DESCRIPTION

TITLE OF INVENTION: METHOD FOR MEASURING DIC DEFECT
SHAPE ON SILICON WAEER AND POLISHING METHOD

TECHNICAL FIELD
[0001]

The present invention relates to a method for
measuring a shape of a DIC defect generated on a silicon

wafer, and a polishing method.

BACKGROUND ART
[0002]

DIC defects, 1f generated, on silicon-wafer
surface influence device fabrication such that CMP fails
or defocus occurs. Hence, to reduce or suppress DIC
defects, Patent Documents 1 to 3 disclose improvements
of polishing agent, polishing head, and polishing pad,
respectively. Moreover, Patent Documents 4 and 5
introduce DIC-defect measurement methods.

[0003]

Here, DIC defect will be described. DIC is
capital letters of Differential Interference Contrast.
As described in Patent Documents 3 to 5 also, DIC
defects are defects detected mainly with such an
evaluation apparatus as a particle counter SurfScan
series available from KLA-Tencor Corporation, for
example, SP2 or SP3, further specifically in DIC mode
utilizing bright field observation. As natures of DIC
defects, the defects are shallow and gradual. On
silicon-wafer surface, the defects are possibly present
in two forms of raised convex shape or recessed concave

shape. Concretely, the shapes observed in many cases



are characterized in that: the height or depth is
several nanometers to several tens of nanometers; the
width is several tens of micrometers to several hundreds
of micrometers; and the ratio (aspect ratio) of. height

or depth to width 1is several thousand-fold.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0005]

As a DIC-defect detection method, a particle
counter as described above 1s typically used for the
detection. However, this detection method can only
specify the position coordinates of DIC defect present
on silicon wafer surface, and has a problem that the
shape including size of DIC defect cannot be found.
Patent Document 5 describes a DIC-defect measurement
method with a common microscope utilizing interference,
but fails to disclose specific numerical values. Thus,
so far, no documents have mentioned the height or width
of DIC defects accurately.

[0006]
The present invention has been made to solve the

above problems. An object of the present invention is



to provide a method for easily and precisely measuring
the shape including size of DIC defect generated on a

main surface of a silicon wafer.

SOLUTION TO PROBLEM
[0007]

The present invention has been made to achieve the
object, and provides a method for measuring a DIC defect
shape on a silicon wafer, comprising steps of:

detecting a DIC defect on a main surface of the
silicon wafer with a particle counter;

specifying position coordinates of the detected
DIC defect; and

measuring a shape including at least a height or
depth of the detected DIC defect by utilizing the
specified position coordinates according to phase-
shifting interferometry.

[0008]

Such a method for measuring a DIC defect shape
makes it possible to easily and precisely measure the
shape including size in a height direction of DIC defect
generated on a main surface of a silicon wafer.

[0009]

In this method for measuring a DIC defect shape,
the main surface of the silicon wafer can be a surface
on which a device is to be fabricated.

[0010]

This enables accurate and easy evaluation of DIC
defect that would influence device fabrication process.
[0011]

Here, a method for polishing a silicon wafer can
be provided which comprises:

setting a polishing removal amount based on the



shape of the DIC defect measured by the above method for
measuring a DIC defect shape; and

polishing the silicon wafer.
[0012]

Thereby, a silicon wafer with reduced DIC defect
level can be fabricated efficiently at low cost in high

productivity.

ADVANTAGEQUS EFFECTS OF INVENTION
[0013]

As described above, the inventive method for
measuring a DIC defect shape makes it possible to
precisely and easily measure the shape including size in
the height direction of DIC defect generated on a main
surface of a silicon wafer. Moreover, the use of the
measured shape including size in the height direction of
DIC defect enables accurate setting of polishing removal
for DIC defect reduction, making it possible to reduce

polishing time and polishing cost.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

FIG. 1 is a flowchart illustrating a method for
measuring a DIC defect shape according to the present
invention.

FIG. 2 shows an example of a DIC defect map
evaluated with a particle counter in Example according
to the present invention.

FIG. 3 shows an example of a phase-shift
interference image obtained in Example according to the
present invention.

FIG. 4 shows an example of a profile with which

the phase analysis was performed on a DIC defect shown



in the present Example.

DESCRIPTION OF EMBODIMENTS
[0015]

Hereinafter, the present invention will be
described in detail. However, the present invention is
not limited thereto.

[0016]

As noted above, there have been demands for a
method for measuring a DIC defect shape by which the
shape including size of DIC defect generated on a main
surface of a silicon wafer is precisely and easily
measured.

[0017]

The present inventor has earnestly studied the
above problems and consequently found that the shape
including size in a height direction of DIC defect
generated on a main surface of a silicon wafer can be
precisely and easily measured by a method for measuring
a DIC defect shape on a silicon wafer, the method
including steps of: detecting a DIC defect on a main
surface of the silicon wafer with a particle counter;
specifying position coordinates of the detected DIC
defect; and measuring a shape including at least a
height or depth of the detected DIC defect by utilizing
the specified position coordinates according to phase-
shifting interferometry. This finding has led to the
completion of the present invention.

[0018]

Hereinbelow, the shape measurement method
according to one embodiment of the present invention and
a method for polishing a silicon wafer will be described

with reference to the drawings.



[0019]

FIG. 1 is a flowchart illustrating the inventive
method for measuring a DIC defect shape and method for
polishing a silicon wafer. Before the flow shown in FIG.
1 starts (before S1), for example, steps of preparing a
silicon single crystal ingot, slicing the ingot, etching,
polishing, heating, and so forth may be performed. Here,
the most typical step during which DIC defect is
generated is said to be polishing step. 1In this
polishing step, a liquid suspension called slurry is
used. DIC defect is presumably generated by not
appropriately treating this slurry after polishing.
Nevertheless, there are many unknown facts about DIC
defect generation, and at present it cannot be
determined that the polishing step is the only causative
step as described above.

[0020]

The inventive method for measuring a DIC defect
shape performs steps of: detecting a DIC defect on a
main surface of a silicon wafer with a particle counter
as shown by S1 in FIG. 1; specifying position
coordinates of the detected DIC defect as shown by S2;
and further measuring a shape at the coordinates as
shown by S3. The particle counter used for the DIC
defect detection is generally SurfScan series available
from KLA-Tencor Corporation as mentioned above, but may
be other apparatuses as long as DIC defect can be
detected. Further, the apparatus 1s preferably capable
of outputting the position coordinates of the detected
DIC defect. 1In this case, the step S1 and the step of
specifying position coordinates of the detected DIC
defect shown by S2 can be performed almost

simultaneously, and the coordinate position can be



specified quickly with high precision in comparison with
a case of manually specifying the coordinate position as
will be described later. In this manner, the inventive
method for measuring a DIC defect shape includes an
embodiment in which the steps S1 and S2 are carried out
almost simultaneously.

[0021]

Now, the method of specifying the coordinates will
be described. With SurfScan series mentioned above, the
coordinates can be outputted. Even with other types of
particle counter evaluation apparatus or method
incapable of outputting coordinates, the coordinates can
be specified and acquired manually by outputting a map
or observation image of the entire surface of the
silicon wafer which show the detected DIC defect. In
this event, the coordinate system i1s not limited, and
any coordinate system may be employed, such as X-Y
coordinates or r-6 coordinates called polar coordinates,
as long as the site of the DIC defect can be specified.
[0022]

Next, the step as shown by S3 in FIG. 1 is
performed to measure the shape including at least a
height or depth of the detected DIC defect by utilizing
the specified position coordinates of the DIC defect
according to phase-shifting interferometry. Note that
the phase-shifting interferometry is as described in
Patent Document 6 but is briefly described here. In
this measurement method, interference fringes of
monochromatic light are observed while the observation
height is being changed to conduct phase analysis, so
that the height resolution of the order of nanometers 1is
obtained. This phase-shifting interferometry is an

observation method whose popularity is increasing in



observation employing interferometry. Thus, employing
the phase-shifting interferometry enables convenient and
high precision measurement of the shape of DIC defect,
which is shallow and gradual defect, particularly, the
shape including size observed in a height direction.
[0023]

In the inventive method for measuring a DIC defect
shape, a surface on which a device is to be fabricated
is preferably chosen as the main surface of the silicon
wafer where the DIC defect shape is measured (herein the
front and back surfaces of a wafer may be referred to as
"main surface" in a distinctive manner). Normally, DIC
defect on such a device fabrication surface is
problematic in the device fabrication process.
Evaluating the device fabrication surface allows
accurate and easy evaluation of DIC defect that affects
the device fabrication process.

[0024]

In addition, the present inventor has found that
the utilization of the DIC defect shape found as
described above, particularly data on height or depth,
enables significant enhancement of the efficiency in
reducing DIC defects by polishing a silicon wafer with
the DIC defects.

[0025]

By appropriately polishing a silicon wafer
detected to have DIC defects, the DIC defects can be
reduced. Conventionally, it has been impossible to
measure particularly the shape including size in the
height direction of DIC defects detected from individual
wafers. Hence, the removal amount has been set
uniformly based on the shape of common DIC defect.

[0026]



Nevertheless, setting a polishing removal based on
the DIC defect shape measured according to the method
for measuring a DIC defect shape and then polishing the
silicon wafer as shown by S4 in FIG. 1 make it possible
to set an appropriate polishing removal for each silicon
wafer. Thus, the polishing does not have to be
performed more than necessary. This enhances the
productivity and can reduce the cost. Note that the
polishing removal amount to be set is preferably set in
such a range that the removal amount is at least five
times, for example, 5 times to 50 times, preferably 10
times to 20 times, as high or deep as the measured
height or depth of the DIC defect. Thereby, more

reliable and efficient DIC defect reduction is possible.

EXAMPLE
[0027]

Hereinafter, the present invention will be
specifically described with reference to Example.
However, the present invention is not limited thereto.
[0028]

(Example)

In the present Example, a silicon wafer used had a
diameter of 300 mm, and the main surface thereof was a
(100) plane. Note that, briefly speaking, the silicon
wafer used had been subjected to steps in the
manufacturing flow that included silicon single crystal
ingot fabrication, ingot slicing, chamfering, lapping,
etching, polishing, and cleaning in this order.

[0029]

FIG. 2 is an example of a map of a sample of the

cleaned silicon wafer evaluated using a particle counter.

As the particle counter, SurfScan SP3 manufactured by



KLA-Tencor Corporation was used, and the measurement was
performed in DIC mode of bright field observation. It
can be seen from FIG. 2 that four DIC defects (indicated
by black points) were detected from the used sample.
Note that the position coordinates of each of the four
sites were also outputted as coordinate data. The
process of detecting the DIC defects until outputting
the position coordinates corresponds to S1 and S2 in FIG.
1.

[0030]

Next, the step S3 in FIG. 1 was performed. The
position coordinates of the DIC defects outputted in the
step S2 were observed by employing the phase-shifting
interferometry. 1In this observation, an OPTELICS HYBRID
microscope manufactured by Lasertec Corporation was used
which was equipped with a 10x two-beam interference
objective lens. Moreover, for the hybrid microscope, a
movable stage having position-coordinate precision in
the order of micrometers was prepared and installed to
allow immediate observation of the position coordinates
outputted by the particle counter.

[0031]

FIG. 3 is an example of a phase-shift interference
image for the observation of the position coordinates of
the DIC defect outputted in S1 above. Note that this
FIG. 3 shows an example of observing a DIC defect with a
convex shape. The grayscale of the figure indicates the
height of the DIC defect. The most white portion at the
center of the figure indicates the top portion of the
height of the DIC defect.

[0032]
FIG. 4 shows a profile with which the phase

analysis was conducted on one of the DIC defects which

10



was shown in FIG. 3 by using the hybrid microscope. In
this example, the measurement showed that the DIC defect
height was 30 nm, and the DIC defect width was 190 pm.
Note that, as shown in FIG. 2, the used silicon wafer
had four DIC defects, and the examination by the present
inventor revealed that the multiple DIC defects detected
in the same wafer had substantially the same heights or
depths. Since it can be understood that similar values
are exhibited from the other three sites measured in
this Example also than the DIC defect in FIGs. 3 and 4,
the result measured at one site of the DIC defect as
shown in FIGs. 3 and 4 can be regarded as the
representative value of the DIC defect size of the
sample (silicon wafer). The step S3 in FIG. 1 has been
described. In this manner, the shape including the size
in the height direction of the DIC defects of the sample
(silicon wafer) was measured.

[0033]

Next, based on the shape including the height or
depth of the DIC defect obtained by the measurement, the
polishing removal amount was set and reworked. Note
that rework refer to performing the polishing and
cleaning steps again on the product with DIC defect
generation. The purpose of reworking is to eliminate
the DIC defects, and reduce the number and the height or
depth of the DIC defects.

[0034]

Here, ten samples were used, and DIC defects were
detected from all the samples by using the particle
counter SP3. The DIC defect height was measured at one
site on each of the ten samples. For each sample,
appropriate rework removal amount was set for the

polishing, and the rework time was measured. Note that

11



the reworking was performed by setting the removal
amount for the polishing such that the removal amount
was 10 to 20 times as high or deep as the height and
depth of the DIC defect. Thus, the DIC defects were
eliminated, or the number and the height or depth of the
DIC defects were reduced. Table 1 shows the DIC defect
height and the rework time of each sample. Note that,
herein, "rework time" refers to a time required for the
polishing in the reworking (not including the cleaning
step etc.).
[0035]
(Comparative Example)

The conditions of Comparative Example were set in
a conventional manner. Hence, when DIC defect
generation was detected with a particle counter, the
reworking was performed with uniform rework removal
amount. Specifically, the removal was set to 2 um,
which means the rework time of 5 minutes (Table 1).
[0036]
[Table 1]

Sample # 1 2 3 4 5 6 7 8 9 10

Total

DIC defect
height (nm)
according to 29.5| 42.21 25,2 11.6|35.481.9|22.6]|56.7[79.31{54.3

phase—-shifting

interferometry
Example 1.1 1.6 1.3 1.0 1.3 3.1 1.0 2.1 3.0 2.0 17.5
Rework
time Compara
(min. ) tive 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 50.0
Example
[0037]

It can be seen that the inventive method for
measuring a DIC defect shape is capable of accurately
and easily measuring the height (or depth) of the DIC
defects. Moreover, when the rework polishing removal
amount was set by utilizing the DIC defect height

obtained as in Example, the rework time was reduced to a

12




maximum of 80%, and the total rework time of the ten
samples was also reduced by 65% in comparison with
Comparative Example as shown in Table 1. Consequently,
considerable reduction was achieved in comparison with
Comparative Example. Note that the quality related to
the DIC defects after the reworking in Example was found
to be equivalent to that in Comparative Example. These
revealed that the inventive method for measuring a DIC
defect shape demonstrates various effects, such as cost
reduction and productivity enhancement, besides
shortened rework time.

[0038]

It should be noted that the present invention is
not limited to the above-described embodiments. The
embodiments are just examples, and any embodiments that
substantially have the same feature and demonstrate the
same functions and effects as those in the technical
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.
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CLAIMS

1. A method for measuring a DIC defect shape on a
silicon wafer, comprising steps of:

detecting a DIC defect on a main surface of the
silicon wafer with a particle counter;

specifying position coordinates of the detected
DIC defect; and

measuring a shape including at least a height or
depth of the detected DIC defect by utilizing the
specified position coordinates according to phase-

shifting interferometry.

2. The method for measuring a DIC defect shape
according to claim 1, wherein the main surface of the
silicon wafer is a surface on which a device is to be

fabricated.

3. A method for polishing a silicon wafer,
comprising:

setting a polishing removal amount based on the
shape of the DIC defect measured by the method for
measuring a DIC defect shape according to claim 1 or 2;
and

polishing the silicon wafer.
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