as an inprovenent in

sem conductor characteristics, an increase in area, a reduction in costs,
and an inprovenment in productivity can be obtained. In addition, though a
heavy netal nay al so be introduced into the single crystal sem conductor
substrate 100 in the case of using an ion doping apparatus, contam nation
of the single crystal sem conductor substrate 100 by the heavy netal can 25
be prevented by irradiating the single crystal sem conductor substrate 100

W th ions mhifseptgiticnde a @irslRy bf oA sdedRs @RNLBIBleRedtY NAdnAC Xk 28R of 4 0108]
Note that the step of irradiating the single crystal senlconductor

substrate 300 &t h TuseWhRicw! op anplyniadensappertusdh usedsH' finns pad Hor iveel with an
ion i mpl anhat ieReARRAL BY %tatlﬁﬁogfﬁédﬁg%g g%?lofapltnoﬁgﬁo% %Bgsseggﬁﬁaafsr a

nass- separation~apparatus in ect e proc
di sposed i subgected dovivess segarationaatidatither Ki ]bhls @ Ky s fardaccejﬂafs@,emleshlb]hlr oug h 27

mass separ ation of urality of i peci hat are generated by plasma
ex0|tat|onﬁﬁﬁmﬁbc?@%%%?“ﬁﬁ@”“¥%ﬁ%?“&£%’1%ﬁmﬁﬁﬁﬁ1nplantatlon apparatus is

used, H ipmngoland H2 ions that are generated by excitation of a hydrogen

gas or phosphor trihydrj are cted to mass separation, and
either H ions tﬁXﬁzba eogH t‘??"‘e”ﬁ%%@?@ﬁé‘t(é‘&bﬂl&n "which 5 the single

crystal sepigmnductor substrate 100 is irradiated. [0109] Next, a base
substrate 120 is prepared (see FIG 7D). . [0110] A surface of the base

substrate 120 i & pydrerdphy baresbstrie b ie pﬁfgra &s“éeani‘b befgpstheaghase 120 i s

used. Fpecidbiead 190 1§1|ufsé@5%béiﬁ&éll?aﬂltr@ﬂ)nh§ cE@rﬁﬁQﬁﬁ%&f&'ﬁleH% BRSkase SUbstrate
120 using a_hydrochl oric acid/ hydrogen peroxide m xture (HPM, a sulfuric

aci d/ hydr o gsel ghkreee aibxdraphlo hydspeearnvpvidermizpae OXFNMb/angplfengen
per oxi de zmld?ﬁ}}ﬂfr@geﬁ@a andedl‘n x‘tlfr@(éSﬂ‘ij a%gzﬁ'AETInJuHrﬂr ﬁ)x(cgmg)irogﬂf pér@ﬁ%lé i ke. For
ra or ne e

exanple, ultrasonic cleaning is prefe surtace of the
base substﬁ@ﬂ@eL@HMM§WH@déY@Eg%y@¥m@hﬂ@HFbOa@P@khydkmgsnmﬁambxﬁdaznlxture

Through s u&ghéxﬁlﬁgnéﬁﬁmﬁaﬁeﬁé fﬂ?‘@%d thlﬁe sﬁH’% azﬁethgibggg' gul}gﬁ‘gtg 24 blE}.nr a& e 120 can

be planari z enal rasive par
15  hydrochloric acid/’hydrogen peroxide mixture. Through such cleaning treatment, the

surface of the base substrate 120 can be planarized and remaining abrasive particles can
be removed.
[0111]
Next, on the surface of the base substrate 120, a nitrogen-containing layer 121
20 (for example, an insulating film containing nitrogen such as a silicon nitride film or a
silicon nitride oxide film) is formed (see FIG. 7E).
[0112]
In this embodiment, the nitrogen-containing layer 121 serves as a layer (a
bonding layer) to which the oxide film 132 which is provided on the single crystal
25  semiconductor substrate 100 is bonded. In addition, when a single crystal
semiconductor layer having a single crystal structure is subsequently provided over the
base substrate, the nitrogen-containing layer 121 also serves as a barrier layer for
preventing impurities such as sodium (Na) contained in the base substrate from
diffusing into the single crystal semiconductor layer.
30 [0113]

Because the nitrogen-containing layer 121 is used as the bonding layer, it is
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be renoved. [0111] Next, on the surface of the base substrate 120, a
nitrogen-containing layer 121 20 (for exanple, an insulating film
containing nitrogen such as a silicon nitride filmor a silicon nitride
oxide film is formed (see FIG 7E). [0112] In this enbodi nent, the

ni trogen-containing | ayer 121 serves as a |layer (a bonding layer) to which
the oxide film 132 which is provided on the single crystal 25

sem conduct or substrate 100 is bonded. In addition, when a single crystal
sem conductor |ayer having a single crystal structure is subsequently

provi ded over the base substrate, the nitrogen-containing |layer 121 al so

serves as greladvld @it HRYEfrogdlconRn@EERY N1 KRYTE §h@th SWERe a8 osdiyim (Na)
contained In the base substrate from diffusing into the single crystal

seni conductBPreshydective honding 3resiticalizdhe Ritrogt ¢RI beral Aindprmsder 121 i s

used as thg RQBdisOHadeAWiB an hverdge surtfecREGIRERRRS oAt Hah%r equal to 0.50
nitrogen-containing |layer 121 have a snooth surface in order to suppress

def ective BBrafAgooispeas sipara spifacetrpughness (Bgbal leonthan of agral &y@60 pey | s
formed st Omlaﬁevﬁeﬁra%%gﬁ%rygeéslﬂﬁ% BYSBGSH IS ftﬁaaeorreqyfg ho8sSs a Qf less

than or equal to O. nm and a root-nean-square surface roughness (Rms) of
| ess t han mWot-mgembquars sOrfE® rppghngss ebless haw pregqabl ty 0.44 mnay ditadlgclgessfisace

roughness . 3D d - surface
Foughnoss BB in HaRGE o Bin b 20f uie bR e frAELLEER A WRHE 210 7Y
in the rangs,ioflugige.nmto 200 nmincl usive, nore preferably, 50 nmto 100
nm incl us'o\{fla4] [0114] 10 Subsequently, the surface of the single crystal
sem conductor ‘'substrate 100 and the surface of the base substrate 120 are

di sposé@l to faceubsghentyfthe sisfact bthe tingle stystabemicontiudirasubsiattel 0Diahdn 132 and
e o Lacg Ok 2SR ca0 AL DL 1A, VB PR PRTET Bpech o et
substrat e dffe axide filxe13208@ thsdibfate aftte didbscar@ndingiased 12 Dacibes®dGoNt act
wi th each ggcﬂ%{he}/\e'séehﬂt(}h%)pxi de film 132 and
[0115]
15 Here, after the single crystal semiconductor substrate 100 and the base
substrate 120 are disposed in close contact with each other with the oxide film 132 and
the nitrogen-containing layer 121 therebetween, a pressure ranging from 0.1 N/em? to
500 N/em’, preferably, from 1 N/em? to 20 N/em?, is applied to one portion of the single
crystal semiconductor substrate 100. A bonding between the oxide film 132 and the
20  nitrogen-containing layer 121 begins at the pressed portion and then a spontaneous
bonding proceeds throughout the surface. This bonding step is performed by Van der
Waals force or hydrogen bonding at room temperature without heat treatment.
Therefore, a substrate with low heat resistance temperature, such as a glass substrate,
can be used as the base substrate 120,
25 [0116]
Note that it is preferable that surface treatment be performed on the oxide film
132 formed on the single crystal semiconductor substrate 100 and the
nitrogen-containing layer 121 formed on the base substrate 120 before the single crystal
semiconductor substrate 100 and the base substrate 120 are bonded to each other.
30 [0117]
As the surface treatment, plasma treatment, ozone treatment, megasonic

cleaning, two fluid cleaning (a method of spraying functional water such as pure water
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t he nitrogen-containing |ayer 121 therebetween, a pressure ranging fromO0.1
Ncn2 to 500 NNcnR, preferably, from1l NcnR2 to 20 NcnR, is applied to
one portion of the single «crystal sem conductor substrate 100. A bondi ng
bet ween the oxide film 132 and the 20 nitrogen-containing |ayer 121 begins
at the pressed portion and then a spontaneous bondi ng proceeds throughout
the surface. This bonding step is perfornmed by Van der Waals force or

hydr ogen bondi ng at roomtenperature without heat treatnent. Therefore, a
substrate with | ow heat resistance tenperature, such as a glass substrate,
can be used as the base substrate 120. 25 [0116] Note that it is preferable

that surfaegn ?/(ﬂlﬁgén%ﬂianﬁﬁg Ratet arifes caRict i8s Qdnds ﬁlanog@n 1&%&9&%&10“ the
single crystal sem conductor substrate 100 and the n| en- cont ai ni ng

| ayer 121 fisFebganibe Heripade Seasicly eaftep plasen Jrestmpare is |p PrEncd g e g
sem conduckgiace st Idtiont A ROAxibGIR2ES 2ARL hbgenl &htAhiR % hordesy to each

other. 30 [0117] As the surface treatnment, plasnma treatnmen ozone
treat nent, Oma%@ﬁn@t BEEAEPHIR (Fleanipg, fWQJﬂ’éidcql@amgn@f the okt honlﬂlﬁﬂ‘mgtbr ayi ng

functiogal gk s@ﬁapyﬁsrgmegabs n@ eeﬂm@xglrf&g%@ﬂ&%&' NGovgger with a

carrier gas suc as nitrogen), or conbination thereof can be énployed.
Speci fi cal g, mﬁf)g@rwptaasnmlaymeézh@m hesreplewefd)nmrbdleowr&wessm beenadf at | east

ot ment EbARC T AD Ao bohiife Wb WIQRT AL AR, B iy L, e 700

treat ment, soni ¢ cleanin eani ng or t ers perfor med,
5 wher eby sitﬁogémg)ngi:dhghserdmoaugzmnc:reaaadbstance on the surface of the oxide
film 132 agﬂ he nitrogen-containing |ayer 121 can be renpved and the
surfaces can made hydrophilic. As a result, bonding strength between

t he oxiléle film B&eamdekdame ru‘ftdzﬁgemeamhahmﬁé@nbalyemoﬂ%iaxﬁﬁa bsgonkncr eased.

[0118] an, exappl e, of oz tnment i s des For xarrpl e,
ozone tregl_%@ﬁ‘?w@éheﬁeé ?4%‘??@‘5&8‘?10% i’qch@(?eé’focﬁ??e‘gh B’@glaflﬂnﬁ’g processed
by i rradi atit@niolst I1£ht (U1V9 irBti &n@§phktedidhtalnifé) oxlyBerdn CELADGRAEER i€ @RIcRI NI Ng
oxygen. ultraviglet irradiation is performed in

Ozone t I, i ch
an at nospht é“”{? Pﬁuﬂ’c};l &%A‘fg’élﬁeq 0 ay agosplicreaePIiaining, O6een i dlst AHiSH
ul travi ol eyvwagie &E0aémPEikavidlet (036nd tkfmehtD oRNhAUMBS PRLLE abmopRGtai nNi Ng

oxygeny i radiati on wth ulirauolet Light having a vavel ength of Tess than
200 nm and ultraviolet light having a wavelength greater than or equal to 200 nm is
performed, whereby ozone can be generated and singlet oxygen can be generated from
the ozone. Irradiation with ultraviolet light having a wavelength of less than 180 nm is
performed, whereby ozone can be generated and singlet oxygen can be generated from
20  the ozone.
[0119]

Examples of reactions which occur by performing irradiation with ultraviolet
light baving a wavelength of less than 200 nm and ultraviolet light having a wavelength
greater than or equal to 200 nm in an atmosphere containing oxygen are described

25  below.
O +hv (A nm) - OCP) + OCP) - - - (1)
OCP)+ 0, > 05+ (2)
O3 +hy (A om) — O('D) + Qs - - - (3)
[0120]

30 In the above reaction formula (1), irradiation with ultraviolet light (hv) having a

wavelength (A; nm) of less than 200 nm in an atmosphere containing oxygen (05} is
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200 nmand ultraviolet |light having a wavel ength greater than or equal to
200 nmis perfornmed, whereby ozone can be generated and singlet oxygen can
be generated from the ozone. Irradiation with ultraviolet Iight having a
wavel ength of less than 180 rimis perfornmed, whereby ozone can be
generated and singlet oxygen can be generated from 20 the ozone. [0119]
Exanpl es of reactions which occur by performng irradiation with
ultraviolet |I|ight having a wavel ength of |ess than 200 nm and ul travi ol et

| i ght having a wavel ength greater than or equal to 200 nmin an atnosphere
cont ai ni ng oxygen are described 25 below. 02 + hv (7,.1 nm -* QC3P) +

q3P) .. ?)ﬁl])formgi Pentratlan oxygé}l atem (@Fi’)) i3 Eﬁbﬂﬁa(gtﬁiem Ne)@( thidheHBetion (3)

[0120] 30 n the above reacti 1), irradiation with ultraviol et

i ght (hv) ferapalg). dhe epygen %éwgt(ﬂ( {’)ilm P @fﬁym%ﬁta!e@gé ox¥esh (D0 aeact ith packn
at nospher e (gL RiBhd e QSYLET0H 02T henS in L REELRT fE%ﬁulta%g%Hﬁﬁ& %OX%’EG”

atom (Q(3P)) in & ground staté. Next, in the reaction formula (2)
oxygen at omt(a@XOEP)lﬁhi avingo vandestine ramdgreatgrgiban (08quat w240 wintih agach

ot her tgQ ge er. o faornmu

i rradiafiof W erec ?am végifbéfmqr %ﬁ?zoﬁ%(/d Rls pgﬁamrél%/egl eﬁentef?te(%&glwyggr Feat er
than or eq@¥ID}t i Elﬂ&xdﬁtédl gatan b at rmsqsblme containaigne:yged, hieragjetier atitad ozone
(03) is per ener at e oxygen an .excited state. In
i bt s G e PR & yraRenith BE ARIREN 200 D BERPSRAGE EFRht “havi ng
a wavel engioboref whiksSisralilaadh 240 uﬂtt’aviidietﬂ%&lf iR a tvvelenah af @reaRz @@ othi | e
irradiation wthgdtrawolet i ght havin avvave ;égﬁ)h of, reater t han or

equal to 268%hi 2 ﬁ@ﬂfawﬁﬁawéégggﬁﬁﬁaﬁﬁ- f rieet by HEUHWHES|ng t he

ozone. 130 Tihe %R atnicAfhsMBEriR8 a8@RCah be pedbiés, i@%xéﬁ@l@%ﬁrﬁ@édﬂ&%n for
exanple, by irradiation wth light of a |ow pressure nmercury lanp (X1 =

185 nm X2 vithight eiplowmpresrramessphleme (MicoH>dimhirag 254 yige in ar amospheren

addi tion, f;&gqm[r@ ?Q reactions which occur by performng irradiation with
15 uItraV| ol et gﬁ havi ng a wavel ength of less than 180 run in an

at nospher e [@@ht ai ni ng

In addition, examples of reactions which occur by performing irradiation with
15  ultraviolet light having a wavelength of less than 180 nm in an atmosphere containing
oxygen are described below.
Oz +hv (A nm) - O('D) + OCP) - - - (4)
OCP)+ 02— 03+ (5)
O3 +hv (ks mm) — O('D) + O3 - - - (6)
20 [0122]

In the above reaction formula (4), irradiation with ultraviolet light having a
wavelength (A3 nm) of less than 180 nm in an atmosphere containing oxygen (Os} is
performed to generate singlet oxygen O(]D) in an excited state and an oxygen atom
(0(3P)) in a ground state. Next, in the reaction formula (5), the oxygen atom (O(3P))

25  in a ground state and oxygen (O,) react with each other to generate ozone (O3). In the
reaction formula (6), irradiation with ultraviolet light having a wavelength (A; nm) of
less than 180 nm in an atmosphere containing the generated ozone {O3) is performed to
generate singlet oxygen in an excited state and oxygen. In an atmosphere containing
oxygen, irradiation with ultraviolet light having a wavelength of less than 180 nm is

30 performed to generate ozone and to generate singlet oxygen by decomposing the ozone

or oxygen. The ozone treatment as described above can be performed, for example, by
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oxygen are described below 02 + by (X3 nm - 1D) + Q3P) . . . (4)

0O(3P) + 02 03 ... (5) 03 + by (T.3 M) -* Q'D + 02 ... (6) 20 [0122] In
t he above reaction forrmula (4), irradiation with ultraviolet |ight having a
wavel ength (X3 nm of less than 180 nmin an atnosphere containi ng oxygen
(02) is perfornmed to generate singlet oxygen ('D) in an excited state and
an oxygen atom (Q(3P)) in a ground state. Next, in the reaction fornula
(5), the oxygen atom (Q(3P)) 25 in a ground state and oxygen (02) react

wi th each other to generate ozone (03). In the reaction fornmula (6),
irradiation with ultraviolet |ight having a wavel ength (X3 nn) of |ess

than 180 niRaliftieh wath"RsRRerLexe Atidied g 1he (venerat &) a7 o GutRilerd S
performed to generate singlet oxygen in an ex0|ted state and oxygen. In an

at nospher ecQ@EWIAE PAYMEEL oxygen, irradiation with ultraviolet |ight having a
wavel engthoq§ | ess than 180 nmis 30 perfornmed to generate ozone and to
generate sgng et oxygen by deconposing the ozone or oxygen. The ozone
treatment as deddribeldt @bh@lmwmlmﬂmﬁmmaﬂﬂ@ﬁ nemmﬁhemicwbonai

irradialiope ?anllg Sqlggtm%e aaaégd F%ﬁi‘gﬁ%ﬁ/ an, Gt prO(ﬁ:tsseFi' \%ereb

at nosphere contal ni ng oxy aving Ya wavel ength
of | ess thagarﬁﬁ)@ubstmmmclmddetmthmturfawdEthe&bp:tt arbeqrrg:aassed csm]hlsmgme att ached

t f f t. b bst

i tached ¢ dorAieeaoP LB Bratabidtr SR et Er Rl elir B R yEn o T C°
subst ance hghmm ahamglaaabcymmnﬁgedl froflthe e DEBY pitoviathe RyorXxtcdabdny e

d t et o r at dfro t he ozope. B

por f of m oo IBHALE Dt et by oy PO B e hioBRecs £y Band pur ty

of thel(SurﬁraGerddfcaﬁh@m@&h@dlanﬂ@oﬁlﬁng6a@b@ﬁ@@%§@5&rﬁﬁﬂedbe i ncreased, and
bondi ng caﬁ é\)ﬁ favorably performed. [0124] Ozone is generated by perform ng
irradiatio th ultraviolet in an atnobsphere containing oxygen. The ozone

is effective i ng@n®Nakendited gﬁp qnﬁdiaﬁﬁlam{eum@&l&laqh%q atnfbsphge Sur f ace
of the object to be processe In ad ition, singlet oxygen is as 15

ef fective %E%l"aé‘%m%\?’éﬁg%r dherqzerg is, eeqtixp 1B21sHEVH nofr BigpUERNIG SubsRECDT gani ¢
substance attached to the surface of the object to be processed. In addition, singlet oxygen is as

15  effective as or even more effective than ozone in removal of the organic substance
attached to the surface of the object to be processed. Ozone and singlet oxygen are
examples of oxygen in an active state, and are collectively called active oxygen. As
described with the above reaction formulae and the like, since there are reactions where
ozone is generated in generating singlet oxygen or singlet oxygen is generated from the

20  ozone, here, reactions where singlet oxygen contributes are also called ozone treatment
for the sake of convenience.

[0125]
Note that, it is preferable to perform heat treatment so as to increase the
bonding strength after the oxide film 132 and the nitrogen-containing layer 121 are

25 bonded to each other as shown in FIG 7F. This heat treatment is performed at a
temperature where a crack is not generated in the embrittlement region 104; for example,
the temperature is higher than or equal to room temperature and less than 400 °C. The
oxide film 132 and the nitrogen-containing layer 121 may be bonded to each other
while they are heated at a temperature belonging to the above range. The heat

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

resistance heating furnace, a rapid thermal annealing (RTA) apparatus, a microwave
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attached to the surface of the object to be processed. Ozone and si ngl et
oxygen are exanples of oxygen in an active state, and are collectively
call ed active oxygen. As described with the above reaction formul ae and
the like, since there are reactions where ozone is generated in generating
si ngl et oxygen or singlet oxygen is generated fromthe 20 ozone, here,
reacti ons where singlet oxygen contributes are also called ozone treat nent
for the sake of convenience. [0125] Note that, it is preferable to perform
heat treatnment so as to increase the bonding strength after the oxide film
132 and the nitrogen-containing |ayer 121 are 25 bonded to each other as
shown i n Fhéating fppakiisSorliBalikel reat ment is perforned at a tenperature where a
crack is not generated in the enbrittlenent region 104; for exanple, the
tenperaturgn? hi gher than or equal to roomtenperature and |ess than 400

C. The oxide fiddiehBy @G hde nRhideRORNpGRRLE] Bl BE Ladbefimd 21 JrByebe bonded
to each other while theﬁ?are heated at a tenperature belonging to the

above rangkondigethyednide3flim r133t andnthe crifiogse-coripmingmistierusiingy sadhi pthersi on
furnaces aghisabiing réa&maae[hé WG nﬁerfaw%baﬁsamdethg eo%halﬂg shitlBaCEme @ T api d

t hermal annealing (RTA) apparatus, a m crowave ng apparatus, or
the |ike. clp®1ig]eactatern|thys, theh bench isastrengenedebt sirenghenihg rofgydeigen he sane

{ime s or ik mORRALAN {6 Ak Lid™ D2RiAPY, LGAL ORBRARARL T Nl NS

| ayer 121 to e reac I'on Interface
occurs andreaﬂwnbmndtumg@nmtedca@ﬁlmmnmémglmﬂacetthroegtcﬂne aiteh;eira,tlohhee&noﬂ he bond

Is strengt &%Qﬁqae r}é@\?eded“ egf ea'ﬂgen?f % ﬁéﬁ ge%turar ;5?1 offgr %%g%ci"ﬁ %&Eﬁ n of

coval ent bon pr ono ion i sture
gener at@ed aeatmtme dftontomigng ist mrifoanerl hmro@uglmpbhmrejeh(yidn&t g@lﬁrafeﬁaaltth@n shoul d

be renopved,_ b at ot reat hte ratur In o rds, when heat
70 1 r ot mepRTRRprHicE TRPRE the MsnHrlPnistR Fot: Bb el Aot Cur o

gener at ed @t dehglratbandicrign idoéselidt peczrésh raad @his tdigicale by teahicoe beAdihd O n cannot
be renoved effectively; thus, the dehydration reaction does not progress
and it is HP¥Pcult to increase the bonding strength. [0127] 15 On the
ot her handj127 the case where an oxide filmcontaining chlorine atons or

15 On the other hand, in the case where an oxide film containing chlorine atoms or
the like is used as the oxide film 132, the oxide film 132 can absorb and diffuse
moisture. Accordingly, even when the heat treatment after bonding is performed at
low temperature, moisture generated at the bonding interface through the dehydration
reaction can be absorbed and diffused into the oxide film 132 and the dehydration

20 reaction can be promoted cfficiently. In this case, even when a substrate having low
heat resistance such as a glass substrate is used as the base substrate 120, the bonding
strength between the oxide film 132 and the nitrogen-containing layer 121 can be
substantially increased. Further, when plasma treatment is performed on the oxide
film 132, a micropore is formed at the surface of the oxide film 132; thus, moisture can

25  be effectively absorbed and diffused into the oxide film 132.  Accordingly, the bonding
strength between the oxide film 132 and the nitrogen-containing layer 121 can be
increased even when heat treatment is performed at low temperature.

[0128]
Next, heat treatment is performed to cause splitting along the embrittlement

30  region 104, whereby a single crystal semiconductor layer 124 is provided over the base
substrate 120 with the oxide film 132 and the nitrogen-containing layer 121
therebetween (see FIG. 7G).

33



the like is used as the oxide film 132, the oxide film 132 can absorb and
diffuse noisture. Accordingly, even when the heat treatnent after bondi ng
is perforned at |ow tenperature, noisture generated at the bonding
interface through the dehydration reaction can be absorbed and diffused
into the oxide film 132 and the dehydration 20 reaction can be pronoted
efficiently. In this case, even when a substrate having | ow heat

resi stance such as a glass substrate is used as the base substrate 120, the
bondi ng strength between the oxide film 132 and the nitrogen-containi ng

| ayer 121 can be substantially increased. Further, when plasnma treatnent
i's perfornﬁﬂzqn the oxide film132, a mcropore is forned at the surface
of the oxide film 132; thus, noisture can 25 be effectively absorbed and

di ffused into trMmBSaCa‘émF% lmbfsefmm&%?éﬁ?&#wnpﬁéClaewaelr?&meet gt h

bet ween t hempktigtRed: i fegibd 384.angy thie Haht HOARECARS & wmréuﬁy%créa%é gan be
i ncreased even when heat treatment is perforned at om/tenperature [0128]

Next, heat chepgaithdier volump of fibe mepnute savitiess ecapy Mlnqhngauatrsm gracken the
enbr i t tk enBbitddRer: %&Wolo“’rhﬁW@lé gle%rﬁlam&lnﬁcdhﬁﬁé b ?eﬁ)?@{’%% or |ayer

124 is provided over the base substrate 120 Wt 132 and
the nit rog@lﬁna:&thﬁﬁttkgaepa%wnllﬁi Pines b exidedim( S@ds bpi@ed 7G he @@e[ng]

M nute cav [ nt in
the  embri 1 ne bA e B O TR oo O s O o ey o L e

i ncrease, single mmgé semicotvictyp Isuhmatafloﬂhe prpvidedeoveaviiet bass solostnates]20whi ch
causes a c r.egl.on 104, Thus he single crystal
sem conduc or st r §%r§m§n3 thet ﬁéa? e%{Ilon?s? Aet s F}fcte?c} en@lﬁ%mlpggl?on 104.

Si nce ﬂ%e d&hd&mém&mm&BIm]s bonded to t he base substrate 120, the single
crystal &ﬂnductor | ayer 124 which is separated fromthe single crystal
senlconduc or substrate 100 is provided over the base substrate 120.

Furt her, the teﬁbeﬂ&ihmﬁngmmmhembeaﬁﬂﬁﬁ@aﬁﬂﬁmk & el fBitnads sithiast & exceed

t he straln 01 Nt f the b substrate 120. .[0130] For th ating
t r eat nent, Sta?ctefhﬁgtf“@?f“‘?lﬁ?en%gﬁg APRRESS; ?lﬁucfr?l‘?’ad’ﬁég alng @Rpagatus, or 'ﬁ‘és‘ﬁ%t ance

heating f utanabe us@n KA eRfRSIE Athd Sheal tidhiEcANBME bBaRtbAARAAS ah USTA OF the
i ke can be used. For exanple, the heat treatnent can be perfornmed using
an RTAlS apparatus at a heat temperature of greater than or equal to 550 °C and less than or equal
to 730 °C, for a process time of greater than or equal to 0.5 minutes and less than or
equal to 60 minutes.
[0131]
Note that the heat treatment of FIG. 7G may be performed without performing
20  the above-described heat treatment for increasing the bonding strength between the base
substrate 120 and the oxide film 132. In that case, the heat treatment step for
increasing the bonding strength between the oxide film 132 and the nitrogen-containing
layer 121 and the heat treatment step for causing separation along the embrittlement
region 104 are performed at the same time by the heat treatment of FIG. 7G.
25 [0132]

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

[0133]
30 By employment of the method described in this embodiment, even in the case
where the nitrogen-containing layer 121 is used as a bonding layer, the bonding strength
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15 apparatus at a heat tenperature of greater than or equal to 550 C and

| ess than or equal to 730 C, for a process tinme of greater than or equal
to 0.5 mnutes and | ess than or equal to 60 mnutes. [0131] Note that the
heat treatnment of FIG 7G nmay be performed w thout performng 20 the
above-descri bed heat treatnent for increasing the bonding strength between
the base substrate 120 and the oxide film 132. In that case, the heat
treatment step for increasing the bonding strength between the oxide film
132 and the nitrogen-containing |ayer 121 and the heat treatnment step for
causing separation along the enbrittlenent region 104 are perforned at the
sanme time bytwbdiethb®ade subatd Et andfthdbifle Chgstal BenlibkdddtorTAyQUAR chiee above
steps, an SO s bs%r te having the single crystal sem conductor |ayer 124
over the biSEelneFiriieh CHBIIRY Py bite i Srals emysalsrpiqonguctor layer

ni t rogen- Com & @vérafie base2ublihies ERRLAEBH shprest RN 861 Wikfate (9133] 30
By enpl oynent of the nethod described in this enbodi nent, even in the case

wher e t he WChdisdiscoRttEin) Agod tipsmeicxrysial semisendystoplagerdds awg sirayay | t he

bondi ngs st p&AgE B cadoRBIMEBOHiRBedase substrate 120 and the single crystal
sem conductor | ayer 124 can be increased. Further, diffusion of inpurities
into the sI¥dtle crystal semconductor |ayer 124 formed over the base
substrate 120 cap ,AGisk! Sithe aRI QonBiiRd 1350 ' base
substrate 120 and ki hel s’ﬁﬁ;ﬁ‘ cr%sta@gﬁ%oon uct (?S' I%y{ehre %ﬂ%ﬁ%ﬂgtrongly
5 bonded t#deazed fmnmez dwenobde oftihnicaidinide) haldgen muchdds t dbdminebyn phovi di ng

the nitro0essicaRhabNBll AYEL (MardBR0RAD ProROLE B &imlrlE A0 gl 04 N0 the
oxi de filmcontalning (flogeﬁ such as CcRIFOT I ne on the Sef conduct or
subst r & e éements eanrtmippdvanted fiomgpepsicities thecamicheiugionpibstrite efaredohdipgir i ty 10

el ements can . prevent ed. fro enetrating the .sem copduct or suhstrate

bef ore bon ﬁé"gwg?me“s?lé%%‘%é%a&%ﬁ%ﬁ or bgf?b%l%’?trzf?eetofﬁa] ?tﬁ%ér' bggrgwg’?%ﬁ?’&?% to each
ot her. Fur thhexide fiimfcontainitg haldgen enchde chiokine e0nbaidmgigydipr@gd muah as
chlorine as _a bqndi ng,l ayer. provided. on the, seni conductaqr substrate side,

t he bondi n§"8tY" % rhg@étﬁ%%éldlgnﬁ?ol?})élgmﬁymﬁ?%}htﬁaf‘ ‘“&Pé‘?\‘?ﬂ?@’g@‘ﬁ’&l"f% reaction
ef fi ci ent | yehgwheperiatian rdabgon efficichilye al ¢t Wherd teCheab @&tNRG: hffer bonding is

15  performed at low temperature.
[0135]

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

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

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

30  surface of the base substrate 120 may be bonded to each other.

[0137]

When contamination of the single crystal semiconductor layer 124 by
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15 perforned at |ow tenperature. [0135] Next, the separated single crystal
sem conduct or substrate 100 can be reused in a process of manufacturing an
SO substrate as described above in Enbodinent 1. [0136] 20 Note that,

t hough a case in which the oxide film132 is formed on the single crystal
sem conductor substrate 100 and the nitrogen-containing |layer 121 is forned
on the base substrate 120 is described in this enbodi nent, the present
invention is not |imted thereto. For exanple, over the single crystal

sem conductor substrate 100, the oxide film 132 and the

ni trogen-containing |layer may be sequentially stacked, and then 25 the

surface of ihiiRitied gL AroMmORs Bdsoistchtrh@) 20 i St AEsbt@ DI bR e ilQuthderpr132 and
the surface of the base substrate 120 nay be bonded to each other. In this

case, the tsioxidsdam Bénvhichinigrmed et thigipelserysil sapicendopier subsirase d0Qr af t er

that the eplt blrBREBE the B%g 'stﬂ%ga-tglfh@ fad B¢ HaHded Nkéh étﬁél'twiﬁﬁuﬂﬁfbﬂ_@iné il m(such

as a silicon oxide fil orned on the nitrogen-containing |ayer

) ! y ! .
and then t He Htipgenrentaminghlayes iZd onf the bpsenarbstinie 13h duthigeeseod stehdbbase
substrage %%Qh@ﬁ%ﬁﬁﬁmﬁﬁﬂﬂﬁﬂﬁ&Q%%ﬁﬁ%uﬂ&ﬂﬁ%anLQ&@%&&VWGP contam nation of the
single crystal sem conductor "l dyer 124 by 35 inpurities comng fromthe
base subst [HB& 120 is not a factor of concern, the surface of the oxide

film 132, which ﬂkﬁe b0 'ﬁfedst gu{)ehfeséﬁﬂéggf (B éﬁ&%m%g;@ag%g%ﬁ%g%m%&'% trate

100, and the surtace o ase su e to each ot her
wi t hout pr beinglicomgbinedh eppmépiriatedye with irhctines desclibgdein ARG embotlinentsaigahisubst r at e
120. In thg%c ase, a step in 5 which the nitrogen-containing |ayer is
provi ded cATHE O t t ed. [0138] Note that the structure described in this
enbodi feént can bEhid mpbheaeint eid bysed beh nfhpemssdi Pereht apppliatiomat ekiyl Wd. h

structures SCI in Q r .enbagdi in this specification. 10 This
appl i cati o%&ﬁéﬁ[ﬁgﬁﬂ%wﬁﬁ%é%pénggaﬁ‘%ﬁgfﬁb"pPPc%PF‘*BWeI}s) 5 ?@48 T Mispog. 207725
filed w thcideniskapetichRat BatbyGhédrgRatedbybrpdreper 5, 2008, the entire
contents of which are hereby incorporated by reference. 36
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WHAT IS CLAIMED 1S: 1. A method of manufacturing an SO substrate,
conprising a first step of preparing a first single crystal sem conductor
substrate to make it a bond substrate and preparing a base substrate, 5 a
second step of formng an enbrittlenment region in the bond substrate by
irradiating a surface of the bond substrate with accel erated ions, and
bondi ng the surface of the bond substrate and the base substrate to each
other with an insulating |ayer therebetween, and a third step of providing
a single crystal sem conductor |ayer over the base 10 substrate with the
insul ating | ayer therebetween by splitting the bond substrate at the

enbrittl| ensyiAT &CDAIMBDEgei N t he bond substrate split at the enbrittl enent
region in the third step is reused as _a bond substrate in the first step
(n-1) tinmes (n i5Admeiaedeiarannfisiyans abeQbsubiirate GofEPISNg t wo), 15 wherei n,
after repeating 4@t 8§PirédaBR § Rt Eih%zskgﬁﬁaﬁ&nﬁamhﬁ&ortshbswe% SRKOit I Mes, a
st acked-| ayer substrate is forned by bonding the bond substrate split in
the nth thibend wbgpmte smdpreparnggbasp ggiseater yst al seni conduct or substrate, and

wher ei nst he st ackedohP¥Q o?‘Lle%'fgata& ehﬁﬁﬂf%ﬁlgn@&gﬁnqggge BURA LRt Ge ibgct he

first step. 20 2. The nethod of” manufacturing an substrate according
to cl ai m 1iragfnding p gurdace gfithe hord substegapith adcelgraged ipnsspddionding e suifesef i r st
single cry i | J e i regi on
s o ovi deg. Sty SR RERREP S SRR calh Bl B8 SR BB RO | %1

t he i nspectlieoibewfeen,lied bond substrate in the 25 fourth step, it is

det er m ned whet hey,.. b substrate split at.the enbrittl enent region is
apt to be reuse gjértdgﬁ o%ndgrgﬂ%lsntgraapggfnc%skaés TS ugttogg"‘fye{)?v{airrs{ﬁ ki éasﬁe bonded
t o anotlber sulsirmglvathcthy sisalatise yeothcebdtoeenshsb gilitiatgeths boad sibstrdto anthehe

st acked- | a¥l§{na§lubstrat.e. 3. The method of manufacturing an SO substrate

accordi ng Slinﬁ?tfglo%o wherein at | east a thickness of the first single
crystal sem condudedréin tislHaad sitis@ate Splitrie dR Wit chehh@gion pde thiehstgf ist he first
single crystal, sem cqonduct or, substrate, 37.4. The nethod of nanufacturing
an SO sub&Wpeh s 2kand sabsigteds the fstatep (v~ Epesi (| ihs APy IYRbY HROSSRd

substrate sglali{o@b),the enbrittlement region and the

15 wherein, after repeating the steps from the first step to the third step # times, a
stacked-layer substrate is formed by bonding the bond substrate split in the sth third
step to a second single crystal semiconductor substrate, and

wherein the stacked-layer substrate is used as a bond substrate in the first step.

20 2. The method of manufacturing an SOI substrate according to claim 1,
wherein a fourth step comprising an inspection of the first single crystaf
semiconductor substrate split at the embrittlement region is provided after the third step,
and
wherein, according to a result of the inspection of the bond substrate in the
25  fourth step, it is determined whether the bond substrate split at the embrittlement region
is apt to be reused as a bond substrate in the first step, or is to be bonded to another

single crystal semiconductor substrate so as to form the stacked-layer substrate.
3. The method of manufacturing an SOl substrate according to claim 2,

30 wherein at least a thickness of the first single crystal semiconductor substrate is

measured in the inspection of the first single crystal semiconductor substrate.
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second single crystal sem conductor substrate is perfornmed by bondi ng
directly a surface of the bond substrate and a surface of the second
single crystal sem conductor 5 substrate after that a surface treatnent is
perfornmed on at | east one of surfaces to be bonded. 5. The nethod of

manuf acturing an SO substrate according to claim4, wherein the surface
treatnent activates at | east one of the surfaces of the first 10 single
crystal sem conductor substrate and the second single crystal sem conductor
substrate by irradiation with argon in vacuum 6. The net hod of

manuf acturi ng an SO substrate according to claim 1, wherein bonding of the

bond substrate apthémaamdmnﬁmuchﬁﬁgaﬂsotsub@ngat@ébcarramgttbelaml@ second single
crystal sem conduyctor substrate is performed with a bondi ng Iayer

t her ebet ween whivdKTsisbandinged therpond syhsate splfi et be chdtiemeriregpmgiddhe r yst al

sem conducgéggnd §ﬂfi§§t 5 @Hﬂc&ﬁ@ct&eﬁﬁ%té'1@%1%&&&%3@50&%’@ 99&9190& or
substrate. . The method of manufacturin substrate according to

claim 1, 2@%@?@% bandysubstsate piska puifase oft |Sﬁ§mé seglpsresial semicewstueige t or
substrag e, fkirAe aﬂé}' Mﬁ%)/ﬁﬁ%&é #r@a‘%mézﬁrﬁ g&@&lﬁ%& Qh af &@&t&n%to% siFaddS eflp@s the

base substrate. manufacturing an SO substrate, conprising a
first stepb@ﬁefform ng an enbrittlement region in a bond substrate having a
25 single crystal side by irradiating the bond substrate with accel erated
ions; a second step of bonding the single crystal side of the bond
substrate and aSbE%methem@ﬁmamélcmngamEObsdbaratwcicbrd&xg toplgimh &t i ng | ayer

ther ebet ween. ang, A} RlLgs5t R @leof 110,951 00l & 61 vshal. sepl papduct or

| ayer over the Dase " SUBSTTat e W &Y fistita ing Tayer erebet'ween by
splittiihg tihgde boysck] sabbidicer atbstibe andOthe ndecdnilt disgie rtystab gémioondatioer t he

third step reags' nlcgr %l.he bo&l?ﬁsubstrate as a bond substrate in the first
t hrough t h{¥Paf* ?féyp 3P BEHMRY: B8t 8 singl e crystal seniconductor |ayer;
38 after repeatedly reusing the bond substrate, bonding the bond substrate
to a single crys ndu tor sub rate to forma stacked | ayer
substrate, and &ﬁf‘g"’?ﬁ@%ﬁo t“l“&%é‘i‘ é ﬁ’i’f?ﬁ?@cﬁ‘?“’étﬁgﬁﬂlé’ubstrate in the
first through t Ritefbin BInGRE of the bond substrate split at the embrittlement region and the

15 second single crystal semiconductor substrate is performed with a bonding layer

therebetween which is formed on at least one of the first single crystal semiconducter

substrate and the second single crystal semiconductor substrate.

7. The method of manufacturing an SOI substrate according to claim 1,
20 wherein a glass substrate, a single crystal semiconductor substrate, or a

polycrystalline semiconductor substrate is used as the base substrate,

8. Amethod of m:cmu’fzu;turin\g:,I an SOI substrate, comprising
a first step of forming an embrittlement region in a bond substrate having a
25  single crystal side by irradiating the bond substrate with accelerated ions;
a second step of bonding the single crystal side of the bond substrate and a base
substrate to each other with an insulating layer therebetween, and
a third step of forming a single crystal semiconductor layer over the base
substrate with the insulating layer therebetween by splitting the bond substrate at the
30  embrittlement region;
after the third step, reusing the bond substrate as a bond substrate in the first

through third steps for forming another single crystal semiconductor layer;
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9. The nethod of manufacturing an SO substrate according to claim 8,
wherein a fourth step conprising an inspection of the bond substrate split
at the enbrittlenent region is provided after the third step, and wherein,
according to a result of the inspection of the bond substrate in the 10
fourth step, it is determ ned whether the bond substrate split at the
enbrittlenent region is apt to be reused as a bond substrate in the first
step, or is to be bonded to the single crystal sem conductor substrate so
as to formthe stacked | ayer substrate. 10. The nethod of manufacturing an
SO substrate according to claim9, 15 wherein at |east a thickness of the

bond substrate iafteNRPSIEEBH rdubing IR bORPRBLEA) bodding MR BAAGSHRE fag €. 11.
The net hod .of manufacturi ng{ran SO substrate according to claim8, wherein

bondi ng of sit#lecpEAseRinsadycinr subshpte fo lrmuttackaddeier sibeiinend egi on and the 20
single crystal Seil aRNGMEL Ly SURBIEA & 4 BolReibaialtPd (Y nRORALNA did ectly a

surface of the bo substraté and a surface of the single crystal

seni conduc$tes- substrate after that a surface treatnent is perfornmed on at
| east opie of surfaces to be bonded. 12. The nethod of manufacturing an SO
substrate according to claim1l, 25 wherein the surface treatnent activates
at | east one of % hee methdédhefasanyfactunag boRAI substire acavdingrielclale8si ngl e cryst al

sem conductor s - irradi ation -wth: ar i . The
met hod of manuf ac ﬁeﬁﬁng"‘% sﬂg%c aﬁ%%%‘i‘gr%tﬁé\gp%%g’grog?%é’ © %Su\é’?%l{%%? @Be wherein
bondi ng of emibrétldoend regioinss pravided ghar theahird $tep,embri ttl ement regi on and the

single crystal sem conduct.or substrate is perforped wth bondi | ayer
ther ebet ween whi &R T €58 e 8r¥esél!t qug%PsE%:go% t eeb ngﬁagsér&%s?lrd;%e and the
si ngl el¢r y®ush steRat is datemminei ehalier shetivhd aiitetratd 4plit Ehthe RBRbHOEmOHt ragiowf act uri ng

an SO substrate according t |laim 8 _.wherein.a glass, substrate, a single
crystal seRiBbidiarerd b Bopbsti miihe BROEFR e joipdie PRLLE fRC ORI or
substrat e érgstalsedicagducioe siasse saRSh fatnahe dbkked layer substrate.

10. The method of manufacturing an SOI substrate according to claim 9,
15 wherein at least a thickness of the bond substrate is measured in the inspection

of the bond substrate.

11. The method of manufacturing an SOI substrate according to claim 8,
wherein bonding of the bond substrate split at the embrittlement region and the
20  single crystal semiconductor substrate is performed by bonding directly a surface of the
bond substrate and a surface of the single crystal semiconductor substrate after that a

surface treatment is performed on at least one of surfaces to be bonded.

12. The method of manufacturing an SOI substrate according to claim 11,
25 wherein the surface treatment activates at least one of the surfaces of the bond
substrate and the single crystal semiconductor substrate by irradiation with argon in

vacuum,

13. The method of manufacturing an SOI substrate according to claim 8,
30 wherein bonding of the bond substrate split at the embrittlement region and the
single crystal semiconductor substrate is performed with a bonding layer therebetween

which is formed on at least one of the bond substrate and the single crystal
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semiconductor substrate,
14. The method of manufacturing an SOI substrate according to claim 8,

wherein a glass substrate, a single crystal semiconductor substrate, or a

5  polycrystalline semiconductor substrate is used as the base substrate.
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