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wherein a beam diameter of a measurement apparatus used to
measure the cross-sectional shape of outermost sections 1s
smaller than that used to measure the cross-sectional shape of
the other section. The method can measure the shape of the
wafer up to its outermost circumierence with high precision
without reducing productivity, and improve the flatness of the
entire walfer including its outermost circumierence.
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DOUBLE-SIDE POLISHING METHOD

TECHNICAL FIELD

[0001] The present invention relates to a double-side pol-
1shing method of simultaneously polishing both surfaces of a
waler while a polishing agent 1s supplied.

BACKGROUND ART

[0002] The shrinkage of semiconductor devices increases a
need for highly flat semiconductor waters used as their sub-
strate with improved productivity. In such circumstances,
double-side polishing has been used for polishing waters
instead of conventional single-side polishing because of
higher precision.

[0003] FIG. 8 shows a schematic diagram of a common
double-side polishing apparatus of a planetary gear type. The
double-side polishing apparatus 101 includes upper and
lower turn tables. The upper turn table 1s movable upward and
downward and can apply a load against a wafer interposed
between the upper and lower turn tables by pressing the lower
turn table. As shown in FIG. 8, the double-side polishing
apparatus 101 includes a sun gear 107 disposed inside the
lower turn table and an internal gear 108 disposed outside the
lower turn table.

[0004] A carrier 105 to hold the wafer 1s disposed between
the upper and lower turn tables, and can rotate with 1ts outer
circumierence engaged with the sun gear 107 and the internal
gear 108. The carrier 105 1s rotated and revolved between the
upper and lower turn tables according to the rotational speed
of the sun gear 107 and the internal gear 108. The walfer,
which 1s a subject to be polished, 1s 1nserted into a holding
hole 106 formed 1n the carrier and held, so the water can be
polished without coming off from the double-side polishing
apparatus.

[0005] With regard to the planetary gear type of double-
side polishing apparatus, 1t has been known that because the
relation between the thickness of a carrier and the thickness of
a polished wafter, a water fimshing thickness, atiects the flat-
ness of the polished wafter, the flatness 1s controlled by adjust-
ing the ratio of the finishing thickness to the thickness of the
carrier (See Patent Document 1, for example).

[0006] In general, an improvement of the precision of tlat-
ness needs a decrease 1n polishing rate; an improvement of the
productivity needs an increase in polishing rate. The polish-
ing process 1s accordingly divided into two steps of a first
polishing step and a second polishing step. The first polishing
step performs rough polishing at a high polishing rate; the
second polishing step performs precise polishing at a low
polishing rate. In other words, the first polishing step contrib-
utes ellicient polishing and the second polishing step contrib-
utes the achievement of precise tlatness, so the flatness can be
improved without reducing the productivity.

[0007] The finishing thickness 1s adjusted by changing the
polishing time 1n the first polishing step. The above conven-
tional method needs to finish a wafer with the optimal thick-
ness depending on the carrier thickness to polish the water
into a tlat water.

CITATION LIST

Patent Literature

[0008] Patent Document 1: Japanese Unexamined Patent
publication (Koka1) No. HO3-177539
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[0009] Patent Document 2: Japanese Unexamined Patent
publication (Kokai) No. 2002-100594
SUMMARY OF INVENTION
Technical Problem

[0010] The polished water with the adjusted finishing
thickness, however, does not necessarily have both high flat-
ness of the entire water such as Global Backside Ideal Range
(GBIR) and high flatness of the outer circumference such as
Site Front Least Squares Range (SFQR) or Edge SFQR (ES-
FQR). Even when the wafer 1s polished with a finishing
thickness so as to have a good GBIR, for example, a rise or a

sag may occur at the outer circumference, thereby degrading
the flatness of SFQR and ESFQR.

[0011] Inrecent years, the yield of latest devices 1s signifi-
cantly affected particularly by the sag and rise occurring at the
outer circumfierence. The flatness of the outer circumierence
has accordingly been more important than the flatness of the
entire watfer. It 1s however difficult to improve the flatness of
the outer circumierence merely by controlling the flatness of
the entire wafer. In addition, the above method using the
carrier thickness as a criterion 1s hard to deal with variation in
carrier thickness due to the wear of the carrier over time.

[0012] Patent Document 2, for example, discloses that the
thickness of a gear of a carrier 1s configured to be thinner than
a water holding portion of the carrier so that the flatness of the
outer circumierence of a water 1s improved. This method
however limits the structure of a carrier, and cannot suffi-
ciently improve the outer circumierence.

[0013] The present invention was accomplished 1n view of
the above-described problems. It 1s an object of the present
invention to provide a double-side polishing method that can
measure the shape of a polished water up to 1ts outermost
circumierence with high precision without reducing the pro-
ductivity, and improve the tlatness of the entire watfer includ-
ing 1ts outermost circumierence.

Solution to Problem

[0014] 'To achieve this object, the present invention pro-
vides a double-side polishing method comprising a polishing
cycle that comprises: performing a first polishing step of
carrying out a double-side polishing process at a high polish-
ing rate, the double-side polishing process simultaneously
polishing both surfaces of a water that 1s held with a carrier
and interposed between polishing pads each attached on
upper and lower turn tables while rotating and revolving the
carrier, supplying a polishing agent, and measuring a thick-
ness of the wafer; performing a second polishing step of
carrying out the double-side polishing process at a low pol-
1shing rate, dividing a straight line extending from one out-
ermost circumierence of the polished wafer through a center
of the polished water to the other outermost circumierence
into prescribed sections, and optically measuring a cross-
sectional shape of the divided sections; applying a weight
predetermined for each divided section to the measured cross-
sectional shape to quantily flatness of each section; and deter-
mining polishing conditions of the first and second polishing
steps 1n a subsequent polishing cycle on a basis of the quan-
tified flatness, wherein a beam diameter of a measurement
apparatus used to measure the cross-sectional shape of out-
ermost sections 1s smaller than that used to measure the cross-
sectional shape of the other section.
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[0015] Such a double-side polishing method can measure
the shape of the polished watfer up to its outermost circum-
ference with high precision without reducing the productiv-
ity, and accurately use the measurement result 1n the subse-
quent polishing cycle to improve the flatness of the entire
wafer including its outermost circumierence.

[0016] The step of determining polishing conditions of the
first and second polishing steps may include adjusting at least
one of a polishing load, a rotational speed and a revolution
speed of the carrier, and a rotational speed of the upper and
lower turn tables such that the thickness of the water sub-
jected to the first and second polishing steps becomes a target
thicknesses.

[0017] This specific adjustment of the polishing conditions
of the first and second polishing steps enables improvement in
the flatness of the entire wafer including its outermost cir-
cumierence in the subsequent polishing cycle.

[0018] The beam diameter of the measurement apparatus
used to measure the cross-sectional shape of the outermost
sections 1s preferably 1 mm or less.

[0019] In this manner, the shape of the outermost sections
can be measured more reliably with high precision.

[0020] The cross-sectional shape 1s preferably measured by
optical reflection interferometry with an infrared laser.
[0021] In this manner, the cross-sectional shape can be
measured with higher precision.

[0022] The step of measuring the cross-sectional shape
preferably includes: dividing the line such that the prescribed
sections are symmetrical about the center of the water; cal-
culating a difference AA 1n thickness of the wafer between at
both ends of each section; comparing the difference AA of
each section with that of the corresponding symmetrical sec-
tion about the center of the wafer and determining that the
difference of the corresponding sections 1s a larger value of
absolute values of the compared differences, and the step of
quantifying the flatness includes: quantifying flatness 3 of an
outer circumierence of the water from the difference AA of
the outermost sections; quantitying flatness o of the entire
waler except for the outer circumierence by applying each
weight to the difference AA of the corresponding section such
that, as the section 1s closer to the center of the wafer, the
weight 1s larger, and adding up the difference AA of the
sections other than the outermost sections.

[0023] In this manner, the flatness can be concretely quan-
tified from the measured cross-sectional shape, and the pol-
1shing conditions of the first and second polishing steps can
readily be determined on the basis of the qualified tlatness.

[0024] The flatness o of the entire water 1s preferably quan-
tified 1n such a manner that the flatness o of the section closest
to the center of the wafer 1s converted to 0 1f the difference AA
1s 0, 1 or 2 1if the difference AA 1s positive, —1 or -2 1f the
difference AA 1s negative; the flatness o of the other section 1s
converted to 0 11 the difference AA 1s 0, 0.5 1f the difference
AA 1s positive, —0.5 1f the difference AA 1s negative; and the
difference AA of each section 1s then added up, the flatness 3
of the outer circumference of the water 1s preferably quanti-
fied 1n such a manner that the flatness [3 1s 0 11 the difference
AA 1s 0, 1 1f the difference AA 1s positive, —1 11 the difference
AA 1s negative, and the step of determining polishing condi-
tions of the first and second polishing steps preferably
includes determining the target thickness of the water to be
polished 1n the first polishing step to be performed in the
subsequent polishing cycle by adding pxT to the target thick-
ness 1n a current polishing cycle, and determinming the target
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thickness of the wafer to be polished 1n the second polishing
step to be performed 1n the subsequent polishing cycle by
subtracting a.xT from the target thickness 1n the current pol-
1shing cycle, where T 1s a difference between the maximum
thickness and the minimum thickness of the water.

[0025] In this manner, the flatness can be quantified with
higher precision, and the flatness of the entire wafer including
its outermost circumierence can be improved more effec-
tively.

[0026] The inventive method preferably includes blowing
air to a surface of the water taken out of the carrier.

[0027] Such a method can measure the cross-sectional
shape with higher precision.

Advantageous Effects of Invention

[0028] The i1nventive double-side polishing method
includes a step of measuring the cross-sectional shape of a
polished water, in which a straight line extending from one
outermost circumierence of the water through the center of
the water to the other outermost circumference 1s divided into
prescribed sections to measure the cross-sectional shape, and
a beam diameter of a measurement apparatus used to measure
the cross-sectional shape of the outermost sections 1s smaller
than that used to measure the cross-sectional shape of the
other section, thereby enabling highly precise measurement
of the water shape up to i1ts outermost circumierence without
reducing the productivity. The method also includes a step of
determining polishing conditions of the first and second pol-
1shing steps in the subsequent polishing cycle on the basis of
the flatness quantified from the shape measured with high
precision, thereby enabling the improvement in the flatness of
the entire wafer including the outermost circumierence.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1 1s a lowchart of an example of the inventive
double-side polishing method;

[0030] FIG. 2 1s a schematic diagram of an exemplary
double-side polishing apparatus that can be used for the
inventive double-side polishing method;

[0031] FIG. 3 1s an explanatory view of an example of the
division into sections and the quantification of flatness;

[0032] FIG. 4 1s a schematic diagram of an exemplary
method of changing the beam diameter of a measurement
apparatus;

[0033] FIG. 5 1s a diagram showing the relationship
between a polishing load and the shape of the outer circum-
ference of a wafer;

[0034] FIG. 6 1s a diagram showing the evaluation result of
flatness o and [ 1n the first polishing cycle and the second
polishing cycle 1n example;

[0035] FIG. 7 1s a diagram showing the evaluation result of

flatness of the outer circumierence of polished wafers 1n
example and comparative example; and

[0036] FIG. 81s a schematic diagram of a common double-
side polishing apparatus of a planetary gear type.

DESCRIPTION OF EMBODIMENTS

[0037] Embodiments of the present invention will be here-
inafter described, but the present invention 1s not limited to
these embodiments.

[0038] As described previously, the flatness of the outer
circumierence, which 1s particularly important in recent
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years, needs to be improved. The present inventor diligently
conducted study on this problem, and found the following.
[0039] Firstly, the inventor paid attention to a conventional
method of evaluating the flatness of the outer circumierence
of a polished water: the shape of the outer circumierence 1s
measured 1n an optical manner within a measurement region
excluding a region from the outer circumierence to 2 mm
away therefrom. The reason to exclude this region 1s that the
measurement can prevent from being atfected by ameasuring
laser beam reflected from the outer circumierence, particu-
larly a chamfered portion. The inventor found that the exclu-
sion of this region from the measurement region 1s one cause
to reduce the precision of the flatness measurement.

[0040] Secondly, the inventor considered a method to solve
this problem and found the following;

[0041] The beam diameter of a measuring apparatus 1s
changed according to a position at which the apparatus mea-
sures the cross-sectional shape of a water. More specifically,
the cross-sectional shape of the outermost circumierence of
the wafer 1s measured with a measuring apparatus having a
smaller beam diameter. This method can add the outermost
circumierence, which 1s conventionally an excluded region,
to the measurement region in order to improve the measure-
ment precision while preventing a large increase 1n measure-
ment time, thereby enabling the shape to be measured up to
the outermost circumference with high precision.

[0042] Finally, the inventor conceived the following:

[0043] In the shape measurement, a straight line extending
from one outermost circumierence of the wafer through the
wafer center to the other outermost circumierence 1s divided
into prescribed sections; each of these sections 1s associated
with a predetermined weight particularly 1in such a manner
that as the section 1s closer to the wafer center, the weight 1s
larger; the flatness 1s evaluated in every section to which the
corresponding weight 1s added. This method can evaluate the
flatness with higher precision. The evaluation result 1s used to
determine the polishing conditions in the subsequent polish-
ing cycle accordingly, thereby enabling the flatness of the
entire water including the outermost circumiference to be
improved more effectively. The inventor thereby brought the
invention to completion.

[0044] A double-side polishing apparatus that can be used
for the mventive double-side polishing method will now be
described. As shown in FIG. 2, the double-side polishing
apparatus 1 includes a cylindrical upper turn table 2 and a
cylindrical lower turn table 3. Polishing pads 4 are attached to
the upper and lower turn tables 2, 3 with each polishing
surface thereof facing one another. The polishing pads 4 are
made of a nonwoven fabric impregnated with a urethane
resin, or urethane foam. A sun gear 7 1s disposed inside the
lower turn table 3. An 1nternal gear 8 1s disposed outside the
lower turn table 3. The upper and lower turn tables 2, 3, the
sun gear 7, and internal gear 8 have the same rotational axis,
and can rotate independently about the axis.

[0045] The carrier 5 1s provided with holding holes 6 to
hold a water W. A plurality of the carriers 5 can be interposed
between the upper and lower turn tables 2, 3. The holding
holes 6 provided in each of the carriers S allow a plurality of
walers W to be polished 1n every polishing cycle. Each carrier
5 1s engaged with the sun gear 7 and the internal gear 8 and
capable of rotating about 1ts axis and revolving around the
above rotational axis between the upper and lower turn tables
according to the rotational speed of the sun gear 7 and the
internal gear 8. The waters W are inserted and held in the
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holding holes 6 of the carniers 5. The upper turn table 2 1s
lowered to interpose the waters W and the carriers 5 between
the turn tables and thereby to apply a polishing load to the
walers W. The turn table 2 and the lower turn table 3 are
rotated 1n an opposite direction while a polishing agent sup-
plied from a nozzle 10 1s poured into a space between the turn
tables via through-holes 9 formed 1n the upper turn table 2, so
that both surfaces of the water W are simultaneously pol-
1shed.

[0046] The double-side polishing apparatus also includes a
measuring apparatus for measuring the shape of the polished
wafers taken out of the carriers, and a transfer robot for
transferring the wafers to the measuring apparatus.

[0047] An exemplary measuring apparatus 1s an apparatus
for measuring the thickness of a wafer with an infrared laser
having a variable wavelength that 1s light transmittable
through the wafer. The measuring apparatus can adjust the
diameter of a laser beam to be emitted to the wafer.

[0048] The mventive double-side polishing method uses
the double-side polishing apparatus of this type to polish
walers through a first polishing step at a high polishing rate
and a subsequent second polishing step at a low polishing
rate. The first polishing step removes process strain and pits
produced on the water surface mostly by a previous process,
and 1s performed with a high polishing load at a high polish-
ing rate to improve the productivity. The second polishing
step mostly adjusts the flatness, and 1s performed at a low
polishing rate. The polishing conditions of these steps are
determined properly on the basis of the evaluation result of
the flatness in the previous polishing cycle. The above
double-side polishing apparatus that can be used for the
invention 1s described by way of example, and does not limait
the invention.

[0049] The mventive double-side polishing method will
now be described more specifically with reference to FIG. 1.

[0050] AsshowninFIG. 1, a current polishing cycle begins
while the thickness of wafer to be polished 1s measured (S1 in
FIG. 1). The thickness of the waters 1s preferably measured
by the optical reflection interferometry with an infrared laser,
which improves the measurement precision. In the polishing
cycle, the first polishing step 1s first performed, as described
above (S2 1n FIG. 1). The polishing conditions of the first
polishing step are determined 1n the previous polishing cycle,
as described below.

[0051] The second polishing step 1s then performed (S3 1n
FIG. 1). The polishing conditions of the second polishing step
are also determined in the previous polishing cycle, as
described below. The second polishing step 1s finished when
the thickness of the waters reaches the target finishing thick-
ness (S4 1n FIG. 1). The polished waters are taken out of the
carriers (S51n FIG. 1). At least one of the waters 1s transferred
to the measuring apparatus for measuring the cross-sectional
shape of the water (S6 1n FIG. 1). Before the measurement of
the cross-sectional shape of the water, air 1s preferably blown
to the water surface to remove the polishing agent and water
adhering to the water (S7 in FIG. 1). This improves the
measurement precision.

[0052] The cross-sectional shape of the polished water 1s
then measured. In this measurement, the straight line extend-
ing from one outermost circumierence of the water through
the watler center to the other outermost circumierence is
divided into prescribed sections, and the cross-sectional
shape of the divided sections 1s optically measured. The mea-
surement 1s made by two steps: measurement of the outermost
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sections; measurement of the other sections. The cross-sec-
tional shape of the entire wafter except for the outermost
sections 1s first measured (S8 1n FIG. 1). In this measurement,
the beam diameter of the measuring apparatus may be about
3 mm, which 1s the same as conventionally. This value how-
ever does not limit the invention. After this measurement, the
beam diameter 1s changed into a smaller one to measure the
cross-sectional shape of the outermost sections (S91n FI1G. 1).
[0053] After the beam diameter 1s changed, the cross-sec-
tional shape of the outermost sections 1s measured (S10 1n
FIG. 1).

[0054] The outermost section includes a part of the cham-
fered portion (a portion with chamifer width X1, X2 of the
main surfaces of the wafer) of the wafer and the excluded
outermost circumierence of 2 mm. In the measurement of this
section, which includes the 2-mm outermost circumference
region and the part of the chamiered portion, use of the optical
reflection interferometry with a beam diameter of 1 mm or
less reduces the intensity of scattered light from the X1 and
X2 portion of the chamfered portion to less than half of the
incident beam, thereby allowing the reflection light to be
reliably received from a portion from the outermost circum-
ference to 1 mm away therefrom. This 1s preferred because
the cross-sectional shape of the outer circumierence can be
measured stably. A beam diameter of about 0.06 mm 1s par-
ticularly preferable because this diameter provides a depth of
focus of about 1.1 mm that makes an optical system for the
measurement easy to adjust the focus regardless of variation
in the water thickness, so the flatness of the outer circumiter-
ence can readily be measured.

[0055] A beam diameter of 0.04 mm or less 1s unpractical
because this diameter makes the optical system hard to adjust
the focus.

[0056] The mventive method measures the shape of the
outermost sections with the measurement apparatus having a
beam diameter smaller than that used to measure the shape of
the other sections, and can thereby accomplish the shape
measurement up to the outermost circumference in a short
time, thereby inhibiting reduction in the productivity. The
method can also mhibit the influence of a laser beam reflected
from the chamifered portion in the measurement, thereby
improving the precision of the shape measurement.

[0057] AsshowninFIG. 3, the straight line, extending from

one outermost circumierence of the water through the wafer
center, may be divided into the sections, for example, such
that the sections are symmetrical about the water center. FIG.
3 denotes the position of the center of a water by C, the
position of the outermost circumierence of the water by n or
n'. The value of n 1s an integer of 2 or more. The thickness of
the water at the position n 1s denoted by A . In FIG. 3, the
outermost sections are a section from n to n-1, and a section
from n' to n—-1". An overall section except for the outermost
sections 1s composed of sections from n-1 to n-1".

[0058] Thecross-sectional shape 1s preferably measured by
the optical reflection interferometry with an infrared laser to
improve the measurement precision. The measurement of the

cross-sectional shape may be the measurement of wafer
thickness.

[0059] Asshownin FIG. 4, for example, the beam diameter
can be decreased from t, tot, by focusing a laser beam 11 with
a focusing lens 12. If the beam diameter 1s 0.06 mm, then the
depth of focus d 1s about 100 mm. This diameter makes 1t
possible to reduce the size of the measuring apparatus and its
COst.
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[0060] The difference T (T, T . ) between the maxi-
mum thickness T and the minimum thickness T . of the
measured cross-sectional shape 1s then calculated. This cross-
sectional shape corresponds to that of the sections between A
and A ' shown in FIG. 3. The weight, which 1s predetermined
for each divided section, 1s applied to the measured cross-
sectional shape to quantity the flatness of each section (S11 1n
FIG. 1). The flatness can be quantified, for example, from a
difference AA 1n thickness of the water between at both ends
of each divided section. The quantification will be described
below with reference to FIG. 3. The difference (AA, -A -
A ) 1n water thickness between at both ends n—1 and n of one
outermost section 1s calculated. The difference (AA, _,=A
1'=A ) 1n water thickness between at both ends n-1' and n' of
the other outermost section symmetrical to this outermost
section about the water center 1s also calculated. The flatness
3 of the outer circumfierence of the watfer 1s quantified from a
larger value of absolute values of AA_, and AA ;.. Thevalue
of the difference AA 1s negative when the outer circumierence
1s 1n the form of a rise; the value of the difference AA 1s
positive when the outer circumierence 1s 1n the form of a sag.

[0061] Thetlatness a of the entire waler except for the outer
circumierence 1s similarly quantified as follows: The differ-
ence 1n waler thickness between at both ends of each section
(from AA , to A,, and from AA ., to A,) other than the
outermost sections 1s calculated. The difference AA of each
section 1s compared with that of the corresponding section
symmetrical thereto about the water center. The difference
AA of these sections 1s determined to be a larger value of
absolute values of the compared differences. The weight,
which 1s predetermined for each section, 1s applied to the
difference AA of the corresponding section. The resultant
difference AA of each section 1s added up. The flatness o of
the entire water 1s the sum total of the added differences. The
value of the difference AA 1s negative when the overall shape
of the watfer 1s concave; the value of the difference AA 1s
positive when the overall shape of the wafer 1s convex.

[0062] The weight may be predetermined, for example,
such that as the section 1s closer to the center of the wafer, the
weight 1s larger. Tables 1 and 2 show a specific example of the
flatness obtained after weighting 1n the example shown 1n
FIG. 3 where n=3, that 1s, where there are three pair of
symmetric sections about the water center. Specifically, Table
1 shows exemplary quantified flatness of the outermost sec-
tion. As shown 1n Table 1, when the shape 1s flat, the weight
and the flatness are O; when the shape 1s a rise or sag, the
weight 1s 1; when the shape 1s a rise, the flatness 1s —1; when
the shape 1s a sag, and the flatness 1s 1. These values can be
regarded as the flatness 3 of the outer circumierence.

[0063] Table 2 shows exemplary quantified flatness of sec-
tion 1-2 (outside) and section C-1 (inside). In Table 2, the
number of the symbol “+” of the concave and convex shapes
represents the degree of the shapes, and the larger the number,
the greater the degree. When the shape 1s flat, the weight and
the flatness are 0; when the shape 1s a rise or sag, the weight
for the section 1-2 1s 0.5, and the flatness of this section 1s 0.5
when the shape 1s convex, or —0.5 when the shape 1s concave;
when the shape 1s a rise or sag, the weight for the section C-1
1s 1 or 2, the flatness of this section 1s 1 or 2 when the shape 1s
convex, or —1 or -2 when the shape 1s concave. The flatness o
of the entire wafer can be calculated from the flatness of the
sections through the above described comparison and addi-
tion of the symmetric sections.
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TABLE 1

CROSS-SECTIONAL FLATNESS OF OUTERMOST

SHAPE SECTION (SECTION 2-3)
RISE -1
FLAT 0
SAG 1

TABLE 2
CROSS-SECTIONAL FL.ATNESS OF FLLATNESS OF
SHAPE SECTION 1-2 SECTION C-1
CONVEX++ 0.5 2
CONVEX+ 1
FLAT 0 0
CONCAVE+ -0.5 -1
CONCAVE++ -2
[0064] The polishing conditions of the first and second

polishing steps 1n the subsequent polishing cycle are deter-
mined on the basis of the above quantified flatness (S12 in
FIG. 1). These conditions can be determined such that both
the first and second polishing steps polish the water so as to
have the respective target thicknesses by adjusting at least one
of the polishing load, the rotational speed and the revolution
speed of the carrier, and the rotational speed of the upper and
lower turn tables. These target thicknesses of the water after
the respective polishing steps can be determined for example
as follows.

[0065] The target water thickness of the first polishing step
in the subsequent polishing cycle 1s calculated by multiplying
the obtained flatness [ of the outer circumference by the
difference T between the maximum wafer thickness and the
mimmum wafer thickness and adding the resultant to the
target thickness in the current polishing cycle. When the
shape of the outer circumierence 1s a rise, for example, since
the value of 3 1s negative, adding the value of 3xT to the target
thickness 1n the current polishing cycle results in a decrease in
the target thickness. The target thickness can be decreased by
increasing the polishing load, or increasing the rotational
speed of the turn tables and the rotational speed and the
revolution speed of the carrier to increase the polishing rate.
When the shape of the outer circumfierence 1s a sag, since the
value of 3 1s positive, adding the value of PxT to the target
thickness 1n the current polishing cycle results 1n an increase
in the target thickness. The target thickness can be increased
by decreasing the polishing load, or decreasing the rotational
speed of the turn tables and the rotational speed and the
revolution speed of the carrier to decrease the polishing rate.

[0066] FIG.5 shows the result ofthe evaluation of variation
in shape of the water outer circumference 1n an example 1n
which the polishing load 1s changed. As shown 1n FIG. 5, as
the polishing load increases, the shape of the outer circum-
ference tends to be a sag; as the polishing load decreases, the
shape of the outer circumierence tends to be a rise. The shape
of the outer circumierence can accordingly be adjusted by
changing the polishing load on the basis of this relationship.

[0067] The target wafer thickness of the second polishing
step 1n the subsequent polishing cycle 1s calculated by sub-
tracting the flatness a of the entire water from the target
thickness 1n the current polishing cycle. When the flatness of
the entire water 1s concave, for example, since the value of a
1s negative, subtracting the flatness o of the entire water xT
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from the target thickness 1n the current polishing cycle results
in an increase 1n the target thickness. When the tlatness of the
entire waler 1s convex, since the value of @ 1s positive, sub-
tracting the flatness . of the entire wafer xT from the target
thickness 1n the current polishing cycle results in a decrease in
the target thickness. In these cases, the polishing load, the
rotational speed of the turn tables and the rotational speed,
and the revolution speed of the carrier may be adjusted 1n the
same manner as above.

[0068] Lastly, the subsequent polishing cycle 1s performed
under the above determined polishing conditions (S13 in FIG.
1). The method can use a control device to automatically
perform the quantification of the flatness from the measured
cross-sectional shape and the determination of the polishing
conditions on the basis of the quantified flatness, which
improves the productivity.

[0069] The inventive double-side polishing method can
measure the shape of the polished wafer up to the outer
circumierence with high precision and improve the flatness of
the entire wafer including the outermost circumierence by
accurately use the flatness, which 1s quantified from this
measured shape, 1n the subsequent polishing cycle. This
method can also prevent an increase in the measurement time,
thereby inhibiting reduction 1n the productivity.

Example

[0070] The present invention will be more specifically
described with reference to an example and a comparative
example, but the present invention 1s not limited to this
example.

Example

[0071] A 300-mm-diameter silicon single crystal wafer
was double-polished according to the mnventive double-side
polishing method shown i FIG. 1. This example began with
the preparation of wafers by slicing a silicon single crystal
ingot grown by the Czochralski (CZ) method 1into waters and
chamiering, lapping, and etching the waters. The polishing
was performed with a double-side polishing apparatus shown
in FIG. 2. The double-side polishing apparatus used urethane
foam polishing pads on both sides of the upper and lower turn
tables, and a polishing agent containing colloidal silica grains
whose its pH was adjusted in the range between 10.0 and 11.0.

[0072] The polishing conditions of the first polishing step
in the first polishing cycle were as follows: the polishing load
was 150 g/cm?; the rotational speeds of the upper and lower
turn tables and the sun and internal gears were determined
such that the difference between the revolution speed of the
carrier and the rotational speed of the upper turn table, and the
difference between the rotational speed of the lower turn table
and the revolution speed of the carrier were 10 rpm; the
rotational speed of the carrier was 2.5 rpm; the target thick-
ness of the first polishing step was 785 um; the target thick-
ness of the second polishing step, the finishing thickness, was

730 um.

[0073] Adfter the first polishing cycle, the flatness was
evaluated. The result was that the shape of the outer circum-
ference was a rise, and the overall shape was concave. The
values decided as shown 1n FIG. 6 at (A) were used to deter-
mine the polishing conditions in the second polishing cycle as
follows: the polishing load of the first polishing step was
increased to decrease the target thickness to 784.909 um (785
um+(-1)xT(0.091)). The polishing load of the second pol-
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1shing step was decreased to increase the target thickness to
780.136 um (780 um-a(-1.5)xT(0.091)).

[0074] After the second polishing cycle, the flatness was
evaluated. The result was that, as shown 1n FIG. 6 at (B), the
flatness of the entire water including the outermost circum-
ference was improved.

[0075] The beam diameter of the measuring apparatus used
for the measurement of the outermost sections was 0.06 mm.
[0076] The above polishing cycle was repeated to evaluate
the flatness of the outer circumierence of the polished waters.
The result 1s given 1n FIG. 7. The relative value of the evalu-
ated outer circumierence flatness 1s a value converted from a
standard value ranging from O to 100, and a value closer to 0
represents better flatness. As shown 1n FIG. 7, 1t was con-
firmed that the flatness 1n example was improved more than
that 1n comparative example.

Comparative Example

[0077] The polishing cycle was repeated under the same
conditions to make the same evaluation as 1n example except
that the polishing conditions were not changed after each
polishing cycle.
[0078] The result of the evaluated flatness of the outer cir-
cumierence of the polished wafers 1s given 1n Table 7. As
shown 1n FIG. 7, the flatness became worse than that of
example.
[0079] It 1s to be noted that the present invention 1s not
limited to the foregoing embodiment. The embodiment 1s just
an exemplification, and any examples that have substantially
the same feature and demonstrate the same functions and
elfects as those 1n the technical concept described in claims of
the present invention are included 1n the technical scope of the
present imvention.
1-7. (canceled)
8. A double-side polishing method comprising a polishing
cycle that comprises:
performing a first polishing step of carrying out a double-
side polishing process at a high polishing rate, the
double-side polishing process simultaneously polishing
both surfaces of a wafer that 1s held with a carrier and
interposed between polishing pads each attached on
upper and lower turn tables while rotating and revolving
the carrier, supplying a polishing agent, and measuring a
thickness of the wafer;
performing a second polishing step of carrying out the
double-side polishing process at a low polishing rate,
dividing a straight line extending from one outermost cir-
cumierence of the polished water through a center of the
polished water to the other outermost circumierence
into prescribed sections, and optically measuring a
cross-sectional shape of the divided sections;
applying a weight predetermined for each divided section
to the measured cross-sectional shape to quantify flat-
ness of each section; and
determining polishing conditions of the first and second
polishing steps 1n a subsequent polishing cycle on a basis
of the quantified flatness, wherein
a beam diameter of a measurement apparatus used to mea-
sure the cross-sectional shape of outermost sections 1s
smaller than that used to measure the cross-sectional
shape of the other section.
9. The double-side polishing method according to claim 8,
wherein the step of determining polishing conditions of the
first and second polishing steps includes adjusting at least one
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ol a polishing load, a rotational speed and a revolution speed
of the carrier, and a rotational speed of the upper and lower
turn tables such that the thickness of the water subjected to the
first and second polishing steps becomes a target thicknesses.

10. The double-side polishing method according to claim
8, wherein the beam diameter of the measurement apparatus
used to measure the cross-sectional shape of the outermost
sections 1s 1 mm or less.

11. The double-side polishing method according to claim
9, wherein the beam diameter of the measurement apparatus
used to measure the cross-sectional shape of the outermost
sections 1s 1 mm or less.

12. The double-side polishing method according to claim
8, wherein the cross-sectional shape 1s measured by optical
reflection interferometry with an infrared laser.

13. The double-side polishing method according to claim
9, wherein the cross-sectional shape 1s measured by optical
reflection interferometry with an infrared laser.

14. The double-side polishing method according to claim
10, wherein the cross-sectional shape 1s measured by optical
reflection interferometry with an infrared laser.

15. The double-side polishing method according to claim
11, wherein the cross-sectional shape 1s measured by optical
reflection interferometry with an infrared laser.

16. The double-side polishing method according to claim
8, wherein

the step of measuring the cross-sectional shape includes:

dividing the line such that the prescribed sections are sym-

metrical about the center of the wafer; calculating a
difference AA 1n thickness of the wafer between at both
ends of each section;

comparing the difference AA of each section with that of

the corresponding symmetrical section about the center
of the water and determining that the difference of the
corresponding sections 1s a larger value of absolute val-
ues of the compared differences, and

the step of quantifying the flatness includes:

quantifying flatness 3 of an outer circumierence of the

water from the difference AA of the outermost sections;
quantifying flatness a of the entire water except for the
outer circumierence by applying each weight to the dif-
ference AA of the corresponding section such that, as the
section 1s closer to the center of the water, the weight 1s
larger, and adding up the difference AA of the sections
other than the outermost sections.

17. The double-side polishing method according to claim
9, wherein

the step of measuring the cross-sectional shape includes:

dividing the line such that the prescribed sections are
symmetrical about the center of the watfer; calculating
a difference AA 1n thickness of the water between at
both ends of each section;

comparing the difference AA of each section with that of
the corresponding symmetrical section about the cen-
ter of the wafer and determining that the difference of
the corresponding sections 1s a larger value of abso-
lute values of the compared differences, and

the step of quantifying the flatness includes:

quantifying flatness p of an outer circumierence of the
wafer from the difference AA of the outermost sec-
tions; quantifying flatness a of the entire water except
for the outer circumierence by applying each weight
to the difference AA of the corresponding section
such that, as the section 1s closer to the center of the
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waler, the weight 1s larger, and adding up the differ-
ence AA of the sections other than the outermost
sections.
18. The double-side polishing method according to claim
10, wherein
the step of measuring the cross-sectional shape includes:
dividing the line such that the prescribed sections are sym-
metrical about the center of the water; calculating a
difference AA 1n thickness of the watfer between at both
ends of each section;
comparing the difference AA of each section with that of
the corresponding symmetrical section about the center
of the water and determining that the difference of the
corresponding sections 1s a larger value of absolute val-
ues of the compared differences, and
the step of quantifying the flatness includes:
quantifying flatness [ of an outer circumierence of the
wafer from the difference AA of the outermost sections;
quantifying flatness . of the entire water except for the
outer circumierence by applying each weight to the dit-
ference AA of the corresponding section such that, as the
section 1s closer to the center of the wafer, the weight 1s
larger, and adding up the difference AA of the sections
other than the outermost sections.
19. The double-side polishing method according to claim
11, wherein
the step of measuring the cross-sectional shape includes:
dividing the line such that the prescribed sections are sym-
metrical about the center of the wafer; calculating a
difference AA 1n thickness of the wafer between at both
ends of each section;
comparing the difference AA of each section with that of
the corresponding symmetrical section about the center
of the water and determining that the difference of the
corresponding sections 1s a larger value of absolute val-
ues of the compared differences, and
the step of quantitying the flatness includes:
quantifying flatness 3 of an outer circumierence of the
water from the difference AA of the outermost sections;
quantifying tlatness a of the entire water except for the
outer circumierence by applying each weight to the dif-
ference AA of the corresponding section such that, as the
section 1s closer to the center of the wafer, the weight 1s
larger, and adding up the difference AA of the sections
other than the outermost sections.
20. The double-side polishing method according to claim
12, wherein
the step of measuring the cross-sectional shape includes:
dividing the line such that the prescribed sections are sym-
metrical about the center of the water; calculating a
difference AA 1n thickness of the wafer between at both
ends of each section;
comparing the difference AA of each section with that of
the corresponding symmetrical section about the center
of the wafer and determining that the difference of the
corresponding sections 1s a larger value of absolute val-
ues of the compared differences, and
the step of quantifying the flatness includes:
quantifying flatness [ of an outer circumierence of the
wafer from the difference AA of the outermost sections;
quantifying flatness . of the entire water except for the
outer circumierence by applying each weight to the dii-
ference AA of the corresponding section such that, as the
section 1s closer to the center of the wafer, the weight 1s
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larger, and adding up the difference AA of the sections
other than the outermost sections.

21. The double-side polishing method according to claim
13, wherein

the step of measuring the cross-sectional shape includes:

dividing the line such that the prescribed sections are sym-
metrical about the center of the water; calculating a
difference AA 1n thickness of the water between at both
ends of each section;

comparing the difference AA of each section with that of
the corresponding symmetrical section about the center
of the water and determining that the difference of the

corresponding sections 1s a larger value of absolute val-
ues of the compared differences, and

the step of quantifying the flatness includes:

quantifying flatness p of an outer circumierence of the
water from the difference AA of the outermost sections;
quantifying flatness a of the entire water except for the
outer circumierence by applying each weight to the dif-
ference AA of the corresponding section such that, as the
section 1s closer to the center of the water, the weight 1s
larger, and adding up the difference AA of the sections
other than the outermost sections.

22. The double-side polishing method according to claim
14, wherein

the step of measuring the cross-sectional shape includes:

dividing the line such that the prescribed sections are sym-
metrical about the center of the wafer; calculating a
difference AA 1n thickness of the wafer between at both
ends of each section;

comparing the difference AA of each section with that of
the corresponding symmetrical section about the center
of the water and determining that the difference of the
corresponding sections 1s a larger value of absolute val-
ues of the compared differences, and

the step of quantifying the flatness includes:

quantifying flatness 3 of an outer circumierence of the
walter from the difference AA of the outermost sections;
quantifying flatness a of the entire water except for the
outer circumierence by applying each weight to the dif-
ference AA ofthe corresponding section such that, as the
section 1s closer to the center of the water, the weight 1s
larger, and adding up the difference AA of the sections
other than the outermost sections.

23. The double-side polishing method according to claim
15, wherein

the step of measuring the cross-sectional shape includes:

dividing the line such that the prescribed sections are sym-
metrical about the center of the water; calculating a
difference AA 1n thickness of the water between at both
ends of each section;

comparing the difference AA of each section with that of
the corresponding symmetrical section about the center
of the water and determining that the difference of the
corresponding sections 1s a larger value of absolute val-
ues of the compared ditferences, and

the step of quantifying the flatness includes:

quantifying flatness p of an outer circumiference of the
waler from the difference AA of the outermost sections;
quantifying flatness . of the entire water except for the
outer circumierence by applying each weight to the dii-
ference AA ofthe corresponding section such that, as the
section 1s closer to the center of the water, the weight 1s
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the flatness o of the entire water 1s quantified 1n such a
manner that the flatness o of the section closest to the
center of the wafer 1s converted to 0 1f the difference AA
1s 0, 1 or 2 if the difference AA 1s positive, —1 or -2 1f the
difference AA 1s negative; the flatness o of the other
section 1s converted to 0 1f the difference AA 1s 0, 0.5 11

larger, and adding up the difference AA of the sections
other than the outermost sections.

24. The double-side polishing method according to claim
16, wherein

the flatness o of the entire water 1s quantified 1n such a
R Hil e ﬂa.tness % ol s section c:.losest i T the difference AA 1s positive, —0.5 1t the difference AA 1s
center ofthe wafgr 15 converteq o0 1.f.the differ Chee AA negative; and the difference AA of each section 1s then
1s 0, 1 or 2 1f the difference AA 1s positive, —1 or -2 1f the added up,
difference AA 1s negative; the flatness o of the other
section 1s converted to O 1f the difference AA 1s 0, 0.5 1f
the difference AA 1s positive, —0.5 11 the difference AA 1s
negative; and the difference AA of each section 1s then

the flatness [3 of the outer circumierence of the wafer 1s
quantified 1n such a manner that the flatness 5 1s O 1f the
difference AA 1s O, 1 1f the difference AA 1s positive, -1
if the difference AA 1s negative, and
added up, the step of determining polishing conditions of the first and
the flatness 3 of the outer circumierence of the water 1s second polishing steps includes determining the target

quantified in such a manner that the flatness {3 1s 0 1f the
difference AA 1s 0, 1 if the difference AA 1s positive, —1
if the difference AA 1s negative, and

thickness of the water to be polished in the first polishing
step to be performed 1n the subsequent polishing cycle
by adding xT to the target thickness 1n a current pol-

1shing cycle, and determining the target thickness of the
wafer to be polished 1n the second polishing step to be
performed in the subsequent polishing cycle by subtract-
ing axT from the target thickness 1n the current polish-
ing cycle, where T 1s a difference between the maximum
thickness and the minimum thickness of the water.
26. The double-side polishing method according to claim
8, further comprising blowing air to a surface of the wafer
taken out of the carrier.
27. The double-side polishing method according to claim
25, turther comprising blowing air to a surface of the wafer
taken out of the carrier.

the step of determining polishing conditions of the first and
second polishing steps includes determining the target
thickness of the water to be polished in the first polishing
step to be performed 1n the subsequent polishing cycle
by adding xT to the target thickness 1n a current pol-
1shing cycle, and determining the target thickness of the
wafer to be polished in the second polishing step to be
performed in the subsequent polishing cycle by subtract-
ing ax T from the target thickness 1n the current polish-
ing cycle, where T 1s a difference between the maximum
thickness and the minimum thickness of the water.

25. The double-side polishing method according to claim
23, wherein £ % % % %
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