Met hod of manufacturing bonded waf er BACKGROUND OF THE | NVENTI ON
FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to a
nmet hod of manufacturing a bonded wafer. More specifically, the
present invention relates to a nethod of manufacturing a bonded

waf er having an oxide filmw th an uniformthickness of about a few
nanoneters. DI SCUSSI ON OF THE BACKGROUND [ 0002] When bondi ng two
silicon wafers through an oxide filmto manufacture a bonded wafer,
the oxide filmis nornmally forned by heat treatnment under an oxygen
gas atnosphere and the f&%‘ﬁﬂ%ﬁ@%%ﬁ%‘l" ®has a thi ckness of
equal to or greater than 100 nm Such a manufacturing nmethod is
descri bed, for exanple, in Japanese Unexam ned Patent Publication

(KOKAI') Heisei No. 11-263B88¢xkHAMND dreNENVEREIGNI ckness of an

oxide filmthat functions as a BOX | ayer has becone thinner with the
m ni at ur i ZAELROFCTHAEVVENSI@ANC reduction of electric power

consunpti ctB Eurt hernore, directly bonded wafers w thout a BOX | ayer
have been [0¢MVel oped. However, it is difficult to uniformy forman

oxide filmwth i . oyt ﬁﬁag '

conventi onal hegﬁe ﬁ)r 3%#%%@%{%%%5{.’6 ?%""g’g’?’t%@{éﬁ% ;h?\bg}ﬂed wafer
bat ch- t ypavheapedifi@By, TR brefdht AneMidnSreRIER O @fbthod dfaashufRtiing Miended
transfer equi pnent, an equi pnent for providing an ozone gas, and the
like are rederihaeidg an exidé filmmyyith amud i !gleswfm’gmaéwaanongtmast S.
[0004] An oxide filmformed on a silicon surface by heat treatnent is
made of silicon oxide, Si2. Since the oxide filmnade of SIQ2 is a

stabl e fiIpgcogsiOROPRIEBACKEROORS not diffuse outward and thus it
IS condensﬁgoz?r beconmes snmal |l er during subsequent 1

When bonding two silicon wafers through an oxide film to manufacture a
bonded wafer, the oxide film is normally formed by heat treatment under an oxygen gas
atmosphere and the formed oxide film usually has a thickness of equal to or greater than
100 nm. Such a manufacturing method is described, for example, in Japanese
Unexamined Patent Publication (KOKAI) Heisei No. 11-26336.

[0003]

However, the thickness of an oxide film that functions as a BOX layer has
become thinner with the miniaturization of devices and reduction of electric power
consumption. Furthermore, directly bonded wafers without a BOX layer have been
developed. However, it is difficult to uniformly form an oxide film with a thickness of
about a few nanometers using conventional heat freatment methods. In particular,
when a batch-type heat treatment furnace is employed, a load lock-type transfer
equipment, an equipment for providing an ozone gas, and the like are required, resulting
in increase in  manufacturing costs.

[0004]

An oxide film formed on a silicon surface by heat treatment is made of silicon

oxide, Si0,.  Since the oxide film made of SiO; is a stable film, such an oxide film does

not diffuse outward and thus it is condensed or becomes smaller during subsequent



manuf acturi ng process (heat treatnent process). Finally, it remains
as local oxide on an interface (that may be referred to as "bondi ng
interface", hereinafter) through which two silicon wafers are
bonded. As a result, there nay be a risk that problenms such as
failure of device formation and deteriorated characteristics occur.
Such problens are caused by an oxide that is present on the bonding
interface has not diffused conpletely outward and remains on the

interface. %0%25 . The af orenmenti oned heat I‘t,r atnment .is condugted, for
exanpl e, tBY wlé!agarché et FERTYEH PErCeShe b 1% Trmzinsips ‘?.F@ﬂo’ﬂ)ﬁﬁ%ﬁ’tm
i : 3 . . t h
U es CRor nliRetifc AP el b A6 TR WGt heRR ALY BhBER AN thd e

t he strengilivofivaReiat Bended! enf aekult,ithee bayded ngaihat problele Bichak falure
tenperature of equal to or higher than 1,100 C for equal to or

| onger t haof devibofprmationaang deterierpted plearavtegisticstocergit nuch prablemsrse eaus¢dly
the surface flatness includ eat, treatnment canducte i th, argon,
hyr ogen GRS S eE R e Sodi e S JREn S SO ey ML A
than 1,10 : : treatment is described, for exanple,
Japanese ﬁé%g?néyngl gl?%ﬁ't Publication (KOKAI) No. 2005-197524 or
English | qogasage fam |y nenber US Patent Application Publication No.

200710190737 Al. [0006] Wen two wafers are bonded through no oxide
film the waf er $hertreroentiened best Freatinanf is sorductercfnickgnplacty ageaethe

However, in that .case n gxide filmwth a thickness, of, equal to or
greater t Iﬁﬁrﬁngﬁ r‘?&%?esm*cﬁ% t"f%dghq @E?‘P‘\Aﬁ?%’s %% E%IFde@’oWdlggF?sﬁ ¢
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a nethod of manufacturi ng a bonded wafer in which no | ocal oxide
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Process. treatment for increasing the surface flatness include a heat treatment conducted with
argon, hydrogen gas, and the like at a temperature of equal to or higher than 1,100 °C.
Such heat treatment is described, for example, Japanese Unexamined Patent Publication
(KOKAI) No. 2005-197524 or English language family member US Patent Application
Publication No. 2007/0190737 Al.
[0006]
When two wafers are bonded through no oxide film, the wafers are bonded
following usual cleaning such as SCl. However, in that case, an oxide film with a
thickness of equal to or greater than 2 nm is formed on the silicon wafer after conducting
conventional cleaning, and local oxide remains on the bonding interface by the heat

treatment during bonding process.

SUMMARY OF THE INVENTION
[0007]
An aspect of the present invention provides for a method of manufacturing &

bonded wafer in which no local oxide remains on a bonding interface following heat

treatment in bonding process.



2 [0008] The present inventors conducted extensive research for

achi eving the above nmanufacturing nethod. As a result, they

di scovered that generation of |ocal oxide, that 1is generated during
manuf acturi ng process (heat treatnent) of a bonded wafer, can be
inhibited by forming an oxide filmon a silicon surface by ozone
water treatnent in a thickness equal to or less than 2.2 nm when two
silicon wafers are directly bonded. The present invention was

devi sed on that basis. The oxide filmforned by ozone washing tends
to be decddBted by heat treatnent in the subsequent process nore

easily than the.,oxide f.ilmforne heat. treat t. f it
is believed t hairh% Q.Eeﬁergﬂl&eéj 5 Icﬂ?cgjﬁ{%x_eﬁgenﬂﬁ fﬁgaerﬁr% "t ?‘FEI}S ngc'%?ap %‘%\ece
of local GrageRkkial hdthod! ABE rédi:0Bef disdovasd iR berderMidh BBIMal oxitie! het
bondi ng process, and thus generation of |ocal oxide on the bondi ng
i nt erf ace icgenepgted Suriighmaredactifing mo@esofheatytrdatmdnbjadf 4 hendod iveiderf ¢dnnbe
formed by ozone washing tends to be deconpgsed by heat treatnent in

t he subsedbiibitedopofoaaingas, exidealim gn arsilicon sariase; RyeoZops Water GraEgnip 2

heat t t t i | i t hat b Vi k. .
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wafers to forman oxide filmequal to or less than 2.2 nmin

t hi ckness temiseabbdeombased bythestiteatneat inithe subsequerft prasessamate p@ﬁﬁiﬂwgthﬁhe
wafer [ OO HRcoTBHHBUIAFERmAHy  CIAHPIEs b BB R LEg S Gt
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t he ozone Zone wat er W th an ozone concent n rangi ng
from1 ton7 REENEPOCES, BERhRYRAkration of local oxide on the bonding interface can be

inhibited. The discovery in that the oxide film formed by ozone washing tends to be

decomposed by heat treatment in the subsequent process more easily than the oxide film
formed by heat treatment is a novel discovery that has been previously unknown,
[0009]

An aspect of the present invention relates to a method of manufacturing a
bonded wafer comprising:

ozone washing two silicon wafers to form an oxide film equal to or less than
2.2 nm in thickness on each surface of the two silicon wafers, and

bonding the two silicon wafers through the oxide films formed to obtain a
bonded wafer.
[0010]

The bonded wafer may comprise no local oxide on an interface through which
the two silicon wafers are bonded.
[0011]

In the ozone washing, ozone water with an ozone concentration ranging from 1
to 50 ppm may be employed.
[0012]

The method may further comprise removing a natural oxide film on at least one



[0012] The nethod may further conprise renoving a natural oxide film
on at |east one 3 surface of the two silicon wafers prior to the
ozone washing. [0013] The nethod may further conprise conducting
plasma treatnment following the oxide filmformng and prior to the
bondi ng. [0014] The plasma treatnment may be conducted with nitrogen,
oxygen, argon, diluted hydrogen or a m xture thereof. [0015] The
bondi ng may be conducted by heat treatnent at a tenperature of equal
to or higher than 1,000 C.y%OOLG] The met hod, may further conprise

t hi nni ng tSHEaGeh thedwasHisen wislesipsiorto thg erongwasiiig. t hi nni ng nay be
conduct ed @%_?rinding and polishing, or ion-inplantation separation.
[ 0018] ACJ 3’ng to the present invention, the nethod of

manufacturing aThemytahd ek lurthel Fondise RoSBRGHAPLOR BEathBRIONin She
that is generated during nmanufacturing process (heat treatnent) of a

bonded wafexidedtsn foringmdyirice ch the bondbe. pr ovi ded. [ 0019] O her
exenpl ary enbodi nents and advant ages of the present invention may be
ascert ai ndf0 reviewi ng the present disclosure and the acconpanyi ng

vt =B - GESERL PN Tl RS o 0050 J0pePBaf e
hydrogen or a mixture thereof.
[0015]
The bonding may be conducted by heat treatment at a temperature of equal to or
higher than 1,000 °C.
[0016]

The method may further comprise thinning the bonded wafer obtained.
[0017]

The thinning may be conducted by grinding and polishing, or ion-implantation
separation.
[0018]

According to the present invention, the method of manufacturing a bonded wafer,
in which generation of local oxide that is generated during manufacturing process (heat
treatment) of a bonded wafer can be inhibited, can be provided.

[0019]
Other exemplary embodiments and advantages of the present invention may be

ascertained by reviewing the present disclosure and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]
The present invention will be described in the following text by the exemplary,
non-limiting embodiments shown in the figures, wherein:
Fig. 1 is an explanatory drawing of results of a visual inspection of the surface of

the bonded wafers of Examples 1 to 8. Generation of local oxide cannot be observed.



non-limting enbodi ments shown in the figures, wherein: Fig. 1 is an
expl anatory drawi ng of results of a visual inspection of the surface
of the bonded wafers of Exanples Ito 8. Generation of |ocal oxide
cannot be observed. 4 Fig. 2 is an explanatory drawi ng of results of
vi sual inspection of the surface of the bonded wafers of Conparative
Exanples 1 and 2. Cenerations of |ocal oxide (represented as dots)
can be observed. DESCRI PTI ONS OF THE EMBODI MENTS [0021] The

foll owi ng preferred,specific enbodjnments are, .therefore, to be

construed as nEHelys 11 expanaigrny; drawing of resulis qfi visugl ingpestipn of dhg wirlarsefer
f the di i sl i ,
%% et ol B3Nl deRT WEpodNRLBGRERE 1 kRa O Rreh i of fBodl BEIP|

detail thapptseQrR95@) danfRlobiddanent al understandi ng of the present
invention; the description taken with the drawi ngs nakes apparent to

those skilled in the art how several fornms of the present invention
may be enbodied in practﬂé‘s% . . ot bRwention relates to
a met hod of nuf act uri Mg a bonded waf er .

nanufactuﬂpﬁg?a bonded wafer of the present invention can provide a
bonded waf er compé fstioehgwrefefiedbpetific dmbodimarits iaft, eifodare, tb fve @agiruediach
two silicon wafers are bonded. [0023] The nethod of manufacturing a

bonded wafraerelyf illpgteatipe, cand ron-liising ite ihe smpaindse of the ditelogie HR 7GY t WY
ili f to f i de fil | th 2 '
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two silicapy In?fnsmmtem'cﬁgghﬁ F%eeessﬂy%fér'mﬁaﬁeﬁmeh%aﬁg@f% feRpded

wafer. [0024] In the oxi m fornmation, the oxide filmequal to or
| ess than idveationjrthe description kakes svithahe drewings meklesappirimt ts tiobadaBedof thehe

two silicon wafers by ozone washing the Lo i
art how several forms of the present invention may be embodied in practice.

[0022]

The present invention relates to a method of manufacturing a bonded wafer.
The method of manufacturing a bonded wafer of the present invention can provide a
bonded wafer comprising no local oxide on an interface through which two silicon wafers
are bonded.

[0023]

The method of manufacturing a bonded wafer of the present invention comprises
ozone washing two silicon wafers to form an oxide film equal to or less than 2.2 nm in
thickness on each surface of the two silicon wafers, and bonding the two silicon wafers
through the oxide films formed to obtain a bonded wafer.

[0024]

In the oxide film formation, the oxide film equal to or less than 2.2 nm in
thickness can be formed on the surfaces of the two silicon wafers by ozone washing the
silicon wafers. When the thickness of the oxide film formed is greater than 2.2 nm,
generation of local oxide on the bonding surface cannot be inhibited. The oxide film
formed by ozone washing can be decomposed by heat treatment in the subsequent process

more easily than the oxide film formed by heat treatment. Therefore, it can be diffused



silicon wafers. Wen the thickness of the oxide filmforned is
greater than 2.2 nm generation of |ocal oxide on the bonding
surface cannot be inhibited. The oxide film fornmed by ozone washi ng
can be deconposed by heat treatnment in the subsequent process nore
easily than the oxide filmformed by heat treatnent. Therefore, it
can be diffused 5 wi thout occurrence of |ocal concentration of the
oxide filmby heat treatnent in the bonding process. However, even

th h th de fil fo db t i bl
{houh L QXIS AL 3 T b cone bach e b hed SRl 3 B
f f t 2.2
o T R RO S A o USSP P e

on the bo ﬁﬁhtﬁt?ohtﬁ!ﬂe ié diflise the o&mtmm&tmn;ﬂéwy bl Qe trdatnidn wfhetﬂM&é@”kﬁ’SS
of the oxide filmforned is, for exanple, 0.5 nm It is not easy to

control t Weanifsetring bended wafdrgehenitherthigkuess thaseof ekedednad 1ot tePingyin de
filmis I t han . 0,.5 de, fil t ter, t

0.5 nm i n 0] SRR W pOd S8 it PR IERUR. ( PIOpRD T
bondi ng. @%fnhm clche® sﬂl}gs ks ﬁhﬂ%ca-h.g@ isO¥r Aarh 1{5 .4 %mﬂ Ot R

silicon er surface can measur ed by Using ellipsometry.

El | i psonetts yorit®! the feiratieh dffoxideifiti viltea tid thivkiess efkthesddofilm ishes trh 06
filmis rreasured by irradiating a polarized ll%{]t on a flat surface
of a sanpl. opidlg fibmiequel tip or etsatayhan A.5tmwe ipBickness ean parynts A Qlds o

the refl ect tain a refractive index of the sanple.

[ 0026] In?ﬁgleﬂﬁggh?ﬂiﬁ BFtion, two silicon wafers are ozone washed
to formanygside filmequal to or less than 2.2 nmin thickness on
the surfaces of the silicon wafers. Ozone water having an ozone
concentration r @hgfimg tHickness bf the &idepfiim fosnecmnﬁblsﬁictﬁmwafaswfamcsﬁm

ozone washing. |t may take too long tinme to form an, t\uﬁ fha
desi r ed trmaek%'@)susmeqkhnﬁgmﬁ@ oféhf@omams aliodgn B ckmess o

concent o hPiBLE g2l by e TG BB % g
2.2 nmin hHBikhemg thhemps Exﬂﬂ;e%ih?ﬁed/\/ﬁhlﬂrstdwdf 1@ raflecB@ant to obtain a
concentration of greater
refractive index of the sample.
[0026]
In the present invention, two silicon wafers are ozone washed to form an oxide
film equal to or less than 2.2 nm in thickness on the surfaces of the silicon wafers.
Ozone water having an ozone concentration ranging from 1 to 50 ppm is suitable for use
in the ozone washing. It may take too long time to form an oxide film with a desired
thickness when using ozone water having an ozone concentration of less than 1 ppm.
Strict time control may be required for the formation of an oxide film equal to or less than
2.2 nm in thickness when using ozone water having an ozone concentration of greater
than 50 ppm. The ozone concentration of ozone water employed preferably ranges from
5 to 40 ppm, more preferably from 10 to 30 ppm.
[0027]
Time for ozone washing can be suitably set in view of the thickness of oxide film

formed, the ozone concentration of ozone water employed, and the like. The ozone

washing can be conducted, for example, for 10 seconds to 10 minutes, preferably 30



than 50 ppm The ozone concentration of ozone water enployed
preferably ranges from 5 to 40 ppm nore preferably from 10 to 30
ppm [0027] Tinme for ozone washing can be suitably set in view of the
t hi ckness of oxide film formed, the ozone concentrati on of ozone

wat er enpl oyed, and the |ike. The ozone washing can be conducted,
for exanple, for 10 seconds to 10 m nutes, preferably 30 6 seconds
to 5 mnutes. However, the present invention is not limted to the
above range, 0028] The Qzone shing.can.be condu d,. by, using a
Dot oh t ypOSEh R EHER Rovaan A AR Is OB R 5 e B e pur e
wat er cont[gb hNg a certain concentration of ozone, 03,

si ngl e-waf'er type washi ng machi ne. The ozone washi ng can be conducted
at room t enper afThe ezdrfeorashingrgah &g cahduatet! dypningtaisachatfpe Oathing3fachine
preferably 15 to 25 C% W t hout heating ozone water. [0029] Usi ng
ozone was Hasgped with exdayicerfor piovidingnure Sveies qOntHABE | aCcexdll $omsrnietion ple
oxide filmifo tion, organic substances se h i ]1ican

waf er sur f4e& é’norﬁlélg}eé‘?[r%g@a?e w g%‘grr%ﬁcﬁ’&f:'y, eng et\ggllsutggﬁm%é Bdcted
that are ggRRhPeRflelrd@RtxaGpRN aG@MSRMB YT 0T @R0I°C, préfeRblyaIsas 25 ea@n
be inhibited by the ozone masﬁlng. In the same manner, generation of
voi ds and/witholot hegatigg szooawatze i nhi bited when thinning the wafer is
conducted b ion-inplantation separation. [0030] Prior to the ozone
washi ng, a{oﬁﬁ]ural oxi de filmcan be removed fromone or both
surfaces of theyglli Lers t ] :

subjected to th(IaJ% H&z‘%ﬁ%’ w\/\%él 1??%1? Q%%h%g? a&r%ﬁoﬁédﬂéﬁfqﬁﬁélﬁéé?ﬁgg&

during fi nin fasitiongo@hnit Bebstinbds Gdtent Walths siitesh wifer aifaseamdantrembexage
period in the atnosphere. The thickness of the natural oxide film
vari es depaendidinglodefente sadna voidsrtheifard gevatatedds hppdingaend eaneeddiysgreansg

storage.  Therelore,, whep.the, gatural .oxide { im.areatsre! DA fodof "
voids and/or blisters can be inhibited when thinning the wafer is conducted by

ion-implantation separation.
[0030]

Prior to the ozone washing, a natural oxide film can be removed from one or
both surfaces of the silicon wafers, and then the silicon wafers can be subjected to the
ozone washing. The natural oxide film is formed during final washing of the silicon
wafer and the subsequent storage period in the atmosphere. The thickness of the natural
oxide film varies depending on the condition of final washing and the state of storage.
Therefore, when the natural oxide film greater than 2.2 nm in thickness has been formed
on the surface of the silicon wafer, it is appropriate to remove the natural oxide film.
The natural oxide film can be removed by HF (hydrogen flucride) treatment, The HF
treatment can be conducted, for example, by immersing the silicon wafer in HF solution
that has been diluted to 1 percent for 5 minutes in a batch-type washing machine. The
natural oxide film can be removed completely by such HF treatment. In such HF
treatment, the HF concentration, the type (batch type or single-wafer type) of the washing
machine employed are not specifically limited. Any method can be employed as long as

the natural oxide film can be completely removed.



on the surface of the silicon wafer, it is appropriate to renove the
natural oxide film The natural oxide filmcan be renoved by HF
(hydrogen fluoride) treatnent. The HF treatnent can be conduct ed,
for exanple, by imrersing the silicon wafer in HF solution that has
been diluted to 1 percent for 5 mnutes in a batch-type washing

machi ne. The natural oxide filmcan be renoved conpletely by such HF
treatnent. In such HF treatnent, the HF concentration, the type
(batch ty singl e-wafer type) of the washing rmachine enpl oyed
are not sgﬁ@qﬁi cally l'imted. Any nmethod can be enpl oyed as |ong as

t he natural oxi I rmng%a ‘ 2OV & fara/

form ng the oxi gkgt% H m ﬁlgqﬁ\%()@ﬁ?%fh}yﬁ geglsﬁgf;eg ag(%ﬁ%é%&dtﬁ%u%ﬁhﬁ he
oxi de fi | roxiderfitedfdredlnd abminaa bomidé dvafaf eThe Bdieled ovafkacbancfeaobtatizad tye
obt ai ned by bonding the two silicon wafers through the oxide film

fil
for med andopdiss thedmgutlicon gvafias throughdbg eride fils foqmed Ak thap genslugtingdhedty
to or higher. than 1, 000 to.increase .t.he .adhesi.wv strength. }n.the
et hod ot NFMIPAE: GIPRGte ALPRE! B rapEre A SR0GE STRRe et
interface gane mnihs MciRd GYmBeRdhibig! Befibh SF ldcaPbxiveoRItBe bonding
conprising an oxide film equal to or 1&ss than 2.2 nmin thickness
on each sunferfaee dahdte inbibitddelmynbémlinpettie iwo siticore wafzesstvinmyistngcint dxéde film

conducting the above _heat trea nt. The_ tenperatyre of the above
heat tr eat®E#tto o8 leghihan A2 0 &) 50 £5h ?ﬁ%}ﬁ%ﬁ"a‘i e fl?, ¥102004

comati nos VbR e RN Fe BRORLO,EH HERBED, TR MAlochEng o R i0r,

sonetines resuPting in S suc nin nni ng
process angadestféht MPappiopeitidlyi d4galRb OF Bigher thah BOMD 0. O1At 165 thdAel 000 °C,

hi gh-tenperature region, especially at higher than 1,200 C,_slip

| i nes sonetdeqget banding. strefgile maymoe ba pbteived, sagttimes repHiing psdeiack suchgp C
is preferred., As fo he.tinme, the heat treatnent is suitably .
conduct ed Fditiatiefeiaythe Bimging Ripsex S Koo P95y di ilioh, in the
treatment jgf,. g?b%F ' PRl 12062y RS SofBilthiORes:.
above soné@ %%%ﬁé%%gﬁgf T gﬁ%ﬁ?@iﬁﬁg g o?ﬁthe heatu{reatgent can be
argon gas Hiememphene fahging &bADSEIleto d,150 °GHs plefeared.gehs fasheatide,rthe hagen

gas are m xed together. However, the present inventiaon is not
linited tHaeagnent 1s suitably conducted for equal to or longer than 30 minutes. In the heat

treatment of less than 30 minutes, defects such as those mentioned above sometimes
occur. The atmosphere of the heat treatment can be argon gas atmosphere the
atmosphere in which oxygen gas and nitrogen gas are mixed together. However, the

present invention is not limited thereto.

[0032]

Following the oxide film formation, the silicon wafer can be subjected to plasma
treatment prior to bonding, after which the bonding can be conducted. Organic
substances adhering to the silicon wafer surface can be removed by subjecting the silicon
wafer surface to plasma treatment prior to bonding, permitting improvement of the
percent defective of void defect. Furthermore, using plasma treatment, the surface can
be activated. Thus, the temperature of the heat treatment that is conducted for increasing
the bonding strength can be lowered, permitting the reduction of the manufacturing cost

through shortening of throughput. The plasma treatment can be conducted with nitrogen,



[0032] Followi ng the oxide filmformation, the silicon wafer can be
subjected to plasma treatnent prior to bonding, after which the
bondi ng can be conducted. Organic substances adhering to the silicon
waf er surface can be renoved by subjecting the silicon wafer surface
to plasma treatnent prior to bonding, permtting inprovenment of 'the
percent defective of void defect. Furthernore, using plasma
treatnent, the surface can be activated. Thus, the tenperature of
the heat treatnment that | onduct ed, for i.,ncreasin t he bondin
Strengt h COWETn SR Biied BUFOHRLOF dgiTIae CBANE Of GO HGHbowe Bases for
manuf act u réx%ﬂp%.os*rhe 15.9&18&' gf'thé pﬁ%&&&&ﬁ%ﬁfceﬁ gé RGN -in HienRh e of
treatment can  be conducted w ni trogen, oxygen, argon, diluted

hydrogen of plasiid ¥hdnitRr Qfto tWiictOs willkirchad Theér BlaeddOn @ofpRedy rdpliced with a
exanpl e. The nethod of the plasma treatnent can be the nethod in

whi ch t he deriginges (¢r exampleaiegen gasitand then plosmmis ernexatofhifos o feva teniseconds
pl aced is conpletely replaced.wth a certain (f.or_ ex | e

ni trogen dﬁsﬁn}%ﬁlnm%eénwg‘beagﬂﬁﬁm?% _ e’HEEF?F@EFST%? %g%?eeﬂ}la‘?’é c@%@’gﬁ& fog &
a few m ”%%%glé’fu.i m%ﬁsi YEHVAR the Yafh bRFRE! NERSRH e Blesdnh SrviRhEHME not
chanber to, for exanmple 0.1 kPA to activate the wafer surface.
However, tlimitgdrtlesent i nvention is not limted thereto. [0033]

According to the above nethod, direct bonding of two silicon wafers
of which [PP3Htal orientations are different fromeach other can be

easily carried qut, ,such.as.the i rect i f 1] ECO er

having the cr ys%acfm&”ﬁgﬁtﬂ%ﬁ ‘r’!lb H° inf%ﬁl’ %ﬁ&%@&“ﬁ%ﬁ‘ﬁ%%@?@% ; &m.&l

orientat i ofydal QPkn3iishstdhe diffefeRE froRach BhePlar! RCeaSily c&fiBd WA Slichhavhe1g

the crystal  orientation (111) and having the silicon wafer (100).

[ 0034] Thedireet bandingf ofrthe siliewt wafenawdfig theerystat odnttation@h@) ond lewing the
can

conduct od By araFHER B B8 e Rg COOIE s Ao PAEY BB he FERDn.
o | A bl RO or R alpen,can be cer o6 oul w0
waf er [0034]

The method of manufacturing of the present invention can further comprise
thinning of the bonded wafer. The thinning can be conducted by grinding and polishing,
or ion-implantation separation. For example, the ion-implantation separation can be
carried out as follows. Hydrogen ions or rare gas ions are implanted into a silicon wafer
prior to the oxide film formation to prepare the silicon wafer that is to be an active layer.
The oxide film is formed on the silicon wafer and then a bonded wafer is prepared.
Thereafier, the bonded wafer is thinned. Implantation of hydrogen ions can be carried
out at an accelerating voltage of 50 keV and dose amount of lel17/em?  According to
such a method, a silicon wafer 300 mm in diameter that is to be an active layer can be
formed. As for the manufacturing method of a silicon wafer comprising
jon-implantation separation, Japanese Unexamined Patent Publication (KOKAI) No.

2005-197524 or English language family member US Patent Application Publication No.
2007/0190737 Al can be referred to.



prior to the oxide filmformation to prepare the silicon wafer that
Is to be an active layer. The oxide filmis fornmed on the silicon
waf er and then a bonded wafer is prepared. Thereafter, the bonded
wafer is thinned. Inplantation of hydrogen ions can be carried out
at an accel erating voltage of 50 keV and dose anount of [el7/cnR.
According to such a nethod, a silicon wafer 300 mmin dianeter that
Is to be an active layer can be forned. As for the manufacturing

met hod of a silicon wafer conpri si i i npl ant ati on separati on,
Japanese ;J zrri ned Patent Public ) No. 2005-197524 or
English | @5 ge famly nmenber US Patent Application Publication No.

2007/ 0190737 Al Thaprebent riefeaticre svill be dRsdikédVigl B&ail [HBIdS5 bastth @npexameles.
i nvention will be described in detail bel ow based on exanpl es.
However , taveyerethe presenbinvamtionns nof limdted o the exalnples. t he exanpl es. [ 0036]

[ Exanpl e J[b%ﬁ\o silicon wafers 300 mmin dianeter were inmmersed in
ozone (03) er (roomtenperature) with an ozone concentration of
30 ppmfor[E jjbytes with a batch-type washing nmachine to for an
oxide film2.0 rimin thickness. The thickness of the oxide filmwas
measur ed and cofivb rsitiedn afes BOD somred diamef tvere fnomenseriyint dwene XOgewater
film two silicon wafers were directly bonded. To increase the ,

bondi ng st{(FasRytemperaREeh@ih an pERentoReeniation hd0crrey far 21mamyes ity 2 2

0wt 1 0 BRI i oS RSB SRR Sl ikl o

active | atef Was=grin to a prescribe I ckness

t o prepar endoRad desl was heksurdd @ide@htiffied Bhalipdofdeap.e After! Bk fteskide

wafer was visually inspected. As a result, it was confirned that no
| ocal oxi démwbme sjiéoe mafesiwens diredtly bondedi o inqteasefthebondingestrenggh, the heat
[0037] 1 I%r)é:% elnte v? conducted at 1,100 °C for 2 hours in an argon gas atmosphere.
Furthermore, the wafer of the active later side was grinded and polished to a prescribed
thickness to prepare a bonded wafer.  Thereafter, the surface of the bonded wafer was
visually inspected. As a result, it was confirmed that no local oxide was generated on
the bonding interface, see Fig.1.
[0037]
[Example 2]

Hydrogen ions were implanted at an accelerating voltage of 50 keV and a dose
amount of le17/cm? into the silicon wafer 300 mm in diameter that was to be an active
layer. The above silicon wafer was processed by the same method and condition as
those in Example 1 to form an oxide film 2.0 nm in thickness. The thickness of the
oxide film was measured and confirmed by ellipsometry. Another silicon wafer that had
not been subjected to the hydrogen ion implantation was processed by the same method
and condition as those in Example 1 to form an oxide film 2.0 nm in thickness. The
thickness of the oxide film was measured and confirmed by ellipsometry. The silicon
wafer was employed as a support side wafer and bonded with the aforementioned wafer

that was to be an active layer. Then, the heat treatment at 500 °C was conducted to

separate a portion of the wafer at the ion implantation layer as boundary to prepare a

10



Hydrogen ions were inplanted at an accelerating voltage of 50 keV and
a dose anmount of 1lel7/cnR into the silicon wafer 300 mmin di aneter
that was to be an active |ayer. The above silicon wafer was
processed by the same nethod and condition as those in Exanple 1 to
forman oxide film2.0 nmin thickness. The thickness of the oxide
filmwas neasured and confirned by ellipsonetry. Another silicon

waf er that had not been subjected to the hydrogen ion inplantation

b h hod d diti h i le 1
1o D OC et e SO0 TE o 1 S B0 BB 05E,) By EaEpLe
oxi de fil mwascHeash&s h?&gatg&i‘ﬁés_r *‘3@95 Yre€l FirBRANGRE MtHe wmgogﬁle'aem

waf er was enpl oyed as a suppoOrt si fer and bonded w t e

af or enent ilgereddevadsegolishiddat avpassctibedithichmessc tTheraftaytbe surfdee pf tHetenieat
treatment at 500 C was conducted to separate a portion of the wafer

at the i orvafefpvasnvisaallpinspasied s baeralball yres sopfiraied that o lpeal xidecwas
wafer. To increase.the bonding strength, the heat treatnent was
conduct ed ggrtlemti‘?‘fbﬁ‘e%o?&é?glf&eﬁ%ﬁergeeﬁnﬁg;m argon gas at nosphere.

Furt her norgg3gy he wafer of the active later side was polished to a

prescribed thickness. Thereafter, the surface of the bonded wafer
was Vi sualfEyamiplsplect ed. As a result, it was confirned that no | ocal

[ Exanpl o 3] “To T SHisoh Walire A00 S Uhfieigia o rabohard HEInGOOREEY 1
[ Exanp e e
et ors” wordbie RO Ru Rl Al he i ki IR wrotd ol RS b Bl

Exanpl e | rhéthddodnd cdfdifien Bethbid imEXafpl forfoint bt kxids $lm 2Then éafiticknessa
bonded waf er was prepared by the sane nmethod as that in_Exanple 1.
The sur f adwereafter hboridodhwater was piepared ey the sqyeg wethoghas thatdy Brample 1. The

D202 o 6 Bt ot SEBLALTBS, Y 108l 5 1P
jre“fhgij' ;g;wnm@.{eam A0 ATBxidR WHsRERIREd WRHE bEHIRGARRASkDY e IF}E1 SaTe
[0039]
[Example 4]

Two silicon wafers 300 mm in diameter were processed by the same method and
condition as those in Example 1 to form an oxide film 2.0 nm in thickness. The
thickness of the oxide film was measured and confirmed by ellipsometry. Thereafier,
the two silicon wafers were subjected to plasma treatment in a nittogen gas atmosphere at
25 Pa for 20 seconds, and then directly bonded. To increase the bonding strength, the
heat treatment was conducted at 1,100 °C for 2 hours in an argon gas atmosphere.
Furthermore, the wafer of the active later side was grinded and polished to a prescribed
thickness to prepare a bonded wafer. Thereafter, the surface of the bonded wafer thus
prepared was visually inspected. As a result, it was confirmed that no local oxide was
generated on the bonding interface, see Fig.1.

[0040]
[Example 5)
Two silicon wafers 300 mm in diameter were immersed in ozone (O;) water

(room temperature) with an ozone concentration of 10 ppm for 1 minute with a batch-type

11



condition as those in Exanple 1 to forman oxide film2.0 nmin

t hi ckness. The thickness of the oxide filmwas neasured and
confirnmed by ellipsonetry. Thereafter, the two silicon wafers were
subjected to plasma treatnent in a nitrogen gas atnosphere at 25 Pa
for 20 seconds, and then directly bonded. To increase the bonding
strength, the heat treatnent was conducted at 1,100 C for 2 hours in
an argon gas atnosphere. Furthernore, the wafer of the active |ater

id i nded and i shed. i.bed thick
Donded: s NP R Rt PO PRk R L85 R Eeu 0Bk RS- Refoase @
prepared vas, YhsSiedshiédingREchRRd bhSNHsbRH t Afkel foMMeCRR bkida B! ﬁ?;

¢l

no | ocal oxide was generated on the bondi'ng interface, see Fig.
[ 0040] [ Edaopl eafeds Wew dirdctlyg oonded. er'B 3@E:asamthen bondimge tsgengtier the heat
i mrersed in ozone (03) Waltgc‘frai roomtenperature) with an ozone

f

concent r attfegineEt WE B 1%ut’e frth heumatt kot ygen 209 ARETHAS:

machi ne t i | | pathlc The: 1 :
TG e el B Sl b Qe Rad WclIREFped Bt 640 Rl
form ng t hRicRXds§ly frepaie atboRdedSwafkiC O ThatedfRE, ho\RirRcdl bf B tHoMdddonstedwasT o
increase the bonding strength, the heat treatnent was conducted at
1, 100 C f ois@linospstddn An aaegdmitges canfirosg st ao lodalipxide wap generatdgeon
waf er of the active |later side was grinded and polished to a

prescri be e?‘i’ﬂd&&%@@c@oseﬁ?%]are a bonded wafer. Thereafter, the

surface of Ué{ﬁ bonded wafer was visually inspected. As a result, it
was confi r[rre that no | ocal oxide was generated on the bonding
interface,[Exegplkicd. 1. [0041] [Exanple 6] Hydrogen ions were
inplanted at an accel erating voltage of 50 keV and a dose _ampunt of
l el 7/cne into tiilydgigen inom veed iplata anan aeeclerating vektage P S0kY and aplesan

o e PR 0 S B B SRR R B«

rimin thigkheshe Hage kilitGkWaRS W frfl@ssed by the same method and condition as
those in Example 5 to form an oxide film 0.5 nm in thickness. The thickness of the
oxide film was measured and confirmed by ellipsometry. Another silicon wafer that had
not been subjected to the hydrogen ion implantation was processed by the same method
and condition as those in Example 5 to form an oxide film 0.5 nm in thickness. The
thickness of the oxide film was measured and confirmed by ellipsometry. The silicon
wafer was employed as a support side wafer and bonded with the aforementioned wafer
that was to be an active layer. Then, the heat treatment at 500 °C was conducted to
separate a portion of the wafer at the jon implantation layer as boundary to prepare a
bonded wafer. To increase the bonding strength, the heat treatment was conducted at
1,100 °C for 2 hours in an argon gas atmosphere. Furthermore, the wafer of the active
layer side was polished to a prescribed thickness. Thereafter, the surface of the bonded
wafer was visually inspected. As a result, it was confirmed that no local oxide was
generated on the bonding interface, see Fig.1.
[0042]
[Example 7]

Two silicon wafers 300 mm in diameter were washed with HF to completely

12



oxide filmwas neasured and confirned by ellipsonetry. Another
silicon wafer that had not been subjected to the hydrogen ion

i npl antation was processed by the sane nethod and condition as those
in Exanple 5 to forman oxide filmO0.5 rimin thickness. The

t hi ckness of the oxide fil mwas neasured and confirnmed by

el lipsometry. The silicon wafer was enpl oyed as a support side wafer
and bonded wth the aforenentioned wafer that was to be an active

|
bort1 on ofopss SaRER o SR Hnel bt SHCREIINE SO e TRELSLS @
prepare amdayaded oRdiBsn asTRodeif FxasbletIe HONah BHdS Kilne 03t din it h@ckh@aat

treatnent was conducted at 1,100 C for 2 hours in an argon gas

at nospher é[fhetéaﬁerraabundcéwaakhwawmmedﬁy thitveanzecmiethed as| thatén Exdnade vasThe
polished to a pre i be thlckness Thereaf r, the surface qf ,the
bonded _ eecegidhe b q? ngaf mpfer fasarreraged was wisyally inspectsdy (A XegHE it Wt

that no | e see Fig.
1 004z) O ndfiRa) ARRSHARE-OM Sl WM 160 D07
washed wit[boddf to conpletely 12 renove a natural oxide film Then,
the two silicon wafers were processed by the same nethod and

condi ti on [Exampe8k in Exarrple 5to forman oxide filmO0.5 nmin

t hi ckness. The eaf ed waf.er was P{‘ﬁare

b
ot e ae that - TROEER paeR S0 R Mo brRES R ts itk B
prepar ed V@ﬁcgi{béldé"tﬂléée 19%&515:%‘15 tﬁif @’6 L Stdide filh (PSm RODidKhERM rﬁ@t

no | ocal oxide was generated on't ing interface, see Fig.

[0043] [ ExiekieheoBihe bafdesfil wasimesshird sand @onfinmedrbycél ipsetretry. Wé]’l‘mreaﬁer
processed by the sanme nethod and _condition as those in Exanp g 51to0
form an oxth%i@’ofﬂlllquﬂlWﬂ?rﬁw#eﬁu@mt%q(tﬁ@@maﬁ@neﬂﬁpémn & ﬁ“ﬁ@s %P dk

[11m s RanE e 90 3n0 1hd LR i AP O TG i NN AL sndlind v

silicon reatMent in a nierog
at nospher enegt ﬁe%%eﬁ@v&@&on@@ct@&%@ﬂqeo °@nﬂr thBéurel iig %ﬁtalrgbnbglﬂd%osp'ﬁere

i ncrease the bonding strength, t he

Furthermore, the wafer of the active later side was grinded and polished to a prescribed
thickness to prepare a bonded wafer. Thereafter, the surface of the bonded wafer thus
prepared was visually inspected. As a result, it was confirmed that no local oxide was
generated on the bonding interface, see Fig.1.
[0044]
[Comparative Example 1]

Two silicon wafers 300 mm in diameter were immersed in ozone (Os) water
{room temperature) with an ozone concentration of 30 ppm for 2.5 minutes with a
batch-type washing machine to for an oxide film 2.5 nm in thickness. The thickness of
the oxide film was measured and confirmed by ellipsometry. After forming the oxide
film, two silicon wafers were directly bonded. To increase the bonding strength, the heat
treatment was conducted at 1,100 °C for 2 hours in an argon gas atmosphere.
Furthermore, the wafer of the active layer side was grinded and polished to a prescribed
thickness to prepare a bonded wafer.  Thereafter, the surface of the bonded wafer was
visually inspected.  As a result, it was confirmed that local oxides were generated on the

bonding interface (see Fig. 2).
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heat treatnment was conducted at 1,100 C for 2 hours in an argon gas
at nosphere. Furthernore, the wafer of the active |later side was
grinded and polished to a prescribed thickness to prepare a bonded
waf er. Thereafter, the surface of the bonded wafer thus prepared was
visually inspected. As a result, it was confirmed that no | ocal oxide
was generated on the bonding interface, see Fig. 1. [0044]

[ Conparative Exanple 1] Two silicon wafers 300 mmin di aneter were

i mrer sed iptﬁﬁone (03) water (roomtenperature) with an ozone
concent r at o of 30 ppmfor 2.5 mnutes with a batch-type washing
machi ne tqc$ﬁ$ﬁﬁmkégg iddyl m 2.5 nmin thickness. The thickness of
the oxide filmwas nmeasured and confirned by ellipsonetry. After
form ng the oxi e silicomwalferd 380 hint imdiambier eeredteat ttkatedcfol Y0 hnmdextin &To

i ncrease the_ bonding strength, the heat treatnment was conducted a

1, 100 C f otertizahBinage jim wigehothe) dsmngeiurg s JHA Sk eand 184 of weysenrasd P

f f ot tive | i d i nd | ]
brescri bed oo eHCTLA S B SR ) 08 KB hBIEE, blecly ponded
surface ofTHehe abipded widreway\@epatet ShialeY sdntS RR@{od8das At an rB&MIple 11 t

was confirmed that | ocal oxidés were generated on the bonding
i nt erf ace Twewfien the sAifaceld thBerEpd wiafeo mpsvEuallyenideetap| eAD) rhull it was

silicon wafers 300 in.diameter were heat freated for 10 jginutes in
2 verticeonfimed g loca Wﬁ%é refRenEraiep en Qvﬁ%&%@teifg@? @%‘ﬁ& B9 of
oxygen an oof nitrogen were mxed to forman oxide film2 nmin
t hi ckness," and then directly bonded. Then, a bonded wafer was

prepared by the ThapRsdiinvesioass Gl i the Fa 6Pheniacturiigdoadddtveafers.t he
surface of the bonded wafer was visually inspected. As a result, it

was confil0#d that |ocal oxides were generated on the bonding

AR NPT T M TR NE R SRR
regard to certain versions thereof, other versions are possible, and alterations,
permutations and equivalents of the version shown will become apparent to those skilled
in the art upon a reading of the specification and study of the drawings. Also, the
various features of the versions herein can be combined in various ways to provide
additional versions of the present invention, Furthermore, certain terminology has been
used for the purposes of descriptive clarity, and not to limit the present invention.
Therefore, any appended ¢laims should not be limited to the description of the preferred
versions contained herein and should include all such alterations, permutations, and
equivalents as fall within the true spirit and scope of the present invention.
[0048]

Having now fully described this invention, it will be understood to those of ordinary
skill in the art that the methods of the present invention can be carried out with a wide and
equivalent range of conditions, formulations, and other parameters without departing from
the scope of the invention or any embodiments thereof.

[0049]
The citation of any publication is for its disclosure prior to the filing date and should

not be construed as an admission that such publication is prior art or that the present
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[ 0047] Al though the present invention has been described in
considerable detail with regard to certain versions thereof, other
versions are possible, and alterations, pernutations and equival ents
of the version shown will becone apparent to those skilled in the
art upon a reading of the specification and study of the draw ngs.

Al so, the various features of the versions herein can be conbined in
various ways to provide additional versions of the present

i nvention., Furthernore, certajn term nology has been ,used for the
bur poses. dRveisis nokeriedip aRtesle sugheoReIoR By YirtHs vl BrRBingFaboRnt
invention.0 iﬂerefore, any appended clainms should not be limted to
t he descri[p?l n of the preferred versions contained herein and

shoul d i ncl ude (&iidss DtHefwiad kteledtd Rfsenches Adoaipo@tBor adteboned UhMades ks
as fall within the true spirit and scope of the present invention.

[ 0048] Hawicmpoursiworf esmippnend by ritselé dastwiillsasi invoembingtion with withel compounds or
understood to those of ordinar skill in the art that the nethods of
t he preserﬁorqpﬂwm?{?ﬁ%ﬁwﬁ%“é PPPAAdHut with a wide and equi val ent
range of C@@ﬂ'ti ons, formul ations, and other parameters w thout
departing fro the scope of the invention or any enbodi nents

t her eof . [ 0049]Ashized Bdréiatth©singular dtyns (Fab Farng adrdothel’ $nchude thetpturell iefetensalr e
prior to the filing date and should, not be construed as an adm ssion
t hat such Yslass the aertext clegslyshigteges eharwise. t hat the present 14 invention
IS not entf'ob#gd to antedate such publication by virtue of prior

i nventi on. 050] Unless otherwi se stated, a reference to a conpound

or conponent i Nglbdeheleherti8dRARAEL, All nGRBRE BEREssiBY qhdnGfdsiof ifgedivls|
as in conbinationwth other conmpounds or conponents, such as

m xt ures akactionpoditdss, ahd@Ebith ved irsthelsfecifiedtion atdeaigis agub be widsrsied a5, "
“an," and "the" include the plural reference unless the cont e&t
clearly di baing rpadifiedin all; iggances by the term “about.” Accorglmg y, unless indicated to the

contrary, the numerical parameters set forth in the following specification and attached
claims are approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not to be considered as an attempt to
limit the application of the doctrine of equivalents to the scope of the claims, each numerical
parameter should be construed in light of the number of significant digits and ordinary
rounding conventions,
[0053]

Additionally, the recitation of numerical ranges within this specification is
considered to be a disclosure of all numerical values and ranges within that range. For
example, if a range is from about 1 to about 50, it is deemed to include, for example, 1,7, 34,

46.1, 23.7, or any other value or range within the range.
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[ 0052] Except where otherw se indicated, all nunbers expressing
guantities of ingredients, reaction conditions, and so forth used in
the specification and clains are to be understood as being nodified
in all instances by the term "about"” Accordingly, unless indicated to
the contrary, the nunerical paraneters set forth in the foll ow ng
specification and attached clains are approxi mations that may vary
dependi ng upon the desired properti €A3®0iSght to be obtained by the
present invention. At the very least, and not to be considered as an
attenpt to |imt the application of the doctrine of equivalents to
the scopejof the o dFmangfchirill ABbh&A warBidbaipek@g: shoul d be
construed in light of the nunber of S|%n|f|can; digits and ordinary
roundi ng convetronoeship®oBssiliggidveleesrtalipyn an paide fibnegualdp opfess than 2.2
nuneri cal it hi ' L . ' nsidered to be a
disclosur%ﬁ%?ggﬁp&%ﬁﬁégﬁtg#ﬁﬁgpﬁgéBg%%héﬁﬂgégmhn in that range. For
exanpl e, if a boadyg thstWa diiccmbeafers thiboglathe didrntsd oxide filss deelteid attonded

i nclude, for exanple, 1, 7, 34, 46.1, 23.7, or any other value or
range wi t W5t he range. 15 CLAIMS 1. A nethod of manufacturing a
bonded waf er copidisitheboRERANRafBRSBiInPHscs WMy Bichll 6:08e vafLr hitdricé eirbugn
oxide filmequal to or less than 2.2 nmin thickness on each surface
of the twshightheddie siliepemaferang addi ng the two silicon wafers through
the formed oxide filnms to obtain a bonded wafer, wherein the bonded
waf er conprises no |ocal oxide on an interface through which the two
si i con waf er sTlar method dédnanufRiurifibe prdbdovab ofelaihial twirdrgiy ozonsoweed
wafer of claim1l, wherein pzone water i th zgn tragi
ranging P8 e5mEgopilltE Knelf fom, e i B gpre I 44 e
met hod of wagimgf act uring a bonded wafer of claim1, which further
conpri ses

3. The method of manufacturing a bonded wafer of claim 1, which further comprises
removing a natural oxide film on at least one surface of the two silicon wafers prior to

said ozone washing.

4. The method of manufacturing a bonded wafer of claim 1, which further comprises

conducting plasma treatment following said oxide film forming and prior to said bonding.
5. The method of manufacturing a bonded wafer of claim 5, wherein said plasma
treatment is conducted with nitrogen, oxygen, argon, diluted hydrogen or a mixture

thereof.

6. The method of manufacturing a bonded wafer of claim 1, wherein said bonding is

conducted by heat treatment at a temperature of equal to or higher than 1,000 °C.

7. The method of manufacturing a bonded wafer of claim I, which further comprises

thinning the bonded wafer obtained.
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removing a natural oxide filmon at |east one surface of the two
silicon wafers prior to said ozone washing. 4. The nethod of

manuf acturing a bonded wafer of claim1, which further conprises
conducting plasma treatnent follow ng said oxide filmform ng and
prior to said bonding. 5. The nmethod of manufacturing a bonded wafer
of claimb5, wherein said plasma treatnent is conducted with

ni t rogen, §.0XYy geiE meth&P B méhu hidtSGh W BHABE Wafdk ofclBink B UkRereih REHEMhAInS is
The nmethod of manufacturing a bonded wafer of claim1, wherein sard
bondi ng i @ndeeedieicgrénglinga lishipgar emimplantalionsapasatiiiur e of equal to
or higher than 1,000 C. 7. The nethod of manufacturing a bonded wafer
of claim1, which further conprises thinning the bonded wafer
obtained. 16 8. The method of manufacturing a bonded wafer of claim
8, wherein said thinning is conducted by grinding and polishing, or
ion-inplantation separation. 17
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