SPECI FI CATI ON METHOD FOR MANUFACTURI NG AN SO WAFER
Techni cal Field (0001] The present invention rel ates
to a method for nanufacturing a bonded wafer and the
bonded wafer, in particular to a nethod of etching an
oxide filmforned in a terrace region of the bonded
waf er. Background Art [0002] Bonded wafers are used
as wafers for high perfornmance devices. Each of the
bonded wafers is manufactured by bonding a

sem conduct or wafer wisbh-~ppptderogafer or the like
and then thinning the ma?er on the side of fabricating

el enents. Specifically, for exanple, two
mrror-polished silicon wafers are prepared, and an
oxi de fi | MMETHODEFORMANEBACTIRING AN SORVARER s.
Then these wafers are bonded together and subjected
to a heat treatnent at a tenperature of from 200 to
1200C to increase bonding strength. After that, the
Teehaicah Firldide of fabricating elenents (a bond
mg%gr) is ground, polished and the like to thin the
¢ so that the bond wafer has a desired thickness.
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nhggggkturing a bonded wafer and the bonded wafer, in

particular to a method of etching an oxide film formed in a

terrace region of the bonded wafer.

Background Art
[0002]

Bonded wafers are used as wafers for high performance
devices. Each of the bonded wafers is manufactured by
bonding a semiconductor wafer with another wafer or the
like and then thinning the wafer on the side of fabricating
elements.

- kSpecifically, for example, two mirror-polished
silicon wafers are prepared, and an oxide film is formed at
least on one of the wafers. Then these wafers are bonded
together and subjected to a heat treatment at a temperature
of from 200 to 1200°C to increase bonding strength. After
that, the wafer on the side of fabricating elements (a bond
wafer) is ground, polished and the like to thin the wafer
so that the bond wafer has a desired thickness. As a

result, a bonded SOI wafer comprising an SOI (Silicon On



Exanpl es of a nmethod of thinning the bond wafer nmay

i ncl ude the nethod of grinding and polishing; and al so
a nethod (which is also referred to as Smart Cut
(registered trademark)) in which an ion inplanted

| ayer is formed with hydrogen ions or the like in the
bond wafer to be bonded, then the bond wafer and the
base waf er are bonded together; and subsequently the
bond wafer is delamnated at the ion inplanted |ayer
t hereby thinning the bond wafer. [0004] It should be
IHorddtPrat 1avRr FoRdRE Pt dkele manufactured with

q#bgﬁtly bondi ng silicon wafers together wthout
§ Fposi ng an oxide filmtherebetween. Furthernore,
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It should be noted that the bonded wafer can be
manufactured with directly bonding silicon wafers together
without interposing an oxide film therebetween.
Furthermore, as the base wafer, an insulator wafer made of
quartz, silicon carbide, alumina, or the like can be used.
[0005]

When the bonded wafer is manufactured as mentioned
above, each of two mirror-surface wafers to be bonded has a
portion referred to as a polishing sag that has a slightly
thinner thickness on the periphery and a chamfered portion.
Such portions are not bonded or left as unbonded portions
having weak bonding strengths. When the bond wafer is
thinned by grinding or the like in the presence of such
unbonded portions, the unbonded portions flake off in part
in the thinning step. Therefore, the thinned bond wafer

has a smaller diameter than the wafer to be a base (a base



continuously forned in the periphery. Wen such a
bonded wafer is subjected to a device process,

remai ned unbonded portions flake off in the device
process. This causes particles and deteriorate device
yi el d. [0006] Consequently, there is proposed a nethod
of renoving the renmai ned unbonded portions beforehand
in which a masking tape is placed over the top
surface of a thinned bond wafer, |eaving open its
peri phery and then_ the bond wafer is etched, (see
Wﬁﬁ&hesé%ﬁaﬂo@ﬁfi waEPs @éﬁooﬁaﬁa‘l“iﬂg%%e’r?re@l%gﬁﬁ’r 19o.
03-250616) ._Such an guter peripheral region from
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portions beconme the terrace region after the
pFelagknatingr’. cAssés gdieicase whd haddurinirage byewgirdendi ng
and polishing, there are problens of generation of
ydadti.cl es fromthe periphery of the thinned filmor
generation of cracks. Therefore, there is proposed a
[®80hdd of renoving the periphery of the thinned film

formed on the base wafer, after the del am ationr%§ee
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the remained unbonded portions beforehand in which a
masking tape is placed over the top surface of a thinned
bond wafer, leaving open its periphery and then the bond
wafer is etched (see Japanese Patent Application Laid-open
(kokai) No. 03-250616). Such an outer peripheral region
from which the unbonded portions are removed is referred to
as a terrace region.

[0007]

On the other hand, in the method of thinning by
delamination at an ion implanted layer, unbonded portions
in polishing sag portions become the terrace region after
the delamination. As is the case with thinning by grinding
and polishing, there are problems of generation of
particles from the periphery of the thinned film or
generation of cracks. Therefore, there is proposed a
method of removing the periphery of the thinned film formed
on the base wafer after the delamination {see International
Publication WO01/027999).

[0008]



However, the thinning by grinding and polishing has a
probl em such that the terrace region forned by
renmovi ng the unbonded portions has residue of an
oxide filmforned by a heat treatnent (bondi ng heat
treatnment) or the like for enhancing bondi ng
strength, and the oxide filmcauses particle
generation in a device fabrication process. In order
to overcone the problem a treatnment of renoving the

oxide filmin the terrace. region,is conduct . For,
examplevevahe tﬁﬁbgﬁﬁ%‘&% o . Iﬁénggrrég raer]'?g\L/ﬁeO&%%ﬁggot &n’
oRae8 Peet iate TPl FEEFREE pacd CHGEHE L BREAP ehe
[ [ NQt LY -k R t f oprgbadb
ek o35 DOk, A3V pbRiae Jr AR on B e e &

Hde Q?@ﬁ%%ﬁﬂ%@?bﬂdﬁggoﬁéa@ﬁtﬂé&%m&ﬁy) b e IOkewaber

In whic layer is fornmed on a base wafer via
Aha@xidg hodding Berbagen wafret theasxadbufiled coxsde fil m
on one side but does not have an oxide filmon the
mirdclsi denerCdrisequent| geviste a1 SOF L ONIRACEEEN Wa p.
Then in order to prevent generation of geép, an oxﬁge
dridem tanoverd caPseb kit [fe LEEEKMETT f A TGl iR e
SO wafer. In this case, it,is necessary to r
Recokidr 1R | HHeor ARECET BRTL Surrace o Phedt F@gé}?%ple'
the oxide.film.,on_the back f : lpdnelhiySrer
tﬁﬁ&?“&ﬁ@ ef RPTIRICHE ?F?ﬁ?%%’f%% ?ﬁ?nFL§§}$§§§ oot an
20, I8 1 whi L & d eV gehBoe OXt gl@xfiigk ME Ol
]Ehéﬂggggégdﬁ%gggﬁgngt %s, ﬁhe nmet hod taken is to
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surface (including the terrace region) but also in the back

surface of the bonded wafer.

[000%]

By the way, in an SOI wafer in which an SOI layer is
formed on a base wafer via an oxide film, the base wafer
has a buried oxide film on one side but does not have an
oxide film on the other side. Conseguently, such an SOI
wafer can warp. Then in order to prevent generation of
warp, an oxide film can be formed also on the back surface
of the SOI wafer. In this case, it is necessary to remove
the oxide film on the front surface without removing the
oxide film on the back surface.

{0010]

In this way, when the oxide film on the front surface

of an SOI wafer is removed while leaving the oxide film on

the back surface as it is, the method taken is to immerse



4 the SO wafer in hydrofluoric acid wth masking the
back surface of the wafer with a maski ng tape,
photoresist, or the |like. However, such a nethod
poses a problemof inefficiency because it takes tine
and is troublesone to place and renove a masking tape
or to expose and strip off photoresist. In addition,
the nethod al so poses another problem of high cost
because | arge anmounts of an etchant are required.
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sy reEBiredi on. This adversely affects crystallinity

of the SO I|ayer or can generate particles. [0013]
[0011]

In the case of using the method of conducting
thinning by delamination at an ion implanted layer, forming
an oxide film on a base wafer and conducting the bonding
result in a terrace region having the oxide film after
delamination. On the other hand, forming an oxide film
_only on a bond wafer and conducting the bonding result in a
terrace region having no oxide film after delamination.
However, when a heat treatment under an oxidizing
atmosphere for increasing bonding strength is subsequently
conducted, an oxide film is formed on the terrace region.
[0012]

When epitaxial growth is conducted on the SOI layer
of such an SOI wafer whose terrace region has an oxide film,
polysilicon grows in the terrace region. This adversely
affects crystallinity of the SOI layer or can generate
particles.

[0013]

By the way, a silicon oxide film to be a buried oxide



By the way, a silicon oxide filmto be a buried oxide
5 film(BOX) of an SO wafer can have a vari ous

t hi ckness dependi ng on the uses of devices to be
fabricated. Typically, the thickness is in the range
of 0.1 to 2 pun. However, for exanple, when the oxide
filmis used for specific applications such as an
optical waveguide in optical integrated devices or
the like, an extrenely thick oxide filmhaving a

t hi ckness equal to or nore than 4 m or
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conducting thinning by delamination at an ion implanted
layer formed by implanting ions through the oxide film
because extremely large ion implantation energy is required.
Therefore, a method taken is to form a thick oxide film on
the base wafer and conduct the bonding. In this case, the
terrace region has the extremely thick oxide film after

delamination, and which causes the above-mentioned problems.

Disclosure of the Invention

[0014]

The present invention has been accomplished in view
of the aforementioned problems, and its object is to
provide a method for manufacturing a bonded wafer in which
an oxide film formed on a terrace region of a base wafer is
efficiently etched without removing an oxide film on the
back surface of the base wafer.

[0015]



[0015] 6 In order to achieve the aforenentioned
object, the present invention provides a nmethod for
manufacturing a bonded wafer prepared by bonding a
base wafer and a bond wafer, conprising at |east a
step of etching an oxide film in a terrace region in
an outer periphery of the bonded wafer wherein the
oxide filmin the terrace region is etched by

spi n-etching with hol ding and spinning the bonded
wafer. [OO 6] When the oxide filmin the terr
reglohn|Qrdan:h@dacm$6¥ﬁmﬁﬁee?§ﬁF?mﬁQ&Hﬂ?eﬁoPH3?é}'a%@e
spi nni ng the bonded wafer one
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masking tape or the like. As a result, the nunber of
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efficiency. [0017] In the above case, the bonded wafer
waderng the oxide filmin the terrace region to be
etched can be manufactured by, at |east, bringing the
929&1lwaf er into cl ose contact

When the oxide film in the terrace region is etched
by spin-etching with holding and spinning the bonded wafer
as mentioned above, centrifugal force scatters an etchant
outward, thereby preventing the etchant from reaching the
back surface of the base wafer. Consequently, the oxide
film formed in the terrace region is efficiently and
uniformly etched without removing an oxide film on the back
surface of the wafer. In addition, unlike conventional
method, it is not necessary to protect the back surface of
the wafer from the etchant with a masking tape or the like.
As a result, the number of steps can be decreased, thereby
increasing working efficiency.

[0017]

In the above case, the bonded wafer having the oxide
film in the terrace region to be etched can be manufactured
by, at least, bringing the base wafer into close contact
with the bond wafer; subjecting these wafers to a heat

treatment under an oxidizing atmosphere to bond the wafers



with the bond wafer; subjecting these wafers to a heat
treat nent under an oxi di zi ng at nosphere to bond the
wafers 7 together; grinding and renoving the outer
peri phery of the bond wafer so that the outer
peri phery has a given thickness; subsequently
renmovi ng an unbonded portion of the outer periphery
of the bond wafer by etching; and then thinning the
bond wafer so that the bond wafer has a desired
thi ckness, wherein the oxide filmin the terrace _ .
troegitbRri sgetrehied BpdspRTRwNehithg arEeF RAFEPBEEN My OF
the unbonded portion or after the thinning. of the
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bond wafer so that the bond wafer has a desired
tdl8kness, wherein the oxide filmin the terrace

o s o R G P Ra®! tpition, P Y00
§§£T1é@aigrthe instances where the bonded wafer having the
oxide film in the terrace region to be etched is
manufactured by, at least, bringing the base wafer into
close contact with the bond wafer; subjecting these wafers
to a heat treatment under an oxidizing atmosphere to bond
the wafers together; grinding and removing the outer
periphery of the bond wafer so that the outer periphery has
a given thickness; subsequently removing an unbonded
portion of the outer periphery of the bond wafer by
etching; and then thinning the bond wafer so that the bond
wafer has a desired thickness, wherein the oxide film in
the terrace region is etched by spin-etching after the
etching of the unbonded portion or after the thinning of
the bond wafer.

[0019]
Alternatively, the bonded wafer having the oxide film

in the terrace region to be etched can be manufactured by,



[0019] Alternatively, the bonded wafer having the
oxide film in the terrace region to be etched can be
manufactured by, 8 at least, inplanting ions into the
bond wafer; bringing the bond wafer into close
contact with the base wafer; and then del am nating
the bond wafer at an ion inplanted |ayer for thinning
the bond wafer. [0020] As nentioned above, the present
invention can also be applied to the instances where
t he bonded wafer having the oxide filmin the terrace

atefjeast t dripdastthedions ipgAuERE tRATEH "By ST atP]Egsd
i mpl anting ions_into the bond fer; bringing
bboAdWREFEr TRt 6LePDeTGTalt thi TIF FRES BALE nd gf then
and then del am pating the_bon far i £
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he above cases, queous solution of HF is
t%}@?é?%ﬁ%?*%@@% ggﬁ%ﬁ'etchant for the spin-etching.
[@9%55] In this way, the oxide filmcan be etched
Irciently by using an aqueous sol ution of HF.

[ 0023)5 knt-henaboNsowss eheapbfermruavest soh utdrorleb PE
is preferably used as the aqueous solution of HF.
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oxidgsfilm in the terrace region to be etched is
manufactured by, at least, implanting ions into the bond
wafer; bringing the bond wafer into close contact with the
base wafer; and then delaminating the bond wafer at an ion
implanted layer for thinning the bond wafer.
[0021]

In the above cases, an aqueous solution of HF is
preferably used as an etchant for the spin-etching.
[0022]

In this way, the oxide film can be etched efficiently

by using an aqueous solution of HF.

[0023]

In the above case, a 50% agqueous solution of HF is
preferably used as the agqueous solution of HF.

[0024]

In this way, use of a 50% aqueous solution of HF as
the etchant for the spin~etching makes it possible to
conduct fast etching, thereby increasing working efficiency.

(0025]

In the above cases, the spin-etching 1is preferably



the etchant for the spin-etching nmakes it possible to
conduct fast etching, thereby increasing working
efficiency. [0025) In the above cases, the
spin-etching is preferably 9 conducted by providing
the etchant directly to the terrace region. (0026] In
this way, when the spin-etching is conducted by
providing the etchant directly to the terrace region,
the etchant does not flow on the central portion of
the bonded wafer (for exanple, the surface of the SO
dangecked Congemuedting, the atahpas fheeddy (LoyEhe nfrrace
mcro defects, there is |less possibility that the
maieant erodes the BOX through the micro defects in
the SO layer. [0027] In the above case, the

etching is preferably conducted with providing a

fluid | - | ;
R A e A e e

a portion fromthe

. t R t j com NaeH
o e U R e i M SR R S

Sfcthe bessebwafiens ofothdiaentthalf botthqr afeths béreled
central portion fromthe etchant, the etchant does

e (@8 oskdnis Gemheabuptrdd of thé $0k lsoeded waf er
(for exanple, the surface of the SO |ayer) .
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there is less possibility that the etchant erodes the BOX
through the micro defects in the SOI layer.
[0027)

In the above case, the spin-etching is preferably
conducted with providing a fluid to a central portion of
the bonded wafer so that the fluid protects the central
portion from the etchant.

(0028}

In this way, when the spin-etching is conducted with
providing a fluid to a central portion of the bonded wafer
so that the fluid protects the central portion from the
etchant, the etchant does not flow on the central portion
of the bonded wafer (for example, the surface of the SOI
layer). Consequently, even when the SOI layer has micro
defects, there is much less possibility that the etchant
erodes the BOX through the micro defects in the SOI layer.
[0029]

In this case, the fluid can be any one of water, air,

nitrogen gas, and inert gas.
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defects, there is nuch | ess possibility that the
etchant erodes the BOX through the mcro defects in
the SO layer. [0029) In this case, the fluid can be
any one of water, air, nitrogen gas, and inert gas.
10 [0030] In this way, the fluid protecting the
central portion of the bonded wafer fromthe etchant
can be any one of water, air, nitrogen gas, and inert
gas. (0031] In the above cases, tine for conducting
the spin- etching and/or concentration of the etchant
[30de adjusted to control a thickness to be left of

the oxide filmforned in the terrace,reqi .
base Wafehis [G032Fhenf FHid RERFEC L5, g &ggfgi bée‘hﬁelf’%‘
of the oxi
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conducti.ng the spin-etchi apdiopssconcentrati on of

Y& Tet 8ﬁ5htr}{]ﬁ%i%§sg$%é IEﬂkgeﬁl\r/\é/afe ®3hd the bond waf er

&3{95 bonded are preferably silicon single crystal
ers at | east one of which has an oxide film

[ 0034} pAsp &edidvenedsabpvieind fermebhadctiogtiengpin t he
present invention can be applied to manufacturing, of a
etching and/or concentration of the etchant can be adjusted
to control a thickness to be left of the oxide film formed
in the terrace region of the base wafer.

[(0032]

In this way, a thickness to be left of the oxide film
in the terrace region can be controlled arbitrarily by
adjusting time for conducting the spin-etching and/or
concentration of the etchant.

[0033]

The base wafer and the bond wafer to be bonded are
preferably silicon single crystal wafers at least one of
which has an oxide film.

{0034]

As mentioned above, the method according to the
present invention can be applied to manufacturing of a
ponded SOI wafer in which a base wafer and a bond wafer,
both of which are silicon single crystal wafers, are bonded

together via an insulator film of an oxide film.

[0035]
It is preferable that the bond wafer is thinned and

an oxide film is formed on a surface of the bond wafer
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bonded SO wafer in which a base wafer and a bond
wafer, both of which are silicon single crystal

waf ers, are bonded together via an insulator film of
an oxide film [0035] It is preferable that the bond
wafer is thinned and an oxide filmis fornmed on a
surface of the bond wafer 11 before the spin-etching
is conducted. [0036] As a result of this, erosion of
the BOX can be certainly prevented even when the
etchant reaches the surface of the bond wafer. [0037]
Yaficriee it ror gpirozombingt 85 danduegkdr ably provi ded to
the terrace region after the spin-etching is
p3ddct ed. [0038] This inparts hydrophilicity to the

her by priRit 4§ Chimedignioh BhrC1EIEY CPB0%) I n
GRrtdcn Hap R G647 s RNt 6 eh ARy e pr eent
Uiare SR s PRTe Sase, the SOl warer can be
fRdhactured so

Furthermore, ozone water is preferably provided to
the terrace region after the spin-etching is conducted.
[0038]

This imparts hydrophilicity to the terrace region
after the oxide film is removed, thereby preventing
adhesion of particles.

[0039]
In addition, an SOI wafer can be manufactured as the

bonded wafer.

[0040]

As mentioned above, the present invention can be
applied to the manufacturing of SOI wafers.

[0041]

In this case, the SOI wafer can be manufactured so
that its SOI layer has a thickness equal to or less than
0.5 pm.

[0042]

Use of the present invention effectively protects the

BOX when the SOI wafer has an SOI layer with a thickness

equal to or less than 0.5 pm.
[0043]
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that its SOT | ayer has a thickness equal to or |ess
than 0.5 pm [0042] Use of the present invention
effectively protects the BOX when the SO wafer has
an SOT |ayer with a thickness equal to or |less than
0.5 W [0043] 12 In the above cases, after the SO
wafer is manufactured, an epitaxial |ayer of Si or
Si Ge can be forned on a surface of the SO |ayer of
the SO wafer. [0044] When the epitaxial |ayer of S
or SiGe is fornmed on such an SO wafer_ in, which an
oxi deIf ithe khouet ersace afitegi ore i SO &f#d¢EdLS f or mat i on
of polysilicon can be prevented. Conseguently,
memyseat e t profpPihexisd Layger of s51 ok eF%%l?/e

affected and generatiqn of particle n
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t he bonded wafer rmanufactured by the above nethods
for manufacturing a bonded wafer. [0046] Such a
ﬁﬁﬂq?d wafer is of high quality because an oxide film
ina‘terrace region of the base wafer is uniformy

et cheghu thQUEpE EARYA NG AR rOXEdS: ot Bige thefdmedd on
surface of the base wafer; the oxide filmin the

4RI aBeSOT wafer in which an oxide film in a terrace
region is removed, formation of polysilicon can be
prevented. Consequently, crystallinity of the SOI layer is
not adversely affected and generation of particles can be

prevented.

{0045]

The present invention also provides the bonded wafer
nanufactured by the above methods for manufacturing a
bonded wafer.

[0046]

Such a bonded wafer is of high quality because an
oxide film in a terrace region of the base wafer is
uniformly etched without removing an oxide film on the back
surface of the base wafer; the oxide film in the terrace
region does not generate particles in device fabrication
processes; and warp of the wafer is reduced. In particular,
a bonded wafer can be provided in which a fhickness to be
left of the oxide film in the terrace region is precisely
controlled.

[0047]

As described above, according to the present
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regi on does not generate particles in device
fabrication processes; and warp of the wafer is
reduced. In particular, a bonded wafer can be
provided in which a thickness to be Ileft of the oxide
filmin the terrace region is precisely controll ed.
[0047] As described above, according to the present

13 invention, the oxide filmformed in the terrace
region of the base wafer is etched by spin-etching
with holding the bonded wafer. As a result of this,
{iheeraxiote £hé msiniet e lmt Eormed imeghent eBrA e L§ALPBr Af v
etched without renoving an oxide filmon th ack

she flace e fehelhasehpaf by %@%ﬁrqn$hlnasvaﬁaé§> BPettfe
oxide filmon the back surface

f th D af '
perdeshiBitett afsy apFBeett &if \E%tlﬁ? atl?rﬁg?fln%s %tl\ggieﬁg rérfen e

like. As a, | t, etchi f : J T
e ot LB E] B S oo on

ed effjci [ f
SRS arenCT ol PRt RBRE B Vel Expranal o of the.

' iGigk k318 Sehermbhekvierntade af the
B 00 b

e nethod for manufacturing a bonded

MR &1 ACLOR §i HEE tixtdieulprEgentoticurent wohh Fimpskings a
si ngl e-waf er-processi ng spin-etching apparatus that,
€&pe her usedliket e metdesdl oretaiiuidaefuprnngxide Hornted?
waf er according to the present invention.

a terrace region on one side of the wafer can be conducted

efficiently in less number of steps than the conventional

methods.

Brief Explanation of the Drawings

[0048]

Fig. 1 is a schematic view of an embodiment of the
method for manufacturing a bonded wafer according to the
present invention.

Fig. 2 is a single-wafer-processing spin-etching
apparatus that can be used in the method for manufacturing
a bonded wafer according to the present invention.

Fig. 3 is a cross-sectional view schematically
explaining a configuration of an oxide film in a terrace
region in a front surface of a bonded wafer.

Fig. 4 shows photographs showing left thickness in
each area of an oxide film in a terrace region in each time

for conducting the spin-etching.

Fig. 5 is a schematic view of another embodiment of

14



Fig. 3 is a cross-sectional view schematically
explaining a configuration of an oxide filmin a
terrace region in a front surface of a bonded wafer.
Fig. 4 shows photographs showing | eft thickness in
each area of an oxide filmin a terrace region in each
time for conducting the spin-etching. Fig. 5is a
schemati c view of another enbodi nent of 14 the nethod
for manufacturing a bonded wafer according to the
present invention. Fig. 6 is a single-wafer-processing
3 ReBhedi g mappsaatwsinghat beagedevafisad arROFRE fréthod
for manufacturing a bonded wafer according to the
theepeasennvigvensaon Best Mode for Carrying out the

Invention (0049] Hereinafter, the present | ntion
wil |l B expligi Aedi NG HTREETTRIQETSH 1Y ﬁgﬂ\ﬁv%&(ﬁ?@e

BLSREnL. NGDLELL D08 ol LI b DnaBlenia g

tic view of a

enbodi nent. of th f.ar pu act g ianbonded
%&5%88652%%ﬁ%ﬁ ﬁﬁcsggﬁﬁgq%%égfﬁg?invenfﬁon. [0050] In
Fig. 1, a bond wafer 2 and a base wafer 3 are

prepared (Fig. 1(a)). The wafers are material wafers

Heh Mbabr i satdargyang S&ht vafeeinbynbbodi ng t he wafers
together. The bond wafer and the base wafer are not

Paubicul arly restricted. For exanple, the wafers nmay
be silicon single . . ‘

Hereinafter, the present invention will be explained
further in detail. However, the present invention is not
limited thereto.

Turning now to Fig. 1, this shows a schematic view of
an embodiment of the method for manufacturing a bonded
wafer according to the present invention.

[0050]

In Fig. 1, a bond wafer 2 and a base wafer 3 are
prepared (Fig. 1(a)). The wafers are material wafers for
fabricating an SOI wafer by bonding the wafers together.
The bond wafer and the base wafer are not particularly
restricted. For example, the wafers may be silicon single
crystal wafers.

Next, among the prepared silicon single crystal
wafers, the bond wafer 2 is subjected to a heat treatment
to form an oxide film 4 on the surface of the bond wafer
(Fig. 1(b)).

{0051}

Then the bond wafer 2 having the oxide film is
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crystal wafers. Next, anong the prepared silicon
single crystal wafers, the bond wafer 2 is subjected
to a heat treatnment to forman oxide film4 on the
surface of the bond wafer (Fig. 1(b)). (0051] Then
the bond wafer 2 having the oxide filmis 15 brought
into close contact wth the base wafer 3 under a

cl ean atnosphere (Fig. 1(c)). These wafers are
subjected to a heat treatnent under an oxidizing

at nosphere to bond firmy the bond wafer 2_and the
praaghtvai mro 3-lioegetberact Wik SheoprRal WRdeer 31upder a
obt ai ned. The heat treatnment nmay be conducte

f
céranpkbnosmitsie d8hdi t} 6hs -of TR 4PHEEphere e&%r?.‘ing
or Son0es 1o amsaset Fraes Ty CRet HulkhebBer "FRates,
t t t,, the band

HGRGEATR? AT POQRE Hor A oA sk T [ e a bond ng

xi.d ' IS, for : . QHt et restifidraces
T%PSt%eE%%#?egﬁﬁ%?e? §§QF§%§§%@TﬁEQ%§ﬁhed mg?er 1 thug

b@oﬁgﬁgu?t@éd,p(ﬁ)tﬂ ensmyher eiricke cbaatk wafeof2aand t he
base wafer 3 are not bonded in the region about 2mm

atheaphBee ottRtaipe hy pheygen Sucatabovaiert aper & ons
cannot be used as an SO |ayer on which devices are

denbeiraat ed. iFwhicheanpe eof tHO°Unbonddd°pofEivongd () ake A3

of t in subsequent processes and cauggs vari Qus h
apm@buéhsof the heat treatment, the bond wafer Z and the

base wafer 3 are bonded firmly together, and an oxide film
(a bonding oxide film) 5 is formed on the whole outer
surfaces of the bonded wafer 1.

[0052]

The bonded wafer 1 thus bonded has portions where the
bond wafer 2 and the base wafer 3 are not bonded in the
region about 2mm from the outer periphery. Such unbonded
portions cannot be used as an SOI layer on which devices
are fabricated. Furthermore, the unbonded portions flake
off in subsequent processes and causes various problems.
Therefore, the unbonded portions must be removed.

[0053]

In order to remove the unbonded portions, as shown in
_Pig. 1l(e), the outer periphery where the unbonded portions
exist of the bond wafer 2 is firstly ground and removed SO
that the outer periphery has a given thickness t. Grinding
is used because fast removing is possible and processing

accuracy is good.
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Therefore, the unbonded portions nust be renoved.
~[0053] In order to renove the unbonded portions, as
shown in .Fig. 1(e), the outer periphery where the
unbonded portions exist of the bond wafer 2 is
firstly ground and renoved so that the outer
peri phery has a given thickness t. Ginding is used
because fast renoving is possible and processing
accuracy is good. 16 In the above case, the given
thickness t may be 20 to 150 gm [0059] Next, etchin
i s conglugieedbbue prasg dehe paver wmessntm@v %5) %
whi ch t he unbonded portions of the outer periphery of
1tssepdaond wafer 2 are renmoved. This is readily
conducted by i mrersing the bonded wafer 1 into an
(@OSAANt exhlbltlng much faster etching rate to a

silicon , f

spe0|¥‘?>8':r: P@%C&lﬁ%r %t%mfs%s?c e?li%&gﬁt elfqég%err F%[?gpy

of the wh
i3 Fiflr g vner oubiphet PETAIRAIRY pEPMO BEDeRS e e

eb%ﬁad@éiféwfze hrebesasel t heres piy trieadsly
Fg?ébéggzrégiQﬁé h the oxide filmb5. Such etching may

ck?ﬁdﬁetéél"ﬂ)}?dm@delf@'lhgetmlb’@ld@ell WGE&OH, irimOeip efchdns

i ke. By conducting such an etching, a terrace region
é&HlblLﬁﬁwrmﬂhh [f@@85B} etching rate to a silicon single
crystal than to an oxide film. More specifically, the
etchant etches the outer periphery of the bond wafer 2
because silicon is exposed by the grinding whereas the
etchant does not etch other portions of the bonded wafer
because these portions are covered with the oxide film S.
Such etching may be so-called alkali etching using KOH,
NaOH, or the like.

By conducting such an etching, a terrace region 7 is

formed.

[0055]

Then as shown in Fig. 1(g), the surface of the bond
wafer 2 is thinned so that the bond wafer has a desired
thickness. Measures of thinning the bond wafer are not
particularly restricted, and grinding and polishing can be
conducted according to standard procedures.

[0056]

Subsequently, spin-etching is conducted for etching

the oxide film in the terrace region 7 of the base wafer 3.

Means for holding the wafer during the spin-etching is not
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Then as shown in Fig. 1(g), the surface of the bond
wafer 2 is thinned so that the bond wafer has a
desired thickness. Measures of thinning the bond
wafer are not particularly restricted, and grinding
and polishing can be conducted according to standard
procedures. [0056] Subsequently, spin-etching is
conducted for etching the oxide filmin the terrace
region 7 of the base wafer 3. Means for holding the
waf er during the spin-etching is not 17 particularly

phest fhrded: rEetrexeddl erot hexamfler, the Befeheted b§
sucki ng the base-wafer-3 side. An apparatus for

neoadugt sutkinke tapi bast-ohifieg-Bssaieo ABt 2PRATF R dPFy
restricted. For exanple, an agparatus shown ianig.
coaguchenq s, sPLEheheing denakeP etPtaPF S LCERRT Y he
bonded wafer 1 is held by suckin ith a.
ﬂast@iﬂ@@ﬁeaﬁ§rlﬁﬁagﬁie'eﬁehﬁﬂ?agﬁqé% §%8VPdé%B§$§ﬁn2amay
nozzl e 8; apd the bonded, waf I.S,sSP AHH waf
hﬁb@é?ﬁonéﬁcgb@%d?sI??W%¥F§%§a§§ § élﬁgfegﬂeﬁéoetchgg .

]l\/l&tgth pé?é%%ns%ct}{rﬂﬁg\é\?Iﬁ{ 3 %%‘gbﬁoi:@ﬂ{cj’ irfa@al 10f osce

€ etc outward of the wafer. The

esu%gghgf§dise ANkl EsSof BCOMRREE ¥} damd reeovenyed upikr
an oes not reach the back surface of the wafer.

1Ther ehenest 1EveN robedishel baskdsurfradhisf weie Wed effrE
not particularly masked with a masking tape,,
igheteneai sith afotbhényi Kes Wafer, oxheeehy |GAGHE LEHE hack
surface side of the wafer is left gnrennv

fiireceboatt ex dhedehghant theOUsBLentt i Rt %gaﬁ The,
sscta?ce:eggdng’?ckh[a%' t9h§sbragcl:(ox§eurrefda %?.aOfa Eggoxy@f rcu‘fyi ih &g
does not reach the back surface of the wafer. Therefore,
even when the back surface of the wafer is not particularly
masked with a masking tape, photoresist, or the like, the
oxide film on the back surface side of the wafer is left
unremoved. Therefore, according to the present invention,
the step of masking the back surface of the wafer with a
masking tape or the like becomes unnecessary. As a result,
the number of steps can be decreased, and etching of an
oxide film in a terrace region in one surface of the wafer
can be conducted more efficiently.

[0057]

As mentioned above, the etchant does not reach the
pack surface of the wafer. Therefore, sucking and holding
only a part of the back surface of the wafer during the
spin-etching is sufficient because the oxide film on the

back surface of the wafer is not etched. Alternatively,
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maski ng tape or the |ike beconmes unnecessary. As a
result, the nunber of steps can be decreased, and
etching of an oxide filmin a terrace region in one
surface of the wafer can be conducted nore
efficiently. [0057] As nmentioned above, the etchant
does not reach the back surface of the wafer.
Therefore, sucking and holding only a part of the
back surface of the wafer during the spin-etching is
sufficient because the oxide filmon the back surface

s‘%{gkﬁgﬁ Med eigle Bet ties aherk sAkfacaatf wbley waigr sRicki ng
t he ole of the back surface of the wafer or su k'n%
Sexihat s¢ egiaanseghens whrreoskhdeokiden fidmy Afehded ﬁd t
be left are covered is definitely pqssible. [0058] The
et dednt ausezbvieordt he def MldEdHi RES gﬂr?ot particularly
restricted as long as the etchant is capable of
X058 ng an oxide film A preferred etchant is an

aqueous sol ution of lnthis.c : %,8gueous
sol ut T %ﬁCQQPti§SWBEE”bF%FbE§gPyé§E§§¥§ %%e 50%
aqueou ol uti.on I ghe ededHara rnat eapable
R%%%ﬁ&ﬁ;af§¥t?ﬁﬁtrlfgggggér%g;QZ§?k?na efficieﬁcy. In

dhig way, &fchanks rihavi ngpkekaira@letdnagh is an
YorficEntrations can be used in spi n- etching.

ch@o%fs%slu@ﬂ&nd@hw.a Irhitol soxaske, fa 150% eapePwed in
the terrace region, the filmcan be etched off rapidly

O

S tuBhf OF MY .1 %8} preferably used. The 50% aquecus
solution of HF has a high etching rate, thereby further
increasing working efficiency. In this way, etchants
having relatively high concentrations can be used in spin-
etching. Therefore, even when a thick oxide film is formed

in the terrace region, the film can be etched off rapidly

and uniformly.

(00591}

sometimes demanded are bonded wafers in which oxide
films formed in terrace regions of base wafers are not
completely removed and are left to have a given thickness.
In this case, time for conducting the spin-etching and/or
concentration of the etchant is adjusted to control
precisely a thickness to be left of the oxide film formed
in the terrace region. When the conventional method of
immersing the whole wafer into an etchant is used, it is
possible to remove the whole oxide film, however, it is
difficult to control the oxide film to have a given

thickness precisely. On the other hand, use of the present

19



Soneti mes demanded are bonded wafers in which oxide
films fornmed in terrace regions of base wafers are not
conpletely renoved and are |eft to have a given
thickness. In this case, tine for conducting the

spi n-etching and/or concentration of the etchant is
adjusted to control precisely a thickness to be left
of the oxide filmfornmed in the terrace region. \Wen
t he conventional nethod of inmersing the whol e wafer
into an etchant is used, it is Eossible to renove the
Anveheioxinkkds it phowsyke eastilystodeeriradl £he 0% r ol
the oxide filmto have a given_ thickness precis lX'
fdnt he avrera KAVER HRECHICRITe PR 4B 365 n%ﬁ'ﬁogﬁ ng
makes it possible easily to control the Iy ilmto
(Hhﬁéeat%WR&ﬁ?QWﬂecQﬁegg.gﬁ?b '@a%8§e?:é§%§%g??i%% of

the t er at yr.e of it possible to
‘%%EFPgFB%ﬁE gnéaggiﬁgﬁ% eefggéﬁiély. [0060] By the
ﬂ%%@ig_nentioned above, a bonded wafer (Fig. 1(h))
accor di

ng to the present invention can be

manuf getuethanfiBe Remdashaphebvbasa asorded ager 6 iand
the oXxide filmb5 on the base wafer side while an

1ok deabedrainy tichehtepresentr egivent Yon scarefpgved. [ 0061)
In the nmet hod nenti oned above, the surface of the
raondavafieed 2 Thetbondrst wafert hen aheSQGpilaves chidy ithe

conducted. However, the present invention is no%. \
axaster Feimch terdeobase vatel s3dgouhibf &1t §¥¢OERTHHR 17

the terrace region 7 is removed.

[0061]

Tn the method mentioned above, the surface of the
bond wafer 2 is thinned and then the spin-etching is
conducted. However, the present invention is not
restricted thereto. It is also possible to etch the
unbonded portions, subsequently to conduct the spin-etching,
and then to thin the bond wafer.

[0062]

In the method mentioned above, the oxide film 4 is
formed on the bond wafer 2, and then the bond wafer 2 is
brought into close contact with the base wafer 3.
Alternatively, an oxide film is formed on the base wafer 3
and then the base wafer 3 is brought into close contact
with the bond wafer 2; or oxide films are formed on both
the bond wafer 2 and the base wafer 3 and then the wafers
are brought into close contact with each other.

Furthermore, it is also possible to bring the bond wafer
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unbonded portions, subsequently to conduct the
spin-etching, and then to thin the bond wafer. [0062]
In the nmethod nentioned above, the oxide film4 is
formed on the bond wafer 2, and then the bond wafer 2
IS brought into close contact wwth the base wafer 3.
Alternatively, an oxide filmis fornmed on the base
wafer 3 and then the base wafer 3 is brought into
cl ose contact wth the bond wafer 2; or oxide filns
are formed on both the bond wafer 2 and the base

£lc13sa8ndon it dieewvel grisi tiamdebbesghwaian eichose
contact with each other. Furthernore, it is also
Passidelsent calbranglet e lhonike wwfeweo . i e @Pé@ew%ﬁﬁﬁz%F?
directly with the base wafer wthout |nter
e Gonfi Wafeherleerneensedhe Fése PREPERT ﬁ8 b%]ﬁed
waf er that are used.in the present pven ion are not
nadsrEstréated & 15ddRo8; Agh %r%’t%? WAF TS [ 0063]
Turning now to Fig. 5, as another enbodi nent of the

nt invention the case of manufacturing an SO

waf er accordln drog At ini Bt hertk
( Smar £UEIHY Egég.§1§¥% Qg?gggnark)f'lst

e%'tn?gveﬁgp(%l,] t'fl'er Shsel Bf mSheRctarihg & BB, wader
con mirror 'surface wafers are prepared. Mre

é&?c?xlcfll gakbyhy@f&jw edn aekamibasenateho@l(ImseCat
base and a bond wafer 22 to be an SO |ayer that neet
f&dd greqt stéoed denaidemsrk)) is explained.

{00064]

First, in a step (a) in Fig.5, two silicon mirxor
surface wafers are prepared. More specifically, prepared
are a base wafer 21 to be a base and a bond wafer 22 to be

an SOI layer that meet requirements for devices.

(0065]
Next, in a step (b), at least one of the wafers, the

base wafer 21 in this explanation, is subjected to thermal
oxidation to form an oxide film 23 having a thickness of
about 0.1 pm to 2.0 um on the wafer surface. In some uses,

an oxide film having a thickness equal to or more than 4.0

pm is formed.

(0066]

In a step (c), at least either hydrogen ions or rare
gas ions, hydrogen ions in this explanation, are implanted
to one surface of the bond wafer 22 to form a microbubble
layer (an enclosed layer) 24 parallel to the surface at an

average penetration depth of the ions. Preferred
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[0065] Next, in a step (b), at least one of the

waf ers, the base wafer 21 in this explanation, is
subjected to thermal oxidation to forman oxide film
23 having a thickness of about 0.1 mto 2.0 mon the
waf er surface. In some uses, an oxide filmhaving a

t hi ckness equal to or nore than 4.0 pmis forned.
[0066] In a step (c), at least either hydrogen ions or
rare gas ions, hydrogen ions in this explanation, are
inplanted to one surface of the bond wafer 22 to form

BpThatabubbl endeayenréarnmncdsosed4b@ier) 24 parall el
to the surface at an average penetration depth of the

(6s] Preferred 21 inplantation tenperatures are 25 to

450C. [00673 In a step (d), the se fer 21 j
st ack®d &igtem (doxi Hee f3asR &ﬁfgﬁegf 1svg%acke% vi& an

hyd - i on-i npl ant ed f f th 2

e R S PEREeST T AFARTEHC B g1 T3 € he
f t.h ; f [ Nt |

A R R

?v%%@ré gﬁéﬁ baned L2068k heke Wil Qukeksi ngt ddhesiaveswith

I'n a step (e), the wafers are del am nat ed

AMcn Hheesneh 0sed dady 8tmddpiasrad shoundar yempdrertelyy, the
separating the wafers into a del am nated wafer 25 and

WFE anefeondb dogethbi chitmu@Ousiagepd2gsivesf.or med on
t he base wafer 21 via
[0068]

Next, in a step (e), the wafers are delaminated at
the enclosed layer 24 as a boundary, thereby separating the
wafers into a delaminated wafer 25 and an SOI wafer 26 in
which an SOI layer 27 is formed on the base wafer 21 via
an oxide film 23. For example, a heat treatment is
conducted under an inert gas atmosphere at a temperature
about 500°C or more, thereby permitting the separation into
a delaminated wafer 25 and an SOI wafer 26 (SOI layer 27 +
oxide film 23 + base wafer 21) due to crystal rearrangement
and agglomeration of bubbles.

Tt should be noted that when each surface of the
wafers to be bonded are subjected to a plasma treatment tO
increase bonding strength, mechanical delamination at the
enclosed layer 24 is alternatively possible without
conducting the heat treatment after bringing the wafers
into contact with each other.

[0069]
The bonding strength between the wafers bonded
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an oxide film23. For exanple, a heat treatnent is
conducted under an inert gas atnosphere at a
tenperature about 500C or nore, thereby permtting
the separation into a delam nated wafer 25 and an SO
wafer 26 (SO |ayer 27 + oxide film23 + base wafer
21) due to crystal rearrangenent and aggl oneration of
bubbl es. It should be noted that when each surface of
the wafers to be bonded are subjected to a plasnma
treatnment to increase bonding strength, mechanica

tg?%3€ﬂrﬁﬂé PRnatnd Neerenelosed thyete2nination step (e)
altern

atively poSsible without conducting the heat
skr gatrendr aktiay bséagimgevheenabier scatiiPno PEOAESTES Wi t h
each other. [0069) The bonding strength between the
Twakersrdoruthed SO22wa fro WEh isheuboﬂ@téﬁg tx gphtdh} and the
del ami nation step (e) is weak for b%%gg:qsedtin £ to
teepecet fmbrcsst opa preatedsed. POTARRG G, HCHAVEDE
wafer 26 is subjected to a high tenmperature
Obtééﬁnﬁmﬁfkﬁiaﬁt@MnH%GE)99%9?n9réﬁfﬁgéﬁkﬂ:0%8%5?%5 le,
sufficiently high bondi stren ARp! §n iddus
tﬁéﬁth??%a?ﬁ%ﬁ?@ﬁg b?éP§%%3P§l§b%éﬁg?£%&%§%%r an i nert

g%%s ag%%r)r%oﬁs}%h%eer %:%h4n a{i';ﬁ%d%%‘éﬂ A <98 8n8spRsRhauadéunser

g gas a re’in this explanation) in

f G @nR00gph anstiomarige of 30
4%?§8?£@53%ﬁg?ﬁ@%?EEQ?%O7O] By coﬁdugting such a

Repdi-Rg.heats Iheabset 3t @R00f) .in the range of 30

ninutes to 2 hours.

[0070]

By conducting such a bonding heat treatment step {£),
an oxide film 31 is formed on the surface of the SOI layer
27, and the oxide films on the back surface of the base
wafer and in the terrace region are also thickened.

[0071]

After the bonding heat treatment step (f) is
conducted as mentioned above, the oxide film in the terrace
region 30 is removed in an spin-etching step (g).

[0072]

An apparatus for conducting spin-etching is not
particularly restricted and the apparatus mentioned above
may be used. As an alternative example, an apparatus shown
in Fig. 6 may be used. The spin-etching is conducted as
follows: the SOI wafer 26 is spun at high rotational speed
while the SOI wafer 26 is held by sucking with a wafer

holding means 10; and an etchant 9 is provided directly to
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an oxide film31 is forned on the surface of the SO

| ayer 27, and the oxide filns on the back surface of
the base wafer and in the terrace region are also

t hi ckened. [0071] After the bonding heat treatnent
step (f) is conducted as nentioned above, the oxide
filmin the terrace region 30 is renoved in an
spin-etching step (g). [0072] An apparatus for
conducting spin-etching is not particularly
restricted and the apparatus nentioned above nmay be
452 Gerhscan &iler Fabive exari 6, andapphsicid2shdwn

In Fig. 6 may be used. The spin-etching i s conduct ed
o ifdeld ewsthd henSoklwpbet @6 dfs thpuRCAt WHiggh SO that
rotati onal speed while the SO wafer. 26 i.s h Ig Q 9
ishee ki lng dwpt bt ectgaftie CRBEERhParsans 16T af &t CEf %ant
9 is provided directly to 23 the terrace region froma
ho¥Ale 8, and a fluid 12 is provided to the centra

ortion of the SCl  waf sQ .t hq - ' C
Phe céﬁtF%}Sﬁﬁﬁ@iSFePrgﬁ$tﬂ%H%%%ﬁg%P89iéwkgggg?bgnﬁ§
t hi s, , JWwhen t SR 0 [ i egediybn, th
%]F%‘(Picg‘?n)ég thH eente(fh(k:gl(:h z}l:nt% lg F?EE?I t{/kgtﬂg% t %SB? g?? ac eda?bél gi one,3

%gééarn% %g%gﬁré es diPlorf kAW Rrthe B kasesol tdhersOl

ore, even when the SO |ayer has a
+hi£kngss ebed. dherPrher sbessaydhere iasthégkness of 0.5
possibility that the etchant erodes the BOX through
lheo i 16se, dehers Sid ndshepSEbibayiary. thAar therdisiéntuhen

the spin-etching is conducted b ,
erodeg)the BOX tgkough the micro 3éfects in the SOI layer.

Furthermore, when the spin-etching is conducted by
providing the fluid 12 to the central portion of the bonded
wafer so that the fluid protects the central portion from
the etchant, there is still less possibility that the
etchant does not flow on the surface of the SOI layer.
Therefore, even when the SOI layer has a thickness of 0.5
pum or less, there is still less possibility that the
etchant erodes the BOX through the micro defects in the SOI
layer. The fluid 12 is not particularly restricted. For
example, the fluid can be any one of water, alir, nitrogen
gas, and inert gas.

[0074]

Furthermore, thinning the bond wafer and forming the
oxide film 31 on the surface of the bond wafer (the surface
of the SOI layer 27) as shown in Fig. 6 before conducting
the spin-etching step (g} can surely prevent erosion of the

BOX even when the etchant 9 reaches the surface of the SOI
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providing the fluid 12 to the central portion of the
bonded wafer so that the fluid protects the centra
portion from the etchant, there is still |ess
possibility that the etchant does not flow on the
surface of the SO |ayer. Therefore, even when the
SO | ayer has a thickness of 0.5 pmor less, there is
still less possibility that the etchant erodes the
BOX through the micro defects in the SO |ayer. The
fluid 7.2 is not particularly restricted. For

1@xawphbe, the fluid can be any one of water, air,
nitrogen gas, and inert gas. [0079] Furthernore,
toloi7eni ng the bond wafer and forming the oxide film31

on the surface of the bond wafer (the surface f_t:he
SO | Eyerwaf®r as shohwd i Ubi §Otatbry Je 8“8%868?}%39‘%

the spin- et chi t | . {
SSEHARG: | BOR BV RhERC{FE et C o8 FEher s cheAane™

f f the SO | h .
SRS oL 5o, L Y eBly LOPE Bipovmisrires

vg]??\%’:?écg}g H‘nle %?gr .gﬂé_cc?oésc Hdreheabheried ghaxt slrface

he scattered etchant 9 is

e Vi @narbESAY eI RURhdA BNl mhuas snofaceach the
#ﬁgﬂ%aggggﬁrfacer of the wafer. Therefore, even when

tdrebacknsurfacs oflarhe maeifeat Wishnet mpaeine iagely
masked with a masking tape, photoresist, or the like,
prfite cweisdetf i bmwre tihibebatke tideadd i e e
;ﬂ¥?gggegidlhfég&ﬂ%ﬁhnggggég!n%h%ge g?%, according to the
present invention, the step of masking the back surface of
the wafer with a masking tape or the like becomes
unnecessary. As a result, the number of steps can be
decreased, and etching of an oxide film in a terrace region
in one surface of a wafer can be conducted more efficiently.
[0076]

Tn addition, after the spin-etching is conducted as
mentioned above, ozone water can be provided to the terrace
region 30. This imparts hydrophilicity to the terrace
region, in which the oxide film is removed, thereby
preventing adhesion of particles.

[0077]

By conducting the steps (a) to (g), an SOI wafer with
no oxide film in its terrace region can be manufactured.

In the above method, an oxide film is formed on the

base wafer and then the base wafer is brought into intimate

contact with the bond wafer. Alternatively, an oxide film
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present invention, the step of masking the back
surface of the wafer wwth a masking tape or the |ike
becomes unnecessary. As a result, the number of steps
can be decreased, and etching of an oxide filmin a
terrace region in one surface of a wafer can be
conducted nore efficiently. [0075] In addition, after
the spin-etching is conducted as nentioned above,
ozone water can be provided to the terrace region 30.
This inparts hydrophilicity to the terrace region, in
1shFehnédeoroxingebbnd mid ferr epgvelen tHg spd ]Cﬁ"‘%‘?ﬂgn]t% ng
adhesi on of particles. [0077] By conducting the st
bicapgho (o iatisakevedwrachi PR nEOXEE PRPRE{ r% ride

terrace region can b nuf act ur ed.

fidRRoRRY &f Hargeds Py ﬁ?‘?n@l #E??néas%nw‘%%‘% tag@sgggla 5 and
then the base wafer is brought into intimte contact

WREER-t he bond wafer. Alternatively, an oxide film 25

i? g rmed on the bond wafer and then the bond wafer is
[@ 8 ght into intimate contact with the base wafer; or

oxi dep, fidJiR iRy Becdordedoonwboth thenbasectafet asnd
t he bg%éi ma#éry [0078] In addition, after an SO

wakernbs smn achuepdtasialndayeoned Showe Sigs may be
epitaxial layer of Si or SiGe may be forned_on {he
ﬁitmfeacen otfhe_t e r$ékcel _ailetrhg)fSQIhéa$g]: Mfde S%h@?%?ﬁ'
£ng§gll£a¥g¥(¥%.%gigﬁlgs géfdgIfglhtintf¥§%%g%rggglg@bion
is removed does not have an exposed oxide film. Therefore,
when an epitaxial layer of Si or SiGe is formed, formation
of polysilicon can be prevented. As a result,
crystallinity of the SOI layer is not adversely affected
and generation of particles can be prevented.

[0079]

As mentioned above, use of the method for
manufacturing a bonded wafer according to the present
invention makes it possible to manufacture high-quality SOI
wafers each having an SCI layer with a thickness equal to
or less than 0.5 um because there is less possibility that

an etchant erodes a BOX through micro defects in the SOI

layer during spin-etching even when the S0I layer has a

thin thickness equal to or less than 0.5 um.
[0080] '

The bonded wafer obtained by the manufacturing
methods mentioned above is a wafer in which an oxide film

formed in a terrace region of the base wafer is etched
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is renoved does not have an exposed oxide film
Therefore, when an epitaxial layer of Si or SiGe is
formed, formation of polysilicon can be prevented. As
aresult, crystallinity of the SO |ayer is not
adversely affected and generation of particles can be
prevented. [0079] As nentioned above, use of the

met hod for manufacturing a bonded wafer according to
the present invention nmakes it possible to

manuf acture high-quality 501 wafers each having an

mﬁ@hokéyf@m&Vfﬂa ant Bk choesisreqrathé daak shessce hafh 1.5
un because there is |less possibility that an etchant
Blkedes rar BOfhbhe oo, rdher oxdléé etilsn ilm the SEradgayer
during spin-etching even when the SO |ayer has a
Adgiiant bbeknexs geqeabte panticdss LRafeLes FAPTE VB
The bonded waf er obtained by the ngnuf ctgﬁin hich-
pretdesdss et iwered oibbhe Walfer war BFAYCwhi ¢han &ioke
film fornmed in a terrace regi.on ,of _t er, i's
@tedhisy Pendad M EaBVP R 6% de Z}llhcl%r%gg'réfe'\tf & 'back

UL 2 s 02 LS eiTiprLer g piba e {11 m

0és not generate particles in

devi ce.fabricati . 4 d FBcofrddienvaieralis
q%&gzaggﬁ%ssl%q‘zﬁgﬁgk%§§_Sﬁfﬁ t&dcwerRcofrddien a

gquality bonded wafer can be

[ grnatively, a bonded wafer having an
1%5%%€B$?F%§%étlw a precisely controlled desired

thickness in the terrace region can also be
manuf act ur ed.
EXAMPLES
[0081]
Hereinafter, Examples of the present invention will
be explained. However, the present invention is not

restricted thereto.

(Example 1)

First, mirror-polished CZ wafers each having a
diameter of 200 mm, conductivity type: p-type, and a
resistivity of 4 to 6 {kcm were prepared. These wafers
were used as a base wafer and a bond wafer.-

These wafers were brought into close contact with
cach other according to the steps (a) to (C) in Fig. 1.
Then the wafers were subjected to a bonding heat treatment
at 1150°C under an oxidizing atmosphere for 3 hours to
prepare a bonded wafer 1 in Fig. 1(d).

(0082]

Next, as shown in Fig. l(e), the outer periphery of
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EXAMPLES [0081] Hereinafter, Exanples of the present
invention will be explained. However, the present
invention is not restricted thereto. (Exanple 1)
First, mrror-polished CZ wafers each having a

di aneter of 200 nm conductivity type: p-type, and a
resistivity of 4 to 6 mwere prepared. These wafers
were used as a base wafer and a bond wafer. These
wafers were brought into close contact with each

ot her according to the steps (a) to (c) in Fig. 1.

t}%egoﬁagmﬂﬁﬁeﬁswﬁgr8r§&@iQﬁk@ﬂat@rfndﬁngﬁmmghhaatfrom

reatnment at 1150C under an oxi di zi ng at nosphere for

R IOUE Sy LS iDheRe eomabonded ceater Af itherwgfer( djthe
[0082] Next, as shown in Fig. 1(e), the os?er ()

pAaRssy: ts 20 e bond valer 2 ms ground i 3
centotner hendaoporiiers o shned 1 g Y e
ACepageus) et SrSEE Dy g T shentobp R
S0 SLE g ves b e vhol € el o1 et e s

bfgq%ﬁgg]o cgrl?éluscta af %‘rcﬁ?%‘“ R R By ddodvatfagby@iped.
Thus a wafer shown in Fig. 1(f) was obtained.
[0083]

Subsequently, the surface of the bond wafer 2 was
thinned by grinding and polishing with a surface grinding
machine and a single-side polishing machine to form an SOI
layer 6. Thus a wafer shown in Fig. 1(g) was obtained.

The configuration of the oxide film in the terrace
region on the front surface of the bonded wafer at this
time is shown in Fig. 3. The oxide film in the region a
consists of the oxide film (buried oxide film) 4 of the
bond wafer 2. The oxide film in the region b consists of
the buried oxide film 4 as well as the oxide film (bonding
oxide film) 5 generated by the heat treatment for bonding
the bond wafer and the base wafer. The oxide film in the
region b is thicker as a whole than the oxide film in the

region a. The oxide film in the region c consists of the
bonding oxide film 5.

[0084]

Spin-etching was conducted while the bonded wafer was

held by sucking its base-wafer side. A 50% agqueous
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Subsequently, the surface of the bond wafer 2 was

t hi nned by grinding and polishing wwth a surface
grinding machine and a single-side polishing nmachi ne
to forman SO layer 6. Thus a wafer shown in Fig.
1(g) was obtained. The configuration of the oxide film
in the terrace region on the front surface of the
bonded wafer at this tinme is shown in Fig. 3. The
oxide filmin the region a consists of the oxide film
(buried oxide film 4 of the bond wafer 2. The oxide

{dl]u‘@lgfﬂ Bheﬁff q@isONsBdcessaster adfantt heimer Fed x¢hiag
as well as the oxide film (bonding oxide film
Jmsgenepagedsdnoridse heaicimesabsenf dxidepdadinAgin (e
bond wafer and the base wafer. The oxide filmin the
feegicon b te ¢ hiaxeemeasunedhdh estakalshed SEIEFT | m i n
the region a. The oxide filmin the re%lo c_consists
@ftaimed besdl Ry 206 BOFR| #4 5 19-0d84] F i g‘?cﬁl ng was

conducted while the bonded wafe ki
e asEsenaarersidle R 565 SqGGRe 8 SoI Ut SR et T

&%@ﬁzgga%] G BLCROE o LR, 8h,,Et £ THifikkneds Ortan 80

S n the regions a

e S i sheghipesiegdsshovdbtaai ned
Cgﬁ \ﬁlare S é{{h Cke?iﬁlgﬁ E@Qﬂ.n a%lhg 4 shgvvs > p%ot ogr aphs

éék‘ﬁ%l%& the ﬁ%ﬂdy%%phe@bOBScMﬁmﬂdredmmégxomwahpwntgkeﬁhe
c of the photographs shows a thickness of an oxide

) B4 rneaghotegiapn.from an SO |ayer shown at the
bott om of the photograph to a chanfered regi on shown
g00831e

As is evident from the results, it has been
established that an oxide film formed on a terrace region
in a base wafer can be entirely removed by conducting spin-
etching for 80 seconds while the bonded wafer is held by
sucking the base-wafer side of the bonded wafer. It has
also been established that a thickness to be left of the
oxide film formed in the terrace region of the base wafgr
can be controlled by changing time for conducting the spin-
etching, thereby permitting manufacturing of bonded wafers

each having an oxide film with an arbitrary desired

thickness in the terrace region.

[0086]

(Example 2)

Pirst, mirror-polished CZ wafers each having a
diameter of 200 mm, conductivity type: p-type, and a

resistivity of 4 to 6 Qrcm were prepared. These wafers
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top of the photograph. [00851 As is evident fromthe
results, it has been established that an oxide film
formed on a terrace region in a base wafer can be
entirely renmoved by conducting spin- etching for 80
seconds while the bonded wafer is held by sucking the
base-waf er side of the bonded wafer. It has al so been
established that a thickness to be left of the oxide
filmformed in the terrace region of the base wafer
can be controlled by changing tinme for conducting the

it useichkng, b s ey rpendi 4 thargl mafel actisr Ehgwofin
bonded wafers each having an oxide filmw th an

ardi ty,any sdgai fietkbk driiaknessniwed Heoredr acehedbon.
[00861 (Exanple 2) First, mrror-polished CZ wafers
walter havidngnaSi diaveet of the Joonanhalesndast FRaNSyerype: to
p-type, and a resistivity of 4 to 6,0-cn1§Fre k)
Hree pased Wa FRESRY WitReits Cob PRtRedsEP S tEr 6a I ARSTar
and a hond wafer. S i Fig. 5,..a%5 .~ I ck
iR Aael MR it e ate et Rl b0
layer of th f.er was transferred to the base
oSy kAR, R

nethod (registered trademark) to
ﬁgggy n an SO wafer. After that, a stabilizing heat
reatment was conducted. [0087] The SO wafer has the

5 pm rhickodXidef hb® tHeif Sm thick oxide film in its
terrace region. This oxide film was removed by spin-
etching with an apparatus shown in Fig. 6. A 50% aqueous
solution of HF was used as an etchant. The etchant was
provided directly to the terrace region for 5 minutes to
remove the oxide film in the terrace region. During the
spin-etching, pure water was provided to the central
portion of the SOI wafer as a fluid 12 for protecting the
SOI layer from the etchant. After that, the wafer was
rinsed for 2 minutes to remove the agueous solution of HF.
After the rinse treatment, spin-drying was conducted.
(00881

Then the oxide film 31 on the SOI layer was removed.
The surface of the SOI layer was polished and planarized.
Thus an SOI wafer was obtained.
[0089]

Thus obtained SOI wafer has been confirmed to be of
extremely high quality because HF does not erode the BOX
through micro defects in an SOI layer during spin-etching.

(0080]
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terrace region. This oxide filmwas renoved by spin--
etching with an apparatus shown in Fig. 6. A 50%
aqueous solution of HF was used as an etchant. The
etchant was provided directly to the terrace region
for 5 mnutes to renove the oxide filmin the terrace
region. During the spin-etching, pure water was
provided to the central portion of the SO wafer as a
fluid 12 for protecting the SO |ayer fromthe
etchant. After that, the wafer was rinsed for 2

m nut r ve the aqueous solution of HF. After

t he r?%é%ﬁpﬁggﬁnent, spi n-dryi ng was conduct ed.

[ 0088F; Fen tihecexbaei $hddncalwaliet hee 8 Haanjey das
removed. The surface of the SCI |ayer was polished
@inghepbanar i Z&d mm, Thosdaot SOt ywafyee : wast bt aidied2

[ 0089] Thus obtained SO wafer has been confirned to
s ok i vexyrefrel ytchisg R cquatarey phepated. HENGSR WSS

erode the BOX through mcro defects_.in an _SQ | ay:
whid Rgedphf- A §aer oRd)2 %@“@E&“&ﬁﬁife g\)s g’?@? ,ﬁ’r
mrrar-poljshed fers each havi i s 8f
B0 SCBNOUER IVHEF Popas Pty gae ARATSC PEaTELPort y
of 4 19 &.0;cmwere. pre SR sWat-8hSfeMRIE tYSEte
”&%f%'bﬁsglv\ia?%?r frﬁtgebgﬁﬁdgaﬂaaffgf AS shown in Fi g. 5,
12, 400,201t Bi, ch X 4o tf benyms(Jeyimrdred theddmasd) to
mé?er, a S~ layer of the bond wafer was transferred to
Sd&in an SOI wafer. After that, a stabilizing heat
treatment was conducted.

[0091]
The SOI wafer has the 400 nm thick oxide film in its

terrace region. This oxide film was removed by spin-
etching with an apparatus shown in Fig. 6. A 50% aqueous
solution of HF was used as an etchant. The etchant was
provided directly to the terrace region for a minute to
remove the oxide film in the terrace region. During the
spin-etching, pure water was provided to the central
portion of the SOI wafer as a fluid 12 for protecting the
SOI layer from the etchant. After that, the wafer was
rinsed for 30 seconds to remove the agqueous solution of HF.
After the rinse treatment, spin-drying was conducted.
[0092]

Then the oxide film 31 on the SOI layer was removed.
The surface of the SOI layer was polished and planarized.
Thus an SOI wafer with a 200 nm thick SOI layer and a 400

nm BOX layer was obtained.
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base wafer by Smart Cut nethod (registered trademark)
to obtain an SO wafer. After that, a stabilizing
heat treatnent was conducted. [0091] The SO wafer
has the 400 nmthick oxide filmin its terrace
region. This oxide filmwas renoved by spin- etching
Wi th an apparatus shown in Fig. 6. A 5040 aqueous
solution of HF was used as an etchant. The etchant was
provided directly to the terrace region for a mnute
to renove the oxide filmin the terrace region.

Dur i ngridie trspi, Naesthépisaxianegnawien wes qonovcted o
the central portion of the SO wafer as a fluid 12
doraipr ahesol ng: ficlre ha8Ohg | aty 10T Aawer helgh ciant Fipgker
that, the wafer was rinsed for 30 seconds to renove
tthiekagasoos EWI0umiven of HF. After the rinse
treatment, spin-drying was conducted. [0092] Then the
0% film31 on the SO |ayer was removed. The

f f the S ' | :
Thus SR SAEERER GPLH A So0 AP LR CROLa TSy ey Bnd 2
400 OX ; tal 1. Af ta S

PRI T ik g BRROCU Tt COBr Al o B o wef er

' I KEh irARbaght i eknerseots in
Alg%@@%mﬁﬁ[ggég% e WhE he 2 BU ichRbeg eots

] Thus obtai ned Sol wafer has been

GRNfsormesyée deriely sexhreraiindhi ghdgpalit§i arrdnos have
a thick S%] | ayer ‘
generated in the terrace region due to conducting the

epitaxial growth after the oxide film is removed from the

terrace region.

[0094]

It should be noted that the present invention is not
limited to the embodiments described above. The above-
described embodiments are mere examples, and those having
substantially the same structure as technical ideas
described in the appended claims and providing the similar
functions and advantages are included in the scope of the
present invention.

[0095]
Tn the above embodiments, the thinning of the bond

layer was conducted by grinding and polishing or ion
implantation delamination method. Alternatively, the

thinning may be conducted by another method such as etching.
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because HF does not erode the BOX through mcro
defects in the Sol |ayer during spin-etching, and
poly Si is not generated in the terrace region due to
conducting the epitaxial growh after the oxide film
is renoved fromthe terrace region. [0094] It should
be noted that the present inventionis not Ilimted to
Léﬂ@ enbodi nents descri bed above. The above- descri bed
C Ddi ments are nere exanpl es, and those having
substantially the same structure as technical ideas
described in the appended clains and providing the
simlar functions and advantages are included in the
[Cf%§£e1 f the present invention. [0095] In the above
enbodi nents, the thinning of the bond |ayer was
conducted by grinding and polishing or_ ion .
A pehedt forn derarfiatatybhndret RodO lAMEdeTatG PR L Sthe at
t hi nning may be conducted by anot her method such as

le£i€hi 80sted2cELAMRIi ] fivade Aaflerheéd of bond wafer
manuf acturing an SO wafer conprising at |east: a

0 37 BBaF E°asDORALE M halt R AnoBx PARCH | Tk b

etching the oxide filmin a terrace region in an outer
et@ethgheny okitlee fidndech waf eerrand trkeerelyy in an outer

manufacturing an SO wafer with no oxide filmin the
pe%f%ﬂg%§ B%ngg @%nded wafer, and thereby manufacturing
an SOI wafer with no oxide film in the terrace region in
which the oxide film on a back surface side of the SOI
wafer is left unremoved; and a step of forming an
epitaxial layer of Si or SiGe on a surface of an SOI
layer of the SOI wafer after the SOI wafer is
manufactured, wherein the oxide film in the terrace
region is etched by spin-etching with holding and
spinning the bonded wafer.
[Claim 2]

The method for manufacturing an SOI wafer according to
Claim 1, wherein the bonded wafer is manufactured by, at
least, bringing the base wafer into close contact with

the bond wafer; subjecting these wafers to a heat

treatment under an oxidizing atmosphere to bond the
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whi ch the oxide filmon a back surface side of the SO
wafer is left unrenoved; and a step of form ng an
epitaxial layer of Si or SiGe on a surface of an SO

| ayer of the SO wafer after the SO wafer is
manuf act ured, wherein the oxide filmin the terrace
region is etched by spin-etching with hol ding and

wa SR SEBGI TR ark SIS T 7 AcEPRI G O Ga T 1,

wherein the bonded wafer is manufactured by, at
pet epBerybpifngiheg ddred bestenaser thato thlcosaitcontRRYIRRERY
t he bond wafer; subjecting these wafers to a heat

ha%rﬁg?%gh wpden an oxi digkaguahmasPhentihdPond thsodded

ers together; grinding and rénoving an outer
peri phery of the bond wafer so that the outer
popkiPphefy theaP Ut i AT 1Rl ekKess: togodaftrediaier by
renovi ng an unbonded portion of the outer periphery

et &hihhe Berd teafrerchn Bhght nE; band twhete:t animgt t bre
bond wafer so that the bond wafer has a desired

' t hi ckness, wherejn the oxide filmin the terrace_.
bopd gVBhSFs NeccRe @ 142 SPFHEBEERI g HTdh Yhe ox1de
etchi ng of the unbonded portion or after the thinning

fioh thethendewafsere f«ndom 8p Fhehwet od tfloy spin-etching
manufacturing an SO wafer according to Caima1l,

af@@gr%hg EQ%HT%&“%%V%ﬁgruﬁﬁoﬂagﬁfﬁaﬁﬂf%%kﬁ& &fter the
thinning of the bond wafer.
[Claim 3]

The method for manufacturing an SOI wafer according to
Claim 1, wherein the bonded wafer is manufactured by, at
least, implanting ions into the bond wafer; bringing the
bond wafer into close contact with the base wafer; and
then delaminating the bond wafer at an ion implanted
layer for thinning the bond wafer.

[Claim 4]

The method for manufacturing an SOI wafer according to
any one of Claims 1 to 3, wherein an aqueous solution of
HF is used as an etchant for the spin-etching.

[Claim 5]

The method for manufacturing an SOI wafer according to
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| east, inplanting ions into the bond wafer; bringing
the bond wafer into close contact with the base

waf er; and then delam nating the bond wafer at an ion
i nplanted |ayer for thinning the bond wafer. [Caim
4] The method for manufacturing an SO wafer according
to any one of Clains 1 to 3, wherein an aqueous

solution.of .HF i ed as _an t foret -
Clapinet &’I}ﬁeﬁge.lrtd‘z?(#%’sﬁq"fﬁgursmghg‘gﬁggrg n(%fnu ach%rlllﬁad as

an SO wafer according to 34 0 Caim4, wherein a 50%
thagagoesusolsgtlioniat ¢F HE.used as the aqueous

solution of HF. [Caim®6] The nethod for manufacturing

. waf er according to any one of Clains 1 to 5,

[C%Jérrﬁ%r]l the spin-etching is conducted by providing

the etchant directly to the terrace region. [Claim7]

The methed T manHEREUrr #EYaASEC madtEie Ak oraf AgnPote

Claim6, wherein the spin-etching is conducted with

anPr o¥ediory ca dfilmy d teo as cenpheak i porticonsmin tdiecindeds
wafer so that the fluid protects the central portion
fromtgf et chant

CORARGFEEL b R ST v B EECBOPA A% L o T
wherein the fluid is any one of water, air,

terrace region.

[Claim 7]

The method for manufacturing an SOI wafer according to
Claim 6, wherein the spin-etching is conducted with
providing a fluid to a central portion of the bonded
wafer so that the fluid protects the central portion
from the etchant.

[Claim 8]

The method for manufacturing an SOI wafer according to
Claim 7, wherein the fluid is any one of water, air,
nitrogen gas, and inert gas.

[Claim 9]

The method for manufacturing an SOI wafer according to

any one of Claims 1 to 8, wherein the base wafer and the

bond wafer to be bonded are silicon single crystal

wafers at least one of which has an oxide film.
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nitrogen gas, and inert gas. [Caim9] The nethod for
manuf acturing an SO wafer according to any one of
Clains 1 to 8, wherein the base wafer and the bond
wafer to be bonded are silicon single crystal wafers
at |l east one of which has an oxide film 35 0 [Caim
10] The nethod for manufacturing an SOT waf er
gccor i.ng to any one of Clains 1 to 9, wherein the
[CH38 wdfer is thinned and an oxide filmis formed on
a surface of the bond wafer before the spin-etching
Tsecnadbotedoq QaiwfddtuThegnenh6@If ora frth Ao Uding to
an SOT wafer according to any one of Clains 1 to 10,

i g0 tereds ' B hpdErdacerr egi on
aniﬁ??é? tgﬁe%gpgﬁr@%tlghﬁggi E&H%ggggc&d. [Caim12] The
met hod for manufacturing an SOT wafer according to
thanpednangf ad #i%ide fbln1isvherdes Ofe asc?r‘“?/\%%? p§ the
manuf actured so that its SOT | ayer has a thickness
boBdURkL Fek O pRIFdrRSStHdasio On SeBth36g0is conducted.

[Claim 11]

The method for manufacturing an SOI wafer according to
any one of Claims 1 to 10, wherein ozone water is
provided to the terrace region after the spin-etching is
conducted.

[Claim 12]

The method for manufacturing an SOI wafer according to

any one of Claims 1 to 11, wherein the SOI wafer is

manufactured so that its SOI layer has a thickness equal

to or less than 0.5 pm.
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