DESCRIPTION
METHOD FOR PRODUCING MIRROR-POLISHED WAFER

TECHNICAL FIELD
[0001]

The present invention relates to a method for producing a
mirror-polished wafer, the method which produces a plurality of

mirror—-polished wafers.

BACKGROUND ART
[0002] |

In the past, a method for producing a silicon wafer has
been generally formed of the following processes. First, a
slicing process 1s performed in which a silicon ingot pulled
upwérdly by a silicon single crystal pulling apparatus is
sliced by a wire saw by using fine SiC powder to obtain silicon
wafers in the shape of a thin disk. Then, a chamfering process
is performed in which an outer edge portion of each silicon
wafer 1s chamfered to prevent chipping and cracking in the
silicon wafer obtained by slicing.

[0003]

Next, a lapping process adopting a planetary motion
method is performed, the lapping process in which a plurality
of silicon wafers are sandwiched between cast-iron upper and
lower turn tables and machined in order to remove strain on a
surface of each silicon wafer, the strain caused by the slicing
process, and make the silicon wafers have uniform thickness. At
this time, the silicon wafers are lapped while receiving supply
of free abrasive grains such as alumina.

[0004]
Then, a wet etching process 1s performed in which a

mechanically damaged layer generated in the chamfering process



and the lapping process 1is removed. Then, a double-side
polishing process in which mirror polishing is performed on
both surfaces of the etched silicon wafers by the planetary
motion method by using the free abrasive grains, an edge
polishing process in which the edge portion is polished to a
mirror-smooth state, and a single-side mirror polishing process
in which mirror polishing is performed on one side of each
wafer are performed. Finally, a cleaning process is performed
in which the polishing agent and the foreign substances
remaining on the polished wafers are removed to increase the
cleanliness, and the production of silicon wafers is completed
(refer to Patent Document 1).

[0005]

With an increase 1in integration of electronic devices,
the flatness standards for silicon wafers become more stringent.
Of the processes of the semiconductor wafer production flow, a
process having the largest effect on the flatness is a double-
side polishing process in which mirror polishing is performed
on both surfaces of the silicon wafers.

[0006]

This double-side polishing apparatus includes upper and
lower turn tables, a sun gear provided at the center of the
upper face of the lower turn table, an internal gear provided
next to the outer edge of the lower turn table, and a plurality
of carriers. The carriers are rotatably sandwiched between the
upper and lower turn tables, and each carrier has one or more
carrier holes provided therein. The silicon wafers are held in
these carrier holes and a load is applied downward by a
pressing mechanism attached to the upper turn table with the
silicon wafers being moved with the carriers relative to
polishing pads attached to the upper and lower turn tables,
whereby double-side polishing is performed on a plurality of

wafers at the same time by batch processing.



CITATION LIST
PATENT LITERTURE
[0007]
Patent Document 1: Japanese Unexamined Patent publication

(Kokai) No. 2012-186338

SUMMARY OF INVENTTION
TECHNICAL PROBLEM
[0008]

As described above, when a plurality of wafers are
polished by being sandwiched between the upper and lower turn
tables, wafer thickness variation between the silicon wafers
which are polished in the same batch has a large effect on the
flatness of the silicon wafers subjected to double-side
polishing. In FIG. 10, the relationship between wafer thickness
variation between silicon wafers which are polished in the same
batch in an existing double-side polishing process and the rate
of acquisition of mirror-polished wafers whose SFQRmax is 22 nm
or less, the SFQRmax of the surface of the wafer on which the
double-side polishing process has been performed, is shown. As
shown in FIG. 10, if thickness variation between the silicon
wafers which are subjected to double-side polishing in one
batch in the double-side polishing process becomes more than
1.25 pm, the flatness of the surface of the silicon wafer on
which the double-side polishing process has been performed is
significantly degraded.

[0009]

A process which determines thickness variation between
wafers which are subjected to double-side polishing is mainly a
slicing strain removing process.

In the slicing strain removing process, a plurality of
wafers are lapped by batch processing and thickness variation

between the wafers machined in the same batch can be reduced to



relatively small variation; Thowever, thickness wvariation
between the wafers machined in different batches becomes
greater.

[0010]

Moreover, 1in wet etching, a plurality of wafers are
etched in one etching tank by batch processing and variation in
etching removal can be reduced; however, variation in etching
removal between the wafers etched in different batches occurs
due to the influence of a change in an etchant with the passage
of time, which results in greater wafer thickness wvariation
after the slicing strain removing process. Incidentally, as wet
etching, there is a single wafer processing method which etches
a plurality of silicon wafers one by one by spraying an etchant
on the front and back surfaces of the silicon wafer instead of
" performing etching processing on the plurality of silicon
wafers by batch processing, but this method has low
productivity and increases costs.

[0011]

The present invention has been made in view of the
problem, and an object thereof is to provide a method for
producing a mirror-polished wafer, the method that can produce

mirror-polished wafers having high flatness.

SOLUTION TO PROBLEM
[0012]

To .attain the object, the present invention
provides a method for producing a mirror-polished wafer,
the method that produces a plurality of mirror-polished
wafers by performing, on a plurality of silicon wafers
obtained by slicing a silicon ingot, a slicing strain
removing step for removing strain on a surface caused by
the slicing, an etching step for removing strain caused

by the slicing strain removing step, and a double-side



polishing step of performing mirror polishing on front
and back surfaces of the silicon wafers subjected to the
etching, each step being performed by batch processing,
wherein the silicon wafers which are processed in the
double~-side polishing step by batch processing are
selected from the silicon wafers processed in the same
batch in the slicing strain removing step and the number
of silicon wafers to be selected is made to be equal to
the number of the silicon wafers processed in the
slicing strain removing step or a submultiple thereof.
[0013]

Since thickness variation between the plurality of
silicon wafers processed 1in the same batch in the
slicing strain removing step is small, as a result of
these silicon wafers being processed in the same batch
in the double-side polishing step which is a subsequent
step, mirror-polished wafers having high flatness can be
produced.

[0014]

At this time, it is preferable that, by selecting
all the silicon wafers processed 1in one Dbatch or a
plurality of batches in the slicing strain removing step
as the silicon wafers which are processed in the etching
step by batch processing, the number of silicon wafers
to be selected is made to be equal to the number of the
silicon wafers processed in the slicing strain removing
step or a multiple thereof.

[0015]

By so doing, thickness wvariation Dbetween the
silicon wafers subjected to the etching processing in
the etching step becomes smaller and, as a result of the
silicon wafers with smaller thickness wvariation being

processed in the same batch in the double-side polishing



step which is a subsequent step, mirror-polished wafers
having higher flatness can be produced reliably.
[0016] _

At this time, in the slicing strain removing step,
strain on the surfaces of the silicon wafers can be
removed by lapping the silicon wafers with a machining
fluid containing free abrasive grains being supplied
with the thickness of the silicon wafers being measured
by a crystal sizing-type sizing apparatus.

By measuring the thickness of the silicon wafers
by the crystal sizing-type sizing apparatus and
controlling the lapping completion condition in
accordance with the measured thickness, it is possible
to reduce an error which is a difference from a target
thickness. As a result, it 1is also possible to reduce
thickness variation in the silicon wafers between the
batches after lapping. As described above, if thickness
variation between the silicon wafers lapped in the
slicing strain removing step is small, it is possible to
produce mirror-polished wafers having high flatness more
reliably and reduce thickness wvariation between the
wafers.

[0017]

Moreover, it is preferable that, in the slicing
strain removing step, strain on the surface of the
silicon wafers 1is removed by performing grinding by
making front and back surfaces of the silicon wafers
slide while being in contact with grinding sheets with
abrasive grains bonded thereto, the abrasive grains
having a grain size which allows grinding by which the
surface roughness Ra of the silicon wafers becomes 0.3
pm or less to be performed, with water being supplied

with the thickness of the silicon wafers being measured



by an optical reflection interference-type sizing
apparatus.
[0018]

By performing grinding by using the grinding
sheets such that the surface roughness Ra of the silicon
wafers becomes 0.3 um or less, diffused reflection of a
laser light emitted from the optical reflection
interference-type sizing apparatus does not easily occur
at the machined surface of the silicon wafer, which
makes it possible to detect an interfering light
sufficiently. Therefore, it 1is possible to grind both
surfaces of the silicon wafers while measuring the
thickness of the silicon wafers with very high precision.
As a result, it is ©possible to reduce thickness
variation in the silicon wafers between the batches
after grinding more effectively. As described above, if
thickness variation between the silicon wafers ground in
the slicing strain removing step 1is small, it is
possible to produce mirror-polished wafers having higher
flatness more reliably and further reduce thickness

variation between the wafers.

ADVANTAGEQUS EFFECTS OF THE INVENTION
[0019]

With the method for producing a mirror-polished wafer of
the present invention, it i1s possible to produce mirror-

polished wafers having high flatness.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

FIG. 1 1is a flow diagram of a method for producing a
mirror-polished wafer of the present invention;

FIG. 2 is a schematic diagram showing an example of a



lapping apparatus which is used in a slicing strain removing
process of the present invention;

FIG. 3 is a top view showing an example of a lower turn
table of the lapping apparatus which 1is used in the slicing
strain removing process of the present invention;

FIG. 4 is a schematic diagram showing an example of a
grinding apparatus which is used in the slicing strain removing
process of the present invention;

FIG. 5 is a top view showing an example of a lower turn
table of the grinding apparatus which is used in the slicing
strain removing process of the present invention;

FIG. 6 is a diagram showing the relationship between the
intensity of an interfering light and the wafer thickness in
different degrees of surface roughness Ra;

FIG. 7 is a top view showing an example of an etching
apparatus which is used in an etching process of the present
invention;

FIG. 8 is a schematic diagram showing an example of a
double-side polishing apparétus which is used in a double-side
polishing process of the present invention;

FIG. 9 is a top view showing an example of a lower turn
table of the double-side polishing apparatus which is used in
the double-side polishing process of the present invention; and

FIG. 10 shows the relationéhip between thickness
variation between wafers and the rate of acquisition of mirror-

polished wafers whose SFQRmax is 22 nm or less.

DESCRIPTION OF EMBODIMENTS
[0021]
Hereinafter, an embodiment of the present invention will
be described, but the present invention is not limited thereto.
In production of mirror-polished wafers, in a double-side

polishing process, 1f thickness wvariation between silicon



wafers which are subjected to mirror polishing in the same
batch is great, the flatness of the mirror-polished wafer whose
both surfaces have been subjected to mirror polishing 1is
undesirably degraded.

[0022]

Thus, the inventors of the present invention have
concelved of being able to improve the flatness of the mirror-
polished wafers whose both surfaces have been subjected to
mirror polishing by processing the silicon wafers, which are
processed in the same batch of a slicing strain removing
process, in the same batch of a double-side polishing process
and completed the present invention.

[0023]

Hereinafter, a method for producing a mirror-polished
wafer of the present invention will be described with reference
to the drawings.

First, a plurality of silicon wafers obtained by slicing
" a silicon ingot are prepared (A of FIG. 1). In this process,
the silicon ingot are cut into wafers by using a slicing
apparatus such as a wire saw. Next, these silicon wafers are
chamfered (B of FIG. 1). In this process, an outer edge portion
of each silicon wafer is chamfered to prevent chipping and
cracking in the silicon wafer obtained by slicing.

[0024]

Next, a slicing strain removing process is performed (C
of FIG. 1). In this slicing strain removing process, the strain
on the surface of each silicon wafer, the strain caused by
slicing, 1s removed, the surface is flattened, and the silicon
wafers are made to have uniform thickness. At this time, by
using a lapping apparatus 1 adopting a planetary motion method,
the lapping apparatus 1 shown in FIGs. 2 and 3, slicing strain
can be removed by lapping the silicon wafers by batch

processing.



[0025]

As shown in FIGs. 2 and 3, the lapping apparatus 1
includes an upper turn table 2, a lower turn table 3, carriers
4, a sun gear 5, an internal gear 6, and a crystal-type sizing
apparatus 7. As the upper turn table 2 and the lower turn table
3, cast-iron upper turn tables, for example, can be adopted. In
the upper turn table 2, machining fluid through holes 9 are
provided, and a machining fluid 11 containing free abrasive
grains is supplied through these machining fluid through holes
9. Moreover, as the machining fluid 11, what is obtained by
suspending free abrasive grains such as alumina in water can be
used. On the lower turn table 3, the carriers 4, each having a
plurality carrier holes ‘10 provided therein for holding a
plurality of silicon wafers W, are placed. Furthermore, the sun
gear 5 1s provided in a cehtral part on the lower turn table 3
and the internal gear 6 is provided so as to be located next to
the outer edge of the lower turn table 3, and, by making these
gears rotate on the axes thereof, the carriers 4 produce
planetary motion around the sun gear 5.

[0026]

Moreover, on the upper turn table 2, the crystal-type
sizing apparatus 7 is placed. This crystal~type sizing
apparatus 7 uses a piezoelectric effect produced when a crystal
piece 8 mounted on the carrier 4 is ground with silicon wafers
W and measures the thickness of the silicon wafers by measuring
the thickness of the crystal piece by using the fact that the
vibration frequency is increased with a reduction in the
thickness of the crystal piece. Furthermore, the crystal-type
sizing apparatus 7 can control the completion of lapping based
on the measurement value.

[0027]
A plurality of silicon wafers W are sandwiched between

the upper and lower turn tables 2 and 3 rotating in relative
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directions in a state in which the thickness of the silicon
wafers W is being measured by the crystal-type sizing apparatus
7 and the carriers 4 are made to produce planetary motion with
the machining fluid 11 being supplied, whereby the silicon
wafers W are lapped by batch processing. By performing lapping
by this lapping apparatus while performing control such that
the same target thickness is obtained in each batch, it is
possible to reduce not only thickness variation between the
silicon wafers W in the batch, but also ‘thickness variation in
the silicon wafers W between the batches.

[0028]

Moreover, in order to reduce thickness variation in the
silicon wafers W between the batches, it is preferable to
remove slicing strain by grinding the silicon wafers W‘by batch
processing by using a grinding apparatus 12 shown in FIGs. 4
and 5.

As shown in FIGs. 4 and 5, the grinding apparatus 12
includes upper and lower turn tables 2' and 3', carriers 4', a
sun gear 5', an internal gear 6', and an optical reflection
inﬁerference—type sizing apparatus 13.

[0029]

In the upper turn table 2', water through holes 15 are
provided, and water 16 is supplied to the lower turn table 3'
through the water through holes 15. On the lower turn table 37,
the carriers 4', each having a plurality of carrier holes 10'
provided therein for holding the silicon- wafers W, are placed.
Furthermore, the sun gear 5' is provided in a central part on
the lower turn table 3' and the internal gear 6' is provided so
as to be located next to the outer edge of the lower turn table
3', and, by making these gears rotate on the axes thereof, the
carriers 4' produce planetary motion around the sun gear 5'.
[0030]

Moreover, above the upper turn table 2', the optical

11



reflection interference-type sizing apparatus 13 is placed. In
a method for measuring the thickness of a wafer, the method
performed by this optical reflection interference-type sizing
apparatus 13, first, the optical reflection interference-type
sizing apparatus 13 emits a laser light downward. The emitted
laser 1light 1is dirradiated onto the surface of the silicon
wafers being subjected to grinding after passing through laser
light through holes 17 provided in the upper turn table 2'.
Then, the optical reflection interference-type sizing apparatus
13 detects an interfering light and measures the thickness of
the silicon wafers based on the detected interfering light. The
optical reflection interference-type sizing apparatus 13 can
control the completion of grinding based on this measurement
value.
[0031]

To each of the lower face of the upper turn table 2' and
the upper face of the lower turn table 3', a grinding sheet 14
with abrasive grains bonded thereto, the grinding sheet 14 for
grinding the silicon wafers W, is attached. The abrasive grains
are abrasive grains having a grain size which makes it possible
to perform grinding by which the surface roughness Ra of the
silicon wafers W becomes 0.3 pm or less, and it is preferable
to use diamond abrasive grains which are the hardest and resist
being worn. If the surface roughness Ra of the silicon wafers W
which are being subjected to grinding is 0.3 pm or less,
diffused reflection does not occur even when the laser light is
irradiated onto a grinding surface by the optical reflection
interference-type sizing apparatus 13 and it 1s possible to
detect the interfering 1light, which makes it possible to
measure the' thickness with high precision. The results of the
study of the relationship between the surface roughness Ra of
the silicon wafers and the intensity of the interfering light,

the study conducted by the inventors of the present invention,
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are shown in FIG. 6. When the thickness of the silicon wafers
is measured by using the optical reflection interference-type
sizing apparatus with the surface roughness Ra of the silicon
wafers being varied, the intensity of the interfering light is
increased when Ra is 0.03 pm and 0.2 pum and it 1s possible to

perform measurement of higher precision than when Ra is 0.44 pm.

Incidentally, the wavelength of the laser light emitted from
the optical reflection interference-type sizing apparatus was
set at 1300 nm. For measurement of the surface roughness Ra,
Laser Microscope VK-X100 series manufactured by KEYENCE
CORPORATION was used and the measurement length was set at 4 mm.
[0032]

By using the grinding apparatus 12 described above, the
silicon wafers W are ground by batch processing by sandwiching
the plurality of silicon wafers W between the upper and lower
turn tables 2' and 3' rotating in relative directions with the
thickness of the silicon wafers W being measured by the optical
reflection interference-type sizing apparatus 13 and making
both surfaces of the silicon wafers W slide while being in
contact with the grinding sheets 14 by making the carriers 4!
produce planetary motion with the water 16 being supplied. By
performing grinding by using this grinding apparatus‘12 while
performing control such that the same target thickness is
obtained . in each batch, not only thickness wvariation between
the silicon wafers W in the batch, but also thickness variation
between the silicon wafers W in different batches can be
further reduced.

[0033]

After the slicing strain removing process is finished, an
etching process for removing the strain caused in the slicing
strain removing process 1s performed (D of FIG. 1). In the
etching process, wet etching is performed on the plurality of

wafers by batch processing. For example, as shown in FIG. 7,
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the plurality of silicon wafers W are put into an etching
apparatus 18 filled with an etchant formed of caustic soda and
the like, and etching processing is performed on the plurality
of silicon wafers W at the same time.

[0034]

In this etching process, it is preferable to select, as
silicon wafers to be etched by batch processing, all the
silicon wafers processed in one batch or a plurality of batches
in the slicing strain removing process and make the number of
silicon wafers to be selected equal to the number of the
silicon wafers processed in the slicing strain removing process
or a multiple thereof. For example, if 100 silicon wafers were
processed in five batches with the number of silicon wafers to
be processed in one batch being set at 20 in the slicing strain
removing process, 20 silicon wafers are selected from a wafer
group processed in an arbitrary one batch of these five batches,
and etching processing can be performed on these selected
silicon wafers by batch processing. Alternatively, all the
silicon wafers (in this case, 40 to 100 silicon wafers)
processed 1in arbitrary batches (in this case, a plurality of
batches of the first to fifth batches) of the five batches in
the slicing strain removing process in the example described
above are selected, and etching processing can be performed on
the selected silicon wafers by batch processing.

[0035]

By so doing, it is possible to reduce thickness variation
between the wafers processed 1in one batch in the etching
process.

[0036]

After the etching process is finished, a double-side
polishing process is performed in which mirror polishing is
performed on both surfaces of the plurality of silicon wafers

by batch processing (E of FIG. 1). In a method for producing a
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mirror-polished wafer of the present invention, silicon wafers
whose both surfaces are subjected to mirror polishing by batch
processing in this double-side polishing process are selected
from the silicon wafers processed in the same batch in the
slicing strain removing process. Wafer thickness variation
between these strain is very small. Therefore, it is possible
to reduce thickness variation between the plurality of wafers
which are polished in the double-side polishing process. At
this time, the number of silicon wafers to be selected may be
equal to the number of silicon wafers processed in the slicing
strain removing process or may be set at a submultiple of the
number of silicon wafers processed in the slicing strain
removing process and the number of batches may be divided into
multiple times.

[0037]

To perform mirror polishing on both surfaces of the
selected silicon wafers by batch processing in the manner
described above, a double-side polishing apparatus 19 adopting
a planetary motion method, the double-side polishing apparatus
19 shown in FIGs. 8 and 9, can be used.

First, carriers 4" are brought into engagement with a sun
gear 5" and an internal gear 6" of the double-side polishing
apparatus 19, and silicon wafers W are set into carrier holes
10" of the carriers 4". Then, both surfaces of the silicon
wafers W are held in such a way as to be sandwiched between an
upper turn table 2" and a lower turn table 3", a polishing
agent 21 1is supplied through polishing agent through holes 20,
the carriers 4" are made to produce planetary motion by the sun
gear 5" and the internal gear 6", and, at the same time, the
upper turn table 2" and the lower turn table 3" are rotated in
relative directions, whereby both surfaces of the silicon
wafers W are slid while being in contact with polishing pads 22.

In this manner, mirror-polished wafers are produced.
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[0038]

By producing mirror-polished wafers in the manner
described above, since it is possible to machine the silicon
wafers with small thickness variation therebetween, the silicon
wafers processed in the same batch in the slicing strain
removing process, in the same Dbatch in the double-side
polishing process, it is possible to improve the flatness of
the mirror-polished wafers subjected to double-side polishing.
[Examples]

[0039]

Hereinafter, the present invention will be described more
specifically by using Examples of the present invention and
Comparative Example, but the present invention is not limited
to these Examples.

[0040]
(Example 1)

A silicon single crystal ingot having a diameter of 300
mm was sliced. 100 silicon wafers obtained by slicing were
chamfered. Then, mirror-polished wafers were produced in
accordance with a flow diagram of the method for producing a
mirror-polished wafer of the present invention shown in FIG. 1.
First, in the slicing strain removing process, by using a 4-way
lapping machine adopting a planetary motion method, the 4-way
lapping machine with cast-iron upper and lower turn tables that
can process 20 silicon wafers in one batch, 20 silicon wafers
were lapped in one batch, and the 100 silicon wafers were
lapped by performing lapping in five consecutive batches.
Alumina abrasive grains having an average grain size of 6 um
were suspended in water and used as a machining fluid, a
crystal-type sizing apparatus was used, and a finished target
thickness was set. After lapping was finished, the thickness of
the silicon wafers was measured by using a capacitive sensor.

As indicated in Table 1, with respect to the target wvalue, the
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thickness of the silicon wafers observed when lapping was
finished averaged -0.7 pm in the first batch, +1.1 pm in the
second batch, +0.5 um in the third batch, +1.6 um in the fourth
batch, and -3.0 um in the fifth batch. Thickness variation in a
batch (a difference between the maximum value of the thickness
of the silicon wafers in a batch and the minimum value of the
thickness of the silicon wafers in the batch) was 0.1 pm in the
first and second batches and was 0.2 pm in the other three
batches.

[0041]

Next, the etching process was performed. In accordance
with the production method of the present invention, the 100
wafers subjected to lapping in the slicing strain removing
process were etched in five consecutive batches, 20 wafers in
one batch, such that the silicon wafers lapped in the same
lapping batch were subjected to etching processing in the same
etching batch. As an etchant, caustic soda at a 50 percent
concentration heated to 80°C was used. As a result, as indicated
in Table 1, thickness variation after etching was 0.1 pm in the
first batch and 0.2 pm in the second to fifth batches.

[0042]

Next, the double-side polishing process was performed.
Mirror polishing was performed on both surfaces of the 100
silicon wafers by performing polishing in five consecutive
batches by using a 4-way double-side polishing machine adopting
a planetary motion method, the 4-way double-side polishing
machine capable of polishing 20 wafers in one batch, such that
the wafers in the same lapping batch (that is, the same etching
batch) were machined in the same double-side polishing batch.
As the polishing agent, colloidal silica having an average
grain size of 35 to 70 nm, the colloidal silica to which
caustic potash was added, was diluted with pure water such that

PH became 10.5. As the polishing pad, a commercially available
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nonwoven polishing pad was wused. After the double-side
polishing process was finished, the mirror-polished wafers were
cleaned. Then, the flatness of the wafers was measured by using
WaferSight manufactured by KLA-Tencor Corporation and SFQRmax
was evaluated. As a result, as indicated in Table 1, the rate
of acquisition of wafers whose SFQRmax was 22 nm or less was
52%.

It has been confirmed that, in Example 1, the rate of
acquisition of mirror-polished wafers having high flatness is
higher than the rate in Comparative Example, which will be
described later, and mirror-polished wafers having high
flatness can be produced more reliably.

[0043]
(Example 2)

A silicon single crystal ingot having a diameter of 300
mm was sliced. The silicon wafers obtained by slicing were
chamfered. Then, mirror-polished wafers were produced in
accordance with the flow diagram of the method for producing a
mirror-polished wafer shown in FIG. 1. First, in the slicing
strain removing process, under the same conditions as those in
Example 1, 20 silicon wafers were lapped in one batch. After
lapping was finished, the thickness of the silicon wafers was
measured by using the capacitive sensor. As indicated in Table
1, the thickness of the silicon wafers observed after lapping
was finished averaged +1.4 pum with respect to the target value.
Thickness variation between the wafers in a batch was 0.2 pm.
[0044]

Next, the etching process was performed. Under the same
conditions as those of Example 1, 20 silicon wafers were etched
in one batch. After etching was finished, the thickness of the
silicon wafers was measured by using the capacitive sensor. The

results indicated that thickness wvariation between the wafers

was 0.2 pm.
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[0045]

Next, the double~side polishing process was performed.
Double-side polishing was performed under the same conditions
as those of Example 1 except that a 4-way double-side polishing
machine adopting a planetary motion method, the 4-way double-
side polishing machine capable of polishing five wafers in one
batch, was used and mirror polishing was performed on both
surfaces of the 20 silicon wafers by performing polishing in
four consecutive batches. As a result, as indicated in Table 1,
the rate of acquisition of wafers whose SFQRmax was 22 nm or
less was 50%.

It has been confirmed that, also in Example 2, the rate
of acquisition of mirror-polished wafers having high flatness
is higher than the rate in Comparative Example, which will be
described later, and mirror-polished wafers having high
flatness can be produced more reliably.

[0046]
(Example 3)

A silicon single crystal ingot having a diameter of 300
mm was sliced and 100 silicon wafers were prepared. After
chamfering, the grinding apparatus shown in FIG. 4 was prepared,
the grinding apparatus provided with grinding sheets containing
diamond abrasive grains with an average grain size of 4 um and
being attached, with a double-faced tape, to upper and lower
turn tables of a 4-way lapping machine adopting a planetary
motion method, the 4-way Ilapping machine provided with the
cast-iron upper and lower turn tables and capable of processing
20 wafers in one batch. Next, a finished target thickness was
set by a wavelength-variable optical reflection interference-
type sizing apparatus, and grinding was performed in five
consecutive batches, 20 wafers in one batch, with water being
supplied to the grinding sheets. At this time, the wavelength

of a laser light emitted from the optical reflection
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interference-type sizing apparatus was set at 1300 nm. When the
surface roughness of the silicon wafers after grinding was
measured by using Laser Microscope VK-X100 series manufactured
by KEYENCE CORPORATION at a measurement length of 4 mm, Ra was
0.2 pm. The thickness of the silicon wafers after grinding was
measured by using the capacitive sensor. With respect to the
target ~value, the thickness observed after grinding was
finished averaged 0 pm in the first batch, +0.1 pm in the second
batch, +0.4 pm in the third batch, -0.4 pm in the fourth batch,
and -0.1 pm in the fifth batch. As indicated in Table 1,
thickness variation between the wafers in a batch was 0.2 pum in
the second, fourth, and fifth batches and 0.1 pm in the first
and third batches.

[0047]

Next, the etching process was performed. Under the same
conditions as those of Example 1, by using an etching apparatus
etching 20 wafers in one batch, the silicon wafers ground in
the same batch were etched in five consecutive batches, 20
wafers in one batch, such that the silicon wafers ground in the
same batch were subjected to etching processing in the same
etching batch. The results indicated that thickness variation
was 0.2 pm in all the batches.

[0048]

Next, the double-side polishing process was performed.
Under the same conditions as those of Example 1, by using a 4-
way double-side polishing machine adopting a planetary motion
method, the 4-way double-side polishing machine capable of
polishing 20 wafers in one batch, mirror polishing was
performed on both surfaces of the 100 silicon wafers by
performing polishing in five consecutive batches such that the
wafers ground in the same grinding batch were polished in the
same double-side polishing batch. After the mirror-polished

wafers thus produced were cleaned, the flatness of the wafers
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was measured by- using WaferSight manufactured by KLA-Tencor
Corporation and SFQRmax was evaluated. The results indicated
that the rate of acquisition of wafers whose SFQRmax was 22 nm
or less was 53%.

It has been confirmed that, in Example 3, more mirror-
polished wafers having high flatness can be produced than in
Examples 1 and 2. .

[0049]
(Comparative Example)

A silicon single crystal ingot having a diameter of 300
mm was sliced. After chamfering, 100 silicon wafers were lapped
in five batches, 20 wafers in one batch, under the same
conditions as those of Example 1, and, after lapping was
finished, the thickness of the silicon wafers was measured by
using the capacitive sensor. With respect to the target value,
the thickness averaged +2.1 pm in the first batch, -1.0 pum in
the second batch, 0 pm in the third batch, +1.2 pym in the fourth
batch, and -0.8 pm in the fifth batch. Thickness variation in a
batch was 0.2 ym in the first and fifth batches and was 0.1 um
in the other three batches.

[0050]

Next, the 100 silicon wafers subjected to lapping in the
manner were etched in four consecutive batches in the same
order as lapping by using an etching apparatus etching 25
wafers in one batch. That is, etching processing was performed
in such a way that a wafer group formed of the silicon wafers
lapped in different lapping batches was etched in the same
etching batch. As an etchant, caustic soda at a 50 percent
concentration heated to 80°C was used. After etching was
finished, the thickness of the silicon wafers was measured by
using the capacitive sensor. As a result, as indicated in Table
1, thickness variation between the wafers in a batch was 3.3 um

in the first batch, 1.0 pm in the second batch, 1.5 pum in the

21



third batch, and 2.2 pm in the fourth batch.
[0051]

Next, mirror polishing was performed on the 100 silicon
wafers etched in the manner in 20 consecutive batches by using
a 4-way double-side polishing machine adopting a planetary
motion method, the 4-way double-side polishing machine capable
of processing five wafers in one batch in the order in which
lapping was performed. The other conditions were the same as
those of Example 1. After double-side polishing was performed
on all the batches, the mirror-polished wafers were cleaned.
After cleaning, the flatness of the wafers was measured by
using WaferSight manufactured by KLA-Tencor Corporation and
SFQRmax was evaluated. The results indicated that the rate of
acquisition of mirror-polished wafers whose SFQRmax was 22 nm
or less was 24%. As compared to Examples 1 to 3 described above,
the percentage of mirror-polished wafers having high flatness
in the produced mirror-polished wafers became less than 50%.
[0052]

In Table 1, the summary of the results of Examples and

Comparative Example is listed.
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[0053]

[Table 1]
Example 1 Example 2 Example 3 Comparative
Egample
Average Thickness Average Thickness Average Thickness Average Thickness
thickness variation thickness variation thickness variation thickness variation
between between between between
wafers in wafers in wafers in wafers in
batch batch batch batch
After 1st -0.7 0.1 414 0.2 0 0.1 +2.1 0.2
slicing batch
strain 2nd +1.1 0.1 - - 40.1 0.2 -1.0 0.1
removing batch
process 3rd +0.5 0.2 - - +0.4 0.1 0 0.1
batch
4th +1.6 0.2 - - -0.4 0.2 +1.2 0.1
batch
Sth -3.0 0.2 - - -0.1 0.2 -0.8 0.2
batch
After Ist - 0.1 - 0.2 - 0.2 - 3.3
etching batch
process 2nd - 0.2 - - - 0.2 - 1.0
batch
3rd - 0.2 - - - 0.2 - 1.5
batch
4th - 0.2 - - - 0.2 - 2.2
batch
Sth - 0.2 - - - 0.2 - -
batch
The rate of
acquisition of
mirror-polished
wafers whose 52% 50% - 53% 24%
SFQRmax < 22 nm
after double-side
polishing process

[0054]

It is to be understobd that the present invention is not
limited in any way by the embodiment thereof described above.
The embodiment is merely an example, and anything that has

substantially the same structure as the technical idea recited
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in the claims of the present invention and that offers similar
workings and benefits falls within the technical scope of the

present invention.
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CLAIMS

1. A method for producing a mirror-polished wafer, the
method that produces a plurality of mirror-polished wafers by
performing, on a plurality of silicon wafers obtained by
slicing a silicon ingot, a slicing strain removing step for
removing strain on a surface caused by the slicing, an etching
step for removing strain caused by the slicing strain removing
step, and a double-side polishing step of performing mirror
polishing on front and back surfaces of the silicon wafers
subjected to the etching, each step being performed by batch
processing, wherein

the silicon wafers which are processed in the double-side
polishing step by batch processing are selected from the
silicon wafers processed in a same batch in the slicing strain
removing step and a number of silicon wafers to be selected is
made to be equal to a number of the silicon wafers processed in
the slicing strain removing step or a submultiple thereof, and

by selecting all the silicon wafers processed in one
batch or a plurality of batches in the slicing strain removing
step as the silicon waferé which are processed in the etching
step by batch processing, a number of silicon wafers to be
selected is made to be equal to a number of the silicon wafers
processed in the slicing strain removing step or a multiple

thereof.

2. The method for producing a mirror-polished wafer
according to claim 1, wherein

in the slicing strain removing step, strain on the
surface of the silicon wafers is removed by lapping the silicon
wafers with a machining fluid containing free abrasive grains
being supplied with a thickness of the silicon wafers being

measured by a crystal sizing-type sizing apparatus.
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3. The method for ©producing a mirror-polished wafer
according to claim 1, wherein

in the slicing strain removing step, strain on the
surface of the silicon wafers is removed by performing
grinding by making front and back surfaces of the
silicon wafers slide while being in contact with
grinding sheets with abrasive grains bonded thereto, the
abrasive grains having a grain size which allows
grinding by which surface roughness Ra of the silicon
wafers becomes 0.3 um or less to be performed, with
water being supplied with a thickness of the silicon
wafers being measured by an optical reflection

interference-type sizing apparatus.
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