DESCRI PTI ON

TI TLE OF I NVENTI ON: METHOD FOR MANUFACTURI NG SO WAFER
AND SO WAFER

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a nmethod for

manuf acturing an SO wafer and an SO wafer.

BACKGROUND ART
[ 0002]

One of wafers for sem conductor devices is a
silicon on insulator (SO) wafer, which has a silicon
| ayer (which may be referred to hereinafter as an SO
| ayer) formed on a silicon oxide filmas an insul ator
film This SO wafer has characteristics such as snmall
parasitic capacitance and high radiation resistance
because the SO |ayer in a substrate surface |ayer
portion, which serves as a device fabrication region, is
electrically isolated fromthe interior of the substrate
by a buried insulator layer (buried oxide film (BOX
| ayer)). For this reason, SO wafers are expected to
provi de effects of realizing fast and | ow power
consum ng operations and preventing software errors,
hol di ng prom se as substrates for high performance
sem conduct or devi ces.
[ 0003]

Typi cal methods for manufacturing an SO waf er
i ncl ude a wafer bondi ng nethod and a SI MOX net hod. For
exanmpl e, the wafer bondi ng met hod manufactures an SO
wafer as follows: a thermal oxide filmis forned on a

surface of at |east one of two silicon single crystal



wafers, the two wafers are seal ed together via the
formed thermal oxide film and bonding heat treatment is
applied to increase the bond, followed by thinning one
of the wafers (the wafer on which an SO |ayer is to be
formed (hereinafter referred to as a bond wafer)) by
mrror polishing or the like. Methods for the thinning

i nclude a nmethod of grinding and polishing the bond
wafer to a desired thickness and a nethod called an ion
I npl ant ati on del am nati on nmethod, which inplants

hydr ogen or at |east one kind of rare gas ions into the
bond wafer to forman ion inplanted |ayer in advance and
del am nates the bond wafer by using the formed ion

i npl anted | ayer used as a del am nating plane to thereby
produce a thinned SO | ayer.

[ 0004]

The SIMOX nethod is a nmethod in which oxygen ions
inplanted into a single crystal silicon substrate and
hi gh-tenperature heat treatnment (oxide filmform ng heat
treatnment) is perfornmed to react the inplanted oxygen
with silicon to forma BOX | ayer and thus manufacture an
SO substrate.

[ 0005]

Of these two typical techniques, the wafer bonding
met hod i s available for various device applications
because the nethod advantageously allows for tailoring
t hi cknesses of the SO |ayer and the BOX | ayer to be
fabricat ed.

[ 0006]

The ion inplantation delam nation nethod, anong
ot hers, has recently been increasingly used because it
can provide extrenely excellent thickness uniformty of
the SO |ayer to be fabricated.

[ 0007]



Meanwhi | e, frequently, SO wafers are manufactured
usi ng base wafers heavil y-doped with boron in order to
suppress warpage of the SO wafer and increase gettering
capability, as disclosed in Patent Docunents 1 and 2.

[ 0008]

When such heavily-boron-doped base wafers are used
in the ion inplantation del am nation method, those
formed with a buried insulator |ayer that is as thick as
2 um or more may be required, for example. In such
cases, attenpts to perform bonding by formng a thick
oxide filmon the bond wafer will suffer fromthe need
for extrenely large energy for ion inplantation or
i ncreased war page of the fabricated SO wafer.
Accordingly, a thick oxide filmshould be fornmed on the
base wafer for bonding the base wafer to the bond wafer.
[ 0009]

Such a thick oxide filmis fornmed by thernal
oxi dation of the heavily boron doped base wafer, which
results in a high quantity of boron being contained in
the thermal oxide film This gives rise to a problem
t hat boron contained in the thermal oxide filmon the
back side of the SO wafer is diffused outward to
contam nate the SO |ayer with the dopant (so-called
aut odopi ng) when bondi ng heat treatnent, flattening heat
treatment, or high-tenperature heat treatnment such as
epitaxial growh is applied to the SO wafer after the
thinning by the ion inplantation del am nation nethod.
Occurrence of such autodoping wll change the
conductivity type and resistivity of the SO | ayer.

[ 0010]

Even when other filmthinning techniques such as

grinding and polishing is used, sim|lar problens occur

during heat treatment to thicken the SO |ayer through



epitaxial growth on the SO |ayer after the thinning or
during heat treatnment in a device manufacture process
usi ng the SO wafer.

[0011]

To address such problens, the present inventors
proposed, in Patent Docunment 3, a nethod to suppress
both of the dopant contam nation of the SO |ayer and
war page by formng a CVD insulator filmon a surface of
t he base wafer opposite its bonding surface prior to a
t hermal oxidation step for the base wafer.

[0012]

However, it has been found that even the use of

this nmethod may not al ways sufficiently suppress the

dopant contam nation of the SO | ayer.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0013]

Pat ent Docunment 1: JP HO05-226620 A
Pat ent Docunment 2: JP HO08-037286 A
Pat ent Docunent 3: JP 2008-294045 A

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0014]

Earnest studies by the present inventor on
possi bl e causes of the above problenms with the nethod
di scl osed in Patent docunent 3 have reveal ed that, while
dopant contam nation of the SO layer primarily
originates fromoutward diffusion fromthe backside
oxide filmof the base wafer, solid phase diffusion from
the buried oxide filmin the SO wafer, besides the

outward diffusion, also contributes to the occurrence of



t he dopant contam nati on.
[ 0015]

The present invention has been nade in view of the
above problems. An object of the present invention is
to provide a nethod for manufacturing an SO wafer that
can manufacture an SO wafer while suppressing any
contam nation of the SO |ayer caused by incorporation
of the dopant contained in the base wafer, as well as an
SO wafer that can suppress any contam nation of the SO
| ayer caused by incorporation of the dopant contained in
the base wafer.

SOLUTI ON TO PROBLEM
[ 0016]

To achieve the above object, the present invention
provi des a nethod for manufacturing an SO wafer, at
| east conpri sing:

a step of providing a base wafer and a bond wafer,
t he base wafer comprising a silicon single crystal wafer
cont ai ni ng a dopant across the wafer and having a first
mai n surface and a second main surface opposite the
first main surface, the bond wafer conprising a silicon
single crystal wafer containing a dopant at a | ower
concentration than a dopant concentration of the base
waf er ;

a thermal oxidation step of formng a silicon
oxide filmon an entire surface of the base wafer by
t her mal oxi dati on;

a bonding step of bonding one main surface of the
bond wafer to the first main surface of the base wafer
via the silicon oxide filmon the base wafer; and

a thinning step of thinning the bond wafer to form

an SO | ayer, wherein



the nethod further conprises, prior to the thernmal
oxi dation step for the base wafer:

a step of forming a CVD insulator filmon the
second mai n surface of the base wafer; and

a step of formng a barrier silicon |layer on the
first main surface of the base wafer, the barrier
silicon layer containing a dopant at a | ower
concentration than the dopant concentration of the base
waf er, wherein

in the thermal oxidation step, the barrier silicon
| ayer is thermally oxidized to produce a barrier silicon
oxide filmas a part of the silicon oxide film and

in the bonding step, the one main surface of the
bond wafer is bonded to the first main surface of the
base wafer via the barrier silicon oxide filmas a part
of the silicon oxide film
[0017]

Such an inventive method for manufacturing an SO
waf er can produce, in the bonding step, an SO wafer
having a CVD insulator filmformed on the second main
surface of the base wafer opposite its bondi ng surface
(first main surface) for bonding to the bond wafer, and
the first muin surface of the base wafer is bonded to
the one main surface of the bond wafer via the barrier
silicon oxide film The barrier silicon oxide film
contains a dopant at a | ower concentration than the
dopant concentration of the base wafer. Such an SO
waf er can not only bl ock autodoping fromthe second main
surface of the base wafer into the bond wafer by virtue
of the CVD insulator film but also it can suppress
aut odopi ng caused by solid phase diffusion fromthe
first main surface of the base wafer into the bond wafer

because the barrier silicon oxide filmcan serve as a



dopant -di ffusi on prevention layer. Additionally, since
the silicon oxide filmis formed on the entire surface
of the base wafer by thermal oxidation during the
t hermal oxidation step for the base wafer, suppressed
can be al so outward diffusion of the dopant fromthe
terrace and edge portions of the base wafer by this
silicon oxide film
[ 0018]

Thus, the inventive nethod for manufacturing an
SO wafer can suppress incorporation of the dopant
contained in the base wafer into the bond wafer or the
SO | ayer caused by outward diffusion through the
silicon oxide filmon the backside, second main surface
of the base wafer, or into the bond wafer or the SO
| ayer caused by solid phase diffusion through the
silicon oxide film between the base wafer and the bond
wafer or the SO |ayer, during, for exanple, the bonding
step and its subsequent steps. |In particular, the
I nventive nmethod can suppress such dopant incorporation
into the SO |ayer even during the steps involving heat
treat ment.
[ 0019]

That is, the inventive nmethod for manufacturing an
SO wafer can manufacture an SO wafer while suppressing
contam nation of the SO |ayer due to incorporation of
t he dopant contained in the base wafer. Wth this
capability of preventing autodoping, the inventive
met hod can prevent changes in the conductivity type or
resistivity of the SO | ayer.
[ 0020]

Further, even when devices are manufactured by
usi ng SO wafers manufactured according to the inventive

met hod for manufacturing an SO wafer, it is also



possi bl e to suppress incorporation of the dopant
contained in the base wafer into the SO | ayer caused by
outward diffusion through the silicon oxide filmon the
backsi de, second main surface of the base wafer, or into
the SO |ayer caused by solid phase diffusion fromthe
silicon oxide filmas the buried oxide filmof the SO
waf er .

[ 0021]

Addi tionally, when devices are manufactured by
usi ng SO wafers manufactured according to the inventive
met hod for manufacturing an SO wafer, outward diffusion
of the dopant through the second main surface of the
base wafer can be suppressed, so that it is possible to
sufficiently suppress dopant contam nation to furnace
conponents of a heat treatnent furnace, and to obtain
t he effect of suppressing secondary contam nation from
t he furnace conponents to the wafer.

[ 0022]

Further, according to the inventive nmethod for
manuf acturing SO wafer, by using a dopant-containing
base wafer, manufactured can be an SO wafer that can
suppress warpage and provi de an excellent gettering
ef fect.

[ 0023]

The inventive nethod may further conprise a step
of formng a silicon oxide filmon an entire surface of
t he bond wafer prior to the bondi ng step.

[ 0024]

Wth the silicon oxide filmformed on the entire
surface of the bond wafer in this manner, the base wafer
can be bonded to the bond wafer in the bonding step via
the silicon oxide filmdisposed on the first main

surface of the base wafer and the silicon oxide film



di sposed on the bond wafer. Perform ng the bondi ng step
in this manner can nore reliably suppress incorporation
of the dopant into the bond wafer or the SO [|ayer from
the first main surface of the base wafer

[ 0025]

Alternatively, in the bonding step, a silicon
single crystal surface in the one main surface of the
bond wafer nmay be directly bonded to a surface of the
barrier silicon oxide film of the base wafer.

[ 0026]

Even wi thout the formation of the silicon oxide
filmon the bond wafer, incorporation of the dopant into
the SO |ayer caused by solid phase diffusion through
the silicon oxide filmdisposed on the first main
surface of the base wafer can be sufficiently suppressed.
This enbodi nent is especially advantageous in situations
when bondi ng of oxide films with each other is not
avai l able (e.g., when high-tenperature heat treatnment
(e.g., 1150°C or nore) is not available in the bonding
st ep).

[ 0027]

The inventive nmethod may further conprise, prior
to the bonding step, an ion inplantation step of
I npl anting at |east one kind of ions selected froma
group consi sting of hydrogen ion and rare gas ions into
t he bond wafer to forman ion inplanted |ayer, wherein

in the thinning step, the bond wafer my be
del am nated with the ion inplanted | ayer used as a
del am nating plane to thereby thin the bond wafer to
produce the SO | ayer.

[ 0028]
By performng the ion inplantation step to form

such an ion inplanted |layer and utilizing this ion



I npl anted | ayer in the thinning step, a thinned SO

| ayer with excellent filmthickness uniformty can be
pr oduced.

[ 0029]

For example, in the step of formng the CVD
insulator film it is preferred to formany one of a CVD
oxide film a CVvD nitride film and a CVD oxynitride
filmas the CVD insulator film
[ 0030]

These filnms are not only easy to form but also
can be dense CVD insulator films. Thus, outward
di ffusion of the dopant through the second main surface
of the base wafer opposite its first main surface can be
nore reliably suppressed.

[ 0031]

A wafer with the dopant concentration of 1 x 1017
atonms/cn® or nore nay be provided as the base wafer.
[ 0032]

According to the inventive nethod for
manuf acturing an SO wafer, even with the use of the
base wafer with the dopant concentration of 1x1017
atoms/ cn® or nore, an SO wafer can be manufactured
whi | e suppressing contam nation of the SO |ayer caused
by incorporation of the dopant contained in the base
waf er .

[ 0033]

It is preferred to forma layer with a dopant
concentration of 1 x 1016 atons/cn? or |ess as the
barrier silicon |ayer.

[ 0034]

Form ng such a barrier silicon |layer can nore

reliably suppress incorporation of the dopant into the

SO | ayer caused by solid phase diffusion through the

10



silicon oxide filmdisposed on the first main surface of
t he base wafer.
[ 0035]

In the thermal oxidation step, thermal oxidation
may be perfornmed such that a part of the barrier silicon
| ayer remai ns unoxidized, and

anneal i ng may be subsequently applied to diffuse
t he dopant in the base wafer into a |ayer of the
unoxi di zed part of the barrier silicon |ayer.

[ 0036]

In this manner, thermal oxidation nmay be perforned
in the thermal oxidation step such that only a part but
not all of the barrier silicon layer is turned into the
barrier silicon oxide filmwth another part of the
barrier silicon layer left unoxidized. 1In such cases,
anneal ing may be applied to diffuse the dopant into a
| ayer of the unoxidized part of the barrier silicon
| ayer.

[ 0037]

Al so, the present invention provides an SO wafer
conpri si ng:

a base wafer;

a buried oxide film and

an SO | ayer boned to the base wafer via the
buried oxide film wherein

t he base wafer conprises a silicon single crystal
waf er containing a dopant across the wafer and having a
first main surface and a second nmain surface opposite
the first main surface, the first nmain surface being a
bondi ng surface for bonding to the SO | ayer,

a barrier silicon oxide filmas at |east a part of
the buried oxide filmis disposed on the first main

surface of the base wafer,
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a backside silicon oxide filmis disposed on the
second main surface of the base wafer,

a C/D insulator filmis disposed on a surface of
t he backside silicon oxide filmfacing away fromthe
base wafer,

the SO |ayer conmprises a silicon single crystal
contai ning a dopant at a | ower concentration than a
dopant concentration of the base wafer, and

a concentration of a dopant in the barrier silicon
oxide filmis |lower than a concentration of a dopant in
t he backside silicon oxide film
[ 0038]

The inventive SO wafer includes a barrier silicon
oxide filmon a first main surface, a bonding surface,
of the base wafer, and a dopant concentration in the
barrier silicon oxide filmis |ower than that in the
backside silicon oxide film Such a barrier silicon
oxide filmcan prevent incorporation of the dopant from
the base wafer into the SO |ayer caused by solid phase
di ffusion through the buried oxide film Additionally,
t he backside silicon oxide filmand the CVD insul ator
filmcan prevent outward diffusion of the dopant through
t he second main surface of the base wafer opposite its
first min surface. As a result, the inventive SO
waf er can suppress contam nation of the SO |ayer caused
by incorporation of the dopant contained in the base
waf er .

[ 0039]

Further, even when devices are manufactured using
the inventive SO wafer, it is possible to suppress
i ncorporation of the dopant contained in the base wafer
into the SO |ayer by outward diffusion through the
second main surface, or into the SO |ayer by solid

12



phase diffusion in the buried oxide film
[ 0040]

Addi tionally, when devices are manufactured using
the inventive SO wafer, outward diffusion of the dopant
t hrough the second main surface of the base wafer can be
suppressed, so that it is possible to sufficiently
suppress dopant contam nation to furnace conponents of a
heat treatnment furnace, and the effect of suppressing
secondary contam nation fromthe furnace conponents to
the wafer can be attained.

[ 0041]

Furthernore, the inventive SO wafer includes a
dopant - cont ai ni ng base wafer, so that it can suppress
war page and provi de an excellent gettering effect.

[ 0042]

A barrier silicon |layer may be di sposed between
the base wafer and the barrier silicon oxide film and

a dopant of a same kind as the dopant contained in
t he base wafer nmay be diffused in the barrier silicon
| ayer.

[ 0043]

Thus, the inventive SO wafer can further include

a barrier silicon |ayer between the base wafer and the

barrier silicon oxide film

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0044]

As descri bed above, the inventive method for
manuf acturing an SO wafer can manufacture an SO wafer
whi | e suppressing contam nation of the SO | ayer caused
by incorporation of the dopant contained in the base
wafer. Wth this capability of preventing autodoping,
changes in the conductivity type or resistivity of the

13



SO |l ayer can be prevented.
[ 0045]

Further, using SO wafers manufactured accordi ng
to the inventive nethod for manufacturing an SO wafer
for device manufacture can suppress incorporation of the
dopant contained in the base wafer into the SO | ayer.

[ 0046]

Furthermore, SO wafers manufactured according to
the inventive nethod for manufacturing an SO wafer can
suppress war page and provi de an excellent gettering
ef fect.

[ 0047]

Al so, the inventive SO wafer can suppress
contam nation of the SO |ayer caused by incorporation
of the dopant contained in the base wafer.

[ 0048]

Further, during a device manufacture process using
the inventive SO wafer, contam nation of the SO |ayer
caused by incorporation of the dopant contained in the
base wafer can be suppressed.

[ 0049]
Furthermore, the inventive SO wafer can suppress

war page and provi de an excellent gettering effect.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0050]

FIG 1 is a schematic cross-sectional view show ng
a first exanple of the inventive SO wafer;

FIG 2 is a schematic cross-sectional view show ng
a second exanple of the inventive SO wafer;

FIG 3 is a schematic cross-sectional view show ng
a third exanple of the inventive SO wafer;

FIG 4 is a schematic flowchart showing a first

14



exanmpl e of the inventive nmethod for manufacturing an SO
waf er ;

FIG 5 is a schematic flowchart showing a second
exanmpl e of the inventive nmethod for manufacturing an SO
waf er;

FIG 6 is a graph showing sinmulation results in
Exanpl e 4; and

FIG 7 is a graph showing sinulation results in

Exanpl e 5.

DESCRI PTI ON OF EMBODI MENTS
[ 0051]

As descri bed above, a need has existed for
devel opnent of a method for manufacturing an SO wafer
t hat can manufacture an SO wafer while suppressing any
contam nation of the SO |ayer caused by incorporation
of the dopant contained in the base wafer, as well as an
SO wafer that can suppress any contam nation of the SO
| ayer caused by incorporation of the dopant contained in
the base wafer.
[ 0052]

The present inventor has earnestly studied to
achi eve the above object and consequently found that it
I's possible to manufacture an SO wafer while
suppressing any contam nation of the SO |ayer caused by
i ncorporation of the dopant contained in the base wafer
by, prior to a thermal oxidation step for the base wafer,
formng a CVD insulator filmon a second main surface of
t he base wafer opposite its bonding surface, formng a
barrier silicon layer on a first main surface, which is
t he bondi ng surface, of the base wafer, where the
barrier silicon |ayer contains a dopant at a | ower

concentration than the dopant concentration of the base

15



wafer, and then perform ng the thermal oxidation step
for the base wafer and subsequently bonding the base
wafer to the bond wafer. The present inventor conpleted
t he present invention based on this finding.

[ 0053]

That is, the present invention is a nethod for
manuf acturing an SO wafer, at |east conprising:

a step of providing a base wafer and a bond wafer,
t he base wafer comprising a silicon single crystal wafer
cont ai ni ng a dopant across the wafer and having a first
mai n surface and a second main surface opposite the
first main surface, the bond wafer conprising a silicon
single crystal wafer containing a dopant at a | ower
concentration than a dopant concentration of the base
waf er ;

a thermal oxidation step of formng a silicon
oxide filmon an entire surface of the base wafer by
t hermal oxi dati on;

a bonding step of bonding one main surface of the
bond wafer to the first main surface of the base wafer
via the silicon oxide filmon the base wafer; and

a thinning step of thinning the bond wafer to form
an SO | ayer, wherein

the nethod further conprises, prior to the thernmal
oxi dation step for the base wafer:

a step of forming a CVD insulator filmon the
second main surface of the base wafer; and

a step of formng a barrier silicon |layer on the
first main surface of the base wafer, the barrier
silicon layer containing a dopant at a | ower
concentration than the dopant concentration of the base
waf er, wherein

in the thermal oxidation step, the barrier silicon

16



| ayer is thermally oxidized to produce a barrier silicon
oxide filmas a part of the silicon oxide film and

in the bonding step, the one main surface of the
bond wafer is bonded to the first main surface of the
base wafer via the barrier silicon oxide filmas a part
of the silicon oxide film
[ 0054]

Al so, the present invention is an SO wafer
conpri si ng:

a base wafer;

a buried oxide film and

an SO | ayer boned to the base wafer via the
buri ed oxide film wherein

t he base wafer conprises a silicon single crystal
waf er containing a dopant across the wafer and having a
first main surface and a second main surface opposite
the first main surface, the first main surface being a
bondi ng surface for bonding to the SO | ayer,

a barrier silicon oxide filmas at |east a part of
the buried oxide filmis disposed on the first main
surface of the base wafer,

a backside silicon oxide filmis disposed on the
second main surface of the base wafer,

a CVD insulator filmis disposed on a surface of
t he backside silicon oxide filmfacing away fromthe
base wafer,

the SO |ayer conmprises a silicon single crystal
contai ning a dopant at a | ower concentration than a
dopant concentration of the base wafer, and

a concentration of a dopant in the barrier silicon
oxide filmis |lower than a concentration of a dopant in
the backside silicon oxide film
[ 0055]

17



Herei nafter, the present invention will be
described in detail with reference to the draw ngs, but
the present invention is not limted to the foll ow ng
descri pti on.

[ 0056]

<SO Wafer>

First, the SO wafer of the present invention wll
be descri bed.

[ 0057]

The inventive SO wafer is characterized in that
it includes a barrier silicon oxide filmon a first main
surface, a bonding surface, of a base wafer, that a
backside silicon oxide filmand a CVD insulator filmare
di sposed on a second main surface of the base wafer
opposite the first main surface, and that a dopant
concentration in the barrier silicon oxide filmis | ower
than that in the backside silicon oxide film Such a
barrier silicon oxide filmcan prevent incorporation of
t he dopant fromthe base wafer into the SO |ayer caused
by solid phase diffusion through the buried oxide film
Additionally, the backside silicon oxide filmand the
CVD insulator filmcan prevent outward diffusion of the
dopant through the second main surface of the base wafer
opposite its first main surface. As a result, the
I nventive SO wafer can suppress contam nation of the
SO | ayer caused by incorporation of the dopant
contained in the base wafer.

[ 0058]

Furt her, even when devi ces are manufactured by
using the inventive SO wafer, it is possible to
suppress incorporation of the dopant contained in the
base wafer into the SO |ayer by outward diffusion

t hrough the second main surface, or into the SO | ayer

18



by solid phase diffusion in the buried oxide film
[ 0059]

Addi tionally, when devices are manufactured by
using the inventive SO wafer, outward diffusion of the
dopant through the second nmain surface of the base wafer
can be suppressed, so that it is possible to
sufficiently suppress dopant contam nation to furnace
conponents of a heat treatnment furnace, and the effect
of suppressing secondary contam nation fromthe furnace
conponents to the wafer can be also attained.

[ 0060]

In the inventive SO wafer, a barrier silicon
| ayer may be di sposed between the base wafer and the
barrier silicon oxide film In such cases, a dopant of
t he sanme kind as the dopant contained in the base wafer
may be diffused in the barrier silicon |ayer.

[ 0061]

Thus, the inventive SO wafer can further include
a barrier silicon |ayer between the base wafer and the
barrier silicon oxide film The inventive SO wafer can
al so include other | ayers.

[ 0062]
The inventive SO can be manufactured by, for

exanpl e, the inventive method for manufacturing an SO

| ayer, which will be described latter.
[ 0063]
Hereafter, conmponents of the inventive SO wafer
wi Il be detail ed.
[ 0064]

(Base Wafer)

The base wafer conprises a silicon single crystal
waf er containing a dopant across the wafer. Exanples of
t he dopant can include B, Ga, P, Sh, As etc. Such a
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silicon single crystal wafer can be produced by, for
exampl e, slicing a silicon single crystal ingot
manuf act ured according to a CZ nmethod or an FZ net hod.
[ 0065]

The dopant concentration of the base wafer is not
particularly limted provided that it is higher than the
dopant concentration of the SO |ayer, and can be 1 x
1017 atoms/cn® or nore, for exanple. By using the base
wafer with the dopant concentration of 1 x 1017 atons/cn®
or nore, an excellent gettering effect can be exhibited
and war page of the SO wafer can be nore greatly
suppressed. Additionally, for the reasons nentioned
earlier, the inventive SO wafer can suppress
I ncorporation of the dopant contained in the base wafer
into the SO |ayer even with the use of the base wafer
with the dopant concentration therein of 1 x 1017
atoms/ cn® or nore.

[ 0066]

Shoul d be noted that, in cases where the dopant in
t he base wafer is an n-type dopant, the dopant
concentration taken into the silicon oxide filmduring
formation thereof on the base wafer by thermal oxidation
is lower than when the dopant is a p-type dopant, so
t hat the problem of dopant contam nation of the SO
| ayer as nentioned earlier will not be so significant.
However, even in the case of an n-type dopant, the
dopant concentration as high as 1 x 1017 atons/cn® or
nore in the base wafer does nmake the probl em of dopant
contam nation on the SO |ayer non-negligible. However,
as nenti oned above, the inventive SO wafer can suppress
i ncorporation of the dopant contained in the base wafer
into the SO | ayer even when the base wafer has such a

hi gh dopant concentration
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[ 0067]

The upper limt for the dopant concentration of
t he base wafer is not particularly limted, and can be
at or below the solid solubility limt of that dopant in
the silicon single crystal. The dopant concentration of
the base wafer is preferably 1 x 1017 atons/cn? or nore
and 1 x 1020 atons/cn? or | ess.

[ 0068]

A barrier silicon oxide filmis disposed on the
first main surface of the base wafer, which is the
bondi ng surface for bonding to the SO |ayer. Also, a
backsi de silicon oxide filmis disposed on the second
mai n surface opposite the first main surface.

Optionally, a side silicon oxide film my be di sposed on
a side surface of the base wafer. Wth the side silicon
oxi de film disposed, the barrier silicon oxide film the
backside silicon oxide film and the side silicon oxide
filmcan constitute a silicon oxide filmformed on the
entire surfaces of the base wafer.

[ 0069]

A concentration of a dopant in the barrier silicon
oxide filmis |lower than a concentration of a dopant in
the backside silicon oxide film The concentration of
t he dopant in the backside silicon oxide filmcan be
| ower than the dopant concentration of the base wafer
[ 0070]

The base wafer can include a portion of the first
mai n surface on which the SO layer is not forned, i.e.,
a terrace portion. The barrier silicon oxide film can
al so be disposed on the terrace portion of the first
mai n surface of the base wafer. |In such cases, the
barrier silicon oxide filmcan bl ock outward diffusion

of the dopant through the terrace portion of the first
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mai n surface of the base wafer.
[ 0071]

(SO Layer)

The SO | ayer conmprises a silicon single crystal
containing a dopant at a | ower concentration than the
dopant concentration of the base wafer.

[ 0072]

Exanpl es of the dopant can include B, Ga, P, Sb,
As etc. The SO I|ayer may contain a dopant of the sane
kind as, or of a different kind from the dopant
contained in the base wafer.

[ 0073]

The dopant concentration of the SO |ayer is not
particularly limted provided that it is |ower than the
dopant concentration of the base wafer, and can be
nodi fi ed as appropriate according to the conductivity
type and resistivity required for the SO |ayer. The
dopant concentration of the SO |ayer can be, for
exanple, 1 x 1013 atons/cn? or nore and 1 x 1016 atons/cn®
or |ess.

[ 0074]

The SO |ayer can also include portions devoid of
t he dopant.

[ 0075]

A silicon oxide film (hereinafter also referred to
as an SOl -side silicon oxide film nay be di sposed on
one main surface of the SO I|ayer, which is a bonding
surface for bonding to the base wafer.

[ 0076]

(Buried Oxide Film

The buried oxide filmis disposed between the base
wafer and the SO | ayer.

[0077]
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The buried oxide filmincludes, at |east as a part
thereof, the barrier silicon oxide film described above.
[ 0078]

The buried oxide filmmy consist of the barrier
silicon oxide film In such cases, the silicon single
crystal surface of the SO |ayer may be directly bonded
to the surface of the barrier silicon oxide film of the
base wafer in the SO wafer.

[ 0079]

Alternatively, the buried oxide film may include
the barrier silicon oxide filmand a different oxide
film For exanple, when the SO -side silicon oxide film
is disposed on the one main surface of the SO |ayer,
which is the bonding surface for bonding to the base
wafer, this SO -side silicon oxide filmmy be a part of
the buried oxide film In such cases, the barrier
silicon oxide filmnmay be directly bonded to the SO -
side silicon oxide filmin the SO wafer.

[ 0080]

(CVD Insulator Film

Preferabl e exanples of the CVD insulator film my
i nclude, but not |limted to, a CVD oxide film a CVD
nitride film and a CVD oxynitride film
[ 0081]

These filnms are not only easy to form but also
can be dense CVD insulator films. Thus, these filnms can
nore reliably suppress outward diffusion of the dopant
t hrough the second main surface of the base wafer
opposite its first main surface.

[ 0082]

Sone specific exanples of the inventive SO wafer

are now described with reference to FIGS. 1-3. However,

the inventive SO wafer is not l[imted to the exanpl es
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below. In the follow ng, only the arrangenent of the
conponents will be described; for details of each
conponent, see the above descri ption.

[ 0083]

[ First Exanpl e]

FIG 1 is a schematic cross-sectional view show ng
a first exanple of the inventive SO wafer.

[ 0084]

The first exanple SO wafer 100 shown in FIG 1
I ncl udes a base wafer 10, a buried oxide film 20, and an
SO layer 30 bonded to the base wafer 10 via the buried
oxi de film 20.

[ 0085]

The base wafer 10 includes a first main surface 11,
which is a bonding surface for bonding to the SO I ayer
30, and a second main surface 12 opposite the first main
surface 11.

[ 0086]

A barrier silicon oxide film21 is disposed on the
first main surface 11 of the base wafer 10. In the SO
wafer 100 of the first exanple shown in FIG 1, the
buri ed oxide film 20 consists of a barrier silicon oxide
film21. Should be noted that, in the SO wafer 100 of
the first exanple shown in FIG 1, the barrier silicon
oxide film21 is also formed on a portion of the first
mai n surface 11 of the base wafer 10 that does not have
the SO |ayer 30 thereon, i.e., a terrace portion 14.

On the other hand, a backside silicon oxide film>51 is
di sposed on the second main surface 12 of the base wafer
10. Additionally, a side silicon oxide filmb52 is

di sposed on a side surface (edge portion) of the base
waf er 10.

[ 0087]
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In other words, in the SO wafer 100 of the first
exampl e shown in FIG 1, entire surfaces of the base
wafer 10 are covered with the silicon oxide film 50
i ncluding the barrier silicon oxide film 21, the
backsi de silicon oxide film51, and the side silicon
oxide film 52.

[ 0088]

Also, in the SO wafer 100 of the first exanple
shown in FIG 1, a CVDinsulator film40 is di sposed on
a surface of the backside silicon oxide film51 facing
away fromthe base wafer 10.

[ 0089]

Furthernmore, in the SO wafer 100 of the first
exampl e shown in FIG 1, one main surface 32 of the SO
| ayer 30 is directly bonded to the surface of the
barrier silicon oxide film 21, nanely the buried oxide
film 20.

[ 0090]

[ Second Exanpl e]

FIG 2 is a schematic cross-sectional view show ng
a second exanple of the inventive SO wafer.

[ 0091]

The SO wafer 100 of the second exanple shown in
FIG 2 is simlar to the first exanple SO wafer 100,
except that a silicon oxide film (SO -side silicon oxide
film 22 is forned on a portion of the surface of the
SO |l ayer 30.

[ 0092]

Specifically, as shown in FIG 2, the SO -side
silicon oxide film22 is disposed on one main surface 32
of the SO |ayer 30, which is a bonding surface for
bonding to the base wafer 10.

[ 0093]
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Al so, in the SO wafer 100 of the second exanple
shown in FIG 2, the SO -side silicon oxide film 22
di sposed on the one main surface 32 of the SO |ayer 30
is bonded to the barrier silicon oxide film 21 di sposed
on the first main surface 11 of the base wafer 10 to
constitute the buried oxide film20. In other words,
the SO wafer 100 of the second exanple includes the
barrier silicon oxide film21 as a part of the buried
oxide film 20 and the SO -side silicon oxide film 22 as
anot her part of the buried oxide film 20.
[ 0094]

[ Third Exanpl €]

FIG 3 is a schematic cross-sectional view show ng
a third exanple of the inventive SO wafer.
[ 0095]

The SO wafer 100 of the third exanple shown in
FIG 3 is simlar to the first exanple SO wafer 100,
except that a barrier silicon |ayer 60 is di sposed
bet ween the base wafer 10 and the barrier silicon oxide
film21.
[ 0096]

<Met hod for Manufacturing SO Wafer>

The inventive nethod for manufacturing an SO
wafer is now described.
[ 0097]

The inventive nethod for manufacturing an SO
waf er at | east includes:

a step of providing a base wafer and a bond wafer,
t he base wafer comprising a silicon single crystal wafer
cont ai ni ng a dopant across the wafer and having a first
mai n surface and a second main surface opposite the
first main surface, the bond wafer conprising a silicon

single crystal wafer containing a dopant at a | ower
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concentration than a dopant concentration of the base
waf er ;

a thermal oxidation step of formng a silicon
oxide filmon an entire surface of the base wafer by
t her mal oxi dati on;

a bonding step of bonding one main surface of the
bond wafer to the first main surface of the base wafer
via the silicon oxide filmon the base wafer; and

a thinning step of thinning the bond wafer to form
an SO | ayer, wherein

the nethod further conprises, prior to the thernmal
oxi dation step for the base wafer:

a step of forming a CVD insulator filmon the
second mai n surface of the base wafer; and

a step of formng a barrier silicon |layer on the
first main surface of the base wafer, the barrier
silicon layer containing a dopant at a | ower
concentration than the dopant concentration of the base
waf er, wherein

in the thermal oxidation step, the barrier silicon
| ayer is thermally oxidized to produce a barrier silicon
oxide filmas a part of the silicon oxide film and

in the bonding step, the one main surface of the
bond wafer is bonded to the first main surface of the
base wafer via the barrier silicon oxide filmas a part
of the silicon oxide film
[ 0098]

Such an inventive method for manufacturing an SO
waf er can produce, in the bonding step, an SO wafer in
which a CVD insulator filmis formed on the second main
surface of the base wafer opposite its bondi ng surface
(first main surface) for bonding to the bond wafer, and

the first main surface of the base wafer is bonded to
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the one main surface of the bond wafer via the barrier
silicon oxide film The barrier silicon oxide film
contains a dopant at a | ower concentration than the
dopant concentration of the base wafer. Such an SO
waf er can not only block autodopi ng of the bond wafer
fromthe second main surface of the base wafer by virtue
of the CVD insulator film but also it can suppress
aut odopi ng caused by solid phase diffusion fromthe
first main surface of the base wafer into the bond wafer
because the barrier silicon oxide filmcan serve as a
dopant diffusion prevention layer. Additionally, since
the silicon oxide filmis formed on the entire surface
of the base wafer by thermal oxidation during the
t hermal oxidation step for the base wafer, the SO wafer
can al so suppress outward di ffusion of the dopant from
the terrace and edge portions of the base wafer by
virtue of this silicon oxide film
[ 0099]

Thus, the inventive nethod for manufacturing an
SO wafer can suppress incorporation of the dopant
contained in the base wafer into the bond wafer or the
SO layer by outward diffusion through the silicon oxide
filmon the backside, second main surface of the base
wafer, or into the bond wafer or the SO |ayer by solid
phase di ffusion through the silicon oxide film between
t he base wafer and the bond wafer or the SO | ayer,
during, for exanple, the bonding step and its subsequent
steps. In particular, the inventive method can suppress
such dopant incorporation into the SO |ayer even during
t he steps involving heat treatnent.
[ 0100]

That is, according to the inventive nethod for

manuf acturing an SO wafer, an SO wafer can be
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manuf act ured whil e suppressing contam nation of the SO

| ayer caused by incorporation of the dopant contained in
t he base wafer. Wth this capability of preventing

aut odopi ng, the inventive nethod can prevent changes in
the conductivity type or resistivity of the SO | ayer.
[0101]

Further, when devi ces are manufactured by using
SO wafers manufactured according to the inventive
met hod for manufacturing an SO wafer, it is also
possi bl e to suppress incorporation of the dopant
contained in the base wafer into the SO |ayer by
outward diffusion through the silicon oxide filmon the
backsi de, second main surface of the base wafer, or into
the SO |ayer by solid phase diffusion fromthe silicon
oxide filmas the buried oxide filmof the SO wafer.
[0102]

Addi tionally, when devices are manufactured using
SO wafers manufactured by the inventive nethod for
manuf acturing an SO wafer, outward diffusion of the
dopant through the second nain surface of the base wafer
can be suppressed, so that it is also possible to
sufficiently suppress dopant contam nation into furnace
conponents in a heat treatnment furnace, which will also
have the effect of suppressing secondary contam nation
fromthe furnace conponents to the wafer.

[0103]

Further, with the use of a dopant-containing base
wafer, the inventive method for manufacturing an SO
waf er can manufacture an SO wafer that can suppress
war page and exhibit an excellent gettering effect.

[ 0104]
The inventive nethod for manufacturing an SO

wafer is now further detail ed.
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[ 0105]

The inventive nethod for manufacturing an SO
wafer at |east includes a step of providing a base wafer
and a bond wafer, a thermal oxidation step for the base
wafer, a bonding step, and a thinning step, and further
i ncludes, prior to the thermal oxidation step for the
base wafer, a step of formng a CVD insulator filmand a
step of formng a barrier silicon |ayer.

[0106]

The inventive nethod for manufacturing an SO
wafer may further include, prior to the bonding step, a
step of formng a silicon oxide filmon the entire
surface of the bond wafer.

[0107]

The inventive nethod for manufacturing an SO
wafer may further include, prior to the bonding step, an
ion inplantation step of inplanting at | east one kind of
i ons selected fromthe group consisting of hydrogen ion
and rare gas ions into the bond wafer to forman ion
I npl anted layer. 1In such cases, the bond wafer may be
del am nated with the ion inplanted | ayer used as a
del am nating plane in the thinning step to thereby thin
t he bond wafer to produce the SO | ayer.

[0108]

The inventive nethod for manufacturing an SO
wafer may further include other steps.
[0109]

The steps of the inventive nethod for
manuf acturing an SO wafer are now described in greater
detail .

[0110]
(Step of Providing Base Wafer and Bond Wafer)
In this step, the base wafer and the bond wafer
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are provided, where the base wafer conprises a silicon
single crystal wafer containing a dopant across the
wafer and having a first main surface and a second main
surface opposite the first main surface, and the bond
waf er conprises a silicon single crystal wafer

contai ning a dopant at a | ower concentration than a
dopant concentration of the base wafer.

[0111]

The base wafer to be provided may be the base
wafer nmentioned in the description of the inventive SO
wafer. |In particular, using the base wafer with the
dopant concentration of 1 x 1017 atoms/cn? or nore can
exhi bit an excellent gettering effect and nore greatly
suppress war page of the SO wafer to be manufactured.
Additionally, for the reasons nentioned above, the
i nventive method for manufacturing an SO wafer can
suppress incorporation of the dopant contained in the
base wafer into the bond wafer or the SO |ayer even
with the use of the base wafer with the dopant
concentration therein of 1 x 1017 atons/cn? or nore.

As mentioned above, the upper limt for the dopant
concentration of the base wafer is not particularly
limted, and can be at or below the solid solubility
limt of that dopant in the silicon single crystal. The
dopant concentration of the base wafer is preferably 1 x
1017 atoms/cn® or nmore and 1 x 1020 atonms/cn® or |ess.
[0112]

The bond wafer becomes the SO |ayer in the
thinning step to be described below. Accordingly, it is
preferred to provide the bond wafer that has a
conductivity type and resistivity required for the SO
| ayer of the SO wafer to be manufactured. Specifically,
t he bond wafer to be provided can be the bond wafer nade
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of a silicon single crystal for the SO |ayer nentioned
in the description of the inventive SO wafer.
[0113]

(Step of Formng Silicon Oxide Filmon The Entire
Surface of Bond Wafer)

In this optional step, a silicon oxide filmis
formed on the entire surface of the provided bond wafer,
prior to the bonding step to be described bel ow.

[ 0114]

The neans of formng the silicon oxide filmis not
particularly limted, and, for exanple, the silicon
oxide filmcan be fornmed by thermally oxidizing the
surface of the bond wafer.

[ 0115]

(lon I nplantation Step)

In this optional step, at |east one kind of ions
selected fromthe group consisting of hydrogen ion and
rare gas ions is inplanted into the bond wafer to form
an ion inplanted | ayer.

[0116]

The neans of inplanting the ions is not
particularly limted, and any known nethod can be
enpl oyed.

[0117]

(Step of Form ng CVD Insulator Film

In this step, a CVD insulator filmis formed on
t he second main surface of the base wafer (backside
relative to its bonding surface (first main surface) for
t he bond wafer).

[0118]

For example, the CVD insulator filmcan be fornmed

by placing the base wafer on a susceptor inside a CVD

furnace with its first main surface faci ng down and
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depositing the CVD insulator filmon its opposite,
second mai n surface by a chem cal vapor deposition (CVD)
met hod.

[0119]

In particular, it is preferred to form any one of
a C/D oxide film a CVD nitride film and a CVD
oxynitride filmas the CVD insulator film
[0120]

These filnms are not only easy to form but also
can be dense CVD insulator films. Thus, outward
di ffusion of the dopant through the second main surface
of the base wafer opposite its first main surface can be
nore reliably suppressed.

[0121]

For further details on the functions and effects
provided by formng the CVD insulator filmon the second
mai n surface of the base wafer, see paragraphs [0028]-

[ 0041] of Patent Docunment 3.
[0122]

(Step of Form ng Barrier Silicon Layer)

In this step, a barrier silicon |ayer containing a
dopant at a | ower concentration than the dopant
concentration of the base wafer is fornmed on the first
mai n surface of the base wafer.

[ 0123]

The barrier silicon |ayer can be fornmed on the
first main surface of the base wafer by, for exanple,
epi t axi al growt h.

[ 0124]

It is preferred to forma layer with a dopant
concentration of 1 x 1016 atons/cn? or |less as the
barrier silicon |ayer.

[ 0125]
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Form ng such a barrier silicon |layer can nore
reliably suppress incorporation of the dopant into the
SO |l ayer caused by solid phase diffusion through the
silicon oxide filmdisposed on the first main surface of
the base wafer.

[ 0126]

The dopant concentration of the barrier silicon
| ayer can be such that it is in a so-called undoped
state and at npbst contains a dopant that is inevitably
i ncorporated. In other words, the dopant concentration
in the barrier silicon |ayer can be greater than 0. The
dopant to be contained in the barrier silicon [ayer nmay
be of the same kind as, or of a different kind from the
dopant contained in the base wafer.

[0127]

The filmthickness of the barrier silicon |ayer is
not particularly limted, and for exanple can be equal
to or greater than a half of the total thickness of the
silicon oxide film (buried oxide film between the SO
| ayer and the base wafer of the SO wafer to be produced
by the inventive nethod for manufacturing an SO wafer.
Wth the barrier silicon layer with such a film
t hi ckness formed and turned into a barrier silicon oxide
filmduring a thermal oxidation step as described bel ow,
any incorporation of the dopant by solid phase diffusion
fromthe first main surface of the base wafer into the
bond wafer or the SO [|ayer to be produced by thinning
t he bond wafer can be nore sufficiently suppressed. The
filmthickness of the barrier silicon oxide filmis
preferably 400 nm or nmore, nore preferably 500 nm or
nore, and even nore preferably 600 nmor nmore. The film
t hi ckness of the barrier silicon oxide filmcan be 1000

nm or |ess, for exanple.
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[ 0128]

Shoul d be noted that increasing the thickness of
the barrier silicon layer facilitates suppressing the
di ffusion of the dopant fromthe base wafer. However
iIf the layer with a | ow dopant concentration is too
thick relative to the thickness of the buried oxide film
(BOX layer) of the SO wafer, the |ayer with a | ow
dopant concentration will be created directly below the
BOX | ayer. When the manufacture of such an SO wafer is
unwant ed, one preferred nethod for preventing this is to
reduce the thickness of the barrier silicon layer, for
exanpl e, make it about half the thickness of the buried
oxide filmof the SO wafer to be manufactured, which is
here based on an oxidation ratio of Si/SiO = 0.45 (film
thickness ratio between an Si layer and an SiG | ayer
when the entire Si layer is changed into the SiG |ayer
by thermal oxidation).
[0129]

The inventive nethod for manufacturing an SO
waf er can manufacture an SO wafer in which the first
mai n surface of the base wafer includes a portion that
does not support the SO |ayer thereon, i.e., a terrace
portion. In such cases, in the step of form ng the
barrier silicon layer, the barrier silicon | ayer may
al so be formed on the portion of the first main surface
of the base wafer to be the terrace portion. By turning
the barrier silicon layer into the barrier silicon oxide
filmthrough the thermal oxidation step as descri bed
bel ow, a portion of the barrier silicon |ayer formed on
the terrace portion also beconmes a part of the barrier
silicon oxide film This part of the barrier silicon
oxi de filmcan suppress outward diffusion of the dopant

fromthe terrace portion of the SO wafer.
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[ 0130]

Thus, even in cases where the base wafer includes
a portion on which the SO |ayer is not formed, i.e.,
the terrace portion, the barrier silicon oxide film can
prevent the dopant from being incorporated into the SO
| ayer through this terrace portion.

[0131]

Addi tionally, when SO wafers including the
terrace portion are manufactured by the inventive nethod
for manufacturing an SO wafer and these SO wafers are
used for the manufacture of devices, not only outward
di ffusion of the dopant through the second main surface
of the base wafer but also outward diffusion of the
dopant through the silicon oxide filmon the terrace
portion of the SO wafer can be suppressed. This in
turn can sufficiently suppress dopant contam nation to
furnace conponents in a heat treatnment furnace, which
will also obtain the effect of suppressing secondary
contam nation fromthe furnace conponents to the wafer.
[0132]

It should be noted that the order of the steps of
formng the CVD insulator filmand form ng the barrier
silicon layer, which are perforned prior to the therm
oxi dation step for the base wafer, is not particularly
limted. Also, in order to reduce bondi ng defects,
bondi ng-si de surface (i.e., the barrier silicon |ayer)
of the base wafer with both of the CVD insulator film
and the barrier silicon |ayer formed thereon nmay be
subj ected to a repolishing prior to the thernal
oxi dati on step.

[0133]
(Thermal Oxi dation Step)
In this step, a silicon oxide filmis formed on
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the entire surface of the base wafer by thermal

oxi dation. Also, in this step, the barrier silicon

| ayer formed on the first main surface of the base wafer
Is thermally oxidized to produce a barrier silicon oxide
filmas a part of the silicon oxide filmto be fornmed on
the entire surface of the base wafer.

[ 0134]

In this step, thermal oxidation nmay be perfornmed
such that a part of the barrier silicon layer remins
unoxi di zed.

[ 0135]

When the silicon oxide filmfor providing at | east
a part of the buried oxide film (BOX layer) is formed in
t he thermal oxidation step through thermal oxidation
that is performed such that the barrier silicon |ayer is
not fully oxidized and sone unoxi di zed thickness renains,
a | ayer of the unoxidized part of the barrier silicon
| ayer with a | ow dopant concentration will be created
directly below the silicon oxide film 1In such cases,
dopant -di ffusi ng heat treatnment (annealing) can be
applied after the thermal oxidation step to conpensate
for the dopant concentration directly below the silicon
oxide film This diffusing heat treatnent can be
conpensated for by bonding heat treatnent or extension
of the heat treatnment duration.

[ 0136]

Alternatively, the entire barrier silicon |ayer
may be thermally oxidized into the barrier silicon oxide
film and a portion of the base wafer directly bel ow t he
barrier silicon layer may further be thermally oxidized.
[0137]

The degree of thermal oxidation can be adjusted

via the tenperature and duration of the therml
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oxi dation, for exanple.
[ 0138]

As this thermal oxidation proceeds into the base
wafer through the CVD insulator filmfornmed on the
second mai n surface of the base wafer, this therml
oxi dation step al so enables a portion of the base wafer
in contact with the CVD insulator filmto turn into the
silicon oxide film (referred to as a backside silicon
oxide film. Thus, through this thermal oxidation step,
the main surface of the base wafer on which the backside
silicon oxide filmis disposed becones the new second
mai n surface.

[0139]

O the silicon oxide filnms produced by this
t hermal oxidation, the barrier silicon oxide film
results fromthermal oxidation of at |east a part of the
barrier silicon layer, and the backside silicon oxide
filmresults fromtherml oxidation of a part of the
base wafer. Since the dopant concentration of the
barrier silicon layer is |lower than that of the base
wafer, the dopant concentration of the barrier silicon
oxide filmis to be Iower than that of the backside
silicon oxide film
[ 0140]

(Bondi ng Step)

In this step, one main surface of the bond wafer
is bonded to the first main surface of the base wafer
via the silicon oxide filmon the base wafer.

[ 0141]

If the silicon oxide filmis fornmed on the entire
surface of the bond wafer prior to this bonding step,
t he base wafer can be bonded to the bond wafer in the

bonding step via the silicon oxide film di sposed on the
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first main surface of the base wafer and the silicon
oxi de film di sposed on the bond wafer. By perform ng
t he bonding step in this manner, incorporation of the
dopant into the bond wafer or the SO |ayer fromthe
first main surface of the base wafer can be nore
reliably suppressed.

[0142]

Alternatively, in this bonding step, the silicon
single crystal surface in the one main surface of the
bond wafer may be directly bonded to the surface of the
barrier silicon oxide film of the base wafer.

[0143]

Even wi thout the formation of the silicon oxide
filmon the bond wafer, incorporation of the dopant into
the SO |ayer by solid phase diffusion through the
silicon oxide filmdisposed on the first main surface of
t he base wafer can be sufficiently suppressed. Such an
enbodi ment i s especially advantageous in situations when
bondi ng of oxide films is not available (e.g., when
hi gh-tenperature heat treatnment is not available in the
bondi ng step).

[ 0144]

(Thi nni ng Step)

In this step, the bond wafer is thinned to form an
SO | ayer.

[ 0145]

The neans of thinning is not particularly |imted,
and grinding, polishing, etching, or the |ike may be
enpl oyed. However, the thinning is preferably perforned
by an ion inplantation del am nation nmethod. Wen
perform ng an ion inplantation delam nation method, the
ion inplantation step as described above is perforned in

advance to forman ion inplanted |ayer on the bond wafer.
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Then, the bond wafer is delamnated at this ion

i npl anted | ayer used as a del am nating pl ane, whereby
t he bond wafer can be thinned to produce an SO | ayer.
[ 0146]

Perform ng such an ion inplantation del am nation
met hod can produce a thinned SO |ayer with excellent
filmthickness uniformty.

[0147]

Foll owi ng the thinning step, steps such as a
sacrificial oxidation treatnment step, a flattening heat
treatment step, a polishing step, a mrror finishing
step, and a cleaning step may be perfornmed.

[ 0148]

The inventive nethod for manufacturing an SO
waf er can produce an SO wafer through the thinning step
or any optional subsequent step(s). Further, the
i nventive method for manufacturing an SO wafer can
manuf acture the inventive SO wafer described above, for
exanpl e.

[ 0149]

Next, sonme specific exanples of the inventive
met hod for manufacturing an SO wafer are described with
reference to FIGS. 4 and 5. However, the inventive
met hod for manufacturing an SO wafer is not limted to
t he exanpl es bel ow.

[ 0150]

[ First Exanpl e]

FIG 4 is a schematic flowchart showing a first
exanmpl e of the inventive nmethod for manufacturing an SO
wafer. The manufacturing nethod of this exanple can
manuf acture, for exanple, the first exanple SO wafer of
the first exanple described with reference to FIG 1.

[ 0151]
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First, at step (a), the base wafer 10 and a bond
wafer 31 are provided. The base wafer 10 includes the
first main surface 11 facing upward in FIG 4, the
second main surface 12 opposite the first main surface
11, and a side surface (edge portion) 13 connecting the
first main surface 11 and the second main surface 12.
The bond wafer 31 includes one main surface 32 that is
to be later bonded to the first main surface 11 of the
base wafer 10. Both of the base wafer 10 and the bond
wafer 31 contain a dopant, and the base wafer 10 has a
hi gher dopant concentrati on.

[ 0152]

Next, at step (b), the CvD insulator film40 is
formed on the second main surface 12 of the base wafer
10 provided at step (a).

[ 0153]

Next, at step (c), the barrier silicon |layer 60 is
formed on the first main surface 11 of the base wafer 10.
The dopant concentration of the barrier silicon |ayer 60
I's ower than that of the base wafer 10.

[ 0154]

Next, at step (d), the base wafer 10 is subjected
to thermal oxidation to produce the silicon oxide film
50. In this exanple, at this thermal oxidation step (d),
the entire barrier silicon |layer 60 is turned into the
barrier silicon oxide film21l. The portion of the base
wafer 10 that included the second main surface 12 is
al so turned into the backside silicon oxide film 51,
resulting in the new second main surface 12 in contact
with this backside oxide film51 being created in the
base wafer 10. Further, the side silicon oxide film52
is formed on the side surface 13 of the base wafer 10.

The barrier silicon oxide film 21, the backsi de oxi de
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film51, and the side silicon oxide filmb52 formthe
silicon oxide film50 covering the entire surfaces of
the base wafer 10.

[ 0155]

Next, at step (e), the one main surface 32 of the
bond wafer 31 provided at step (a) is bonded to the
first main surface 11 of the base wafer 10 subjected to
t hermal oxidation at step (d) via the silicon oxide film
50, nmore specifically the barrier silicon oxide film 21.
[ 0156]

Next, at step (f), the bond wafer 31 is thinned to
produce the SO | ayer 30.

[ 0157]

The thinning step (f) can al so be perfornmed by the
ion inplantation delam nation nmethod if the ion
i npl antation step of inplanting at | east one kind of
i ons selected fromthe group consisting of hydrogen ion
and rare gas ions into the bond wafer 31 to forman ion
i npl anted | ayer is performed prior to the bonding step
(e).

[ 0158]

Perform ng the thinning step (f) can produce the
SO wafer 100 of the first exanple shown in FIG 1.

[ 0159]

Wth a |l esser degree of thermal oxidation at the
t hermal oxidation step (d), the SO wafer 100 of the
third exanple shown in FIG 3 can al so be produced.

[ 0160]

[ Second Exanpl e]

FIG 5 is a schematic flowchart showing a second
exampl e of the inventive nmethod for manufacturing an SO
wafer. The manufacturing nmethod of this exanple can

manuf acture, for exanple, the SO wafer of the second
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exanpl e described with reference to FIG 2.
[0161]

The manufacturing nmethod of the second exanpl e
differs fromthe manufacturing nmethod of the first
exanmple in that it includes step (g) of formng a
silicon oxide film 34 on the entire surfaces of the bond
wafer 31 provided at step (a), including the one main
surface 32 for bonding to the base wafer 10, an opposite
mai n surface (backside) 36, and a side surface (edge
portion) 33 connecting these main surfaces.

[0162]

The silicon oxide film34 formed at step (Q)

i ncludes an SOl -side silicon oxide film22 forned on the
one main surface 32 of the bond wafer 31, a backside
silicon oxide film 37 formed on the main surface 36, and
a side silicon oxide film35 formed on the side surface
33.

[0163]

I n the manufacturing nethod of the second exanple,
at the bonding step (e), the base wafer 10 is bonded to
the bond wafer 31 via the barrier silicon oxide film 21
and the SO -side silicon oxide film 22.

[0164]

Furthernmore, in the manufacturing nmethod of the
second exanple, at the thinning step (f), the portion of
t he bond wafer 31 including the portion on which the
backside silicon oxide film37 is fornmed is del am nated
to produce the SO |ayer 30. Performng the thinning
step (f) in this manner can produce the SO wafer 100 of
t he second exanple shown in FIG 2.

[ 0165]
[ Measur emrent Met hod]
The dopant concentration in the base wafer, the
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bond wafer, the barrier silicon layer, the barrier
silicon oxide film the backside silicon oxide filmetc.
can be neasured using a secondary ion nmass spectrometer
(SIMS), for exanple.
[0166]

The thickness of each conponent included in the
SO wafer, as well as the thickness of each wafer
provi ded and each | ayer formed in the method for
manuf acturing an SO wafer can be determ ned by, for
exanpl e, cross-sectional SEM optical reflectonetry,
el lipsonetry, etc

EXAMPLES
[0167]

The present invention is described below in detai
usi ng Exanpl es and Conparative Exanples, although the
present invention is not limted thereto.

[0168]

(Exanple 1)

In Exanple 1, the SO wafer 100 was manufact ured
according to a flow simlar to that schematically
illustrated in FIG 4.

[0169]

<Step (a)>

First, a 300 mm di aneter, boron-doped (dopant
concentration: 1 x 1015 atons/cn®) p-type silicon single
crystal wafer (resistivity: 10 Qcm) was provided as the
bond wafer 31. Also, a 300 nm di aneter, boron-doped
(dopant concentration: 1 x 1017 atonms/cn?) p-type silicon
single crystal wafer (resistivity: 0.1 Qcm) was provided
as the base wafer 10.

[0170]
Hydrogen ions were inplanted into the provided
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bond wafer 31 fromthe one main surface 32, the bonding
surface under the conditions shown in Table 1 below to
forman ion inplanted | ayer.

[0171]

<Step (b)>

The base wafer 10 was placed on a susceptor inside
a CVD furnace with the first main surface 11, the
bondi ng surface, facing down and a CVD oxide filmas the
CVD insulator film40 was fornmed on the second main
surface 12 by a CVD nethod. The forned CVD oxide film
was 300 nmt hick
[0172]

<Step (c)>

The barrier silicon |ayer 60 was epitaxially grown
on the first main surface 11, the bonding surface, of
t he base wafer 10. The barrier silicon |ayer had a p-
type conductivity, a thickness of 400 nm a resistivity
of 10 Qcm, and a dopant concentration of 1 x 1015
at ons/ cn®.

[0173]

<Step (d)>

The entire surfaces of the base wafer 10 were
thermal ly oxidized to formthe silicon oxide film 50
covering the entire surfaces of the base wafer 10.

[ 0174]

The thermal oxidation was perfornmed to make the
silicon oxide film50 1000 nmthick. Thus, the entire
barrier silicon |ayer 60 was oxidized into the barrier
silicon oxide film21 through this thermal oxidation
step (d). Also, the portion of the base wafer 10
i ncluding the second main surface was oxidized into the
backsi de silicon oxide film51.

[ 0175]
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<Step (e)>

The base wafer 10 subjected to the thernmal
oxi dation at step (d) was bonded to the bond wafer 31
formed with the ion inplanted | ayer such that the
barrier silicon oxide film21 was in contact with the
one main surface 32 of the bond wafer 31.

[0176]

<Step (f)>

Del am nati ng heat treatnment was applied to the
bonded wafers at 500°C under an argon atnosphere for 30
m nutes to delam nate the bond wafer 31 at the ion
i npl anted | ayer used as a del am nating plane to thereby
thin the bond wafer 31 to produce the SO |[|ayer 30.
[0177]

Then, sacrificial oxidation treatnment was applied
under the conditions shown in Table 1 below to remve
any damages in the SO [|ayer 30. This sacrificial
oxi dation treatnment also serves as bondi ng heat
treatment to increase the bondi ng between the wafers.
Further, flattening heat treatnent was applied under the
conditions shown in Table 1 below to manufacture the SO
waf er 100.

[0178]

(Exanpl es 2 and 3 and Conparative Exanples 1-3)

The SO wafer 100 of each exanpl e was manufactured
under the sane conditions as in Exanple 1, except that
t he manufacturing conditions shown in respective Tabl es
1-3 bel ow were enpl oyed.

[0179]
<Eval uati on>

The dopant concentration in the SO [|ayer 30 of

the SO wafer 100 of each exanple was neasured using the

SIMS. The respective results are shown in Tables 1-3
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bel ow.

[ 0180]
[ Tabl e 1]
Exanple 1 | Conparative Exanple 1
Bond waf er 300 mm di aneter, p-type (boron-doped),
10 Qcm (dopant concentration: 1 x 1015

at omrs/ cnd)

Base wafer

300 mm di aneter,

p-type (boron-doped),

0.1 Qcm (dopant concentration: 1 x 1017
at omrs/ cnd)

Barrier silicon layer | Epi-growth, 400 nm None

(formati on nethod, p-type, 10 Qcm

t hi ckness)

(conductivity type,

resistivity)

Thi ckness of CVD 300 nm None

oxide film (CvD

i nsulator film

Thi ckness of buried 1000 nm The sane as |eft

oxide film

Hydr ogen ion
i npl antation
condi tions

| mpl ant ati on energy:
Dosage: 5 x 1016/ cn?

50 keV

Del ami nating heat
treatment conditions

Argon at mosphere,

500°C, 30 m nutes

Sacrificial oxidation
treatment conditions

(Oxi dation):
(Oxide filmrenoval):

900°C, 1 hour,

wet oxidation
5%HF aqueous sol ution

Fl att eni ng heat
treatment conditions

100%Ar at nosphere,

1200°C, 1 hour

SO | ayer boron
concentration
nmeasur enent results
( SI MS)

1 x 1015 atoms/cm?

4 x 1015 atons/cn®
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[0181]

[ Tabl e 2]
Exanpl e 2 | Conparative Exanple 2
Bond waf er 300 mm di aneter, p-type (boron-doped),
10 Qcm (dopant concentration: 1 x 1015

at ors/ cnd)

Base wafer

300 mm di aneter, p-type (boron-doped),

0.017 Qcm (dopant concentration: 1 x 1019
at omrs/ cd)
Barrier silicon layer |Epi-growth, 500 nm None
(formati on nethod, p-type, 10 Qcm
t hi ckness)
(conductivity type,
resistivity)
Thi ckness of CVD 300 nm The sane as |eft
oxide film (CvD
i nsul ator film
Thi ckness of buried 1000 nm The sane as |eft
oxide film

Hydr ogen ion
i npl antation
condi tions

| mpl antation energy: 50 keV

Dosage: 5 x 1018/ cnt

Del am nati ng heat
treatment conditions

Argon at nmosphere, 500°C, 30 m nutes

Sacrificial oxidation
treatment conditions

(Oxidation): 900°C, 1 hour, wet oxidation

(Oxide filmrenoval):

Fl att eni ng heat
treatment conditions

100%Ar at nosphere, 1200°C, 1 hour

SO layer boron
concentration
nmeasur enent results
( SI MS)

1 x 1015 atons/cn? 3 x 1017 atons/cn?
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[0182]
[ Tabl e 3]

Exanpl e 3 | Conparative Exanple 3

Bond waf er 300 mm di aneter, p-type (boron-doped),
10 Qcm (dopant concentration: 5 x 1014
at ors/ cnd)

Base waf er 300 mm di aneter, n-type (phosphorus-doped),
0.1 Qcm (dopant concentration: 1 x 1017
at omrs/ cd)

Barrier silicon layer | Epi-growth, 1000 nm | None
(formati on nethod, p-type, 10 Qcm
t hi ckness)
(conductivity type,
resistivity)

Thi ckness of CVD 300 nm The sane as |eft
oxide film (CvD
i nsul ator film

Thi ckness of buried 1000 nm The sane as |eft
oxide film

Hydr ogen ion | mpl antation energy: 50 keV

i npl antation Dosage: 5 x 1018/ cnt

condi tions

Del am nati ng heat Argon at nmosphere, 500°C, 30 m nutes

treatment conditions

Sacrificial oxidation |(Oxidation): 900°C, 1 hour, wet oxidation

treatment conditions (Oxide filmrenoval ): 5%HF aqueous sol ution
Fl att eni ng heat 100%Ar at nosphere, 1200°C, 1 hour

treatment conditions

SO | ayer phosphorus Bel ow t he | ower phosphorus 1 x 1015
concentration limt for at oms/ cnd

measur enent results phosphor us

( SI MS) det ection

[ 0183]

Conpari son between the results of Exanple 1 and
Conparative Exanple 1 shown in Table 1 denonstrates that
the SO wafer of Exanple 1, in which the barrier silicon
| ayer and the CVD insulator filmwere formed, was able
to notably suppress an increase in boron concentration
in the SO |ayer caused by incorporation of boron from
t he base wafer, as conpared to the SO wafer of
Conparative Exanple 1, in which neither of the barrier
silicon layer and the CVD insulator film was fornmed.

Al so, conparison between the results of Exanple 2 and
Conpar ative Exanple 2 shown in Table 2 denonstrates that
the SO wafer of Exanple 2, in which the barrier silicon
| ayer and the CVD insulator filmwere formed, was able
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to notably suppress an increase in boron concentration
in the SO |ayer caused by incorporation of boron from
t he base wafer, as conpared to the SO wafer of
Conparative Exanple 2, in which the CVD insulator film
was formed but no barrier silicon |layer was forned.
Al so, conparison between the results of Exanple 3 and
Conpar ative Exanple 3 shown in Table 3 denonstrates that
the SO wafer of Exanple 3, in which the barrier silicon
| ayer and the CVD insulator filmwere formed, was able
to notably suppress an increase in phosphorus
concentration in the SO |ayer caused by incorporation
of phosphorus fromthe base wafer, as conpared to the
SO wafer of Conparative Exanple 3, in which the CVD
insulator filmwas forned but no barrier silicon |ayer
was fornmed.
[ 0184]
(Exanpl e 4)

| n Exanpl e 4, conducted was the sinulation of a
relati onship between the thickness of the barrier
silicon layer (epi-layer) and the boron concentration in
the SO |ayer near the SO |ayer/buried oxide film (BOX
| ayer) interface when the SO wafer was fabricated under
t he same conditions as in Exanple 2, except that the
thickness of the barrier silicon |ayer to be fornmed was
varied. The results calculated on the chart are shown
in FIG 6.
[ 0185]

FIG 6 and Table 2 denobnstrate that form ng a
barrier silicon | ayer can notably suppress an increase
i n boron concentration in the SO |ayer, as conpared to
Conpar ative Exanple 2, where no barrier silicon |ayer
was fornmed. Also, FIG 6 denonstrates that formng a

barrier silicon layer of 400 nm can constrain an
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i ncrease in boron concentration in the SO |ayer to
within a factor of two and, what is nore, that formng a
barrier silicon layer of 500 nm which is half the

thi ckness of the buried oxide filmto be fornmed | ater,
can al nost conpletely suppress an increase in boron
concentration in the SO | ayer.

[ 0186]

(Exanpl e 5)

| n Exanple 5, conducted was the sinmulation under
the sanme conditions as in Exanple 4, except that the
buried oxide film was 2 um thick. Simulation results
calculating a rel ati onship between the thickness of the
barrier silicon |ayer (epi-layer) and the boron
concentration in the SO |ayer near the SO |ayer/buried
oxide filminterface are shown in FIG 7.

[0187]

FIG 7 and Table 2 denobnstrate that, even with the
thickness of the buried oxide film increased to 2 um,
formng a barrier silicon |layer can notably suppress an
i ncrease in boron concentration in the SO |ayer, as
conpared to Conparative Exanple 2, where no barrier
silicon layer was fornmed.

[ 0188]

FIG 7 also denonstrates that, even with the
thickness of the buried oxide film increased to 2 um,
formng a barrier silicon [ayer of about 400-500 nm can
sufficiently suppress an increase in boron concentration
in the SO |ayer, as is the case when the buried oxide
film is 1 um thick.

[0189]

This means that, while an oxide film heavily-

cont ai ni ng boron of the heavily-doped base wafer is

formed in a latter portion of the 2 um thick buried
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oxide film (portion distant fromthe SO |ayer), the
diffusion rate of boron in the buried oxide film
including the barrier silicon oxide film which is
formed by oxidation of the barrier silicon |layer, is so
slow that the boron do not diffuse into the SO | ayer,
having no effect on the boron concentration in the SO

| ayer. Accordingly, this suggests that, even when the
buried oxide film is made as thick as more than 2 um,
formng a barrier silicon |layer can suppress an increase
I n dopant concentration in the SO |ayer, and that the
barrier silicon layer is preferably about 400-500 nm

t hick, and even considering a margin of safety, formng
a barrier silicon layer of about 600-1000 nmw |l be
sufficient.

[ 0190]

It should be noted that the present invention is
not limted to the above-described enmbodi ments. The
enbodi mrents are just exanples, and any exanples that
substantially have the same feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.

52



CLAI M5

1. A nmet hod for manufacturing an SO wafer, at | east
conpri si ng:

a step of providing a base wafer and a bond wafer,
t he base wafer comprising a silicon single crystal wafer
contai ni ng a dopant across the wafer and having a first
mai n surface and a second main surface opposite the
first main surface, the bond wafer conprising a silicon
single crystal wafer containing a dopant at a | ower
concentration than a dopant concentration of the base
waf er ;

a thermal oxidation step of formng a silicon
oxide filmon an entire surface of the base wafer by
t her mal oxi dati on;

a bonding step of bonding one nmain surface of the
bond wafer to the first main surface of the base wafer
via the silicon oxide filmon the base wafer; and

a thinning step of thinning the bond wafer to form
an SO | ayer, wherein

t he nethod further conprises, prior to the therm
oxi dation step for the base wafer:

a step of forming a CVD insulator filmon the
second mai n surface of the base wafer; and

a step of formng a barrier silicon |layer on the
first main surface of the base wafer, the barrier
silicon layer containing a dopant at a | ower
concentration than the dopant concentration of the base
waf er, wherein

in the thermal oxidation step, the barrier silicon
| ayer is thermally oxidized to produce a barrier silicon
oxide filmas a part of the silicon oxide film and

in the bonding step, the one main surface of the
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bond wafer is bonded to the first main surface of the
base wafer via the barrier silicon oxide filmas a part

of the silicon oxide film

2. The method for manufacturing an SO wafer
according to claim11, further conprising a step of
formng a silicon oxide filmon an entire surface of the

bond wafer prior to the bonding step.

3. The method for manufacturing an SO wafer
according to claim11, wherein, in the bonding step, a
silicon single crystal surface in the one nmain surface
of the bond wafer is directly bonded to a surface of the

barrier silicon oxide filmof the base wafer.

4. The nethod for manufacturing an SO wafer
according to any one of clainms 1 to 3, further
conprising, prior to the bonding step, an ion
I npl antation step of inplanting at |east one kind of
i ons selected froma group consisting of hydrogen ion
and rare gas ions into the bond wafer to forman ion
i npl anted | ayer, wherein

in the thinning step, the bond wafer is
del am nated with the ion inplanted | ayer used as a
del am nating plane to thereby thin the bond wafer to
produce the SO | ayer.

5. The nmethod for manufacturing an SO wafer

according to any one of clains 1 to 4, wherein, in the
step of formng the CVD insulator film any one of a CVD
oxide film a CVD nitride film and a CVD oxynitride

filmis formed as the CVD insulator film
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6. The method for manufacturing an SO wafer
according to any one of claims 1 to 5, wherein a wafer
with the dopant concentration of 1 x 1017 atons/cn® or

nore i s provided as the base wafer.

7. The method for manufacturing an SO wafer
according to any one of clainms 1 to 6, wherein a |ayer
with a dopant concentration of 1 x 1016 atonms/cn? or |ess

iIs formed as the barrier silicon |ayer.

8. The method for manufacturing an SO wafer
according to any one of clains 1 to 7, wherein

in the thermal oxidation step, thermal oxidation
is performed such that a part of the barrier silicon
| ayer remai ns unoxidized, and

annealing is subsequently applied to diffuse the
dopant in the base wafer into a |layer of the unoxidized

part of the barrier silicon |ayer.

9. An SO wafer conprising:

a base wafer;

a buried oxide film and

an SO | ayer boned to the base wafer via the
buried oxide film wherein

t he base wafer conprises a silicon single crystal
waf er containing a dopant across the wafer and having a
first main surface and a second main surface opposite
the first main surface, the first main surface being a
bondi ng surface for bonding to the SO | ayer,

a barrier silicon oxide filmas at |east a part of
the buried oxide filmis disposed on the first main
surface of the base wafer,

a backside silicon oxide filmis disposed on the
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second mai n surface of the base wafer

a C/D insulator filmis disposed on a surface of
t he backside silicon oxide filmfacing away fromthe
base wafer,

the SO |ayer conmprises a silicon single crystal
contai ning a dopant at a | ower concentration than a
dopant concentration of the base wafer, and

a concentration of a dopant in the barrier silicon
oxide filmis |lower than a concentration of a dopant in

t he backside silicon oxide film

10. The SO wafer according to claim9, wherein

a barrier silicon layer is disposed between the
base wafer and the barrier silicon oxide film and

a dopant of a sanme kind as the dopant contained in

t he base wafer is diffused in the barrier silicon |ayer.
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