SPECI FI CATION  METHOD FOR MANUFACTURI NG BONDED WAFER
AND BONDED WAFER Technical Field [0001] The present
invention relates to a nmethod for nanufacturing a
bonded waf er and the bonded wafer, in particular to a
met hod of etching an oxide filmforned in a terrace
regi on of the bonded wafer. Background Art [0002]
Bonded wafers are used as wafers for high perfornance
devi ces. Each of the bemdedlawfEmMs i s manufactured by
bondi ng a sem conductor wafer w th another wafer or
the I|ike and then thinning the wafer on the side of
fabricating elenments. Specifically, for exanple, two
METHID FOIR AW FASITURGYS ReNOES dREERr aFar BaDER dVan:R
oxide filmis formed at |east on one of the wafers.
Then these wafers are bonded together and subjected
to a heat treatnent at a tenperature of from 200 to
TetB0OC2t oFimtdease bonding strength. After that, the
wafer on the side of fabricating elenments (a bond
(OWafier) is ground, polished and the like to thin the
wafer so that the bond wafer has a desired thickness.

As alhe gaigtenta boridd GSOratafters donpr sithgdan 050

(Silicon On 1 Insulatorg | ayer can be manufactured.
mappbegiuring a honded wafer and the bonded wafer, 1in
particular to a method of etching an oxide film formed in a

terrace region of the bonded wafer.

Rackground 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.

Specifically, 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
Inbondtwaf erajsr dedamaated: &dctreed.on inplanted | ayer

t hereby thinning the bond wafer. [0004] It should be
[oo0B8ed that the bonded wafer can be manufactured with

directly bonding silicon wafers together wthout

i Nt efpash hgs ar oxinde:Hfdd mi hériebetmeene bBuct helfprorBay

as the base wafer, an insulator wafer made of quartz,
insilhdeonheanbtide] af unnajimoy dre ddakehdan berngsedso a

[ 0005] When the bonded wafer is manufactured as
metreotli oredch abovae] s@ackt @f radvotariay drresur Cade Wafess etred

be bonded has a portion referred to as a polishing
tradgmehat ) has whsth git | yon tiimeertachilekises s sod ced with

peri phery and a chanfered portion. Such portions are
hydoogeondens ovr | Bf¢ askainbonde pord ivedsr fiavibgy basgkrd,

bondi ng strengths. Wen the bond wafer is thinned b
thgni hdengood wheeT i ked | he Her g7 egdride a6t m@e%ﬁ@@ﬁa}é@r:

portions, the unbonded portions flake off in part in
angheubhpanengl stigpe Tt efafe thdalmimbned Sord Wafer on
. has a snualler dianeter than the wafer to be a base (a
impagetodwak ey Chardhorel Waer Hisdmas “witéto

irregularities
[0004]

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 Lo be bonded has a
portion referred tc 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
waserf aceref moridivated abendhwaf er crbeaviragudpenti¢s
peri phery and then the bond wafer is etched (see
codapanesel Paf ented\ppl itdad ipgirilyadied=yopen (kokai) No.
03-250616) . Such an outer peripheral region from
whi dit:¢heswribondeshduor tiadins drse siuenevedd sor ef éevedet o
as a terrace region. [0007] On the other hand, in the
proethod ofémd hhani ngrdndediglan imats dilzgte arffi dn the device
i npl anted | ayer, unbonded portions in polishing sag
prpoesd onsiiiec aren delve phetiadesr egidonesbrerrathedevice
del am nation. As is the case wth thinning by grinding
viahd. polishing, there are problens of generation of
particles fromthe periphery of the thinned film or
[Ogenération of cracks. Therefore, there is proposed a
met hod of renoving the periphery of the thinned film
f or Eeh Sraudiet has & hwatcerl saf @ astwel de e egt PENT EBEEI NY

I nternational Publication WX01/027999). [0008] 3
the remazined unbonded portions beforehand in which a

rasking 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 1s 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 cr
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 Internatiocnal
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

t 0 oNeweose, tite: priobiremg oyt edimEmty efhdr emdvishgngheas a

oxide filmin the terrace region is conducted. For
presaspl eucht tieatnblondeel pord i sl @r e gewmy dy, r@vdvithenthe

a bonded wafer is imersed in hydrofluoric acid to
unbenoed pbstbxngenés| mesidue tdfi sarcase,da dhioved cred by a

oxide filnms not only in the front surface (including
hethetrentmert r dgbont)nduteat sordatndret bavk thsurlfidee fox

the bonded wafer. [0009] By the way, in an SO wafer
enhanwhighband 80 $ayencils, Fwol btk orrildasel Mefersap a

an oxide film the base wafer has a buried oxide film
paghiche gederbliodobs aotehane 2P riosd e iHTRWGIP X-hell

ot her side. Consequently, such an SO wafer can warp
OTTRENtPNOBEHEsTE o- pe enerd L genet dt Tori Int @i preneyioei dee

filmcan be forned also on the back surface of the
ox$Qp Waf®r inl KhentsrEase, rPIles heceSRaryleed. r dmsvéraTple,

the oxide filmon the front surface w thout renpvjng.
thenanberigd PPY k- Ons t fiee baRIO St f ! Hoo10] ﬁ%@ﬁ fer
. way, when the oxide filmon the front surface .%%%gpl
issonGaper 8 REFBYRHIGRTF T Eavi hgt TTHE oxti 'de FiI9R ot

t he back surface as it is,.the thod taken is t
Inj khepsease, removeg are OXlée films not only 1in f%e front

surface (including the terrace region) but also in the back
surface of the bonded wafer.
[0009}

Ry the way, in an SOI wafer in which an SOI layer 1is
formed on a base wafer via an oxide film, the base wafer
has a buried oxide film on one side pbut does not have an
oxide film on the cther side. Consequently, such an 50I
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, 1t 1s 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

thbegausgakFargen anpant SLebran @tichantth arss kieguithedback
[001.1] In the case of using the nethod of conducting

sut-ikaBi Bg biedek ast natilons atasin riprtdpgpl atead deayiet, or
formng an oxide filmon a base wafer and conducti ng
ththeihendimgverasuldudin ;a nteethicaic eosegi enphiabiing the
oxide filmafter delamnation. On the other hand,
inkorntagnan pxtdeséilm tohty tima dohd swdferuldngome to
conducting the bonding result in a terrace region
plhaei agdnoenxirdeafnd ok afg eramel amimatdgmse Howevdrip off
when a heat treatnent under an oxidizing atnosphere
phboprescseasi g duduidiing stuhengerthios! edissegasas| gnother
conducted, an oxide filmis formed on the terrace
probgeonct hogh2tovhencepisaxiafggravauntis dormdudtedasi
the SO layer of such an SO wafer whose terrace
areegignibas.an oxide film polysilicon grows in the
terrace region. This adversely affects crystallinity
[C8f.llthe SO |ayer or can generate particles. [0013]

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 S0I 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 fan. However, for exanple, when the oxide
filmis used for specific applications such as an
optical waveguide in optical integrated devices or

£ithe (hbke, cansexdoened fet hiok haowd de viaidimubavhngkaess
thi ckness equal to or nore than 4 pmor equal to or

depBh&:hihasn lohpnisganbeideqiid et e flabmotted.
practical. to fabricate an SO wafer having such an

Ty %&é@ﬂf' yrhdi ki berded oxide fid mabyd he method af jm.

condu I ng thinning by delam nation at an ion
Hokwgpbant edr ¢ayesld orwtesh byhe npliaddt iMidri diss uskcodgir t he
oxi de film because extrenely large ion inplantation
speoergy asplequtfeds sitered arre ot inetlhod viegkenla $1t o
forma thick oxide filmon the base wafer and conduct
optheabondtagratedtdiési caseyr tihe tidirace rediremeias thiek
extrenely thick oxide filmafter delam nation, and

oxbCchi tausesi thea abovekmend ianed prokemre Dirscl dis Wime or
of the Invention [0014] The present invention has been

eqaatonpl bshedré ntivaew O ofm tdwen dfeormmeriricohed tprisbnervs,
and its object is to provide a nethod for

praahufatct bei hghal boheesn m%@%rwafrfemacﬂngaw% d& film
formed on a terrace region of a base wafer

exgfenelgnthycltohetedi R Fekbvihdh H@Eh&@ 98 m on

the back surface of the base wafer.
conducting thinning by delamination at an ion implanted

layer formed by implanting ions through the oxide film
because extremely large ion implantation energy 1s 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-mentiocned problems.

Disclosure of the Invention

(0014]

The present invention has been accomplished in view
of the aforementioned prcblems, and its opbject is to
provide a method for manufacturing a bonded wafer in which
an oxide film formed on a terrace region of a base wafer 1is
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 nretehidg W tdhrichdi ngcandosprenicngntiecboaded the
wafer. [001.6] Wen the oxide filmin the terrace

prE88hONi hSert Chedrdy & nr ettty fwixt maholfdicngrand a
spi nning the bonded wafer as nentioned above,

poS8BHT Wh B8Rl pfOFLed (@l tenrsliany et chant wadetrwand, a bond
t hereby preventing the etchant fromreaching the back
wa U] asemefis hey basel awftera Censeduertdnyngt he oxiide film
filmformed in the terrace region is efficiently and
inuRpi ferahye et adish wirt houtouterm\iag pare oxicde thiel oonetihe
back surface of the wafer. In addition, unlike
wagcenventirenal theeshote fitln simdthaecessary regiprnotiéct
t he back surface of the wafer fromthe etchant with a
ctoRsKi ng tape-eotchthey like: holsling esul tspirheé nguivber bended
steps can be decreased, thereby increasing working
waétficiency. [0017] In the above case, the bonded wafer
having the oxide filmin the terrace region to be
f0éf.éhed can be manufactured by, at |east, bringing the

base wafer into close 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
to?@_@ﬂ'ew,af §F18@: thaind heerkondigvafier s @ pedegheed of the

hi'ckness, wherein the oxide filmin the terrace

boh8§949Pe1Ss 8t ehed Bye S@uﬁe@wi@m@w efad ke ggtveli ng of

the unbonded portion or after the thinning of the
tnbeRde¥af egubs£Q0d8] 1 Asramntieneth abovesddcheopésandf the

invention can be applied to the instances where the
oubepdedrvef.ery hayi fige tihend oxifde- iy} mdanite texr aten

region to be etched is nmanufactured by, at |east,

thbrhpgNgnEhsohasea et efo itar ttloserebmattr Watshat he
bond wafer; subjecting these wafers to a heat

debli eaiment ckndes, anhoxeih zilg @tinds phelre itro thenderthee

waf ers together; grinding and renoving the outer
refebhpher gt ofiet hiey bomth vef @risp afmr tie aitdring of the

peri phery has a given thickness; subsequently
unbenaeingoaniunbondefiteporité drmiofnite @lttdre gerichhedyr .

of the bond wafer by etching; and then thinning the
[obofAd wafer so that the bond wafer has a desired

thi ckness, wherein the oxide filmin the terrace

regi B menetched dyowpi rlet chiarprdaf tierwaid oreCeRi R§ of

t he unbonded portion or after the thinning of the
appbdnddwabethe 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.
(00197

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

atiﬁ%ﬁ%%k?@gﬁ%ﬁ?@%ﬁﬁi%ﬁs appli edet pohhewh Ast ansesnadies eche

aving the oxide filmin the terrace

boﬁc?%é’ﬂsté 0 18, qtiched dos camanufiast unedphbye abfbeastnd then
i mplanting ions into the bond wafer; bringing the

fer it o4l 0se feantackwith thelahase wafer; for
deg%ﬂgyﬁgﬁﬁ%é#gainating the bond wafer at an ion

thiéﬁ&§%¥gﬁglggﬁﬁ J:07a:t hi nning the bond wafer. [0021] In
the a

ove cases, an aqueous solution of HF is
(opsgferably used as an etchant for the spin-etching.
?00 2] in this way, the oxide filmcan be etched

ef fi;¢d et ords USiRg ,arhaqueedsensoluveonioft &0 also be
[0023] In the above case, a 50% aqueous sol ution of HF

aphSiedr &b efabl yndisat-@as e agieotmnsetiuvadarohakeng the
0024] In this way, use of a 5000- aqueous sol ution of
oxHFe@Bilm in the terrace region to be etched 1is
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}

Tn the above cases, an aqueous solution of HE is
preferably used as an etchant for the spin-etching.
(0022]

In this way, the oxide film can be etched efficiently
by using an agueous soluticn of HF.
(0023}

In the above case, a 50% aqueous solution of HF 1is
preferably used as the aqueous solution of HEF.
[0024]

In this way, use of a 50% aqueous solution of HEF as
the etchant for the spin~etching makes it possible to
conduct fast etching, thereby increasing working efficiency.
[0025]

Tn the above cases, the spin-etching is 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,

cobEgcggﬁgggnér&@f§i§§ttﬁé(%%éHhﬂﬂ“ﬁﬂ%@@%Q tpoEheoneodtace

waf er or exanple, the surface of the SO
rehgxg(). Consequently, even when the SO |ayer has
cro defects, there is less possibility that the
[Ogggwant erodes the BOX through the micro defects in
the SO layer. [0027] In the above case, the

spi nretehiNg.ds, prederapl wpigorduetied Wst boptovtdingya
fluid to a central portion of the bonded wafer so

pribbatihhecfb ubdos ot egi sedttey cantital tepatddeonreltiom t hae
etchant. [0028] In this way, when the spin-etching is

crepRducheds Whdh fpeRvedi fige acdib . trerer icentafalt hpobbnord
of the bonded wafer so that the fluid protects the

waGent r{@brp@k&ﬂmﬁnef ronet dier f &te hahtshe MO ktchant) .does
not flow on the central portion of the bonded wafer

copberuexanp| eevéhewsenf elce @I theySOhad ayer) defects,
Consequently, even when the Sol |ayer has mcro

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]

Tn this way, when the spin-etching is conducted with
providing a fluid to a central portion of the pbonded 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 SOl layer has micro
defects, there is much less possibility that the etchant
erodes the BOX through the micro defects in the SOI layer.
[0029]

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

nitrogen gas, and inert gas.

10



defects, there is nuch | ess possibility that the
etchant erodes the BOX through the mcro defects in
the Sol 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
[Ogggj [0031] In the above cases, tine for conducting
the spin- etching and/or concentration of the etchant

can be adj ystef R gontidlprddditekaessct ccherhef poofion
the oxide filmformed in the terrace region of the

ofb?ﬁg wef.8ka {9932] ¢ o tthis veyhart tdurchkress it orle ofef t
of the oxide film in the terrace region can be

waent r gk hednar bhgearddy, bynd athaust i time for
conducting the spin-etching and/or concentration of
[@bhgjetchant. [ 0033] The base wafer and the bond wafer
to be bonded are preferably silicon single crystal
waf erg ael gaste onesef, mhieh dasanoxiide fibemspin-
[0034] As nentioned above, the nmethod according to the
etPhHeseNknbnventbonecana beoappf i et tet ol asturtia gl sged
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 controliled 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 f£ilm.

[0034]

As mentioned above, the method according to the
present invention can be applied to manufacturing of a
bonded SOT wafer in which a base wafer and a bond wafer,
hoth of which are silicon single crystal wafers, are bonded
together via an insulator film of an oxide film.
r0035]

T+ is preferable that the bond wafer is thinned and

an oxide film is formed on a surface of the bond wafer

11



bonded SOT wafer in which a base wafer and a bond

waf er, 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

e} DG EEEC 2 e SpLAFL ppretonipd v en i

surface of the bond wafer. [0037]
O?ﬁ hernnre, ozone water is preferably provided to
e terrace region after the spin-etching is

condyge tgdreaﬁp@@ (i idmRarts bydrephibiiciby be the

terrace region ter the oxide filmis renoved,

cetfggu%?% Bfgvgﬁ%é@%v@gm@&r@ Pasddre) e8ache839hel n

it waf er can be nmanufactured as the

Sugggg@dofa{gé be@4@gfé§ mentioned above, the present
I nvention can be applied to the manufacturing of SO

(owahers. [0041] In this case, the SO wafer can be
manuf actured so

Furthermore, ozcne 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, thercby 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.

[GO41]

In this case, the S0I wafer can be manufactured so
that its SOI layer has a thickness equal to or less than
0.5 pm.

100423

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]

12



that its SO |ayer has a thickness equal to or |ess
than 0.5 m [0042] Use of the present invention
effectively protects the BOX when the SO wafer has
an SO layer with a thickness equal to or |less than
0.5 pm [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 80 af gl [(0044] Wren .t hgcepbtraxihakr! ayer of Si

or SIGe is forned on 'such an SO wafer in which an
maﬁ%ﬁkg(@?ﬁfécﬁﬂ i1 Bl B ACE 8GO $if efovade tannBei on

of polysilicon can be prevented. Consequently,
fo?@%ét&hlé%&ﬂfﬁet@@_ﬁg dayanyes Jrotrradwensesyer.

a

ected and generation of particles can be
prevented. [0045] The present invention also provides
t he bonded wafer rmanufactured by the above nethods
[Obqg]nanufacturing a bonded wafer. [0046] Such a
bonded wafer is of high quality because an oxide film
in amtef race aenianof thebase sdater Jise usi formey on
etched without renoving an oxide filmon the back
susHr haceodfwi her baseqwadteran tdd dexifdelf idmma retrrace
terrace
region is removed, formation of polysilicon can be
prevented. Consequently, crystallinity of the SCI layer is
not adversely affected and generation of particles can be
prevented.
10045])

The present invention also provides the bonded wafer
manufactured 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 1s
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 thickness 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

in\r}\/;l%fg)%ﬁ%n()f rnb h?ﬁgélé ef%‘%éefofﬁecgt ghed, by Spidretejirth of

hol' di'ng bonded wafer. As a result of this,

thteh%a%g Qstftﬁif' myi B thes ﬁgr£§£ﬁ~é@&am Gan-hendmiifrey Mne
W n

et che out renovi ng oxi de filmon the back

f f- the, base wafier,evan 4 n «ricnstarees inhere the
kx%%%ﬁggéF%nfon the%ﬁzck sJ?face of the base wafer is

ad%a&%bgBhaﬁﬁﬁtBé°ﬁ§§§§9m£?t@t@h@@sﬁiiﬁbuﬂEﬁﬁmdﬁiﬁduan

TerL - ; ?
i kKe. As"a resu et chi ng an oxide film-in a

o8 308 f 9l PRc0Pz0Res8-dec-8f ot henaal £se canfde even in
conducted efficiently in |ess nunber of steps than

iddercventiranahe AR Heds: 1 Br bef tixphaciat sontafe thie the
Dram ngs [0048] Fig. 1 is a schematic view of an

bé%%b%%E%ﬁnﬁSOBth?arﬂEbﬁ@Qrﬁ9rpﬂ@ﬂ@&@@@ymim@ a hosidiet)
waf er according to the present invention. Fig. 2 is a

talh@lre-nnaf er «pr osgssi Rgsapin- etching oApparatiuge thakm in
can be used in the nethod for manufacturing a bonded

a Wafreta aceerdibRgohochhespuesent thaveatéoncan be conducted

efficiently in less number of steps than the conventional

methods.

Brief Explanation of the Drawings
[CC48]

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
cach 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

thfeofnegH?Hf agt %éﬁ'@f@c yaf SlaRC GG d@rdife to

esent invention. Fig. i's a single-waf er-processing

Y chi ng,.@pparatus that can be used in the nethod
th%o?gﬁgﬁugactﬁ??ng a bonded wafer according to the

presgn I@v @%0{1 s wavkde frofedbariny Rpiovkricheng

I nventTc 0049 |nafter the present invention

ap%bk%tﬁ% %%Qkabﬁﬁdbefﬁéé@ein'Ehékﬁéﬂﬂod|1Qwemeﬁn1ﬁd®£ur1ng
esent invention is not limted thereto. Turning now

benEkg- whfebhk8-8RONSy a: & chesalii s atitew rofent@on .
8 engodlngnteof t%e net%od for manufacturing a bonded

waf er according to the present invention. [0050] In
Fig. 1, a bond wafer 2 and a base wafer 3 are

Be@%eﬂéﬁédféflgariﬁﬁﬁé olherwaf Brec@r gomat eri al waf ers
for fabricating an SO wafer by bonding the wafers
{Q@ngther The bond wafer and the base wafer are not
particularly restricted. For exanple, the wafers may
be siikireodnastag) eche 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]

Tn 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

15



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

proYbhecigd, &0ode healt ddeaimentninderscanadxirdizinger a
atosphere to bond firmy the bond wafer 2 and the

cl1base; wabepndrd ogetder:. (c)fhusTaehentdedevaf gre lsuisjected
obt ai ned.” The heat™ treatnment nay be conducted, for

ro€XaRph €, t vogdefesondiddons: of:ian z iaiymesplepeerentai bong
oxygen or water vapor and a tenperature in the range

71 9h1 ¢0Pke t190AR0RC 410 .2l e MASe aarfesulst tofyetherheat
treatment, the bond wafer 2 and the base wafer 3 are

Thondedohidsa yat@get hey ,cland rand oxirtde hebm tfeaatwoadi ngay
oxide film 5 is forned on the whole outer surfaces

be ofchbecbendetonadermdl.e [ 00ER]r Thendhdnded wdf en 1 thus
bonded has portions where the bond wafer 2 and the

atbasshwatecolt at el mptosbaretedd wather veggirorrabeut 2nmm
fromthe outer periphery. Such unbonded portions

te@@ngtube usethasranySAr |BYEC an WADGIC devicest (drle. AS
fabricated. Furthernore, the unbonded portions fl ake

a obfuin sfibsequestt provesses: andicduges wididoys anc the

bagéo£;§g§.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 subseguent processes and causes various problems.
Therefore, the unbonded portions must be removed.

[0053]

Tn order to remove the unbonded portions, as shown in
Fig. 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 1is 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

acc | S19R0d. | Bhg i abqvengaggesthe ghveve 20 to
thi chned P o5t Rukngigeave: CO0SST Next

15§tﬁ§ing is conducted to provide a wafer showmn in Fig.

()" in which the unbonded portions of the outer

{Oggggphery of the bond wafer 2 are renoved. This is
readily conducted by imrersing the bonded wafer 1

i nt q\léﬂ:[ etehanty g exhididdngcaueh basteticetchinigrr ahewn
to a silicon single crystal than to an oxide film

inN@£§.5P?§jfi&£%ﬁﬂbhtﬁﬁé eicharl elghesrihefouher outer

peri phery of the bond wafer 2 because silicon is

pe®Xprsed by the wehadidgewereas ddeveet.chant sdoesremdily
etch other portions of the bonded wafer because these

coR@hEt8ASHAr eneeveres whd hdrmdxiader il mfio aSuefichant
etching may be so-called alkali etching using KCH,

exNaOH: 1 0§ theh | fketeByetcandus tdange suchs an ldtchi mgngae
terrace region 7 is forned. [0055]
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 porticns are covered with the oxide film 5.
Such etching may be so-called alkali etching using KCH,
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

pa%ﬁ?%t}.nad{]]ry?#getﬁr{%ibc%se% m%@%, %’éaﬁn}é@gpstﬁ@rwmgi o the

e spin-e not 17 particularly

he j;g 2%5 Insé,tl%ei%éigg oﬂ’hee\;)\%a%%lr—%g fhe 3\"@%%%6.18 Sﬁl beohed €. dyror

ase- si de. aratus for

co C@@éjﬁ%@# e’lgqet ggorﬁgw'xé;cncﬁlgl@ nNg i-S <&l $@tNokrparhiiawhar !y

an apparatus shown in Fig. 2

re%%%idctb q used, %&I‘égbggr 'dﬁgsggﬂéﬁé%gsa&ié@ﬂl' owsridhez may

waf er ucking with a wafer

begg%%?ggg{%gﬁgxg Qi aRngekeRaNts9rbs) BroVi ded heamea@ water

t he bonded wafer 1 is spun at high

1 _{Q: %(gtr]:g}k isﬁ@%ﬂng I tihiss sy the dsefemeans elched

Wi ng the wafer, whereby centrifugal force

et SEALL €8 Sjaé g’%cﬁx;ﬁf@mfr%n@lé walth 16f ¢t:henvwafrere. pEheled wafer

Scattere ant 9 is recovered via a recovery cup 11

1 apds,goes: not i eaghythe Pacioesin f age ohitheawaf ehe wafer
Tﬁe?%fore, é%en when the back surface of the wafer is

15NOt cRAA L CUh ardyar Iasked: widfeg neskichy taperifugal
photoresist, or the like, the oxide filmon the back
rosHEf asgrside @ie thecvafers isutheftd amrdroveder. The

Therefore, according to the present invention, the
scsteprofi amsking 9 hes baskosurddice. ofa trhreanafrr avnt 1 1a and
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 menticned 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 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 rface of t f ' Lnwatrehi pg |
STCRTRT of &t HREAULE (he ‘e Tt on t heC hack surt ace
Sug %ﬁg\ﬁ%ﬁg\g{tﬁt Itrﬁeecﬂ%n et Ald ernaid vehy, 158:isuekiupg to

ack surface of the wafer or sucking
S at__regi . whe axide fdddnyi1s i ntended to
bebge%gf?r%r‘g‘g‘g%%%%dg?%é%‘é?luoer% tcvél% possi bl e. [0058] The
Oség?ant used for the spin-etching is not particularly
[ ricted as long as the etchant is capable of

et ching &p@gﬁﬁj%gcﬁ E?IQIA HHefgriredretchgnt si soan

aqueous SO on o In thi's case, a 50% aqueous

paggkgﬁhgglggfggifﬁc 5 e prefies add yrrusedhchbire 5G1 capable

ueous ution of HF has a high etching rate,

oft%%EEQX fHBtBﬁideiPfIﬁ?SWPQHMQEKE@Qi@ﬁbhahEndy.ahn
thi's mag, etchants having relatively high

nLEaLE9Rs sangbe usedHin spise, et GhRnggueous
aq%%gggf%re, even when a thick oxide filmis formed in

sotlﬂgib%r Lacgrr egi xﬂdgxé% ; peefitaw tanibed et ched S6Rf acapodpPy
an

uniformy. [O
solution of HF has a high etching rate, thereby further

increasing working efficiency. In this way, etchants
naving relatively high concentrations can e used in spin-
etching. Therefore, even when a thick oxide film 1s formed
in the terrace region, the film can be etched off rapidly
and unifcrmly.

[0059]

cometimes demanded are bonded wafers in which oxide
films formed in rerrace 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 Lo 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 1s
possible to remove the whole oxide film, however, it is
difficult to control the oxide film to have a given

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

1n5@§tf@ﬁ1§¥ﬁ U@l usggu?ﬁﬁkhﬁwﬁ%%'E%ﬁ%ﬁ%lwﬁﬁbeo%@ﬁér

nto an IS possible to renove the

p@o{g ﬁgvgeafﬁé howevielasd t I8 tHEEfEEYE! EOnEONLT DRy

e oxide fil to have a given thickness preC|ser

of%éh@ r%gﬂt&ﬁd@f use Sfcithe: present t1Qdsryenti en

es It poss e easily to control the oxide filmto

co{?ﬁ:‘.’@laalg'é/‘@&ﬁmcﬁ‘ﬂe@%oﬂ@ dhisi£ase, controlling of

tenperature of an etchant nakes it possible to
Og@@ﬁrol an etching rate nore precisely. [0060] By the
manner nenti oned above, a bonded wafer (Fig. 1(h))

accogdi g s 4ite- prasemnddv@ithicon scaivrbled wafer (Fig.
manufactured. The bonded wafer has an Sol |ayer 6 and

1 (hhe aexbdeihd ! Suien gdhesdasel wadrerici demwhiid e an
OXIde filmin the terrace region 7 is renoved. [0061]

mahﬁf&ﬁ@uﬁ@@hO@KﬁBmkhﬁﬁﬁﬂv@hﬁﬁeha@hensﬂoﬁadayeﬁ thand the
bond wafer 2 is thinned and then the spin-etching is

ox¢andecteds Hovenersadderpfesentdd nients am icstingt film in
restricted thereto. It is also possible to etch the

the terrace region 7 is removed.

[0C61]

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 1is
formed on the bond wafer 2, and then the bond wafer 2 1s
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 nethod nentioned above, the oxide film4 is
fornmed 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

A SR SRt
in%%ﬁgég?nargﬂthﬁﬁ fﬁ§¥”§%¥%«QQ9u9ﬁ%e'%%@echg§§r and

ernore I's al so

th%o?; ?l Wakg%fhEtlﬁg %P@ @m%k? V\@f@{ 20-d 410 Cl 058 1R aGle

ase er wi t hout i nt er posi ng an

no%x %gtgﬁcgéﬁh€5egf Y@Sﬁtil 1 base ¥¥@5Frwéﬁ@ksthe bond

at "are use resent invention are not
[0 rlcted to silicon single crystal wafers. [0063]
9ur%ing now to Fig. 5, as another enbodi nent of the

pr eS%EHhH%GQ&!\zO@@ the case; ofs panHacinpddigen 3@ the

waf er = acc ing to hydrogen ion del anmi nation nethod

pr@é@?&t Qgtentgghméhér@ggét@feﬁaﬁﬁ@g@@wmq i1$ SOT wafer

expl ai ne First, in a step (a) in Fig.5, two

c%'olﬂdﬁ?@ fE'of h%ro@@ﬁf acgs Mafensnareonrepaned. (Mme: Cut
specifically; prépared are a base wafer 21 to be a

nRase %%g@s*@@%d\l\@ﬁsaeﬁgfkp ybes app SO néayer that neet
reqU|renents or devi ces.

[0064]

First, in a step {(a) in Fig.5, two silicon mirror
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
hbase 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
o 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 |east 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 pmto 2.0 fan on
the wafer surface. In sone uses, an oxide film having
a thickness equal to or nore than 4.0 pmis forned.
[0066] In a step (c), at least either hydrogen ions or

. _rare_ _gas ions, hydrogen io in, tki~s~expl anation, are
1m?ﬁ%@%ﬁ§iﬁp ??@Qﬁﬁ?&ﬁﬁ aégx%gﬁﬁﬁg)gggﬁcmafer 22 to form
[06 gicrobubble | ayer (an enclosed |layer) 24 paralle

% he surface at an average penetration depth of the

ions;. . P rred\21 ihnpl ' t enperakyEegear 12540
450§En5{8%%%% ?H’aigggéﬁ%%?Fb?%g basesmafer Sl ié

0x2§§cffﬂmv$ﬁ'fﬁb e ddlmpn dhented surface of the

rogen-ion-inplanted surface of the bond wafer 22

bohQ WhEEH é;gd«;ﬁméww@r@gdmc@m et ByupiRiidegi.ngsy he

surfaces e two wafers into contact with each

br?ﬁlf?‘?ﬁ 08 & eaR-&d Nospher &:dl WfORRd epes alantectt heth
wa er% are boned together w thout using adhesives.

eabQ088laNext, 4 @1@aﬁt@@n&§aheﬁéﬂ@m@f@m tamgedel@menat bd
at the enclosed | ayer 24 as a boundary, thereby

wa$EPAr abkNgohhe ryedersy i itthaudeldimaatditeaafer. 25 and
an Sol wafer 26 in which an SO |ayer 27 is formed on

robbg)base wafer 21 via

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 1is
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 (SCI layer 27 +
oxide film 23 + base wafer 21) due to crystal rearrangement
and agglomeration of bubbles.

It should be noted that when each surface of the
wafers to be bonded are subjected to a plasma treatment €O
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 del am 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

ol B SR
Sarandie ol h
Th%é%efé?gg?zzg%ggz {%%%Q%EH§;ﬁg%)€%§ﬁb qx%etag‘n t he
teliBP SR RAE B bt P I S el T hei R heeqre 18
e¥'@f§%%?$éi§n} iR Sl Bels g il
thﬁéf:ﬁ?%?eﬁmﬂﬁ? o e et M%ﬁeﬁﬁiﬁ% ihs’
gaaag@éﬁﬁﬁ%"@%r 3n p&?fcﬂ%ﬁl?’ %é)é; edpider amament

here o an oxi as atnDsphere (under

OX?§129§ dg%%2§¥ﬂ3%?q%§%éﬁ?qg%ﬁﬁb%?ﬂéhﬁ&ﬂhﬂn%kiOn) in

o 12.00C in the range of 30
1088%%% ér%gaf ?ﬁu{ 5@£9Q70h9%? ?Oﬂﬂuﬁfbn9a§§@ho@ 30

reatment st
minutes to 2 hours.
[0070]

By conducting such a bonding heat treatment step £y,
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 alsoc 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
thi ckened. [0071] After the bonding heat treatnent
step (f) is conducted as mentioned above, the oxide
filmin the terrace region 30 is renpved in an
spin-etching step (g). [0072] An apparatus for

th@ggpggébggrggao? %?gpng ﬁ £Eg Eip@£¥ﬁ3¥lﬁqdﬁ6 12 lS

ara us menti oned above be

prongﬁaA%gaﬁagl%%ﬁﬁ?é%vﬁqﬁ%?gwlﬁfé@m%aﬁﬁﬁﬁ%ﬁQ§r%RQW%at

S € Spin ing is conducted

f ol,l ows n
ehS At REOEBEES i To S ar T Be e ant 2
@ggﬁlng mqth a mafer hol di ng nmeans 10; and an et chant
prOV|ded directly to 23 the terrace region froma

nozzl g anﬁaﬁsgﬁﬂQélq 1261 $p i Rrovirdad; tos thedemadalby

1
port|8n wafer so that the fluid protects

ctiaety Wgyfta' Berhian hromkthe evchaatcOrrabOOrdfidm the

e spln-etching is conducted by

eif%h%‘ﬁ 1ding .t H%éek%%”bnd'th@cgwfé@etbs tBEr 80T Iegion,

et’chan oes not flow on the surface of the SOT

T f o wen en 159:) et cha f 0.5
3%%%¥%§¥§28@§%%0 %gnp§1grsmgssa9?ﬁere |§a%esg meE e

00 R IR (ShecELehaghstodperthe X stuonh
ot N8 SRiHY elshicpg chgncenduat edobyefects in the SOT layer.
Purthermore, 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
i or less, there is still less possibility that the
etchant ercdes the BOX through the micro defects in the S50I
layer. The fluid 12 is not particularly restricted. For
example, the fluid can be any one of water, ailr, 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 ercosion of the

ROX even when the etchant 9 reaches the surface of the S0I
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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 SOT |ayer. Therefore, even when the
SOT | ayer has a thickness of 0.5 pmor less, there is
still less possibility that the etchant erodes the
1 BOX %yrough the mcro defects in the SOT |ayer. The
2¥fuid'1.2 is not particularly restricted. For
{Oﬁ§apple, the fluid can be any one of water, air,
i‘fogen gas, and inert gas. [0079] Furthernore,

thi np) pg, L Re, bonduiafer and, fonmingd e oxide Bl ap3h-

on surface of ond wafer (the surface o

et?ﬁgnégyﬁﬁgg%ﬁyaéeﬁ@?%ﬁ%%?lngrc@ befre-conuctddgint 9

ng ste can surely prevent erosion

fal-heoeBOX ey enie; elighanty Qu-eaches therecovered
Ougﬁﬁggcgfo ?hgggiﬁb 24 1ayer 27. [0075] The wafer is

vigtghg%c@%Egygﬁggtﬂﬂgaﬁ@edM@éeﬁo@yréiﬁﬁFthﬁ(ﬁﬁdKLsurface

whér eéby cen gal force scatters the etchant 9

ofOHE@ahgng.thﬁhéﬁgfgrefTQﬁmﬁpaﬂkﬁfQﬂmﬁk@hﬁﬂ@u&fﬁ@e of the
recovere via a recovery cup 11 and does not reach

watBe Back suphaeecuhripendaken. witerefodekiey ermmhen
the back surface of the wafer is not particularly

phiRsked Wit hog FREK NGef apee opbotofebistn idne tihwcki ke,

the oxide filmon the back surface side is left
spupet-ehed geTher ekaeeunacenedi ngriterdfere, according to the
present inventicn, 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 1n a terrace regicn
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 acdhesion of particles.

[0077]

By conducting the steps (a) to (g), an SO0I wafer with
no oxide film in its terrace region can be manufactured.

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

pase 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
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 a wafer can be
conducted nore efficiently. [0076] In addition, after
the spin-etching is conducted as nentioned above,

is ozgﬂﬁeé{"a&ﬁrtﬁ%n@&?d provd dedid @ Hde her hagel waggirons30.

I's 1nmparts hydrophilicity to the terrace region, in

prihleh 1ieo oxldendid mémdamyed, dherehye wpreventingxide
adhesi on of particles. [0077] By conducting the steps

£1(A) hOy (192, £8ASP oMBESIN WHd b ewifter fankmtihe bosd
terrace region can be manufactured. In the above

waPBLhod, an oxide filmis formed on the base wafer and
then the base wafer is brought into intimte contact

[owhgh the bond wafer. Alternatively, an oxide film 25
Is formed on the bond wafer and then the bond wafer is
br ought 5 it 01 b} | At @ contsant Wi fidr tilve rbase awdafercd 66
oxide filnms may be fornmed on both the base wafer and

nehbgchendapwater an[ 89784x1al addjdi ovf; &f ter HGesOay be

wafer is manufactured as nentioned above, an
foeRkbaxhakhkayarfafeShf othSi &l neyyde of crired®h waHer -

surface of the SO |ayer of the SO wafer. The SO
rhwaker warehi ¢h aniokide $kldeihilnsin erraderagidonreglon
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.
F0079)

As mentioned above, use of the method for
manufacturing a bonded wafer according to the present
invention makes 1t possible to manufacture high-quality SCI
wafers each having an SOIL layer with a thickness ecual to
or less than 0.5 um because there is less possibility that
an etchant erodes a BOX through micro defects in the S0I
layer during spin-etching even when the SOI layer has a
thin thickness equal to or less than 0.5 pm.

[0080] '

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

formed in a terrace region of the base wafer is etched

26



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

i Wt ACTUPEH G ATy SO o SR RAe g an e
ba?%nw%g%%us f¥#ﬁ§¥§P§Cr ei%ﬁo g ﬁﬁ lgr hgsﬁa%Pi?%gagt
reGup ngoSpi T et SHEHE B di Iﬁffn @?ﬁﬁ S%é’e"fl'al%e?gﬁéé'c?ﬁ%n
ool SARSIRSOUR! 2 Brcl e LIAR A5 bl 095Rlch-

al ne e manuf act uri ng

qugipggdgggﬁ%%lOnfgragggebé Efgfﬁéﬁ | A \WMRi-eRtane 0¥ deg

a terrace region of the base wafer is

fql back
oofff e P8 Lotk Lemyiag AN pXie, fd IR on ddg bac

ase erefore, the oxide film

COBE% Eg %lecgégf? dr99{89n99§51ﬁ05h<996@f13é& patdiicel esin mlso

Frcation processes and warp of the wafer is

a high- quality bonded wafer can be
beo ggﬁﬁg J]/g??ernatively, a bonded wafer having an

oxide filmwith a precisely controlled desired
thickness in the terrace region can also be
manuf act ur ed. FXAMPLES

(00813

Hereinafter, FExamples 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
dizmeter of 200 mm, conductivity type: p-type, and a
resistivity of 4 to 6 Qocm were prepared. These wafers
were used as a base wafer and a bond wafer.

These wafers were brought into close contact with
each 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).

(00821

Next, as shown in Fig. l(e), the cuter 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 cmwere prepared. These wafers
were used as a base wafer and a bond wafer. These

waf ers were brought into, cl.gse t.act. Wi h <
ehetherdstdring o T d i 5 Pyl Kegngael eron
en the wafers were subj.ected t I
chergatabri SH60C T G S 2 g Stneiarare 15
3 hours to prepare a bonded wafer 1 in Fig. 1(d).
thﬁ@b@??SNEXW§Sa§?§H%mn in Fig. |(e), tkg oL?er (9

G 1 i HRHIORE (O e OUCGS SO CBnery var d fhe™e
bog}ggigﬁégﬁégﬂﬁ%ﬁéﬁﬁv%%i%hér}fﬁp '?pee?%%éﬁg?’ﬁ(iﬁsi%‘f&%ﬁ
cnfSLELp Bty IO Y, ShCllng 8 el eBanL rsedeinyn
R
Thhg0§3%afer 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 801
layer 6. Thus a wafer shown in Fig. 1(g) was obtained.

The configuration of the oxide film in the tTerrace
region on the front surface of the bonded wafer at this
rime is shown in Fig. 3. The oxide film in the region a
consists of the oxide film (buried oxide film) 4 of the
vond 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 ponding
tne 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% agueous
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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

TR BT O DR St S B A
LR Lonien Boonalale oL Lheopusioooxdere
- SaBRECEPL e N henlent, Ly ool el v honding octhe
oG, ek LI Sherams i yhoksy Lo g ailentilmin
T A R e e e T e Gt e o

calhg baﬁ%&%frtiﬁl gﬁ?n%%.é%)@n%q% 28 rsQlcubhicen of Hh

S'used as an for etching was 0 to 80

oxg‘a%o%%m Thi gg%%@gﬁﬁ pxideaf i OB idydheshdegiansta
O C we

re nmeasured at established periods. otained

bo%%%ﬁ%b% @E% ﬁﬂ@%@gkﬂpﬁigg 4. -Kh@sdr shovsgighataographs the
i whi e“terr

cht ce regions of the wafer were taken

a fothe-phet9graphs shows a thickness of an oxide
toﬁiﬁﬁlgneegcﬁ rggi%n froman SO |ayer shown at the

[G@@@Eon1of t he photograph to a chanfered regi on shown

at the

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 honded 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 wafer
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.

10086}
(Example 2}

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

resistivity of 4 to 6 rcm were prepared. These wafers
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top of the photograph. [0085] 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
filmfornmed in the t rrace re ion of%fhe b e

f
weggnB8c 8t FoPFel By %ﬁa%@@n@ P ¥3kSon Wgtﬁe

spin- etching, thereby permttin nuf cturlng
Figondedawaf &fstha&a&honads gt ah %%gd ?W?é; Pase

a %%'s%%%é%iﬁﬁl Syt R ste b P et ShE e’fc% Rl o
<8 EJBE. ARGTAYr BOREE] U £y e At b6 G e o 2 A
<R RECR BoRl war el AL oW ri g " o v R e, Rk
e5PA R bt "PHo BB UG er uas i ransferred fo tho base

Og@@gr by Smart Cut nethod (registered trademark) to
in an SO wafer. After that, a stabilizing heat

tr ea{Fﬁre &Oﬁawa 8? Idlllilz% Iei‘rd]n(? E% OL%Z] t}H]&( 2 1 Mafannas, the

terrace region. This oxide film was removed by spin-
etching with an apparatus shown in Fig. 6. A 50% aquecus
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 agqueous solution of HE.
After the rinse treatment, spin-drying was conducted.
[0088]

Then the oxide film 31 on the SOT layer was removed.
The surface of the SCI layer was polished and planarized.
Thus an SOI wafer was obtained.
10089]

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

[0090]
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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

et chaf amﬂ%ﬁéf that, the wafer was rinsed for 2

{ { t ut f.H Af t
the 1 hsb T CRtHRHS e@%}%f%%i f% ;%%g%daﬁl&g ter
.[0088] T h de fil
%@%%dO?e‘%@ rﬁ%??é%rgd%(%utmﬁle yS ﬁq sea?c/)orl shed
and pl anari ze

d Sa Qg!
fePgéggleﬁugfo%t%@n@&5§%FVﬁﬁﬁé%@ﬁgérgggn ?%n??rnedaﬁs
L l t dg in
weégoaéegﬁésgggga %Q%S%%kﬁcy c§4§ﬁiﬁF % sHS&n

mcro ects 1 n an | ayer

ST Por 2 par Pl PO, kOIS0 80 AELarDlS oo o

ers each having a dianmeter of

a2, S¢ORdYCEi XLy L YRS Rid 40, (o R0, B d @818 \idk Y ne

m wer e prepare se wafers were used

R i R ST S
ob} ‘é‘ﬁr andsSi Layer ofatihe hond waf efaas itriagshesred to
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% agqueous
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 rhe central
portion of the SOT wafer as a fluid 12 for protecting the
SO0I layer from the etchant. After that, the wafer was
rinsed for 30 seconds to remove the agueous solution of HE.
After the rinse treatment, spin-drying was coenducted.
[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 SOT wafer. After that, a stabilizing
heat treatnent was conducted. [0091] The SOT wafer
has the 400 nmthick oxide filmin its terrace
region. This oxide filmwas renoved by spin- etching
W th an apparatus shown in Fig. 6. A 50% aqueous
solution of HF was used as an etchant. The etchant was

Co ombvehe. dxide R IR L RE( 5T 488 oy on e &0

€ oxi e terrace region.

ob%%ﬁ'ngnt ﬁg%é%lon Igggﬁp%%%ﬁwggéﬁ‘Wﬁ%hp%QVMQ%QmEQQ

cent fer as a fluid

t egt t SOT |ayer fromthe etchant. After
thmg?%?h(gfv\ia er I{}E rinsed for 30 seconds to renpve

[O@5§ aqueous solutlon of HF. After the rinse
fe tnent spi n-dryi ng was conducted. [0092] Then the

oxi dg, o@%%ﬁﬁa%éﬁﬁe& Wasnl eRvednedThe be of

surface yer was polished and planari zed.

t thi S0Edmayercand a
@ng%ﬁe %h V\%&Egirlwas%%t%?%eﬂm ?ﬁ 1L,cg\lf&t er that, ya Si

beﬁQhé@XH?' d&é@\/\ﬁ@t Was,@ONductigsk o Qbfraini @ Safesbet n
avi ng an ayer with an ultimte thickness of

tnd0887nm, éPOc%}u f@ﬂﬂ@dd}%aﬁﬂaﬂw&ﬁﬂw&& beemot
conflrned to be o extrenely high quality and to have
geRetBtel SO thayesrrace region due to conducting the

epitaxial growth after the oxide film is removed from the

terrace region.

10094}

Tt 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]

In 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 SO |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
t he enbodi nents descri bed above. The above- descri bed
crL.EMhodi ments are mere exanples, 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

1. SCOPJS R cide fcﬁﬁ; %%%Mfdd’c\(ﬁ'ltdgo% bb@i@@é] wb@eﬁ:hgrQQQY@d by

enbodi nent s, thinning of the bond [|ayer was

boﬁ@f gcéegagé &Hﬁé%“éﬂhfﬁ“bdﬁa'ﬁﬂﬁé%&‘@bmpﬁislng at least

ntation del am nati on net hod ternatively, the

a g’ab nbf‘gef@h Sonducteds by anothelerretRodsueh as an

et chi ng. AIMS 1. A nethod for manufacturing a

ou@@f‘gﬁgﬂ\@ﬁ@fy s epaie b dysedanding drase wakernxdangd &iln
wafer, conprising at least a step of etching an

mo?_(héetétfﬁ'&é M- &g 1&f I B G tf @HO D spEm-eat-dmoperiitpher y
of the bonded wafer wherein the oxide film in the

hol@iﬁ@cgnﬁegppmniﬁ%eﬁﬁﬁaﬁnﬂ%x$mﬂf&nﬁhlng wi th hol di ng
and spinning th onded wafer. 2. The nethod for

manuf acturi ng a bonded wafer according
2. The method for manufacturing a bonded wafer according
te Claim 1, wherein 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 ocuter
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 1s

etched by spin-etching after the etching of the unbonded

portion or after the thinning of the bond wafer.

3. The method for manufacturing a bonded wafer according
to Claim 1, wherein the bonded wafer having the oxide film

in the terrace regicn to be etched is manufactured by, at
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to daim1l, wherein the bonded wafer having the oxide
film in the terrace region to be etched is

manuf actured by, at Least, bringing the base wafer
into close contact with the bond wafer; subjecting
these wafers to a heat treatnent wunder an oxidi zi ng
at nosphere to bond the wafers together; grinding and
renmovi ng the outer periphery of the bond wafer so

1ebhat &ﬁglgr&% p%hghfﬁroh@%eao@ra%r@cm iing the

stbsequ novrng an unbonded portion of e outer

boﬁﬁrnggEylﬁko E?oggng et er Byretehlngss é“%éﬂéFNWand then

i nni N t he er so that the bond wafer has a

dquﬁ,ﬁggln hi-gkngssq Mﬁﬁéﬁ'ﬁttgﬁ oxh depdidmadd ther for
terrace région is etched by spin-etching after the

ngh.ehl gtgg bgg uphended portion or after the thinning
t h Eg er. 3. The nethod for nmanufacturing a

bonded mafer according to daim1, wherein the bonded
waf er having the oxide film in the terrace region to

4 .be eTEEeﬁetﬁoﬂaﬂéfa&é@ﬁﬁﬁcﬁwrlﬁ@ a ol @ad twa dawlarddmyg ng
ions into the bond wafer; bringing the bond wafer

td Bh9 eheserconhagt W th Bhewh@:ﬁ@mwaiueraqmsr hemlution of
del am nating the bond wafer at an ion inplanted | ayer

yif s ykBunaingnt bechend wefethedspTheetsthog. for
manuf acturi ng a bonded wafer according to any one of

Caims 1 to 3, wherein an aqueous solution of HF is
used as an etchant for the spin-etching. 5. The nethod
5.for maaufhachodi Agr anbonded: waf ey admmﬁﬁxhqmﬂar(aQﬂQﬁdlng

4, wherein a 50% aqueous solution of HF is used as
tot g adqudousiheakuhi an56f HEueous solution of HE 1s used as

the agueous soluticn of HF.

0. The method for manufacturing a bonded wafer according
to any one of Claims 1 to 5, wherein the spin-etching is
conducted by providing the etchant directly to the terrace

region,

7. The method for manufacturing a bonded 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.

8. The method for manufacturing a bonded wafer according
to Claim 7, wherein the fluid is any one of water, air,

nitrogen gas, and inert gas.
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6. The nmethod for manufacturing a bonded wafer
according to any one of Clains 1 to 5, wherein the
spin-etching is conducted by providing the etchant
directly to the terrace region. 7. The nmethod for
manuf acturi ng a bonded wafer according to Caim6,
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 fromthe
etchant. 8. The nethod for nmanufacturing a bonded

o Waf ey 8%&%&% of Qna(;‘!uff‘a@tzyrl\?ﬁer L ke 'a%c@'ﬂ?dlng

"one © rogen gas, and inert gas.

tngﬁgnBEQogﬂ giaﬁﬂ_@u{ acy uaf,' %ﬁrhereo@ﬁnmf@f @ﬁmrcem@

oné o intime for

£ng08 {it—% ?lhg aﬁ@/@re&’:‘fdﬁ’%é}&ﬂ@f&{ SoncaNtSatHn afs

j uste o control a thickness to be

adhﬁékﬁa“ Ehéoﬁ%%;&!@ i mfaraed i nd hes tergaced egiior

base wa 10. The nethod for nanufacturlng a
FiRQneedwaf en Qﬁéofgfﬁgcetﬁb?ﬂy 1 ofe afe @addBalfdo 9
e

erein the base wafer and bond wafer to be
bonded are silicon single crystal wafers at |east one
of which has an oxide film 11. The nethod for

1omanutast e+ RGq ar benaed: Mafelr ats of ddigied aadir e@recatding
Clains 1 to 10, wherein the bond wafer is thinned and

£c@BngXbde bl mksnbormed on whewefacenofbdde wdiond and the
waf er before the spin-etching is conducted. 12. The
poiet hadefl-oeonBaubastivti age as bbhded safgle avcerdilngafers

at least one of which has an oxide f£ilm.

11. The method for manufacturing a bonded wafer according
to any one of Claims 1 to 10, wherein the bond wafer is
thinned and an oxide film is formed on a surface of the

bond wafer before the spin-etching is conducted.

1z. The method for manufacturing a bonded wafer according
to any one of Claims 1 to 11, wherein ozone water is
provided to the terrace region after the spin-etching 1is

conducted.

13. The method for manufacturing a bonded wafer according
to any one of Claims 1 to 12, wherein an SOI wafer is

manufactured as the bonded wafer.

14. The method for manufacturing a bonded wafer according
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to any one of Clains 1 to 11, wherein ozone water is
provided to the terrace region after the spin-etching
is conducted. 13. The nmethod for manufacturing a
bonded wafer according to any one of Clains 1 to 12,
wherein an SO wafer is manufactured as the bonded
waf er. 14. The nethod for manufacturing a bonded wafer
according 35 to Claim13, wherein the SO wafer is

LonETHFu%CES” eg égeﬂ?a{he ' é@l %gféxayl%r n{‘cﬁﬁlj%éﬁ?h‘el&n%%sthat

to-obr t han nmet hod f

e e e, S8 B

manuf actured, an epitaxial layer of Si or SiGe is
formed on a surface of the SO [ayer of the SO

5vvaf eIFhelrg 108 P&ndrﬁzg%)d@d@f MBRUTAGIHRY Mk flehe saebhadng
ranur acturing a bon élmafer according to any one
tooﬁlghﬁ'ﬂ§ ot £90:12. 186 wherein after the SOI wafer is
manufactured, an epitaxial layer of Si or SiGe is formed on

a surface of the SOI layer of the SOI wafer.
16. The bonded wafer manufactured by the method for

manufacturing a bonded wafer according to any one of Claims

1 to 15.
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