DESCRI PTI ON

METHOD FOR MANUFACTURI NG SO WAFER

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a nmethod for
manuf acturing an SO wafer by an ion inplantation

del am nati on net hod.

BACKGROUND ART
[ 0002]

In fabrication of the SO wafer by the ion
I npl ant ati on del am nation nmet hod, when a bond wafer that
forms an SO |ayer (Silicon On Insulator layer, in a
br oad sense, Sem conductor On Insulator) and a base
waf er have been bonded together via an oxide film and
thereafter it has been del am nated by perform ng heat
treatment on an ion inplanted |ayer, an SO |ayer front
surface (a delam nating plane) of the SO wafer after
del am nation and a front surface (a del am nating pl ane)
of the bond wafer after delam nation rmutually face.
Therefore, there were cases where contact took place
bet ween the wafers depending on shapes of warps of the
SO wafer after delam nation and the bond wafer after
del am nati on and scratches and SO filmthickness
abnormal ity were generat ed.

[ 0003]

Agai nst the problem there was a nethod for
fabricating the SO wafer by form ng an oxide filmon
the entire surface of the bond wafer and bonding it with
the base wafer. In this nethod, since while the SO

wafer warps into a convex shape by a buried oxide film



transferred froma front surface of the bond wafer, the
bond wafer after delam nation has no oxide filmon a
bonded face and warps into a concave shape reversely to
the SO wafer by the oxide filmremined on a back
surface, and the magni tudes of warps becone the sane as
each other between the SO wafer and the bond wafer

af ter del am nation, occurrence of contact between the
wafers can be made difficult theoretically. However,
since in reality, also the influence of a warped shape
when processing the wafer still remains, for exanple, in
a case where the wafer shape when processing the bond
wafer is the convex shape, the bond wafer after

del am nation turns to a shape that the convex shape upon
waf er processing has been taken off fromthe concave
shape caused by the influence of the back surface oxide
film At this tine, there are cases where m snatching
occurs between the warped shapes of the SO wafer and

t he bond wafer after delam nation and the nagnitude of
the warp of the concave shape of the bond wafer after
del am nation becomes small in conparison with the
magni t ude of the warp of the convex shape of the SO
wafer. |In such a case, at a tip part of the convex
shape of the SO wafer, contact with the bond wafer
after del am nation took place and the scratches and the
SO filmthickness abnormality were generat ed.

[ 0004]

Among them generation of the SO filmthickness
abnormality is induced because formation of a natural
oxide filmon the front surface of the SO wafer is
obstructed by contact of the SO wafer with the bond
wafer and the natural oxide filmon a contact part
beconmes thin. That is, in SCL cleaning (cleaning with
an NH;OH/ H,O, sol ution) of RCA cl eaning of the next



process, the oxide filmis early renoved froma part
which is thin in oxide filmof the wafer contact part
and an Si front surface of an SO |ayer is exposed, and
etching of Si with SC1 is started relatively in early
stage. As a result, after SCl1 cleaning, a thin film
part is formed in the filmthickness of the SO by the
part which was thin in the oxide film (the wafer contact
part).
[ 0005]

In addition, as an ion inplantation nethod for
formng an ion inplanted | ayer which would induce
del am nation, there is an ion inplantation del am nation
met hod which is perfornmed by inplanting two ki nds of,
for exanple, hydrogen ions and heliumions, perfornmed by
so-called co-inplantation. In this nethod, as shown in
Fig. 4, when a bond wafer 101 (for exanple, a warped
shape: 60 um convex) that an oxide film 102 (for example,
27 nm has been fornmed and a heliumion inplanted |ayer
104 has been set at a position deeper than that of a
hydrogen ion inplanted | ayer 103 and a base wafer 105
are bonded together via the oxide film 102 so as to form
a bonded wafer 110, although the hydrogen ion inplanted
| ayer 103 is divided into parts on the side of an SO
wafer 120 having an SO |ayer 106 and on the side of a
bond wafer 101" after delam nation in a delam nating
process, the heliumion inmplanted |ayer 104 remains in
the bond wafer 101° after delam nation still after
del am nation. In this case, due to presence of the
heliumion inplanted | ayer 104, a force warping toward
the convex side works on the bond wafer 101’ after
del am nation and m smatchi ng i n warped shape between the
bond wafer 101’ (for example, 40 um convex) after

delamination and the SOI wafer 120 (for example, 20 um



convex) occurs. Therefore, in the nethod for

manuf acturing SO wafer by the ion inplantation

del am nation nethod utilizing co-inplantation, there
were cases where contact with the bond wafer after
del am nation occurred at the convex shape tip part of
the SO wafer and the scratches and the SO film

t hi ckness abnornality were generated.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0006]

Pat ent Docunent 1: Japanese Unexam ned Patent
publication (Kokai) No. 2008-140878

Pat ent Docunent 2: Japanese Unexam ned Pat ent
publ i cation (Kokai) No. H03-55822

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0007]

As a technol ogy for solving the warp of the bonded
SO wafer, methods for inparting a concave warp to the
base wafer are disclosed in Patent Literatures 1, 2.
However, in fabrication of the bonded SO wafer by the
ion inplantation delam nation nethod, there has been
required a technol ogy for solving m smatching in warped
shape between the bond wafer after del am nation and the
SO wafer, taking the influence of the warped shape of
t he bond wafer before bonding into account.
[ 0008]

The present invention has been nade in view of the
probl em and provides a nethod for manufacturing SO
waf er capabl e of suppressing the scratches and the SO

filmthickness abnormality caused by the warped shapes



of the SO wafer and the bond wafer after del am nation
whi ch woul d generate when it has been del am nated by the

ion inplantation del am nati on net hod.

SOLUTI ON TO PROBLEM
[ 0009]

In order to solve the problem the present
i nventi on,

in a nmethod for manufacturing SO wafer of form ng
an oxide filmon a bond wafer consisting of a
sem conduct or single crystal substrate, formng an ion
i npl anted | ayer into the bond wafer by inplanting ions
of at | east one kind of gas in hydrogen and rare gases
t hrough the oxide film bonding together an ion
I npl anted front surface of the bond wafer and a base
wafer front surface via the oxide film thereafter
del am nating the bond wafer along the ion inplanted
| ayer, and thereby fabricating an SO wafer,

provi des the nethod for manufacturing SO wafer of
a feature that the oxide filmto be fornmed on the bond
wafer is made such that the oxide filmon a back surface
is made thicker than the oxide filmon a bonded face.

[ 0010]

By the nmethod for manufacturing SO wafer using
the bond wafer that the oxide filmon the back surface
is thicker than the oxide filmon the bonded face |ike
this, the bond wafer after delam nation is fornmed into
t he concave shape by a filmthickness difference between
the oxide filnms and therefore generation of the
scratches and the SO filmthickness abnormality caused
by contact can be suppressed by preventing m snmatching
i n war ped shape between the SO wafer and the bond wafer

after del am nati on.



[0011]

In this occasion, it is preferable that formation
of the oxide filmon the bond wafer be performed by
formng a thermal oxide filmon the entire surface of
t he bond wafer, thereafter fabricating the bond wafer
having the thermal oxide filmonly on the back surface
by removing the thermal oxide on the bonded face side of
t he bond wafer, and thermally oxidizing the entire
surface of the bond wafer having the thermal oxide film
only on the back surface.

[0012]

The filmthickness difference between the oxide
filmon the bonded face and the oxide filmon the back
surface can be appropriately set by form ng the oxide
filmof the bond wafer by the method |ike this.

[ 0013]

Further, it is preferable that a process of
pol i shing the bonded face side after the thermal oxide
filmon the bonded face side of the bond wafer has been
renoved be included, and thereafter thermal oxidation of
the entire surface be perforned.

[ 0014]

Def ect s when bondi ng can be suppressed by
pol i shing the bonded faces in this way.
[ 0015]

In addition, it is preferable that as the bond
wafer, a wafer which has been fabricated by reclaimng
t he bond wafer after delam nation along the ion
I npl anted | ayer be used.

[ 0016]

The SO wafer can be econom cally manufactured by
using the reclainmed wafer as the bond wafer in this way.
[0017]



Furthernore, it is preferable that in the
reclaimng, the back surface oxide film of the bond
waf er after delam nation be not renoved.

[ 0018]

Formation of the filmthickness difference between
the oxide films of the bond wafer can be easily
perfornmed by using the wafer reclaimed in this way.

[ 0019]

In addition, it is preferable that as the ion
I npl antation, co-inplantation of hydrogen ions and
heliumions be performed, and in the co-inplantation,
the heliumions be inplanted into a position deeper than
t hat of the hydrogen ions.

[ 0020]

By the method for manufacturing SO wafer in the
present invention, msmatching in warped shape between
the SO wafer and the bond wafer after delam nation can
be prevented by elimnating the influence of the warp on
t he bond wafer after delam nation due to presence of the
heliumion inplanted | ayer.

ADVANTAGEOQUS EFFECTS OF | NVENTI ON
[ 0021]

As descri bed above, according to the present
invention, in fabrication of the SO wafer by the ion
i npl ant ati on del am nati on nmet hod, generation of the
scratches and the SO filmthickness distribution
abnormality of the SO wafer caused by contact between
t he bond wafer after delam nation and the SO wafer can
be suppressed upon del am nation

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0022]



Fig. 1 is a flow chart showi ng one exanple of a
met hod for manufacturing SO wafer of the present
i nventi on;

Fig. 2 is a diagram showi ng results of nmeasurenent
of SO layer filmthickness distributions after
del am nation in an exanple 1 and a conparative exanple
1

Fig. 3 is a diagramshowing SO filmthickness
abnormal ity and scratches generated on a central part of
an SO wafer of a conparative exanple 2; and

Fig. 4 is a flow chart showi ng one exanple of a
conventi onal nethod for manufacturing SO wafer using

co-i npl antati on.

DESCRI PTI ON OF EMBODI MENTS
[ 0023]

The inventors of the present invention have found
that there are cases where in fabrication of the SO
wafer by the ion inplantation del am nation nethod, when
t he magni tude of the concave shape of the bond wafer
after delam nation is smaller than the magnitude of the
convex shape of the SO, m smatching in warped shape
bet ween the bond wafer after delam nation and the SO
waf er occurs, it cones into contact with the bond wafer
after delamnation at the tip of the convex on the front
surface of the SO |ayer and the scratches and the SO
filmthickness abnormality are generated on the central
part of the SO wafer in a process of heat treatnment for
del am nati on
[ 0024]

In a case where the bonded SO wafer is to be
fabricated by formng a thermal oxide filmon the bond

wafer, the SO wafer after delam nation warps into the



convex shape toward the SO |ayer side in proportion to
the thickness of a buried oxide film On the other hand,
with regard to the bond wafer after del am nation, the
oxide filmon the back surface acts because the oxide
filmon the front surface is renoved and a del am nating
pl ane warps into the concave shape.
[ 0025]

I n general, since the thicknesses of the oxide
films acting on the warps are the same as each ot her,
t he magni tude of the convex shape of the SO wafer and
t he magni tude of the concave shape of the del am nated
bond waf er beconme the sane as each other and the tip
part of the convex of the SO wafer does not conme into
contact with the bond wafer after delam nation. However,
in a case where the convex shape or the concave shape is
formed in a wafer fabricating process for the origina
bond wafer, there are cases where the concave shape of
t he bond wafer after delam nation and the convex shape
of the SO have different magnitudes, the tip part of
the convex of the SO wafer cones into contact with the
bond wafer after delam nated in heat treatnment for
del am nation and the scratches and the fil mthickness
abnormal ity are generated on the central part of the SO
waf er .
[ 0026]

In addition, in a delam nation nmethod by co-
i npl ant ati on of hydrogen ions and heliumions, in a case
where a heliumion inplanted | ayer has been set at a
position deeper than that of a hydrogen ion inplanted
| ayer, since delam nation occurs in the hydrogen ion
i npl anted | ayer, while the hydrogen ion inmplanted |ayer
is divided into parts on the SO |ayer side and the bond
waf er after delam nation, the heliumion inplanted | ayer



remains in the bond wafer after delamnation. In this
case, the force warping toward the convex side works on
t he bond wafer after delam nation due to the presence of
the heliumion inplanted | ayer, the magnitude of the
concave shape of the bond wafer after delam nation is
| iable to becone smaller than the magni tude of the
convex shape of the SO wafer and m smatching in warped
shape is liable to occur. Therefore, in co-inplantation
of hydrogen ions and heliumions, contact with the bond
wafer after delam nation occurs at the tip part of the
convex shape of the SO wafer and the scratches and the
SO filmthickness abnornmality are |iable to generate.
[ 0027]

Accordingly, the inventors of the present
I nvention have achi eved the present invention by using
the bond wafer that has been forned into the concave
shape in advance by form ng the oxide filmon the back
surface thicker than the oxide filmon the bonded face
when bonding is to be perfornmed in manufacture of the
SO wafer as a nethod for surely making the magni tude of
t he concave shape of the bond wafer after del am nation
| arger than the convex shape of the SO wafer.
[ 0028]

That is, the present invention is,

in a nmethod for manufacturing SO wafer of form ng
an oxide filmon a bond wafer consisting of a
sem conductor single crystal substrate, formng an ion
I npl anted | ayer into the bond wafer by inplanting ions
of at |east one kind of gas in hydrogen and rare gases
t hrough the oxide film bonding together an ion
i npl anted front surface of the bond wafer and a base
wafer front surface via the oxide film thereafter

del am nati ng the bond wafer along the ion inplanted

10



| ayer, and thereby fabricating an SO wafer,

t he nethod for manufacturing SO wafer that the
oxide filmto be formed on the bond wafer is made such
that the oxide filmon a back surface is made thicker
than the oxide filmon a bonded face.

[ 0029]

Al t hough in the follow ng, as one exanpl e of
enbodi mrents, the present invention will be described in
detail with reference to the draw ngs, the present
i nvention is not limted to this.

Fig. 1 is a flow chart of a nethod for
manuf acturing SO wafer of the present invention.

[ 0030]

First, an oxide film2' on a back surface is
formed on a bond wafer 1 (Fig. 1(A)). A thermal oxide
filmis preferable as the oxide filmon the back surface
like this, and as a formation nethod thereof, a method
for formng the thermal oxide filmon the entire surface
of the bond wafer and thereafter renoving the thernal
oxide filmon the bonded face side of the bond wafer,

t hereby fabricating the bond wafer having the thermal
oxide filmonly on the back surface is preferable.
[ 0031]

As ot her exanples of the method for formng this
oxide filmon the back surface, a nethod for form ng the
thermal oxide film of an al nost uniformthickness on the
entire surface of the bond wafer and thereafter bringing
the oxide filminto contact with an etching liquid in a
state that the oxide filmon the back surface has been
protected by using ring-shaped rubber (an Oring) or a
protecti on sheet nade of PVC and so forth and a net hod
for renmoving the thermal oxide filmon the bonded face

side with an HF solution using spin etching and so forth

11



and |l eaving only the oxide filmon the back surface may
be gi ven.
[ 0032]

| ncidentally, although as a sem conductor single
crystal substrate used as the bond wafer, it is
preferable to use a silicon single crystal wafer, a
ger mani um si ngle crystal wafer, a germani um epitaxi al
wafer, an SiGe epitaxial wafer, a strained silicon wafer,
an SiC single crystal wafer nmay be also used in addition
to it.

[ 0033]

Next, further an oxide film2 is forned on the
bond wafer 1 with the oxide film2 on the back surface
formed (Fig. 1(B)). The thermal oxide filmis
preferable as the oxide filmlike this and as a
formation nethod thereof, a nmethod for thermally
oxidizing the entire surface of the bond wafer with the
oxide filmon the back surface fornmed is preferable.

[ 0034]

In addition, in a case where a defect when bondi ng
t hem occurs due to deterioration of surface roughness of
the bonded face of the bond wafer and adhesi on of
particles thereto caused by formation of the oxide film
on the back surface and renoval of the oxide filmon the
bonded face side, a process of polishing the bonded face
side by CMP and so forth nmay be included after the oxide
filmon the bonded face side has been renoved and
thereafter thernmal oxidation of the entire surface nmay
be perfornmed (between (A) and (B) of Fig. 1).

[ 0035]

The bond wafer in which the oxide filmon the back

surface is thicker than the oxide filmon the bonded

face is fabricated by the above-illustrated nmethod. 1In

12



t he bond wafer |like this, the concave shape can be
formed in advance before bonding it to the base wafer,
and excessive warping can be suppressed regardl ess of
formation of the |ater described heliumion inplanted
| ayer.

[ 0036]

I ncidentally, with respect to what extent the
oxide filmon the back surface is to be formed thicker
than the oxide filmon the bonded face, it can be
appropriately set by experinentations and cal cul ati ons
so as to prevent msmatching directly after del am nation
(so as to make the magni tude of the convex shape of the
SO wafer and the nmagnitude of the concave shape of the
bond wafer after delam nation the sanme as each other) on
t he basis of specifications (a dianeter, a base wafer
t hi ckness, a BOX | ayer thickness and so forth) of the
SO wafer to be manufactured and specifications (a
di ameter, a wafer thickness and so forth) of the bond
wafer to be used.

[ 0037]

Next, ions are inplanted into the bonded face side
of the bond wafer 1 with the formed oxide film 2, and an
ion inplanted layer is formed (Fig. 1(C)). Although as
the ion inplanted layer like this, the one that is
formed by inplanting ions of at | east one kind of gas in
hydrogen and rare gases can be given, a hydrogen ion
i npl anted | ayer formed by inplanting hydrogen ions and a
co-inplanted | ayer formed by inplanting both of hydrogen
ions and heliumions are preferable, in particular.

[ 0038]

In a case where co-inplantation using hydrogen

ions and heliumions is to be perfornmed as this ion

i npl antation, it is preferable to first inplant hydrogen

13



ions so as to forma hydrogen ion inplanted | ayer 3 and
then to inplant heliumions into a position deeper than
that of the hydrogen ion inplanted |ayer 3 so as to form
a heliumion inplanted [ ayer 4 as shown in Fig. 1(D)
If co-inplantation is perfornmed in this way, the anount
of ions to be inplanted can be reduced in conparison
with a case of single inplantation of ions of one kind.
[ 0039]

In this case, in the conventional nethod for
manuf acturing SO wafer, when hydrogen ions and helium
i ons are co-inplanted as shown in Fig. 4, the bond wafer
101’ after delam nation turned to the convex shape due
to presence of the heliumion inplanted |ayer 104,
m smat ching i n war ped shape between it and the SO wafer
120 occurred and the scratches and the SO film
t hi ckness abnornmality were generated. However, in the
met hod for manufacturing SO wafer of the present
i nvention, since the warped shape of the bond wafer can
be set in advance before bondi ng by maki ng the oxide
filmon the back surface thick as aforenentioned, the
i nfluence of presence of the heliumion inmplanted |ayer
can be m nim zed.
[ 0040]

Next, at room tenperature of, for exanple, about
20 to 30°C, the ion-inplanted front surface of the bond
wafer 1 and a front surface of a base wafer 5 are
bonded together via the oxide film2 so as to form a
bonded wafer 10 (Fig. 1 (E), (F)). In this case, it is
al so possible to inprove the bonding strength at the
roomtenperature by perform ng plasma treatnent on the
bonded face of at |east one of the bond wafer and the

base waf er before bondi ng.
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I ncidentally, as the base wafer, a silicon single
crystal wafer or a silicon single crystal wafer with an
insulating filmformed on a front surface and so forth
can be used.

[ 0041]

Then, an SO wafer 20 having an SO |ayer 6 is
formed by delam nating the bond wafer 1 fromthe bonded
wafer 10 along the ion inplanted | ayer (the hydrogen ion
i npl anted | ayer 3) by heat treatnment for delamnation at,
for exanple, at |east 400°C so as to nmake it as a bond
wafer 1' after delamnation (Fig. 1(G). At this tine,
in the present invention, the bond wafer 1 after
del am nation surely warps into the concave shape and
contact due to m smatching in shape between the bond
waf er after delam nation and the SO wafer as
conventionally done can be prevented.

[ 0042]

In addition, that the bond wafer after
del am nation can be reused is one of the features of the
met hod for manufacturing SO wafer using the ion
i npl ant ati on del am nati on method. Therefore, also in
t he present invention, the wafer that has been
fabricated by reclaimng the bond wafer 1’ after
del am nation can be used. |In this case, when the bond
wafer after delamnation is to be reclained, the bond
wafer with the oxide filmattached onto the back surface
is fabricated by reclaimng it w thout renoving the
oxide filmon the back surface and it is thermally
oxi di zed, thereby the bond wafer that the oxide filmon
the back surface is thicker than the oxide filmon the
bonded face can be fabricated.

[ 0043]

15



In this occasion, although with respect to renoval
of the oxide filmremined on an outer peripheral non-
bondi ng part on the bonded face side in reclaimng the
bond wafer after delam nation, it can be attai ned by
directly polishing the bonded face side, it can be al so
perfornmed by using a nethod for bringing the oxide film
into contact with the etching liquid in a state that the
oxide filmon the back surface has been protected by
usi ng the ring-shaped rubber (the Oring) or the
protecti on sheet nmade of PVC and so forth and a spin
et chi ng machi ne.

[ 0044]

Protection of the back surface oxide filmwhen the
bond wafer after delam nation is to be reclaimed my be
made by perform ng treatnent of bl ocking the etching
liquid and an etching gas by the Oring as nentioned
above, may be nmade by attaching the protection sheet
made of PVC and so forth onto the back surface of the
bond wafer after del am nation, and nmay be nade by
preventing the etching liquid and the etching gas from
goi ng around to the bond wafer back surface by
centrifugal force and wind pressure by rotation of the
wafer. As the etching liquid for the oxide film the HF
solution is preferable. In addition, it my be etched
with HF gas. Although it is desirable to set the Oring
at a position of about several mmfromthe outer
peri phery such that warping is generated on the bond
wafer after etching, it may be set

on the further inner side depending on an all owabl e

war pi ng | evel .
[ 0045]

As descri bed above, the contact between the bond

wafer after delam nation and the SO wafer is suppressed

16



and the scratches and the filmthickness abnormality of
the SO wafer can be suppressed by surely deform ng the
shape of the bond wafer upon delam nation into the
concave shape by making the oxide filmof the bond wafer
to be bonded to the base wafer such that the oxide film
on the back surface is thicker than the oxide film on

t he bonded f ace.

EXAMPLE
[ 0046]
(Exanple 1)

Ther mal oxi dation was perfornmed on a bond wafer
consisting of a silicon single crystal wafer of 300 nm
I n diameter the both surfaces of which had been mrror-
polished to forma thermal oxide film (an initial oxide
film of 150 nmon the entire surface, it was i mersed
in the HF aqueous solution in a state that the oxide
filmon the back surface of the bond wafer had been
protected by the Oring to renove the oxide filmon the
bonded face side, then after reprocessing of the front
surface had been performed by CMP processing, thermnal
oxi dation was again performed to forma thermal oxide
film(a buried oxide film of 30 nmon the bonded face
side, after ion inplantation of hydrogen had been
perfornmed, it was bonded with a base wafer consisting of
a silicon single crystal wafer of 300 mmin dianeter, it
was del am nated by heat treatnment for delam nation in a
hori zontal heat treatnent furnace, and thereby 10 SO
wafers were fabricated.

[ 0047]
(Exanpl e 2)
The bond wafer (with the oxide film of 155 nm on

t he back surface) after delam nation obtained in the

17



example 1 was imersed in the HF aqueous solution in a
state that the oxide film (the initial oxide film on

t he back surface had been protected by the Oring to
renove the oxide filmon the bonded face side, then
after reclaimng had been performed by CMP processing, a
thermal oxide film (a buried oxide film of 30 nm was
formed on the bonded face side by performng thernmal

oxi dation, after ion inplantation of hydrogen had been
perfornmed, it was bonded with a base wafer consisting of
a silicon single crystal wafer of 300 mmin dianeter, it
was del am nated by heat treatnent for delamnation in

t he horizontal heat treatnment furnace, and thereby 10
SO wafers were fabricated.

[ 0048]

(Exanpl e 3)

Thermal oxidation was perforned on a bond wafer
consisting of a silicon single crystal wafer of 300 nm
in diameter the both surfaces of which had been mrror-
polished to forma thermal oxide film (an initial oxide
film of 150 nmon the entire surface, it was i mersed
in the HF aqueous solution in a state that the oxide
filmon the back surface of the bond wafer had been
protected by the O-ring to renove the oxide filmon the
bonded face side, then after reprocessing of the front
surface had been performed by CMP processing, thernal
oxi dation was again performed to forma thermal oxide
film(a buried oxide film of 30 nmon the bonded face
side, after ion-inplantation (co-inplantation) of
hydrogen and helium had been perfornmed, it was bonded
with a base wafer consisting of a silicon single crystal
wafer of 300 mmin dianeter, it was del am nated by heat

treatnent for delam nation in the horizontal heat
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treatnment furnace, and thereby 10 SO wafers were
fabricat ed.

| ncidentally, in co-inplantation of hydrogen and
helium since inplantation energies are respectively 30
keV, 50 keV, heliumions are inplanted into a deeper
posi tion.

[ 0049]
(Conpar ati ve Exanple 1)

A thermal oxide film(a buried oxide film of 30
nm was fornmed on the entire surface of a bond wafer
consisting of a silicon single crystal wafer of 300 nmm
in diameter the both surfaces of which had been mrror-
pol i shed, then after ion inplantation of hydrogen had
been performed w thout perform ng HF treatnent and
second-time thermal oxide filmformation, it was bonded
to a base wafer and was del am nated by heat treatnent
for delam nation, and thereby 10 SO wafers were
fabricat ed.

[ 0050]
(Conpar ati ve Exanpl e 2)

A thermal oxide film(a buried oxide film of 30
nm was fornmed on the entire surface of a bond wafer
consisting of a silicon single crystal wafer of 300 nm
I n diameter the both surfaces of which had been mrror-
pol i shed, then after ion inplantation (co-inplantation)
of hydrogen and helium had been performed w t hout
perform ng HF treatnment and second-time thermal oxide
filmformation, it was bonded to a base wafer and was
del am nated by heat treatnent for delam nation, and
thereby 10 SO wafers were fabricated.

| ncidentally, in co-inplantation of hydrogen and

helium since inplantation energies are respectively 30
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keV, 50 keV, heliumions are inplanted into a deeper
posi tion.
[ 0051]

Manuf acturing conditions of the SO wafers of the
exanples 1 to 3 and the conparative exanples 1, 2,
war ped shapes of the bond wafers after delam nation and
the SO wafers thereof, results of the scratches and the
SO filmthickness abnormality thereof were shown on
Tabl e 1.

| ncidentally, the warped shapes (concave and
convex) show shapes based on the del am nating pl ane.
[ 0052]
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[ Tabl e 1]

Example |Example |Example |Cocmpara | Compara
1 z 3 tive tive
Example | Example
1 2
Reclaiming |0 1 0 0 0
frequency
Initial 150nm 155nm 150nm None None
oxide film
thickness
Back 155nm 160nm 155nm 30nm 30nm
surface
oxide film
thickness
(when
bonded)
RBuried 30nm 30nm 30nm 30nm 30nm
oxide film
H-ion 20keV, 20keV, 30keV, 30keV, 30keV,
implantati | 5x10%%cm | 5x10%%cm | 1.5x10%% | 5x101¢cm | 1.5x101L¢
on - - cm-e -2 cm-e
He-ion None None HlkeV, None H0keV,
implantati 1x10%%cm 1x10%cm
o1 -2 -2
Bonding Room Room Room Roam Room
process tempera | tempera |tfempera |tempera |tempera
ture ture Ture Cture Cture
Heat 500°C, 500°C, 500°C, 500°C, 500°¢C,
Treatment 30 min 30 min 30 min 30 min 30 min
for
delaminatil
on
Warp of | Concave |Concave |Concave |Concave |Convex
bond wafer |20 pm 21 pm 20 um 15 um 40 um
after
delaminati
on
Warp of | Convex Convex Convex Convex Convex
S0 wafer 20 pm 20 pm 20 um 20 um 20 um
Scratches None None None None Generat
ed on b
wafers
S0OT film | None None None Generat | Generat
thickness ed on Z|ed on
abnormalit walers all
v walers
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[ 0053]

In the exanples 1 to 3, the magnitudes of the
war ps of the bond wafers after delam nation and the SO
wafers were al nost the sane as one another and the
scratches and the SO filmthickness abnormality were
not generated (see Fig. 2). 1In the conparative exanple
1, the warp of the SO wafer becane large relative to
the warp of the bond wafer after delam nation and the
SO filmthickness abnormality was generated (see Fig.
2). In the conparative exanple 2,the warp of the bond
wafer after delam nation becane greatly convex relative
to the warp of the SO wafer and the SO filmthickness
abnormal ity was generated, and further when an
observation by optical m croscope had been nade, the
scratches (the scratched part) were observed on the thin
filmpart of the SO |ayer (see Fig. 3).

[ 0054]

Fromthe results, it was reveal ed that the
scratches on the SO wafer and the SO filmthickness
di stribution abnormality caused by contact of the bond
wafer after delamnation with the SO wafer can be
suppressed upon del am nati on by the nethod for
manufacturing SO wafer in the present invention.

[ 0055]

I ncidentally, the present invention is not |limted
to the embodi ments. The enbodi nments are illustrative
and ones having configurations that are substantially
the sanme as the technical ideas described in the scope
of patent clains of the present invention and exhibiting
t he sanme operational effects are included in the
techni cal scope of the present invention whatever they

may be.
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CLAIMS

1. In a method for manufacturing SOI wafer of forming an oxide film
on a bond wafer consisting of a semiconductor single crystal substrate,
forming an ion implanted layer into the bond wafer by implanting ions
of at least one kind of gas in hydrogen and rare gases through the
oxide film, bonding together an ion implanted front surface of the bond
wafer and a base wafer front surface via the oxide film, thereafter
delaminating the bond wafer along the ion implanted layer, and thereby

fabricating an SOI wafer,

the method for manufacturing SOI wafer is characterized in that
before bonding, the oxide film to be formed on the bond wafer is made
such that the oxide film on a back surface is made thicker than the
oxide film on a bonded face, and after implanting ions into the bond
wafer which has the thicker oxide film on the back surface, the bond
wafer and the base wafer are bonded, and at the time of forming the
oxide film on the bond wafer, the oxide film on the back surface is set
so as to make the magnitude of the convex shape of the S0I wafer
directly after delamination and the magnitude of the concave shape of

the bond wafer directly after delamination the same as each other.

2. The method for manufacturing SOI wafer according to claim 1,
wherein formation of the oxide film on the bond wafer is performed by
forming a thermal oxide film on the entire surface of the bond wafer,
thereafter fabricating the bond wafer having the thermal oxide film
only on the back surface by removing the thermal oxide on the bonded
face side of the bond wafer, and thermally oxidizing the entire surface
of the bond wafer having the thermal oxide film only on the back

surface.

3. The method for manufacturing SOI wafer according to claim 2,
wherein a process of polishing the bonded face side after the thermal
oxide film on the bonded face side of the bond wafer has been removed

is included, and thereafter thermal oxidation of the entire surface
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I's perfornmed.

4. The nethod for manufacturing SO wafer according
to any one of clains 1 to 3, wherein as the bond wafer,
a wafer which has been fabricated by reclaimng the bond
waf er after delam nation along the ion inmplanted | ayer

i s used.

5. The nethod for manufacturing SO wafer according
to claim4, wherein in the reclaimng, the back surface
oxide filmof the bond wafer after delam nation is not

renoved.

6. The nethod for manufacturing SO wafer according
to any one of clains 1 to 5, wherein as the ion

i npl ant ati on, co-inplantation of hydrogen ions and
heliumions is performed, and in the co-inplantation,
the heliumions are inplanted into a position deeper

t han that of the hydrogen ions.
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