Met hod of manufacturing bonded wafer BACKGROUND OF THE | NVENTI ON FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to a nethod of

manuf acturi ng a bonded wafer. Mre specifically, the present invention
relates to a nethod of manufacturing a bonded wafer having an oxide film
wi th an uniformthickness of about a few nanoneters. DI SCUSSI ON CF THE
BACKGROUND [ 0002] When bonding two silicon wafers through an oxide filmto
manuf acture a bonded wafer, the oxide filmis normally formed by heat
treatment under an oxygen gas atnosphere and the fornmed oxide filmusually
has a thickness of equal Msthod ofjmeavkectutihghonde@@vafen Such a manuf acturing
nmet hod i s described, for exanple, in Japanese Unexam ned Patent Publication
(KOKAI') Heisei No. 11-26336. [0003] However, the thickness of an oxide film

that functions as a BOX i ith the mniaturization
of devices and reducti on@&gf}g@mﬁ%ﬁgﬁﬁﬁﬂmi on. Furthernore,

di rectIyFl?lI@lnt:ﬁ ’f‘ﬁﬁqfﬁ’ b t a BOX | ayer have been devel oped. However, it
is difficu ?&umforrﬁ%ﬁ orman oxide filmw th a thickness of about a

few nanongf@rys using conventional heat treatnment nethods. In particular,
when a batch-type heat treatnent furnace is enployed, a |oad | ock-type

transfer equi MhepreseANin@enticnRhitesd @ a PiicANII b ehaRif20AAIAE 0BSndedndafehe | i ke
are required, resulting in increase in manufacturing costs. [0004] An oxide
film for Mateopeafisillyj therpresent mrention kbt 16 reatthedbf nenofderiof ashdridedn

oxide, Si Q2. Since the oxide filmpade of SIQ2 is a stable film such an

oxi de fi Waferdexing gaoxidedimsuthoan ytoam4higknassief ghout & fevpranemetass.or  becones
smal | er during subsequent 1

DISCUSSION OF THE BACKGROUND
[0002]

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 treatment 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, SiO,. 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 |ocal
oxide on an interface (that may be referred to as "bonding interface",

herei nafter) through which two silicon wafers are bonded. As a result,
there may be a risk that problens 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 renmains on the interface. [0005] The aforenentioned heat treatnent is
conducted, for exanple, to increase the strength of the interface through
whi ch t wenaiufactming\padaess (heatcdtrdatmehs grocess)i nEineldy; é remains smldcatexifit an aess, and
the like. For exanple, in_the heat treatnent conducted for _increasing the

st r engt h ipteriessr{thah ray heaefered to %e‘i’cﬁé%elﬂteﬁaﬁff‘erh‘?@mkﬁ?ﬂ thgpugh whishéwat ure of
|t hi t 1,100 C f | th r. Ex |
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2007/ 019Q@#@4indbn tHeQXeFhceen two wafers are bonded through no oxide film
the wafers are bonded follow ng usual cleaning such as SCI. However, in
that casd00@k) oxide filmwith a thickness of equal to or greater than 2 run
is formed on the silicon wafer after conducting conventional cleaning, and
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bondi ng proce
increasing the strength of bonding interface, the bonded wafer is kept at a temperature of

equal to or higher than 1,100 °C for equal to or longer than 1 hour. Examples of the heat
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 a
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 achieving

t he above nmanufacturing nmethod. As a result, they discovered that
generation of |ocal oxide, that is generated during manufacturing process
(heat treatnent) of a bonded wafer, can be inhibited by form ng an oxide
filmon a silicon surface by ozone water treatnment in a thickness equal to
or less than 2.2 nmwhen two silicon wafers are directly bonded. The
present invention was devised on that basis. The oxide filmformed by ozone
washing tends to be deconposed by heat treatnment in the subsequent process
nore easi[D§0&han the oxide filmfornmed by heat treatnent. Therefore, it is
bel i eved that such oxide filmcan be diffused w thout occurrence of | ocal
concentration dietpreseskiimpentors gonspcied sgxtensivgt resesech for adhievingnfiengbqyeocess,
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relates to manutfacturing a b er conprising: ozone
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nmin thickness on each surface of the two silicon wafers, and bonding the

two sil i quesenmiheerdionhwasudgvistd en abit dasit.i | Tise dxdiderfitn tformoddt ki ozome vieshidgd waf er .
[0010] The bonded wafer may conprise no |ocal oxide on an interface through
whi ch  t Hends\ip be dpeamnesedhbieheat eatmsshidethe sppequent prgcess anese sadly\ibamiheg, ozone
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be diffused without occurrence of local concentration of the oxide film by heat treatment
in the bonding process, and thus generation 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 filmon at

| east one 3 surface of the two silicon wafers prior to the ozone washi ng.

[ 0013] The nethod may further conprise conducting plasma treatnent follow ng
the oxide filmformng and prior to the bonding. [0014] The pl asna
treatnment may be conducted with nitrogen, oxygen, argon, diluted hydrogen
or a mxture thereof. [0015] The bondi ng may be conducted by heat treatnent
at a tenperature of equal to or higher than 1,000 C. [0016] The nethod may
further conprise thinning the bonded wafer obtained. [0017] The thinning
may be coendamctad dhdtyvopilicodiwefera pdoptol thesbdong washing.on- i npl ant ati on  separati on.
[ 0018] According to the present invention, the nmethod of manufacturing a
bonded wdbf@®3] in which generation of |ocal oxide that is generated during

manuf act uri ng oces heat reatnment) of a bonded wafer c be inhibited,
can be provide .e[‘mﬁ may "e‘x‘é’i‘?ﬁﬂ%?f"@éﬂ?&ﬂgm 'ﬁ??&nﬁ‘gvﬁﬂ?‘ﬂﬁ’gstﬂﬁf t he

present i ] . | by reviewi ng the present disclosure
and the é’%@%@?@?ﬁ%@?‘%@é@ﬁéﬁ“@& SCRI PTI ON OF THE DRAW NGS [ 0020] The

pr esent i[g(yle;l]\ti on will be described in the follow ng text by the exenplary,

The plasma treatment may be conducted with nitrogen, oxygen, argon, diluted
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 1 to 8. Generation of |ocal oxide cannot be
observed. 4 Fig. 2 is an explanatory drawing of results of visual inspection
of the surface of the bonded wafers of Conparative Exanples 1 and 2.
Cenerations of local oxide (represented as dots) can be observed.

DESCRI PTI ONS OF THE EMBODI MENTS [0021] The followi ng preferred specific-
enbodi ments are, therefore, to be construed as nerely illustrative, and
non-limting tdig. Reisaperplagatoryadraving afiresults ofivisual inspagtionssf thesurfaseefer . | n

this regard, ng attenpt is made, to_show structural details of the present

i nvent i orihg Rondsde watsrniof GomparativenBrasaples § andr 2 uHaBsratians| ofylnsak exidadi ng of

t he pr esetnt hlﬁv‘gntéa?r}; tlge gleschi ption taken with the draw ngs nakes

appar ent TBCHIEL 2% 1B °F A°FRE art how several fornms of the present

I nvention may be enbodied in practice. [0022] The present invention rel ates
to a method of manufacturing a bonded wafer. The nethod of manufacturing a
bonded wafer of the preBPESCRIPVIONS OfF THHNEMBODIMENTSbonded waf er conpri si ng
no local [ggge on an interface through which two silicon wafers are bonded.
[ 0023] The neéthod of manufacturing a bonded wafer of the present invention

conpri ses ozordefallewing preferred speeidis embodimentsoare fhagefose,de ibecopstrueddgual to
or less tha 2.? t\%mn hi c&’gggﬁ (%ntﬁach s.urfacfg of ,the twa silicon wafers,
and bondiMGRhBIUSTEIVE; ARY SAPWEIERS 1ty SERRnHeeoh ficudiselopye P AMe®@ o obt ai n
a bonded r 0 | 1 0 ' h i ' ual to
or |less t‘ﬁ%&S%EY?'[ r%sﬂﬂeﬁgﬁ?x&(%s é%}ﬁda e]ct %@e%ﬁr %tagfér(ﬂg}ééeg}eg%n%? he two
silicon Waf&kisn BY nFO B&alVARM 8 Reédibary for fundamental understanding of the present

invention; the description taken with the drawings makes apparent to those skilled in the

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 rim generation of |ocal oxide on the bonding surface cannot be

i nhi bited. The oxide film formed by ozone washi ng can be deconposed by heat
treatment in the subsequent process nore easily than the oxide filmforned
by heat treatment. Therefore, it can be diffused 5 w thout occurrence of

| ocal concentration of the oxide filmby heat treatnent in the bonding
process. However, even though the oxide filmis forned by ozone washing, it
I's not possible to diffuse the oxide filmconpletely by heat treatnent in

t he procesthouf ocevsmendenof locahgommsnuigibnwelf the owide fidineby heatkireasmentHipribof
exceeds 3;2,nn1 resulting in a |ocal concentration of the oxide fi]m

r emai ni nGOBHNE REOSEY diHAYEVeR eysnsthaugh the oxide fim 1s formed byozane | Washing oit
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filmthi qkaessnceftrdtion oftiedside Al ek GNthe bondihk itafcsal B conttadtae can be
measured by using ellipsonetry. Ellipsonmetry is a nmethod in which the film

t hi cknesdowér lirhihef thickahessfaflthe oxiderfilis dorasbdhy, for exatnpde,i0ynm. potl ianozedy | | ght on
a flat surface of a sanple and neasuring the change in the polarized right

state of t hentrodthedermaation;of lexide dilwbwhenthethickapssad the exidafilx isdesstthan Ganpl e.
[0026] In th reseng,. invention, two siljcon wafers are ozone washed to form
an oxi de M | ee‘lﬂfgﬂ hl"‘be 185 Bteptgh than 9.5, pm; in tLJﬁ{(Eé}éﬁgglgSf{gﬁe than 8¥iff aces of
the sili . ope wat er having an ozone concentration rangi ng from
1 to 50 %g%‘:@hg@‘?é%%“ % use in the ozone washi ng. It may take too |ong
time to fg@jzggan oxide filmw th a desired thickness when using ozone water
havi ng arg ozone concentration of less than 1 ppm Strict tinme control may

be required foITht idmfthickiisk 0f tHefoxade fbsi emed lofmtBelsidtort Wafek sirgss chhd® 2. 2 nm
i n thickness when using ozone water having an ozone concentration of greater
measured by using ellipsometry. Ellipsometry is a method in which the film thickness of
the oxide film is measured by irradiating a polarized light on a flat surface of a sample
and measuring the change in the polarized right state of the reflected light to obtain a
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 from10 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 enployed, and the like. The
ozone washing can be conducted, for exanple, for 10 seconds to 10 m nutes,
preferably 30 6 seconds to 5 m nutes. However, the present invention is not
limted to the above range. [0028] The ozone washi ng can be conducted by
usi ng a batch-type washing nmachi ne equi pped with a device for providing
pure wat e%ﬁccwdﬁtcaf migesa &gxweaplnﬂ@cnﬁ%ssmmmm@n iot ligiitgd do thgzbovwr rasghgl e- waf er
type masﬂb machi ne. The ozone washi ng can be conducted at room

t enper at @ﬂﬂfor exanple, at a tenperature of 10 to 30 C, preferably 15 to
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Accordi ngly, defects such as voids that are generated I n bondi ng and caused
by or ganigzonsg (Bsbradigids-walst tie wahingimedify The ogstefshiag Rhnbe comlutied sanme
manner, generation of voids and/or blisters can be inhibited when thinning
t he waf erat rgone temperanerd (foy exdmple, atpltemperstuenfd Opa B CC.anefefadf3 tol35%6) to t he
ozone washjng, a natural oxide filmcan be renoved fromone or both
sur f aces Wfhouhbeating pgens Watlfer s, and then the silicon wafers can be subjected
to the %% washi ng. The natural oxide filmis formed during final washing
of the si n wafer and the subsequent storage period in the atnosphere.

e, Skness, Wiloielibabe (e, BATLYB!LeRdoRETMRAAR e o | o
oxi de fi |fitrOfoRmhiedn, biRRicZsubstand®s ipfeskikt kiRe SBichR wake 8lrfa@ ¢ithe removed.
Accordingly, defects such as voids that are generated in bonding and caused by organic
substances can be inhibited by the ozone washing. In the same manner, generation of
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 fluoride) 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)
treatment. The HF treatnent can be conducted, for exanple, by i mersing the
silicon wafer in HF solution that has been diluted to 1 percent for 5

m nutes in a batch-type washing nmachine. The natural oxide filmcan be
renmoved conpletely by such HF treatnent. In such HF treatnent, the HF
concentration, the type (batch type or single-wafer type) of the washing
machi ne en&gpyed are not specifically limted. Any nethod can be enpl oyed as
| ong as Inat ur al oxide filmcan be conpletely renoved. 7 [0031] After
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conductlng reat men nperature equal  to or
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generation of | ocal oxide on the bonding interface can be inhibited by
bondi ng tthatriend as b lteraperatons 6f squabtpsr Bighg thin 0000ECftblintrequbd afltesive | ess
than 2.2 nmin thickness on each surface that has been formed by ozone

washi ng atrangthenlnctheduethpd of thanubdstringh gencrationaofriacel. ofide onethpdoadinge of the
above heat treatnent i.s appropriately equal to or higher than 1,000 T. At
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mnutes. In the heat treatnent of |ess than 30 ninutes, defects such as

t hose e rddequatsl bartaiinge stecmgtht mae aot be obtined honeatimes pélmltmgorh defictshamh dsr eat nent
can be argon gas_ atnosphere the atnosphere in which oxyge s and nltrogen
gas are rixkadighongethn dhinnipgprogess and fevicp maselaeturing pracesn fmadﬁgmon,

thereto. high-temperature region, especially at higher than 1,200 °C, slip lines sometimes occur.

The temperature ranging from 1,050 to 1,150 °C is preferred. As for the time, the heat
treatment is 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 bonding can
be conducted. Organic substances adhering to the silicon wafer surface can
be renoved by subjecting the silicon wafer surface to plasma treatnent
prior to bonding, permtting inprovenent of the percent defective of void
defect. Furthernore, using plasnma treatnent, the surface can be activated.
Thus, the tenperature of the heat treatnent that is conducted for increasing
t he bonding strength can be |owered, permtting the reduction of the

manuf act PXYERJL @egon, dilvied iyhrosem of énnixgursfoltthioougipie of thecabgregasest fosat nent

can be conducted_w th nitrogen, 8 oxygen, argon, dil uted, rogen aqr a

m xt ure SFAERS oﬂW@ongfﬁ%e&%%Eeﬁég@sﬁmgﬁ €% I%W%ﬁg‘égﬁgg’ﬁiﬁd’ of the
| asna tre be, t he. pet i ichithe-.insi f chamber

Pntz whi cah&%f%}éarﬁ-gﬁeésﬁge‘gﬁwgﬁag@%r:Hs;s\(l:g%{r:'r% Ip}aatc%[f;l/% F%%?%Ee dr%i’a[cﬁh gﬁfﬁg%r tain

gas (for exaHRheforddahPUe itk gﬂjﬂn& R phlsABTPgdner t 3tr8f tdnQecdhdsew ten

seconds to afew mnutes while réeducing the internal pressure of the plasm
chanber tt0,a feor migiedTpihéle Geduckigtheointeidl \préssurenel wafhisnsdlth-aager tbjofever, the
present invention is not I|limted thereto. [0033] According to the above

met hod, dxample bbhkBArtg asfivateuthesivifer swrfavaf e Howstenwtliecpresent yrsentionoisi renit at i ons
are different, fromeach other can be easily carried out, such as the direct
bondi ng JMiteddhereto; con waf er having the crystal orientation (110) and having
t he cryﬁéggé]ori entation (100) and the direct bonding of the silicon wafer
havi ng t Fystal orientation (111) and having the silicon wafer (100).
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conprise thinning o _ _ _ nning can be conducted by
grindi ng cayiehil RPleh@ibidare BfferbRNroi s biifet 0th BERAIB! éapfled bR seohodiPhe. the

ion-inplantation separation can be carried out as follows. Hydrogen ions or
rare gas dieosbarding efptharsiledniwdfer Baving theosrystalf @ientation (110) and having the
crystal orientation (100) and the direct bonding of the silicon wafer having the crystal
orientation (111) and having the silicon wafer (100).
[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 jon-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.
Thereafter, the bonded wafer is thinned. Implantation of hydrogen ions can be carried
out at an accelerating voltage of 50 keV and dose amount of lel7/cm”  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
ion-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 wafer and then a
bonded wafer is prepared. Thereafter, the bonded wafer is thinned.

| mpl ant ati on of hydrogen ions can be carried out at an accelerating voltage
of 50 keV and dose amount of lel7/cnR. According to such a nmethod, a
silicon wafer 300 mmin dianeter that is to be an active |l ayer can be
formed. As for the manufacturing nmethod of a silicon wafer conprising

i on-inplantation separation, Japa m ned Pat ent Publication (KOKAI)
No. 2005-197524 or English Ianguggégkﬁﬂiﬁs menber US Patent Application
Publ i cat i[@5No. 2007/0190737 Al can be referred to. 9 EXAVPLES [0035] The
Prosent 1vent up bl BRCARSCLAPEY dolcrlh ! absl BiIoRABEde o ExABLES

However, the pres Invention is not Timted to the exanples.
[ Exanpl e Hdwel¥P it frése i inVé@iish $s R it ke 1theieramples. were imersed in ozone
(03) water (roomtenperature) with an ozone concentration of 30 ppmfor 2
m nutes \W@3¥J]a batch-type washing machine to for an oxide film2.0 nmin
t hi ckness. The thickness of the oxide filmwas neasured and confirmed by
el | i psomdExamplafiier fornming the oxide film two silicon wafers were

directly bonde Tq..i ncrgtase he bonding strength, the heat reat ment was
conducted at 1,M9cslEeonowalsrs it mm dn Fovergnmarsadsignezoae (OslMelker mor e,

the wafer_of the activye later side [.ind nd | i shed to a.prescribed
t hi cknesér"t%om t;%?“%%eé?ct%‘e ‘B‘gﬁc?gdoﬂ%?e‘fp%%ﬁ%ugﬁf(ﬁgﬁl Ptpﬁg? ru f%‘é%“tteosf“? egbonded
waf er wag, tclﬂh?#@ivhﬁniﬂ Rélﬁﬁ fof'n BxiEHth 2.0 hin WA {ir Qﬂﬁ e |ocal

oxi de vvasagene ate ognllﬁ t e&goﬁﬁ?}lg 1i nterface, 1seec%lﬂeg. 111%?(})&0037 58 FExaan e
2] 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 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 1e17/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
anount of 1el7/cnR into the silicon wafer 300 mMmin dianmeter that was to be
an active layer. The above silicon wafer was processed by the sane net hod
and condition as those in Exanple 1 to forman oxide film2.0 nmin

t hi ckness. The thickness of the oxide filmwas neasured and confirmed by

el lipsonetry. Another silicon wafer that had not been subjected to the
hydrogen ion inplantation was processed by the same nmethod and condition as
those in Exanple 1 to forman oxide film=2.0 nmin thickness. The thickness

of the obpaded veferwald nstessn B bondingotrengthe theieak irpatpsalivay gondpstedsat| | con
waf er wa loyed ,as a support side fer d, bonded, Wi th t .

B or ementlr DHCG A PLUS oAt GEw e odhet.  phpys. i hafer of foe #h0xe

t r eat ment : . ra rd f at the
ion inpl altzﬁ[?ﬁa??%%&%gé@egg&gg’ﬁ%ﬁ%iﬁ“&%&%‘paﬁer@gﬁh %g‘%&%ﬁ o\t{aq?eeirs\&{c@%

i ncrease wif& ReNdshAlSInsfR¥Ed). Ashg ren! itl wRAHERheddRat GRNIBEAL &d@was 1, 100 C
for 2 hours in an ardgon gas atnosphere. Furthernore, the wafer of the active
| at er si genevatad polhefoadinganterfideeseerfiped t hi ckness. Thereafter, the surface
of the bonded wafer was visually inspected. As a result, it was confirned
that no I[6@M] oxi de was generated on the bonding interface, see Fig. 1.

[0038] [Exanple.3] Two silicon wafers 300 mmin dianmeter were washed with
HF to cofpX@MBEY] renove a natural oxide film Then, the two silicon wafers

d.by ¢ hod.and condit ] hoserin Exanple 1
For m an_oxi do. /MRS AT e o aemeetrie i MRS I8 oY s ©
brepared Biold @ naRfR oRRIAf, 2ThERAhe Wlo BERHPYWEels Wi SproddiidhiPibelsain@e Ponded

waf er thus prepared was visually inspecte s a result confirmed
that no |lmakdd god cditde LeRGEdh Ftadplet hed fRRdindkiddfikh DACEAN i Beckress. 1.

[0039] [Exanple 4] Two silicon wafers 300 mmin dianeter were processed by
t he sane Thetdafier, abdnded wafer was prepared by the same method as that in Example 1. 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.
[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. Thereafter,
the two silicon wafers were subjected to plasma treatment in a nitrogen 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 (Oi) water

(room temperature) with an ozone concentration of 10 ppm for 1 minute with a batch-type
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condition as those in Exanple 1 to forman oxide film2.0 nmin thickness.
The thickness of the oxide filmwas neasured and confirned by ellipsonetry.
Thereafter, the two silicon wafers were subjected to plasnma treatnment in a
ni trogen gas atnosphere at 25 Pa for 20 seconds, and then directly bonded.
To increase the bonding strength, the heat treatnment was conducted at 1,100
C for 2 hours in an argon gas atnosphere. Furthernore, 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

pr epar ed Washingimaime,to; fas a exide filmd. 3 npeigy thicknesg. \Ele tigknessreldhe padeno | ocal
oxi de wa generated on 1he bonding,lLnterface, .see Fig..1. 040 Exanpl e
S} Tvo- < TFEBA TRpSred SbARARRRS 1Y SHsPoRelity AR BrEug t6 o5 iT 539 vt or
(roomte t | n : | f &BE}% lam e wth a
ba_tch-tygggogl%ﬁaﬁ%%%@@gﬁ%g%?g o?ﬁd;hﬁ‘%%sggﬂl?iPm : Ig{rzlrén&gﬂ-rlf Fﬁ:?}l ness. The
t hi cknessreafmdntewaxicdfiductdd @t VieROTe@sfired Réifs GaNhn r4¥Béh Pas eathiopsHerRt ry.
After formng the oxide film two silicon wafers were directly bonded. To

I ncr ease Rumheinooreli the wafererfghdractive dathiesitle wias geihdeeindndvwadishahbuc prederitied1, 100 C
for 2 hours in an argon gas at nosphere. Furthernore, the wafer of the

active | dhigkness g preparecy bendled veaier. pdhersafeas, the surfpeecefcthe horded walsk veass t o
Dt S SEesLRL e TEGETL S Sl AT Bl R ST e
Fyr ogen OB BB BE B L 20" ctel er ati ng vol tage of 50 Kev ahd a dose
amount ofrodeh7/ cn2 into the silicon wafer 300 nmin dianeter that was to be
an active |layer. The above silicon wafer was processed by the sane nethod
and condi[Ekafple®$] those in Exanple 5 to forman oxide filmO0.5 nmin
t hi ckness. The thickness of the
Hydrogen ions were implanted at an accelerating voltage of 50 keV and a dose

amount of 1e17/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 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 ion 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
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oxide filmwas neasured and confirned by ellipsonetry. Another silicon wafer
that had not been subjected to the hydrogen ion inplantation was processed
by the sane nmethod and condition as those in Exanple 5 to form an oxide
filmO.5 nmin thickness. The thickness of the oxide filmwas neasured and
confirmed by ellipsonetry. The silicon wafer was enpl oyed as a support side
waf er and bonded with the aforenentioned wafer that was to be an active

| ayer. Then, the heat treatnment at 500 C was conducted to separate a
portion of the wafer at the ion inplantation |ayer as boundary to prepare a
bonded wdgBpve ggaturp ogile diline Tﬁi@hgﬁﬁ e silispryvaters werergaeessadely theremgas

duct ed 1,100 .C f h ' . Jurth ,
e e ormRod fi canaion e Gor AN EX DI RS D DoSE AR SBERIEN chneas.
Th ft | . | t As
rosult, i eepaner A Sbh ARt o rBBRaRty eaTak iR IUR A B BRRTT 3% i g

| nt er f acquria®eofihe bohded WL thus| Fr4AR] Rad bis ﬁisbéc?é&[‘ vayf LEulB00 wa | N
di aneter were washed with HF to conpletely 12 rehove a natural oxide film

Then, t heohfigngl thatarlovdbeids wae genepated o8 trebohling eterfaarsee Fg.hod and
condition as those in Exanple 5 to forman oxide filmO0.5 nmin thickness.
Ther eaf t dP043d bonded wafer was prepared by the same nethod as that in
Exanpl e gl The surface of the bonded wafer thus prepared was visually

i nspecte Exaaplg 8lesult, it was confirmed that no | ocal oxide was gener at ed

on the bondin nterface. s Fig. 1. 043 Exampl e.8] Two silicgon wafers
300 Mmin di a?ré[‘twé)rsmﬁé) eWEE?"cS?@Q?é‘g Hbé‘a{n{‘? Y. ‘h&?sﬁ%‘@’ya‘rﬁlﬁlsa%%% Oldc?ﬁgas t hose
i n Exanpl : ' fil Nt W i C ss of

t he oxi dEC%PI I%R\A%g&lggeeg!shu%%ﬂglﬁdﬁ ctg]nt?f[?rf{é{c}b ‘3"5%??3@% }nybﬁcllﬁtgggéa@gr, t he
two sili qRigkiab ©F $he\BXiBe Tl voast BeasufedPARISETR i 6@ by RINipsbetty.Ni THe&HRRr, JaS

at nosphere at 25 Pa for 20 seconds, and then directly bonded. To increase
t he bondithgtved siBout wWafetshveere subjected to plasma treatment in a nitrogen 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.
[0044]
[Comparative Example 1]
Two silicon wafers 300 mm in diameter were immersed in ozone (O3) 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 wafer. 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 M in dianmeter were inmersed in ozone (03) water (roomtenperature)

wi th an ozone concentration of 30 ppmfor 2.5 mnutes with a batch-type
washi ng M8®slne to for an oxide film2.5 nmin thickness. The thickness of

the oxide.filmwas_neasured and confirned by ellipsonetry. After formng the
oxi de fipﬂwp?liﬁﬁe%w%ﬁﬁafvafers were directly bonded. To increase the

bondi ng st engi, e NGk SAPRAMTRN SRR SRROHEL Sl by 10%ifiuboty g hour s

in an argon gas atnosphere. nor €, the warer o e actrve layer side

was gri ndegicanthrReb! if Nelch PhedteREMIk RER 700N kR I%, bP oRYRRAMA Foohyrded

waf er. Thereafter, the surface of the bonded water was ¥Visually inspected.
As a r esulirogentwetd sitaifol forfe Antdxide filac2hnmoin HREnever ;dgharediadotls boadéde

bonding interface (see Fig. 2). 13 [0045] [Conparative Exanple 2] Two
silicon vidfeer @ BoBlednwaler dvasnpteparedebye the same rmethed #sothat Gn nExampde i.n a
vertical furnace in ich_ the tegerature was, 700 C and 1% of oxygen and 99%

of nitrogerFalies thes pbtheopded, waler s rvisually nspegted. ¢ ATk FRsdl, It A8 t hen
di |y bopded. ., .Th bonded waf b hod
Chat i n’ Eoane thet 0GR o By PR EndiRd op R R B et TaPer was vi sual | y

i nspecte Ooﬁﬂ aresult, it was confirmed that |ocal oxides were generated
on the bonding interface (see Fig. 2). [0046] The present invention is

useful in the finglpeeselt iArntbR G usEful th O ARG Wah8fatturing bonded wafers.
[0047]

Although the present invention has been described in considerable detail with
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 claims 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

possi ble, and alterations, pernutations and equival ents of the version

shown wi || becone apparent to those skilled in the art upon a reading of

t he specification and study of the drawi ngs. Also, the various features of

the versions herein can be conbined in various ways to provide additional

versions of the present invention. Furthernore, certain term nol ogy has been

used for the purposes of descriptive clarity, and not to limt the present

i nvent i oAnventipieis@pbenditled ipantadpie saepublieation b WitHewl opr Ibeentioni ted to t he

descripti f the preferred versions contained herein and shoul d include

al | such[@&gﬁrations, pernutations, and equivalents as fall within the true

spirit and sc f . Rr t | i,Qn. Vi va.descri bed
e b Eiihe, LY B rordlBh TR oo

this invention, | € unders in the art

that the BRIBAS o orhpneRt BF REIF, 88 WA 4O SfbiRRiohakit StheP ¥bmpbidds&rW de and

equi val ent range of conditi‘ons, formnul ations, and other paraneters w thout
depar t i ngofnpoientd, hechss afbeues of ftnpoaudnt i on or any enbodi nents thereof.
[0049] The citation of any publication is for its disclosure prior to the
filing d40@5lgnd should not be construed as an admi ssion that such

publication is prior art or that the presept 14 invention is nat entitled
to antedate suthussdbeeBathesngylar forms(a,” oanpandrthe nipelde Sig plupbrsimgncen| ess

otherwi se stated, a referen tg a conmpound or conponent includes the
conpound es%%‘ﬁﬁ%‘?‘fﬁ’ﬁt‘feﬂﬁyﬁ’tc%gqsfo, e%el | as in conbination with other
conpounds[ §41 conmponents, such as m xtures of conpounds. [0051] As used

her ei n, tﬂe 4i ngular fornms "a," "an,” and "the" include the plural reference

unl ess the corpRpt vleBPbthorwileGhdibRed, all MERBES @xpressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accordingly, 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 quantities
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
paranmeters set forth in the follow ng specification and attached clains are
approxi mations that may vary dependi ng upon the desired properties sought to
be obtained by the present invention. At the very least, and not to be
considered as an attenpt to limt the application of the doctrine of
equi val ents to the scope of the cl &&FAIMSach nunerical paraneter should be
construed in light, of the er of sjgnificant .digits and ordinary

r oundi ngqconveﬁg‘inf)thg. ofWM?I’mgIWertcﬂ@ppé@gt ation of numerical

ranges wthin b SRRl 6WIBR dalers (PRANIGIS4d MnPEn B SR 9" al
nunerical val ues and raﬁbes W Chi A Eha range. For é&anple, If aTange is
from aboyim th thikk@da®uh e sutthed SF tHeRMPRHlIdoM WwatelsUdfa, for exanple, 1, 7, 34,
46.1, 23.7, or any other value or range within the range. 15 CLAIMS 1. A
met hod of manubexnding ithg two bilivda dwafafsethraupiipthe sexide fime fermveistoi dbtainwe si | i con
wafers to forman oxide filmequal to or less than 2.2 nmin thickness on
each sur fbgodedovafehe two silicon wafers, and bonding the two silicon wafers
through the oxide filns formed to obtain a bonded wafer. 2. The net hod of
manuf acturing a bonded wafer of claim1, wherein the bonded wafer conprises

10 10631 249 190 SO0 L PRLAGRBheUSRnatl SHELAE (B £ hsoR kSR e
wher ei n %&E‘congﬁfgé‘sr ndMotc\%a %ﬁ?éﬁé?ﬁ?irﬁ&%@%ﬁ‘éﬁ RichARI A sifib H wafetCare0 PPM i S

enpl oyed 1 n sal zone
bonded.

-}

3. The method of manufacturing a bonded wafer of claim 1 or 2, wherein ozone
water with an ozone concentration ranging from 1 to 50 ppm is employed in said ozone

washing.

4, The method of manufacturing a bonded wafer of any of claims 1 to 3, which
further comprises removing a natural oxide film on at least one surface of the two silicon

wafers prior to said o0zone washing.

5. The method of manufacturing a bonded wafer of any of claims 1 to 4, which
further comprises conducting plasma treatment following said oxide film forming and

prior to said bonding.

6. 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.

7. The method of manufacturing a bonded wafer of any of claims 1 to 6, wherein

said bonding is conducted by heat treatment at a temperature of equal to or higher than
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4. The nmethod of manufacturing a bonded wafer of any of clains 1 to 3, which
further conprises renpoving a natural oxide filmon at |east one surface of
the two silicon wafers prior to said ozone washing. 5. The nethod of

manuf acturing a bonded wafer of any of clainms 1 to 4, which further
conprises conducting plasma treatnment follow ng said oxide filmformng and
prior to said bonding. 6. The nethod of nmanufacturing a bonded wafer of
claim5, wherein said plasma treatnent is conducted with nitrogen, oxygen
argon, diluted hydrogen or a mxture thereof. 7. The nethod of
manuf act Js8%9gCa bonded wafer of any of claims 1 to 6, wherein said bonding
is conducted by heat treatnment at a tenperature of equal to or higher than
16 1,000 C. 8. The method of manufacturing a bonded wafer of any of clains 1

to 7, whigch fefl '?ﬁéth&c?@ﬁ%a%ﬁ%gﬁﬂh;ﬂg@i lﬂﬁd%ch%aﬁ? %qggyﬁfc%mgqtﬁ)i 'ﬁle\ghicﬁ' The

met hod of manufacturing a er of claim erein'said thinning is
conduct edufiher@bipdidithiansg B Bonlbd\@afePbbthed] NPl ant ation separation. 17

9. The method of manufacturing a bonded wafer of claim 8, wherein said thinning

is conducted by grinding and polishing, or ion-implantation separation.
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