
SPECIFICATION  MANUFACTURING METHOD OF SOI WAFER AND
SOI WAFER MANUFACTURED BY THIS METHOD  Technical Field
[0001]  The present invention relates to a method of
removing a damaged layer remaining on an SOI layer
after delamination and improving a flatness (a
difference between a maximum thickness and a minimum
thickness) and in-plane film thickness distribution
after polishing the SOI layer in an SOI (Silicon On
Insulator) wafer manufacturing method by ion
implantation delamination method. Background Art
[0002] A technology which is a so-called ion
implantation  delamination method (a smart cut method)
for  delaminating an ion-implanted wafer after bonding
to  manufacture an SOI wafer is disclosed as a
manufacturing method of an SOI wafer. This method is a
technology of forming an oxide film on at least one of
two silicon wafers, implanting an hydrogen ion or a
rare gas ion from an upper surface of one silicon
wafer  to form a micro bubble layer (an ion-implanted
layer) - 1  in the wafer, then bringing the
ion-implanted surface  into close contact with the
other silicon wafer via the  



oxide film, subsequently performing a heat treatment
(a  delamination heat treatment) to delaminate one of
the  wafers in the form of a thin film with the micro
bubble  layer being determined as a cleavage plane,
and further  conducting a heat treatment (a bonding
heat treatment)  in some cases to firmly bond the
wafer, thereby  providing an SOI wafer (see Japanese
Patent Application  Laid-open (kokai) No. 5-211128).
[0003]  According to this method, the cleavage plane
(a  delaminated plane) is an excellent mirror surface,
and  the SOI wafer having high uniformity of a film
thickness of an SOI layer is relatively easily
obtained.  However, when fabricating the SOI wafer by
the ion  implantation delamination method, a damaged
layer is  present on an SOI wafer surface after
delamination due  to ion implantation, surface
roughness is higher than  that of a mirror surface of
a regular silicon wafer, and unevenness occurs in a
film thickness distribution  of the SOI layer.
Therefore, in the ion implantation  delamination
method, such a damaged layer or surface  roughness
must be removed. [0004]  In order to remove this
damaged layer and others,  mirror polishing called
touch polishing with a very - 2  small removal stock
has been conventionally carried out  



at a final step after the bonding heat treatment.
However, when the SOI layer is subjected to polishing
which is machining, since a removal stock in polishing
is not uniform, there arises a problem that film
thickness uniformity of the SOI layer achieved by
hydrogen ion implantation and delamination is
degraded.  [0005] Thus, a method of removing the
damaged layer by  conducting so-called sacrificial
oxidation, in which a  heat treatment in an oxidizing
atmosphere with respect  to an SOI wafer after
delamination is performed to form  an oxide film on
the SOI layer and then the oxide film  is removed, has
been proposed. This method can remove  the damaged
layer without carrying out polishing as  machining.
[0006]  However, since performing this sacrificial
oxidation alone cannot sufficiently improve surface
roughness of an SOI layer surface, touch polishing as
mechanical polishing is eventually required to improve
surface roughness, and again there occurs a problem
that a flatness of an SOI wafer and film thickness
uniformity of the SOI layer are degraded. Disclosure
of the Invention  [0007] 3  Thus, the present
invention was accomplished in  



view of the above-explained problem, and it is an
object of the present invention to provide, in an ion
implantation delamination method, a method of
manufacturing a high-quality SOI wafer which can
remove  a damaged layer and surface roughness
remaining on an  SOI layer surface after delamination
while maintaining  film thickness uniformity of the
SOI layer without  degrading a film thickness
distribution and a flatness  even if the surface of
the SOI layer is polished, and  to improve
productivity in wafer manufacture. [0008]  To achieve
this object, according to the present  invention,
there is provided a manufacturing method of  an SOI
wafer by an ion implantation delamination method,
comprising at least: forming an oxide film on a
surface  of at least one of a base wafer serving as a
support  substrate and a bond wafer functioning as an
SOI layer;  implanting at least one of a hydrogen ion
and a rare as ion from a surface of the bond wafer to
form an ion  implanted layer; subsequently bringing
the bond wafer  into close contact with the base wafer
via the oxide  film; performing a heat treatment to
cause delamination  in the ion implanted layer so that
the SOI layer is  formed; then conducting a heat
treatment in an  oxidizing atmosphere to form an oxide
film on the  surface of the SOI layer; subsequently
removing the - 4  



oxide film by etching; then cleaning the surface of
the  SOI layer by using ozone water; and polishing the
surface of the SOI layer. [0009]  As explained above,
according to the method of  manufacturing the SOI
wafer by the ion implantation  delamination method,
when the surface of the SOI layer  is cleaned by using
ozone water before the step of  polishing the SOI
layer surface, a film thickness  distribution of a
native oxide film on the SOI layer  surface before
polishing is degraded as compared with  an example
where acid cleaning (e.g., SC-2 cleaning) is  carried
out like a conventional technology, but this  has the
opposite effect of spreading abrasive grains on  the
entire polished surface at the time of polishing,  the
film thickness distribution and the flatness after
polishing are improved, and the high-quality SOI wafer
can be efficiently obtained, thereby enhancing
productivity. [0010]  At this time, a heat treatment
to increase bonding  strength may be carried out at a
temperature higher  than that in the delamination heat
treatment after the  delamination heat treatment. As
explained above, when the heat treatment is  carried
out with respect to the bonded wafer at a  temperature
higher than that in the delamination heat 



- 5  treatment after the delamination heat treatment,
the  bonding strength of the SOI layer (a bond wafer)
and a  support substrate (a base wafer) can be
increased. Of  course, a delamination heat treatment
temperature may  be set to a higher temperature so
that this heat  treatment can also function as a
bonding heat treatment.  [0011] Further, it is
desirable that the removal of the  oxide film by the
etching is performed by using an  aqueous solution
containing a hydrogen fluoride. When the removal of
the oxide film by the etching  is performed by using
the aqueous solution containing  the hydrogen fluoride
in this manner, the oxide film  alone can be etched,
and the damaged layer remaining on  the surface of the
SOI layer can be readily removed by  sacrificial
oxidation. [0012]  Furthermore, it is desirable that
an ozone  concentration in the ozone water is 3 ppm or
more and  10 ppm or less. When the ozone concentration
in the ozone water is  3 ppm or more and 10 ppm or
less in this manner,  cleaning using this ozone water
enables appropriately  to degrade the film thickness
distribution of the  native oxide film on the surface
of the SOI layer as  compared with the conventional
acid cleaning, and  



subsequent polishing enables to obtain the SOI layer 6
having the uniform film thickness distribution.
[0013] Moreover, it is desirable that the polishing is
carried out by touch polishing. When the polishing is
carried out by touch  polishing, the wafer can be
subjected to mirror  polishing with a very small
removal stock, and  flattening can be carried out
without degrading the  film thickness distribution as
much as possible,  thereby obtaining the high-quality
Sol wafer.  [0014] The SOI wafer manufactured by the
above-explained  SOI wafer manufacturing method has a
high flatness and  a high quality with a uniformed
in-plane film thickness.  [0015] Like the present
invention, according to the method  of manufacturing
an SOI wafer by the ion implantation  delamination
method, when bonding is carried out  through the oxide
film and delamination is performed in  the ion
implanted layer to form the oxide film on the  surface
of the SOI layer and the oxide film is removed  by
etching and then the surface of the SOI layer is
cleaned by using the ozone water and thereafter is
polished, a damaged layer and surface roughness
remaining on the SOI layer surface after delamination



can be removed while maintaining film thickness
uniformity of the SOI layer,, and the high-quality SOI
- 7  wafer can be obtained without degrading the film
thickness uniformity even though the surface of the
SOI  layer is polished in particular. Further,
therefore, a  yield and productivity in wafer
manufacture can be  improved. Brief Explanation of the
Drawings  [0016] FIG. 1 is a schematic process drawing
showing an  example of manufacturing steps in a method
of  manufacturing an SOI wafer by an ion implantation
delamination method. Best Mode for Carrying out the
Invention  [0017] Although an embodiment according to
the present  invention will now be explained
hereinafter, the  present invention is not restricted
thereto. Here, FIG. 1 is a schematic process drawing
showing  an example of manufacturing steps in a method
of  manufacturing an SOI wafer by an ion implantation
delamination method according to the present
invention. The present invention will be explained
mainly by  an example where two silicon wafers are
bonded. First,  in the ion implantation delamination
method depicted in  FIG. 1, at a step (a), two silicon
mirror-surface 



wafers are prepared, and a base wafer 1 serving as a
- 8  support substrate and a bond wafer 2 functioning
as an  SOI layer meeting device specifications are
prepared.  [0018] Then, at a step (b), at least one of
the wafers,  e.g., the bond wafer 2 is subjected to
thermal  oxidation or the like to form an oxide film 3
having a  thickness of approximately 0.1 to 2.0 gm on
a surface  of this wafer. At a step (c), at least one
of a hydrogen ion and a  rare gas ion, e.g., the
hydrogen ion in this example is  implanted into one
side of the bond wafer 2 having the  oxide film formed
thereon to form an ion implanted  layer 4 which is in
parallel with the surface in an  average penetration
depth of the ion. [0019]  A step (d) is a step of
superimposing the base  wafer 1 to be appressed
against the hydrogen ion  implanted surface of the
bond wafer 2 having the  hydrogen ion implanted
therein via the oxide film,  bringing the surfaces of
the two wafers into contact  with each other in a
clean atmosphere at a room  temperature enables to
bond the wafers without using,  e.g., an adhesive.
[0020]  Subsequently, a step (e) is a delamination
heat  



treatment step of conducting delamination with the ion
implanted layer 4 being determined as a boundary to -
9  separate the wafers into a delaminated wafer 5 and
an  SOI wafer 6 (an SOI layer 7 + the buried oxide
film 3 +  the base wafer 1). When the heat treatment
is performed  at a temperature of approximately 500C
or more in, e.g.,  an inert gas atmosphere, the wafers
can be separated  into the delaminated wafer 5 and the
SOI wafer 6 by  rearrangement of crystal and
agglomeration of air  bubbles. Furthermore, a damaged
layer 8 remains on the  SOI layer 7 provided on the
delaminated SOI wafer  surface. [0021]  After the
delamination step, a bonding heat  treatment step is
carried out at a step (f). At this  step, since a
bonding strength of the wafers appressed  against each
other in the close contact step and the  delamination
heat treatment step at the steps (d) and  (e) is too
weak to be used in a device process as it is,  a
high-temperature heat treatment is carried out with
respect to the SOI wafer 6 as a bonding heat treatment
to provide sufficient bonding strength. It is
preferable to carry out this heat treatment in, e.g.,
an inert gas atmosphere at 1000 to 1300C in the range
of 30 minutes to two hours. In this case, the
delamination heat treatment is  



performed at a high temperature, e.g., 800C or more so
that this heat treatment also serves as the bonding
heat treatment, and the bonding heat treatment which
is - 10  solely performed may be omitted.  [0022]
Moreover, at a step (g), a heat treatment in an
oxidizing atmosphere is first conducted to form an
oxide film 9 on the SOI layer 7, thereby taking the
damaged layer 8 into the oxide film 9. Additionally,
at a step (h), the oxide film 9  formed on the SOI
layer 7 is removed. This removal of  the oxide film 9
can be performed by conducting etching  with an
aqueous solution containing a hydrogen fluoride.  When
a hydrofluoric acid treatment is carried out in  this
manner, the oxide film 9 alone is removed by  etching,
and the SOI wafer 6 from which the damaged  layer is
removed by sacrificial oxidation can be  obtained.
Further, such a hydrofluoric acid treatment  with
respect to the wafer is easy and also has an
advantage of a low cost. [0023]  Furthermore, at a
step (i), cleaning using ozone  water is carried out.
When ozone water cleaning is  added after the
hydrofluoric acid treatment, removal of  a metal
impurity is further promoted by a strong  oxidizing
power of the ozone, and the metal impurity  



can be prevented from again adhering to the wafer
outer  surface. That is, since the ozone water
demonstrates  an oxidation-reduction potential higher
than that of a  hydrogen peroxide, it can be
considered that the ozone - 11  water has the higher
oxidizing power and strongly  ionizes an impurity,
especially a metal element,  thereby preventing the
impurity from adhering to the  substrate surface.
Moreover, as compared with  generally adopted SC-2
cleaning, cleaning using the  ozone water has a
tendency that a flatness of a native  oxide film on
the surface is degraded, but this has the  opposite
effect that a polishing agent spreads on the  entire
wafer surface at the next polishing step, e.g.,  touch
polishing, thus improving the flatness and a film
thickness distribution of the SOI layer after touch
polishing. Although cleaning the SOI layer so as not
to degrade the flatness as much as possible is a
common  practice in the conventional example, it was
revealed  that the polishing agent spreads when the
native oxide  film on the surface has appropriate
roughness in case  of performing subsequent polishing,
thereby assuring  the flatness and film thickness
uniformity of the  surface of the SOI layer after
polishing. [0024]  Additionally, it is preferable for
an ozone water  concentration in this time to be,
e.g., 3 ppm or more  



and 10 ppm or less. When the ozone water concentration
is 10 ppm or less, the surface roughness of the native
oxide film on the SOI layer before polishing can be
appropriately degraded, and the film thickness
distribution of the native oxide film of the SOI layer
- 12  surface can become uneven. When the film
thickness  distribution of the native oxide film on
the surface is  made uneven before polishing in this
manner, a  polishing step (j) by, e.g., touch
polishing after  ozone water cleaning enables to make
the film thickness  distribution of the SOI layer
after polishing more  uniform as compared with the
conventional method.  However, in case of the ozone
water concentration which  is less than 3 ppm, a
cleaning effect is reduced, and  the above-explained
effect is also decreased. [0025]  According to such an
SOI wafer manufacturing method  of the present
invention, the high-quality SOI wafer  having a more
excellent SOI layer film thickness  distribution can
be efficiently produced. [0026]  (Example 1) The steps
were carried out as depicted in FIG. 1 to  obtain 16
SOI wafers each having a diameter of 300 mm.  At this
time, a hydrofluoric acid treatment was  performed at
22C for 60 seconds, and ozone cleaning was  



conducted with a concentration of 10 ppm for 60
seconds.  Measuring a thickness of a native oxide film
on an SOI  layer surface of each wafer at 9 positions
within the  plane after ozone cleaning, a P-V value (a
difference  between a maximum value and a minimum
value) of the  film thickness of the native oxide film
was 0.1441 nm, - 13  and a standard deviation had a
value of 0.0522. Then,  touch polishing with a removal
stock of 30 nm was  performed with respect to the
surface of the SOI layer,  then a thickness of the SOI
layer at a point which is 3  mm or less apart from an
outer periphery of each wafer  was measured at
approximately 4000 positions, an  average value of P-V
values (the difference between a  maximum value and a
minimum value) of the SOI layer  film thicknesses of
the 16 wafers was 5.81 nm, and a  standard deviation
of the SOI layer film thickness  itself was 0.80.
Table 1 shows this result. [0027]  [Table 1] P-V value
of SOI Standard layer film deviation of SOI  thickness
(nm) layer film  thickness  1 5.9 0.68 2 6.9 0.89  3
7.7 0.94  



4 3.9 0.46  5 6.2 1.08  6 5.3 0.74  7 6.4 0.87  8 5.5
0.69  9 4.6 0.77  10 6.8 0.75  11 6.5 0.84  12 4.9
0.85  13 5.5 0.83  14 6.0 0.92  15 4.8 0.76  16 6.1
0.71  Average value 5.81 0.80  [0028] - 14
(Comparative Example 1) Then, as a comparative
example, SC-2 cleaning was  carried out at the step
(i) depicted in FIG. 1 like a  conventional example in
place of ozone water cleaning,  thereby obtaining 10
SOI wafers each having a diameter  of 300 mm. At this
time, conditions of a hydrofluoric  acid treatment
were the same as those in Example, and  SC-2 cleaning
was performed at 80C for 180 seconds.  Measuring a
thickness of a native oxide film on an SOI  layer
surface after SC-2 cleaning like Example 1, a P-V
value was 0.0154 nm, a standard deviation was 0.0047,



and they were better values than those in Examples
(including the following Examples 2 and 3 explained
below). Subsequently, when touch polishing with a
removal stock of 30 nm was performed with respect to
the surface of the SOI layer and then an SOI layer
film  thickness was measured like Example 1, an
average value  of P-V values of the SOI layer film
thicknesses of the  10 wafers was 8.23 nm, a standard
deviation of the SOI  layer film thickness itself was
1.12, and it was  confirmed that these values were
worse than those in  Examples 1 to 3. - 15  [0029]
[Table 2] P-V value of SOI Standard layer film
deviation of SOI  thickness (nm) layer film  thickness
1 7.1 1.01 2 8.4 1.11  3 9.2 1.23  4 8.3 1.12  5 7.2
1.03  6 9.2 1.13  7 7.9 1.05  8 8.3 1.20  9 9.3 1.22  



10 7.4 1.12  Average value 8.23 1.12  [0030] (Examples
2 and 3) The same steps as those in Example 1 were
carried  out with respect to 10 wafers except that an
ozone  concentration in ozone water was set to 15 ppm
(Example  2) or 20 ppm (Example 3) at the ozone
cleaning step.  At this time, a P-V value of a native
oxide film  thickness on an SOI layer surface of each
wafer after  ozone cleaning was 0.1693 nm or 0.1885
nm, a standard  deviation was 0.0627 or 0.0734, and
these values were  higher than those of Example 1 and
Comparative Example  1 after ozone cleaning.
Furthermore, after touch  polishing with respect to
the surface of the SOI layer,  a P-V value of an SOI
layer film thickness was 6.21 nm  or 6.83 nm, a
standard deviation of the SOI layer film  thickness
itself was 0.86 or 0.93, and these values - 16  were
higher than those in Example 1 but lower than  those
in Comparative Example 1, thereby obtaining the
wafers having with the quality higher than Comparative
Example 1. [0031]  It is to be noted that the present
invention is not  restricted to the foregoing
embodiment. The embodiment  is just an example, and
any example which has a  



structure substantially equal to a technical concept
described in claims of the present invention and
demonstrates the same functions and effects is
included  in a technical scope of the present
invention. 17  CLAIMS  1. A manufacturing method of an
SOI wafer by an ion  implantation delamination method,
comprising at least:  forming an oxide film on a
surface of at least one of a  base wafer serving as a
support substrate and a bond  wafer functioning as an
SOI layer; implanting at least  one of a hydrogen ion
and a rare gas ion from a surface  of the bond wafer
to form an ion implanted layer;  subsequently bringing
the bond wafer into close contact  with the base wafer
via the oxide film; performing a  heat treatment to
cause delamination in the ion  implanted layer so that
the SOI layer is formed; then  conducting a heat
treatment in an oxidizing atmosphere  to form an oxide
film on the surface of the SOI layer;  subsequently
removing the oxide film by etching; then  cleaning the
surface of the SOI layer by using ozone  water; and
polishing the surface of the SOI layer. 2. The
manufacturing method of an SOI wafer according  to
claim 1, wherein a heat treatment to increase  bonding
strength is carried out at a temperature higher  than
that in the delamination heat treatment after the
delamination heat treatment. 



3. The manufacturing method of an SOI wafer according
to claim 1 or 2, wherein the removal of the oxide film
- 18  by the etching is performed by using an aqueous
solution containing a hydrogen fluoride. 4. The
manufacturing method of an SOI wafer according  to any
one of claims 1 to 3, wherein an ozone  concentration
in the ozone water is 3 ppm or more and  10 ppm or
less. 5. The manufacturing method of an SOI wafer
according  to any one of claims 1 to 4, wherein the
polishing is  carried out by touch polishing. 6. An
SOI wafer manufactured by the manufacturing  method
according to any one of claims 1 to 5. 19  


