DESCRI PTI ON

METHOD OF PRODUCI NG BONDED WAFER

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a nethod of
produci ng a bonded wafer by using an ion inplantation
separation nethod, and typically to a nethod of
produci ng a bonded wafer by bringing a silicon wafer in
whi ch 1ons such as hydrogen ions are inplanted into
cl ose contact with a support wafer and then perform ng a
heat treatnment on these wafers to separate the silicon
waf er .

BACKGROUND ART
[ 0002]
A nmet hod of producing SO wafers by separating
i ons-inplanted wafers after bonding, i.e., the ion
I npl ant ati on separation nethod (an art also referred to
as the Smart Cut nmethod (registered trademark)), has
attracted attention as a nmethod for producing SO wafers.
In this method, for exanmple, an oxide filmis
formed on at | east one of two silicon wafers, and gas
i ons, such as hydrogen ions or rare gas ions, are
i nplanted froma front surface of one of the silicon
wafers (a bond wafer) to forma |ayer of the inplanted
ions (also referred to as a mcro bubble layer) in the
interior of the wafer.
[ 0003]
The oxide filmis then interposed between the
surface from which the ions have been inplanted and the

ot her silicon wafer (a base wafer) so that these wafers
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are bonded. These wafers after bonding are then

subj ected to a heat treatnent in which the wafers are
left in a heat treatnment furnace at a given tenperature
for a prescribed time after the tenperature was

i ncreased at a rate of about 10°C per m nute, so that

t he bond wafer is cleaved along the [ayer of the

i npl ant ed i ons, whereby a bonded wafer is forned. A
heat treatnment (a bonding heat treatnment) is then
performed on this bonded wafer at a high tenperature to
strengthen a bond between the base wafer and an SO

| ayer separated fromthe bond wafer. 1In this way, an
SO wafer is obtained (See Patent Docunent 1, for

exanmpl e).

[ 0004]

I n production of a bonded wafer by the ion
i npl ant ati on separation nethod, the bond wafer used to
forma thin filmusually has the same plane orientation
as the base wafer used as a support substrate. Wafers
havi ng a cutout portion such as a notch or orientation
flat that shows the plane orientation at the sane
position are used to formthe SO wafer by bonding
t hrough the oxide filmor a directly bonded wafer by
bondi ng wi t hout an oxide film
[ 0005]

The bond wafer and the base wafer are usually
bonded at room tenperature such that the cutout portion
of these wafers is aligned, and the resultant wafers are
then subjected to a separation heat treatnent to
separate the bond wafer along the layer of the inplanted
I ons, whereby the bonded wafer is produced.

Cl TATI ON LI ST
PATENT LI TERATURE



[ 0006]
Pat ent Docunent 1:Japanese Unexam ned Patent publication
(Kokai) No. H05-211128

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0007]

The separation heat treatnent begins the
separation along the layer of the inplanted ions at a
separation start position and gradually advances the
separation. |If a variation in shape such as a notch is
i nvol ved hal fway during the separation, however, the
speed of the advancenent of the separation changes at
the position of this variation, and a fault-Ilike defect
(referred to as a |large fault defect bel ow) that | ooks
li ke a scratch extending to a conparatively w de range
is generated on the thin film
[ 0008]

The present invention was acconplished in view of
t he above problem It is an object of the present
i nvention to provide a nethod of producing a bonded
wafer that can inhibit the occurrence of the large fault
def ect that may be generated on the surface of the thin
filmright after the separation, when the thin film such
as the SO layer is fornmed by the ion inplantation

separati on net hod.

SOLUTI ON TO PROBLEM
[ 0009]
To solve the problem the present invention
provi des a net hod of producing a bonded wafer,
conprising: inplanting hydrogen ions, rare gas ions, or

m xed gas ions thereof into a bond wafer froma surface



of the bond wafer to forma layer of the inplanted ions
in an interior of the bond wafer; bonding the surface
fromwhich the ions are inplanted into the bond wafer
and a surface of a base wafer; and then separating the
bond wafer along the | ayer of the inplanted ions by
perform ng a separation heat treatnent on the wafers
after the bonding step by using a heat treatnment furnace
such that the bonded wafer is formed, wherein wafers
each having a cutout portion are used as the bond wafer
and the base wafer, and either or both of settings of an
ion inplanter with which the ions are inplanted and
conditions of the ion inplantation are adjusted in the
step of inplanting the ions such that the cutout portion
of either or both of the bond wafer and the base wafer
after the bonding step is located at within a range of
0+30° or 180+30° from a position at which the separation
of the bond wafer begins in the step of separating the
bond waf er.

[ 0010]

Such a nmethod of producing a bonded wafer can
intentionally set the separation start position when the
ions are inplanted into the bond wafer and arrange the
bond waf er and the base wafer after bondi ng such that
the cutout portion of either or both of these wafers is
| ocated at within a range of 0+30° or 180+30° fromthe
separation start position of the bond wafer, thereby
avoi ding the invol venent of the cutout portion in the
course of the separation during the separation process
and enabling the inhibition of the occurrence of the
| arge fault defect.

[0011]

The step of inplanting the ions preferably

i ncl udes arranging the bond wafer in the ion inplanter



such that a position of the cutout portion of the bond
wafer or a position of 180° away from the cutout portion
of the bond wafer matches a position at which damage due
to the ion inplantation is conparatively large in a

pl ane of the bond wafer, the damage bei ng determ ned by
the ion inplanter and the conditions of the ion

i npl ant ati on.

[0012]

This arrangenent to the position at which the
damage due to the ion inplantation is conparatively
| arge in a plane of the bond wafer enables the
separation to begin at the position of the cutout
portion of the bond wafer or the position of 180° away
fromthe cutout portion of the bond wafer.

[ 0013]

In the step of inplanting the ions, an anmount of
the inplanted ions at the position of the cutout portion
of the bond wafer or the position of 180° away fromthe
cutout portion of the bond wafer is preferably |arger
t han at ot her positions.

[ 0014]

At the position at which the anmount of the
i nplanted ions is |arge, the separation is facilitated
and proceeds by a heat treatnent for a short tine.
Accordingly, inplanting the ions at the position of the
cutout portion of the bond wafer or the position of 180°
away fromthe cutout portion of the bond wafer in a
| arger anount than at the other positions enables the
separation to begin at the position of the cutout
portion of the bond wafer or the position of 180° away
fromthe cutout portion of the bond wafer.

[ 0015]
The step of inplanting the ions preferably



I ncl udes arranging the bond wafer on a heat sink such
that the position of the cutout portion of the bond
wafer or the position of 180° away fromthe cutout
portion of the bond wafer matches a position at which
t hermal conduction of the heat sink when the ions are
I npl anted is conparatively poor in a plane of the bond
waf er .

[ 0016]

At the position at which the thermal conduction of
the heat sink is poor, cooling efficiency is |ow and the
t enperature becones high when the ions are inplanted,
resulting in greater damage due to the ion inplantation.
VWhen the position of the cutout portion of the bond
wafer or the position of 180° away from the cutout
portion of the bond wafer matches the position at which
the thermal conduction of the heat sink is conparatively
poor in a plane of the bond wafer, this position can be
mat ched to the position at which the danage due to the
ion inplantation is conparatively large in a plane of
t he bond wafer by nmaking the tenperature at this
position conparatively high in a plane of the bond wafer
during the ion inplantation. This enables the
separation to begin at the position of the cutout
portion of the bond wafer or the position of 180° away
fromthe cutout portion of the bond wafer.

[0017]

Mor eover, a portion of the heat sink at the
position at which the thermal conduction of the heat
sink is conparatively poor in a plane of the bond wafer
is preferably made of a material having a | ower thernmal
conductivity than at other portions.

[ 0018]
In this manner, the heat sink can have a portion



at which the thermal conduction is conparatively poor in
a plane of the bond wafer.
[ 0019]

The portion of the heat sink at the position at
whi ch the thermal conduction of the heat sink is
conparatively poor in a plane of the bond wafer is
preferably thicker than the other portions.

[ 0020]

In this manner, the heat sink can have a portion
at which the thermal conduction is conparatively poor in
a plane of the bond wafer.

[ 0021]

The step of perform ng the separation heat
treatment preferably includes arranging the wafers after
t he bonding step in the heat treatnent furnace such that
t he position of the cutout portion or the position of
180° away fromthe cutout portion of either or both of
t he bond wafer and the base wafer matches a position at
which the wafers after the bonding step have a
conparatively high tenperature in their plane.

[ 0022]

At the position at which the wafers after the
bondi ng step have a conparatively high tenperature in
their plane, the separation is easy to proceed during
t he separation heat treatment. Accordingly, when the
arrangenent is done in the heat treatnment furnace such
that the position of the cutout portion or the position
of 180° away from the cutout portion of either or both
of the bond wafer and the base wafer matches the
position at which the wafers after the bonding step have
a conparatively high tenperature in their plane, the
separation can begin at the position of the cutout

portion or the position of 180° away from the cutout



portion of either or both of the bond wafer and the base
waf er .
[ 0023]
The cutout portion is preferably a notch.
[ 0024]

The wafer having the notch facilitates the bondi ng
process because the notch can be a positional reference
when the wafers are bonded. In addition, a |arge
di ameter wafer that is mainly used recently has the
notch, and the invention can be applied to the bondi ng
process of such a |arge diameter wafers having the notch

ADVANTAGEOQUS EFFECTS OF | NVENTI ON
[ 0025]

Thus, the inventive nethod of producing a bonded
wafer allows for intentional operation of the separation
start position when the ions are inplanted into the bond
waf er, thereby avoiding the involvenment of the cutout
portion in the course of the separation during the
separation process and enabling the inhibition of the
occurrence of the large fault defect under the condition
that the cutout portion of either or both of the bond
wafer and the base wafer after bonding is |ocated at
within a range of 0+30° or 180+30° fromthe separation
start position of the bond wafer. In addition, when the
separation start position determ ned when the ions are
i npl ant ed mat ches the position at which the wafers have
a conparatively high tenperature in their plane during
t he separation heat treatnment, the separation start
position can nore reliably be a desired position.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0026]



FIG 1 is a flowhart show ng an enbodi nent of a
met hod of producing a bonded wafer according to the
i nventi on;

FIG 2 is a schematic diagram of exanple 1 in
which a notch was | ocated at a position at which damage
due to ion inplantation was conparatively large in a
pl ane of the bond wafer;

FIG 3 is a schematic diagram of conparative
example 2 in which a notch was not | ocated at a position
at whi ch damage due to ion inplantation was
conparatively large in a plane of the bond wafer

FIG 4 is a schematic diagram of exanple 2 in
whi ch a notch was | ocated at a position at which the
tenperature in a heat treatment furnace was in a high
range and a separation heat treatnment was perforned;

FIG 5 is a schematic diagram of exanple 3 in
whi ch the amount of inplanted ions at a notch portion
was increased with a batch type of ion inplanter

FIG 6 is a schematic di agram of exanple 4 in
whi ch the amount of inplanted ions into a notch portion
was increased in a manner that (i) the ions were
i npl anted with a single-wafer-processing type of ion
i npl anter over the entire surface of a wafer and (ii)
addi tional ions were then inplanted at the notch
portion;

FIG 7 is a schematic di agram of exanple 5 in
which (iii) heat sink rubber having a | ocal portion of
| ow carbon concentration was used and (iv) a wafer was
arranged such that a notch was |ocated at the position
of the | ow carbon concentration;

FIG 8 is a schematic diagram of conparative
example 2 in which (v) heat sink rubber having a | ocal

portion of |ow carbon concentration was used and (vi) a



10

waf er was arranged such that a notch was not | ocated at
t he position of the | ow carbon concentration; and

FIG 9 is a schematic diagram of a mechani sm of
t he occurrence of |arge fault defect.

DESCRI PTI ON OF EMBODI MENTS
[ 0027]

There has been a need for devel opnment of a nethod
of produci ng a bonded wafer that can inhibit the
occurrence of large fault defect that may be generated
on the surface of a thin filmright after the separation
process when the thin filmsuch as the SO |ayer is
formed by the ion inplantation separation nmethod, as
descri bed above.

[ 0028]

FIG 9 schematically shows a mechani sm of the
occurrence of large fault defect. The separation heat
treat ment begins the separation along the layer of the
I npl anted ions at a separation start position 40 and
gradual | y advances the separation. As shown in FIG 9,
however, it can be understood that if a variation in
shape such as a notch 41 is involved hal fway during the
separation, then the speed of the advancenent of the
separation changes at the position of this variation,
and a boundary line thereof beconmes the |arge fault
defect 42.

[ 0029]

From thi s understanding, the inventors devised
t hat when the bond wafer is separated, placenent of its
cutout portion at the separation start position or the
position of 180° away fromthe separation start position
enabl es the inhibition of the occurrence of large fault
def ect, because the cutout portion hardly affects the
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separation in the course of the separation process. In
ot her words, intentional determ nation of the separation
start position permts the cutout portion to prevent
from being involved with the separation, resulting in
the inhibition of the occurrence of |arge fault defect.

[ 0030]

As disclosed in Japanese Unexam ned Pat ent
publication No. 2009-170652, the separation start
position can be found by neasurenent of haze on the
separation surface or distribution map of the film
thickness of the thin film These nmeasurenment reveal ed
that the separation start position is apt to format the
position at which damage due to ion inplantation is
conparatively large in a plane of the bond wafer, or the
position at which wafers after bondi ng have a
conparatively high tenperature in their plane during the
separation heat treatnent.

[ 0031]

This damage due to ion inplantation, which greatly
affects the determ nation of the separation start
position, will now be described.

When ions are inplanted into a target
sem conductor wafer, atonms that make up the target wafer
collide with the inplanted ions and are repelled. The
damage is forned by defects generated by repelling the
atonms of the target wafer.

Repelling an atomrequires a collision energy
equal to or higher than a bondi ng energy of the atom
This energy corresponds to an accel erati on energy of an
ion and a heat energy due to the tenperature of the
target wafer. The damage accordi ngly beconmes | arge when
an accel erating voltage and the tenperature of the

target wafer upon inplanting are high. As the amount of
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i npl anted ions are |larger, the nunber of repelled atons
i ncreases, and the damage becones | arger.
[ 0032]

An ion inplanter provides very high uniformty in
the depth direction of ion inplantation by properly
controlling the acceleration energy. Accordingly,
danmage distribution in a plane of the target wafer is
hardly affected by variations in accelerating voltage
but greatly affected by distribution of ion inplanted
ampunt and tenperature in the plane of the wafer. The
di stribution of ion inplanted amount is affected by how
to nmove a beam and the wafer during the inplantation,
and variations in current of the beam 1In the
I npl ant ati on process, the wafer is placed on a base
call ed a heat sink. The distribution of in-plane
t enperature changes due to condition of contact between
the back surface of the wafer and the heat sink, the
flatness of the heat sink, the thickness of an
I nternmedi ate material, such as a rubber material to
i ncrease a contact area, disposed between the heat sink
and the back surface of the wafer, and variations in
mat eri al properties of the internmediate material. More
specifically, a reduction in radiant heat fromthe wafer
back surface due to bad contact conditions of this
surface increases the tenperature at that position,

t hereby increasing the danmage. 1In contrast, an increase
in radiant heat fromthe wafer back surface due to good
contact conditions of this surface decreases the
tenperature at that position, thereby reducing the
damage. I n addition, contact of the wafer with a pin to
hol d the wafer increases the cooling efficiency of the
contact portion of the wafer with the pin, thereby

reduci ng the damage.
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[ 0033]

From t he above consi derations, the inventors found
the follow ng. Wen the bond wafer is separated, the
cutout portion of wafers after bonding is intentionally
| ocated at the separation start position or 180°C
rotationally away fromthe separation start position.
This positioning prevents the cutout portion from being
i nvolved with the separation hal fway during the
separation process and can thereby inhibit the
occurrence of large fault defect. The separation start
position is greatly affected by the danage due to ion
i npl antation into the bond wafer. In view of these,
when ions are inplanted, adjustnent of settings of an
ion inplanter and conditions of ion inplantation permt
t he separation start position to be identical to the
above position by intention. The inventors thereby
br ought the invention to conpletion.

[ 0034]

The invention provides a nethod of producing a
bonded wafer, including: inplanting hydrogen ions, rare
gas ions, or m xed gas ions thereof into a bond wafer
froma surface of the bond wafer to forma | ayer of the
i nplanted ions in an interior of the bond wafer; bonding
t he surface fromwhich the ions are inplanted into the
bond wafer and a surface of a base wafer; and then
separating the bond wafer along the |ayer of the
i npl anted ions by perform ng a separation heat treatnment
on the wafers after the bonding step by using a heat
treatment furnace such that the bonded wafer is fornmed,
wherein wafers each having a cutout portion are used as
the bond wafer and the base wafer, and either or both of
settings of an ion inplanter with which the ions are

I npl anted and conditions of the ion inplantation are
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adjusted in the step of inplanting the ions such that

t he cutout portion of either or both of the bond wafer
and the base wafer after the bonding step is | ocated at
within a range of 0+30° or 180+30° from a position at
whi ch the separation of the bond wafer begins in the
step of separating the bond wafer.

[ 0035]

An enbodi mrent of a method of producing a bonded
waf er according to the invention will now be descri bed
in detail with reference to FIG 1 by way of exanple of
produci ng the bonded wafer by the ion inplantation
separation nmethod, which is also referred to as the
Smart Cut nethod (registered trademark). The invention
however is not limted to this enbodi nent.

[ 0036]

In step (a) in FIG 1, a bond wafer 10 and a base
wafer 20 are first prepared. These wafers have a cutout
portion. Mrror-polished silicon single crystal wafer,
for exanple, can be preferably used as the bond wafer 10
and base wafer 20.

[ 0037]

The cutout portion shows the plane orientation of
the wafer surface in a rotation direction, and can
t hereby be used as a positional reference in the bonding
process. Although this cutout portion may be a notch or
orientation flat, the notch is mainly used in recent
wafers having a | arge di aneter and hence preferable.

[ 0038]

I n next step (b), at | east one of the bond wafer
10 and base wafer 20, the bond wafer 10 in this
enbodi ment, is subjected to thermal oxidation to form an
oxide film 12 having, for exanple, about 100 nmto 2,000
nmon its surface. An oxide filmmy be forned on the
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surface of the base wafer 20 or both the wafers. There
is a case in which no oxide filmis formed on both the
waf ers.
[ 0039]

I n next step (c), at |east one of hydrogen ions
and rare gas ions, hydrogen ions in this enbodi nent, are
i nplanted into the bond wafer 10 from a surface of the
bond wafer 10 to forma layer 11 of the inplanted ions
(a mcro bubble layer) that is parallel to the wafer
surface at an average penetration depth of the ions.

[ 0040]

In the ion inplantation process in the invention,
ei ther or both of settings of an ion inplanter and
conditions of the ion inplantation are adjusted to
control the separation start position of the bond wafer
in the separation process, as described below. A nethod
of controlling the separation start position so as to be
t he desired position by the settings of the ion
I npl anter and conditions of the ion inplantation w|l
now be described in detail.

[ 0041]

The ion inplantation separation nethod can forma
sem conductor thin filmon the base wafer, for exanple,
by exclusively inplanting hydrogen ions into the bond
waf er, bonding the bond wafer and a support wafer, i.e.,
t he base wafer, and then perform ng the separation heat
treatment. In other words, the separation of the wafer
I's brought about by providing heat energy to the high
hydr ogen concentration |ayer. Conpared with a portion
at which the damage is conparatively small, a portion at
whi ch the damage is | arge has been inplanted the ions in
a | arger amount or subjected to a heavier heat load in

t he inplantation process, and is hence easier to
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separate. The edge of the wafer is easy to separate
because of being a free end. Because a central portion
of the wafer, in contrast, has no free end and is
restrained by its peripheral portion, this portion is
hard to separate. Accordingly, the separation is likely
to begin at the wafer edge having a conparatively
heavi | y damaged portion.

[ 0042]

The separation start position can therefore match
the position of the cutout portion or the position of
180° away fromthe cutout portion under the follow ng
condition: the bond wafer is arranged in the ion
i nplanter in the ion inplantation process such that the
position of the cutout portion of the bond wafer or the
position of 180° away fromthe cutout portion of the
bond waf er matches the position at which the damage due
to the ion inplantation, which is determ ned by the ion
i npl anter and the conditions of the ion inplantation, is
conparatively large in the plane of the bond wafer. In
the ion inplanter, the direction of the notch in the ion
i npl antation can be freely determned and it is easy to
| ocate the notch at the position of a high damage
distribution in the ion inplantation.

[ 0043]

Therma Wave nethod is usually used to nmeasure the
degree of damage due to the ion inplantation (See
Japanese Unexam ned Patent publication No. S61-223543).
This Therma Wave met hod is non-contact neasurenment of
t he anmount of inplanted ions wthout perform ng a heat
treatment on an object into which the ions are inplanted.
In the Therma Wave nmet hod, this object is irradiated
with | aser |light for detection (detection light), the
measurenment point is irradiated with another |aser |ight
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for excitation (excitation light), and variations in
reflected light of the detection |ight are measured.
When the ion-inplanted sem conductor is irradiated with
excitation light having an energy equal to or | arger

t han the band cap of the sem conductor, a photo excited
carrier that acts as a free carrier is generated at the
irradi ated portion, and the reflectance of the |ight
vari es depending on the generation of the photo excited
carrier and the di sappearance due to reconbi nation. The
conditions of this generation and di sappearance of the
photo excited carrier, i.e., the variation in the
reflectance of the light, is related to the degree of

t he damage of a surface |ayer of the sem conductor. The
Therma Wave net hod can neasure the degree of the damage
by optically nmeasuring the variation in the reflectance
of the light in the surface |ayer of the sem conductor.
[ 0044]

The distribution of the anount of the inplantation
can be presunmed instead of measuring the degree of the
damage due to the ion inplantation by the Therna Wave
met hod. The distribution of the amount of the
i nplantation is greatly affected by heat distribution
during the inplantation. This is determ ned by the
condi tions of contact between the wafer and the heat
sink: good contact inproves cooling ability, thereby
decreasing the tenperature during the inplantation; on
the contrary, bad contact inpairs cooling ability,

t hereby increasing the tenperature during the

I npl antation. The conditions of contact of the wafer
back surface can be checked froma particle map of the
waf er back surface. It can be presuned that a |arger
amount of particles neans good contact and high cooling

ability, and a small er anount of particles neans bad
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contact and | ow cooling ability. The cooling conditions
of the entire wafer can be presumed by the conbination
bet ween the map and the position of a pin of a wafer

hol der .

[ 0045]

These nmethod are used to specify the position at
whi ch the damage due to the ion inplantation is
conparatively large in the plane of the bond wafer and
the settings of the ion inplanter and the ion
I npl antation conditions at that tinme. This position can
match the separation start position under the foll ow ng
conditions: the bond wafer is arranged in the ion
i mpl anter such that the position of the cutout portion
of the bond wafer or the position of 180° away fromthe
cutout portion of the bond wafer matches the position at
whi ch the danmage due to the ion inplantation is
conparatively large in the plane of the bond wafer.

[ 0046]

FIG 2 schematically shows an exanple in which a
notch is |located at the position at which the damage due
to ion inplantation is conparatively |large in the plane
of the bond wafer. When the notch 41 is |ocated at the
position 44 of the heavily damaged portion, the position
of the notch can match the separation start position.
The separation proceeds in the separation direction 43
during the separation heat treatnment. The involvenment
of the notch with the separation in its course can be
avoi ded.

[ 0047]

Mor eover, paying attention to the distribution of
t he anmount of inplanted ions on the wafer surface, a
| arger amount of inplanted ions facilitates the

separation and allows the separation to proceed by a
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heat treatnment for a short time, as described above.
When a portion at which the amount of inplanted ions is
conparatively large is produced at the wafer edge, the
separation begins at portion at which the anount of

I npl anted ions is conparatively large. That is, the
separation start position can match the position of the
cutout portion of the bond wafer or the position of 180°
away fromthe cutout portion of the bond wafer under the
condition that the ampunt of inplanted ions at the
position of the cutout portion of the bond wafer or the
position of 180° away fromthe cutout portion of the
bond wafer is larger than at the other positions in the
i on inplantation.

[ 0048]

An ion inplanter is usually used to inplant ions
uniformy into the plane of a wafer. Figuring out an
action of scanning a wafer or beam all ows the anmount of
the inplantation to be locally increased.

FIG 5 schematically shows an exanple in which the
amount of inplanted ions at the notch portion is
increased with a batch type of ion inplanter. An
exenplary ion inplanter of this batch type places the
bond wafer 10 on a body 45 of revolution such that the
notch 41 faces the inside or outside of a wheel and
scans the bond wafer 10 by an ion beam 46 in the | atera
direction along a trajectory 47 of bean scan. At this
time, this ion inplanter can increase the anount of the
i npl antation at the notch portion conparatively by
decreasi ng a scanning speed at the position of the notch
41 or scanning only the edge of the wafer. The center
of scanning away fromthe center of the wafer permts an
i ncrease or decrease in the anount of the inplantation
to be distributed in the scanning direction.
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Accordingly, when the notch is |ocated at the position
at which the anobunt of the inplantation is |large, the
anmount of the inplantation into the notch portion can be
I ncreased.

FIG 6 schematically shows an exanple in which the
amount of inplanted ions into the notch portion is
i ncreased with a single-wafer-processing type of ion
i npl anter. An exenplary ion inplanter of this single-
waf er - processi ng type scans the entire surface of the
bond wafer 10 by the ion beam 46 al ong the trajectory 47
of bean scan as shown in (i), and then emts a | arge
ampunt of ion beam 46 to the notch 41 to inplant
additional ions. In this way, this ion inplanter can
I ncrease the amount of the inplantation into the notch
portion.

| ncreasing the anmount of the inplantation into the
notch portion, for exanple, in the above manner all ows
t he separation start position to match the position of
t he notch portion. When the sanme operation is carried
out at the position of 180° away fromthe notch portion,
t he separation start position can match the position of
180° away fromthe notch portion.
[ 0049]

Mor eover, paying attention to the tenperature of
the wafer during the inplantation, the tenperature in
t he plane of the wafer can be determ ned by contact
bet ween the wafer and the heat sink and between the
wafer and a wafer holder such as a pin. A heat sink
rubber, an internmediate material, is provided between
the wafer and the heat sink to inprove the contact
bet ween the wafer and the heat sink. Adjustnment of the
contact and thermal conductivity of this heat sink

rubber such that cooling efficiency of the notch portion
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I's reduced permts the separation start position to
match the position of the notch portion. That is, this
position can match the separation start position under
the condition that the position of the cutout portion of
t he bond wafer or the position of 180° away fromthe
cutout portion of the bond wafer matches the position at
whi ch thermal conduction of the heat sink when the ions
are inplanted is conparatively poor in the plane of the
bond wafer.

[ 0050]

An exenpl ary nmet hod of decreasing the thermal
conduction of the heat sink is to decrease the thernmal
conducti on of the heat sink rubber itself. For exanple,
when the thermal conductivity of the heat sink rubber is
changed by adding additives such as carbon and al um na
to the rubber, a local variation in the ampunt of added
carbon, for exanple, permts a reduction in cooling
efficiency. FIG 7 schematically shows an exanple in
whi ch a heat sink having a locally | owered carbon
concentration is used. As shown in FIG 7, (iii) a
portion 49 having a | ower carbon concentration is
produced in part of the heat sink 48, and (iv) a wafer
10 is arranged such that the notch 41 is located at this
portion. This enables the damage due to ion
I npl antation at the notch to be increased.

I n addition, roughening the surface of the heat
si nk rubber decreases a contact area between the heat
sink rubber and the wafer and thereby allows the cooling
efficiency to be locally reduced. When the heat sink
rubber has special surface irregularities, decreasing
t he contact area of the wafer allows the cooling
efficiency to be locally reduced. When a recess is

formed on a base of the heat sink to |ocally make the
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flatness of the base worse at the position at which the
cooling efficiency needs to be reduced, the contact area
of the wafer back surface is decreased, so the cooling
efficiency of the wafer can be reduced.

Mor eover, thickening part of the heat sink rubber
decreases thermal conduction at that part, resulting in
a reduction in the cooling efficiency of the wafer.

[ 0051]

These nethods permt the heat sink to have a
portion at which the thermal conduction is conparatively
poor in the plane of the bond wafer. This portion can
mat ch the separation start position under the condition
t hat the portion having a thus reduced cooling
efficiency matches the position of the cutout portion of
t he bond wafer or 180° away from the cutout portion of
t he bond wafer.

[ 0052]

Adj usting either or both of settings of the ion
I npl anter and the ion inplantation conditions allows the
separation start position to match a desired position by
i ntention.

[ 0053]

I n next step (d), the surface fromwhich the ions
have been inplanted into the bond wafer 10 and a surface
of the base wafer 10 are superposed through the oxide
film12 to bond these wafers. These wafers are bonded
wi t hout an adhesive by bringing the surface of these two
wafers into contact with one another under a clean
at nrosphere at room t emnper at ure.

[ 0054]

In this step, the bond wafer 10 and the base wafer
20 are preferably bonded such that both of the cutout
portions are |ocated at the sane position. These wafers
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however can be bonded such that their cutout portions
are located at different positions.

In this case, when the difference in angle between
t hese positions is 30° or |less, their cutout portions
are preferably located at within 0+£30° or 180+30° away
fromthe separation start position. Wen the difference
i n angle between these positions is greater than 30°,
the wafer that is nore likely to generate the |arge
fault defect is preferably |located such that its cutout
portion is |ocated at within 0+30° or 180+30° away from
t he separation start position. Which cutout portion
nore greatly affects the occurrence of the large fault
def ect cannot be qualitatively identified, but can be
statistically grasped through experinments under fixed
producti on conditions.

[ 0055]

I n next step (e), i.e. separation process, the
wafers are separated along the layer 11 of the inplanted
ions into a separated wafer 31 and a bonded wafer 30
having an SO |ayer 32 disposed on the oxide film 12 on
t he base wafer 20. Perform ng a heat treatnment at about
500°C or higher under an inert gas atnosphere, for
exanmpl e, causes the wafers to be separated into the
separated wafer 31 and the bonded wafer 30 (having the
SO layer 32, oxide film 12, and base wafer 20) by
rearrangenment of crystals and aggl omerati on of bubbl es.
[ 0056]

The invention can avoid the invol venment of the
cutout portion in the course of the separation during
t he separation process and inhibit the occurrence of the
| arge fault defect under the condition that the cutout
portion of either or both of the bond wafer and the base

wafer after the bonding step is |ocated at within the
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range of 0+30° or 180+30° fromthe separation start
position in the separation process.
[ 0057]

The cutout portion of either or both of the bond
waf er and the base wafer after the bonding step is
preferably |located at within the range of 0+20° or
180+20° from the separation start position, nore
preferably within the range of 0+10° or 180+10° fromthe
separation start position.

[ 0058]

When the damage due to the inplantation is
uniformy distributed, the separation is easy to proceed
at the position at which the tenperature in a heat
treatment furnace is high. The tenperature in the heat
treatnment furnace is not perfectly uniformy distributed,
but may be distributed, for exanple, such that the
tenperature on the upper side of the furnace is
conparatively high. Accordingly, the wafers are
arranged in the heat treatnent furnace such that the
position of the cutout portion or the position of 180°
away fromthe cutout portion of either or both of the
bond waf er and the base wafer matches the position at
whi ch the wafers after the bonding step have a
conparatively high tenperature in their plane. This
arrangenent nore reliably enables this position to match
t he separation start position.

[ 0059]

FIG 4 schematically shows an exenpl ary separation
heat treatnment in which the notch is |ocated at a
position at which the tenperature in the heat treatnent
furnace is in a high range. A shade of col or shown
outside a wafer in FIG 4 represent the tenperature

distribution in the heat treatnent furnace. A |ight
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color represents a high tenperature range, and a deep
col or represents a | ow tenperature range. As shown in
FIG 4, arranging the notch 41 so as to have a high
tenperature in the separation heat treatment nore
reliably enables the position of the notch to match the
separation start position. In this separation heat
treatment, the separation proceeds in the separation
direction 43, so the separation can be prevented from
bei ng affected by the notch hal fway.

[ 0060]

The tenperature distribution in the heat treatnent
furnace can be checked by a thernocouple, therma
oxi dation, or sheet resistance distribution.

In addition to the tenperature distribution in the
heat treatnment furnace, tenperature distribution can be
created by adjusting the power bal ance of a heater of
the heat treatnent furnace.

[ 0061]

The heat treatnent furnace for the separation is
preferably a horizontal furnace. The horizontal furnace
permts the separation start position of the bond wafer
to be conparatively constant in each furnace and enabl es
the invention to be nore reliably carried out.

[ 0062]

Thus, the inventive nethod of producing a bonded
waf er enabl es intentional adjustnent of the separation
start position when the ions are inplanted into the bond
wafer. Accordingly, the invention can avoid the
i nvol vement of the cutout portion in the course of the
separation during the separation process and inhibit the
occurrence of the large fault defect under the condition
that the cutout portion of either or both of the bond

waf er and the base wafer after the bonding step is
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| ocated at within the range of 0+30° or 180+30° fromthe
separation start position.

EXAMPLE
[ 0063]

The present invention will be described below with
reference to exanpl es and conparative exanples, but the
invention is not limted to these exanpl es.

[ 0064]

(Exanple 1)

<Exanmple in which the notch was | ocated at the position
of a portion heavily danmaged due to ion inplantation>
(Bond wafer)

A thermal oxide film having a thickness of 200 nm
was fornmed on a bond wafer made of a 300-nmm di aneter
silicon single crystal having a notch orientation of
<011> and a crystal orientation of <100>. Then, ions
were inplanted into this wafer at 60 keV in a dose
amount of 7x1016/cn? such that the distribution of the
dose amount was uniformin a plane.

To find the position of the nost heavily damaged
portion at the edge of a wafer into which ions were
i npl ant ed under the above ion inplantation conditions,
damage distribution (in-plane map) of this wafer was
measured with Therma Wave (made by KLA-Tencor) in
advance. Another wafer was arranged in the ion
i npl anter such that this portion matched its notch
portion and the ions were inplanted. The resultant
wafer was used as the bond wafer in exanple 1 (See FIG
2) .

(Base wafer)
A base wafer made of a 300-mm di aneter silicon

single crystal having a notch orientation of <011> and a
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crystal orientation of <100> was prepared.
( Bondi ng)

The bond wafer and the base wafer were bonded at
roomtenperature so as to match the position of their
not ches.

(Separation heat treatnent)

The separation heat treatnent was performed under
t he conditions of 500°C, 30 m nutes, 100% argon
at nosphere, and a horizontal furnace such that the
tenperature distribution was uniformin a plane
(500+£1°C).

(Observation of large fault defect)

The bonded wafer after the separation was visually
observed under condensed |light to investigate how many
wafers generated the |arge fault defect. The result was
that the incidence of the large fault defect was 1%
(2/ 200 pieces) in exanple 1.

[ 0065]

(Conpar ati ve Exanple 1)

<Exanmple in which the notch was not |ocated at the
position of a portion heavily damaged due to ion

i npl ant ati on>

The position of the nost heavily damaged portion
at the edge of a wafer was found in the same manner as
example 1. A wafer was arranged in the ion inplanter
such that a portion of 45° away fromthe notch portion
was nost heavily damaged. lons were inplanted into this
waf er under the sanme conditions as exanple 1. The
resul tant wafer was used as the bond wafer in
conparative exanple 1 (See FIG 3).

The sanme base wafer as exanple 1 was prepared and
subj ected to the bondi ng and separation heat treatnment

in the same manner as exanple 1.
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The bonded wafer after the separation was visually
observed under condensed |light to investigate how many
wafers generated the |arge fault defect. The result was
that the incidence of the large fault defect was 30%
(60/ 200 pieces) in conparative exanple 1.

[ 0066]

(Exanpl e 2)

<Example in which the notch was | ocated at a high
tenperature region in the heat treatnment furnace>

The sanme bond and base wafers as exanple 1 were
pr epar ed.

( Bondi ng)

The bond wafer and the base wafer were bonded at
roomtenperature so as to match the position of their
not ches.

(Separation heat treatnent)

I n exanple 2, the separation heat treatnment was
perfornmed under the conditions of 500°C, 30 m nutes,
100% ar gon atnmosphere, and a horizontal furnace such
that the notch was | ocated at a high tenperature portion
in heat treatment furnace having tenperature
di stribution in which an upper portion of the furnace
had a tenperature 5°C hi gher than other portions (See
FIG 4).

(Observation of large fault defect)

The bonded wafer after the separation was visually
observed under condensed |light to investigate how many
wafers generated the |arge fault defect. The result was
that the incidence of the large fault defect was 0.5%
(1/200 pieces) in exanple 2.

[ 0067]
(Exanpl e 3 and Exanple 4)
<Exanmple in which the anount of inplanted ions into the
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notch portion was increased>
(Bond wafer)

A thermal oxide film having a thickness of 200 nm
was fornmed on a bond wafer made of a 300-nmm di anet er
silicon single crystal having a notch orientation of
<011> and a crystal orientation of <100>. Then, in
exanple 3, ions were inplanted into the wafer at 60 keV
in a dose anpunt of 7x1016/cn? with a batch type of ion
I npl anter such that the distribution of the dose anmpunt
was uniformin a plane, and 2% of addition ions were
I nplanted into the vicinity (fromthe edge to 1 cm away
fromthe edge) of the notch portion. The resultant
waf er was used as the bond wafer in example 3 (See FIG
5. In exanple 4, after formng a thermal oxide film
ions were inplanted into the wafer at 60 keV in a dose
amount of 7x1016/cn? with a singl e-wafer-processing type
of ion inplanter such that the distribution of the dose
ampunt was uniformin a plane, and 2% of addition ions
were inplanted into the vicinity (2 cn?) of the notch
portion. The resultant wafer was used as the bond wafer
in exanple 4 (See FIG 6).

(Base wafer)

A base wafer made of a 300-mm di aneter silicon
single crystal having a notch orientation of <011> and a
crystal orientation of <100> was prepared.

( Bondi ng)

The bond wafer and the base wafer were bonded at
roomtenperature so as to match the position of their
not ches.

(Separation heat treatnent)
The separation heat treatnent was performed under

the conditions of 500°C, 30 m nutes, 100% argon
at nosphere, and a horizontal furnace such that the
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tenperature distribution was uniformin a plane
(500+£1°C).
(Observation of large fault defect)

The bonded wafer after the separation was visually
observed under condensed |light to investigate how many
wafers generated the |arge fault defect. The result was
that the incidence of the large fault defect was 1%

(2/ 200 pieces) in exanple 3 and 1% (2/200 pieces) in
exanpl e 4.

[ 0068]

(Exanpl e 5)

<Example in which the notch portion was |ocated at the
position at which thermal conduction of the heat sink
was conparatively poor when ions were inmplanted>

(Bond wafer)

A thermal oxide filmhaving a thickness of 200 nm
was fornmed on a bond wafer made of a 300-mm di anet er
silicon single crystal having a notch orientation of
<011> and a crystal orientation of <100>. Then, ions
were inplanted into this wafer at 60 keV in a dose
amount of 7x1016/cn? such that the distribution of the
dose ampbunt was uniformin a plane. The heat sink
rubber of the heat sink, on which the bond wafer was
pl aced, was doped with carbon such that a | ocal portion
(having an area of 2 cn?t) had a carbon concentration 10%
| ower than other portions. 1In the ion inplantation,
this heat sink rubber was used to reduce the thermal
conductivity of the heat sink. The ions were inplanted
under the condition that the notch was | ocated at the
| ocal portion of the heat sink that had a carbon
concentration 10% | ower. The resultant wafer was used
as the bond wafer in exanple 5 (See FIG 7).

(Base wafer)
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A base wafer made of a 300-mm di aneter silicon
single crystal having a notch orientation of <011> and a
crystal orientation of <100> was prepared.

( Bondi ng)

The bond wafer and the base wafer were bonded at
roomtenperature so as to match the position of their
not ches.

(Separation heat treatnent)

The separation heat treatnment was perfornmed under
the conditions of 500°C, 30 m nutes, 100% argon
at nosphere, and a horizontal furnace such that the
tenperature distribution was uniformin a plane
(500+£1°C).

(Observation of large fault defect)

The bonded wafer after the separation was visually
observed under condensed |light to investigate how many
wafers generated the |arge fault defect. The result was
that the incidence of the large fault defect was 0.5%
(1/ 200 pieces) in exanple 5.

[ 0069]

(Conpar ati ve Exanpl e 2)

<Example in which the notch portion was not |ocated at
t he position at which thermal conduction of the heat
sink was conparatively poor when ions were inplanted>

The sanme heat sink having a locally reduced
t hermal conductivity as exanple 5 was used. The ions
were inplanted under the sane condition as exanple 5
except that the notch was |ocated at 45° away fromthe
| ocal portion of the heat sink that had a carbon
concentration 10% | ower (See FIG 8).

The sanme base wafer as exanple 5 was prepared and
subj ected to the bondi ng and separation heat treatnment

in the same manner as exanple 5.
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The bonded wafer after the separation was visually
observed under condensed |light to investigate how many
wafers generated the |arge fault defect. The result was
that the incidence of the large fault defect was 27%
(54/ 200 pieces) in conparative exanple 2.

[ 0070]

Conparative exanples 1 and 2 in which the notch
was involved with the separation hal fway exhibited an
i nci dence of large fault defect of 27% or higher.
Exanples 1 to 5 in which the notch was | ocated at the
separation start position, in contrast, the notch was
not involved with the separation hal fway, and the
i ncidence of the large fault defect was 1% or |ess.

[ 0071]

The separation heat treatnent was then perfornmed
multiple tinmes under different conditions: the
difference in position of the notch of the wafers after
t he bonding and the separation start position was
changed to 0°, 10°, 20° 30° 45° 90° 135° 150° and
180°. Table 1 bel ow shows the incidence of the |arge
fault defect in each bonded wafer.

[ 0072]
[ Tabl e 1]

ANGULAR DI FFERENCE FROM
SEPARATI ON START POSITION | O 10 | 20 | 30 | 45 | 90 | 135|150 (180
TO NOTCH (degr ee)

| NCl DENCE OF LARGE FAULT
DEFECT (%)

[ 0073]

As shown in Table 1, arranging the notch so as to
| ocate at within the range of 0+£30° or 180+30° fromthe
separation start position reduced the incidence of the
| arge fault defect.

[ 0074]
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This result revealed the fact that the inventive
met hod of producing a bonded wafer enables a reduction
in the incidence of large fault defect, which may be
gener ated when the separation process is perfornmed by
the ion inplantation separation nethod.

[ 0075]

It is to be noted that the present invention is
not limted to the foregoing enbodi ment. The enbodi nent
I's just an exenplification, and any exanples that have
substantially the same feature and denonstrate the sane
functions and effects as those in the technical concept
described in clainms of the present invention are

included in the technical scope of the present invention.



34

CLAI M5

1. A met hod of producing a bonded wafer, conprising:

i npl anti ng hydrogen ions, rare gas ions, or m xed
gas ions thereof into a bond wafer froma surface of the
bond wafer to forma |layer of the inplanted ions in an
interior of the bond wafer;

bondi ng the surface fromwhich the ions are
i npl anted into the bond wafer and a surface of a base
waf er; and then

separating the bond wafer along the |ayer of the
i npl anted ions by perform ng a separation heat treatnment
on the wafers after the bonding step by using a heat
treatment furnace such that the bonded wafer is fornmed,
wher ei n

waf ers each having a cutout portion are used as
the bond wafer and the base wafer, and

either or both of settings of an ion inplanter
with which the ions are inplanted and conditions of the
ion inplantation are adjusted in the step of inplanting
the ions such that the cutout portion of either or both
of the bond wafer and the base wafer after the bondi ng
step is located at within a range of 0+30° or 180+30°
froma position at which the separation of the bond
wafer begins in the step of separating the bond wafer.

2. The nethod according to claim 1, wherein the step
of inmplanting the ions includes arranging the bond wafer
in the ion inplanter such that a position of the cutout
portion of the bond wafer or a position of 180° away
fromthe cutout portion of the bond wafer matches a
position at which damage due to the ion inplantation is

conparatively large in a plane of the bond wafer, the
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damage being determ ned by the ion inplanter and the

conditions of the ion inplantation.

3. The nethod according to claim1 or claim 2,
wherein in the step of inplanting the ions, an anount of
the inplanted ions at the position of the cutout portion
of the bond wafer or the position of 180° away fromthe
cutout portion of the bond wafer is |arger than at other

posi ti ons.

4. The method according to any one of claims 1 to 3,
wherein the step of inplanting the ions includes
arrangi ng the bond wafer on a heat sink such that the
position of the cutout portion of the bond wafer or the
position of 180° away fromthe cutout portion of the
bond wafer matches a position at which thernmal
conducti on of the heat sink when the ions are inplanted

is conparatively poor in a plane of the bond wafer.

5. The nethod according to claim4, wherein a portion
of the heat sink at the position at which the thernal
conduction of the heat sink is conparatively poor in a
pl ane of the bond wafer is made of a material having a

| ower thermal conductivity than at other portions.

6. The nethod according to claim4 or claimb5,
wherein the portion of the heat sink at the position at
whi ch the thermal conduction of the heat sink is
conparatively poor in a plane of the bond wafer is

t hi cker than the other portions.

7. The nethod according to any one of clains 1 to 6,

wherein the step of perform ng the separation heat
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treatment includes arranging the wafers after the
bonding step in the heat treatnment furnace such that the
position of the cutout portion or the position of 180°
away fromthe cutout portion of either or both of the
bond wafer and the base wafer matches a position at
which the wafers after the bonding step have a

conparatively high tenperature in their plane.

8. The method according to any one of claims 1 to 7,
wherein the cutout portion is a notch.



