DESCRI PTI ON

CHAMFERI NG APPARATUS AND METHOD FOR MANUFACTURI NG
NOTCHLESS WAFER

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a chanfering
apparatus and a nmethod for manufacturing a notchless
waf er .

BACKGROUND ART
[ 0002]

It has been conventional to forma cut called
notch on an outer circunference of a wafer such as a
single crystal silicon wafer having a dianmeter of 300 nm
or nore in order to align the wafer in a manufacturing
process. The wafer is sliced along a certain crystal
orientation so as to nmake the crystal structure nost
appropriate for the operation of a sem conductor device
to be manufactured. The notch position is determ ned,
dependi ng on a conductivity type and a crystal
orientation, in a direction of the crystal orientation
such as <110> and <100>.
[ 0003]

Recently, along with a high integration of a
sem conductor device such as DRAM NAND flash nenory,
and MPU and a di aneter enl argenent of a wafer, there is
i ncreased a stress applied to the wafer during heat
treatment in the process for manufacturing a
sem conductor device, and there arises a problem of
slipping, which causes a junction leak. |In particular,

the stress concentration is easily generated at a



portion having a |ocal shape such as a notch, easily
causing slipping. Therefore, device nakers have
demanded a waf er having no cut such as notch.

[ 0004]

In the method for manufacturing a silicon wafer
used as a sem conductor nenory device material, first, a
silicon crystal ingot having a specific crystal
orientation is produced by the Czochral ski (CZ) method
or other method (a crystal grow ng process). Then, the
produced single crystal ingot is ground to adjust the
outer diameter, and a notch for indicating the crystal
orientation is formed on an outer circunference of the
single crystal ingot (a cylindrical grinding process).
Then, the single crystal ingot is sliced into a thin
di sk-shaped wafer al ong the specific crystal orientation
(slicing step), and an outer circunference of the sliced
wafer is chanfered to prevent the wafer from cracking
and chi pping (a chanfering process).

[ 0005]

Thereafter, both surfaces of the chanfered wafer
are flattened by grinding (a double-disc grinding
process), and nechani cal damage remaining in the wafer
chanfered and doubl e-si de polished is renoved (an
etching process). Further, the front surface and/or the
back surface of the wafer are mrror-polished (a
pol i shing process), and the polished wafer is cleaned to
renove a polishing agent and foreign substances attached
thereto (a cleaning process).

[ 0006]

The nethod for manufacturing a wafer having no
notch (notchl ess wafer) by the above manufacturing
process includes, as shown in FIG 5, stanmping a crystal

orientation mark on the back surface of the doubl e-di sk



ground wafer by laser marking with reference to the
notch (a | aser marking process) and renovi ng the notch
by grinding the outer circunference of the |aser-marked
wafer (a notch renoving process) (see Patent Docunent 1).
A crystal orientation mark Mshown in FIG 6 formed by
| aser on the back surface of the wafer Winstead of the
notch is under devel opnent by Sem conductor Equi pnent
and Materials Institute (SEM).

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0007]

Pat ent Docunent 1: Japanese Unexam ned Patent
publ i cation (Kokai) No. H10-256106

Pat ent Docunent 2: Japanese Unexam ned Pat ent
publication (Kokai) No. HO07-218228

Pat ent Docunent 3: W02008/ 093488

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0008]

In general, with the mniaturization of a
sem conductor nenory, strict requirenents are inposed on
a standard value and a variation in a chanfered shape of
an outer circunferential portion of a wafer such as a
sem conductor silicon wafer. This is because an
i mmer si on exposure is generally used in a device
exposure process, and the variation in the shape of a
waf er chanfered portion causes | eak of an inmmersion
l'iquid. Moreover, it has been said that if the wafer
chanfered shape is abnormal in a device heat treatnent
process, thermal shock due to shortening of heat cycles

i nduces wafer breakage (cracks) derived fromthe



abnormal point.
[ 0009]

To suppress the variation in the chanfered shape,
a controlling method which includes neasuring a cross-
sectional shape of the chanfered portion and pronptly
feedi ng back the cross-secti onal shape of the chanfered
portion at every circunferential position with a wafer-
chanf eri ng apparatus incorporating a measuring machi ne
for nmeasuring the cross-sectional shape of the chanfered
portion is enployed for manufacturing a silicon wafer
(see Patent Docunent 2). The cross-sectional shape of
t he chanfered portion is cal culated by binarizing a
captured image in a transmtted |ight manner. FIG 7
shows typical parameters of the shape of the chanfered
portion. The paranmeters such as chanfer angles 6;, 0y,
chanfer widths on front and back surfaces Al, A2, tip
radii Rl, R2, and a width of a tip portion BC are
controlled so as to be within predeterm ned val ue ranges.
[ 0010]

FIG 8 shows an exanple of a controlled chanfered
shape. When the neasurenent shows an inequality between
Al and A2 shown in FIG 7, it is judged that a
gri ndstone center does not coincide with a wafer center,
and then a relative position between the grindstone and
the wafer in a chanfering part is corrected according to
the following formula (1). In the formula, & represents
a correction anount of the relative position between the
grindstone and the wafer, Al and A2 represent chanfer
wi dt hs on front and back surfaces of a wafer, and 6
represents a chanfer angle.

3={ (Al- A2) xt an6}/ 2 (1)

[0011]
I n addition, because an al kali aqueous sol ution



such as caustic soda or caustic potassium which has

et ching speed ani sotropy depending on a crystal
orientation of a wafer, is used in the etching process,
t he cross-sectional shape fluctuates in a chanfering
circunferential direction. Therefore, it has been
suggested to adjust the chanfered shape depending on a
circunferential position of the wafer (see Patent
Docunment 3).

[0012]

The above chanfered-shape control includes
aligning a wafer with reference to a notch, then
measuring the chanfered shape at each point in the
circunferential direction, and controlling a chanfering
based on the result. Accordingly, when the nmethod for
manuf acturing a notchl ess wafer includes the notch
renovi ng process, the cross-sectional shape of the wafer
chanfered portion cannot be measured with reference to
t he notch after renoving the notch, and thus feedback
and shape control of the chanfered portion at chanfering
cannot be performed. As a result, there arises a
problem that the wafer chanfered portion does not neet
customer requirenments on cross-sectional shape precision.
[ 0013]

By contrast, when an alignnment nmethod using a
crystal orientation mark stanped on a wafer back surface
is enpl oyed, the chanfering apparatus requires an
addi ti onal expensive alignment mechanismto detect the
crystal orientation mark, thus resulting in costly.

[ 0014]

The present invention has been nade in view of the
above problens, and an object thereof is to provide a
chanfering apparatus and a nmet hod for manufacturing a

notchl ess wafer that allow a feedback control according



to the crystal orientation, can suppress the variation
in a chanfered shape di nension of a notchless wafer, and
can achi eve cross-sectional shape precision of the wafer
chanfered portion, required by a custoner, at |ow cost
even in the case of using a neasured value of the cross-
sectional shape of the chanfered portion of the

not chl ess waf er

SOLUTI ON TO PROBLEM
[ 0015]

To achieve this object, the present invention
provi des a chanfering apparatus conprising: a chanfering
part for renmoving a notch by grinding an outer
circunference of a wafer with a grindstone; a cleaning
part for cleaning and drying the chanfered wafer; and a
chant er ed- shape measuring part for neasuring a chanfered
shape of the wafer washed and dried, each of the
chanfering part, the cleaning part, and the chanfered-
shape neasuring part including a rotatable stage for
rotatably holding the wafer and a control neans for
controlling a rotational position of the rotatable stage
and a rotational position of the wafer held on the
rotatabl e stage, the rotatable stage having a reference
position serving as a reference of the rotationa
positions at the beginning of rotation, wherein the
wafer is held such that the rotational position of the
wafer at the beginning of rotation relative to the
reference position is at the same rotational position on
all the rotatable stages, and the control neans is
configured to control the rotational position of the
wafer so as to be at a predeterni ned position at the
begi nning and the end of rotation.
[ 0016]



Such an apparatus enables a circunferenti al
position of the wafer at which the cross-sectional shape
of the chanfered portion is nmeasured to coincide with a
circunferential position of the wafer at which the wafer
I's brought into contact with the grindstone at
chanfering, and can feed back a neasured val ue of the
cross-sectional shape to use the nmeasured value for a
chanfering control at the corresponding rotationa
position of the wafer to be chanfered. Consequently,
circunferential variation in the chanfered shape
di mensi on of the notchless wafer can be suppressed, and
cross-sectional shape precision of the wafer chanfered
portion required by a custoner can be achi eved.
Moreover, because it is unnecessary to add an expensive
al i gnnment nechanismto the chanfering apparatus, a
notchl ess wafer with high cross-sectional shape
preci sion of the chanfered portion can be manufactured
at | ow cost.

[0017]

The control neans is preferably further configured
to control the rotational position of the rotatable
stage so as to be within +0.05 degree relative to the
predeterm ned position at the beginning and the end of
rotation.

According to such a configuration, it is possible
to surely achieve a chanfered shape precision such that
a position accuracy is within 0.1 degree fromthe
crystal orientation indicated by the crystal orientation
mar k st anped on the back surface of the wafer, thus
enabling to surely obtain a wafer with high precision of
t he shape of the chanfered portion.

[ 0018]
The control neans preferably includes a servonotor



di sposed at the rotatable stage and a rotary encoder
built in the servonotor, the rotary encoder being
capabl e of detecting the rotational positions, the
servonot or bei ng capable of controlling the rotational
posi ti ons.

According to such a configuration, the rotational
position of the wafer can be easily controlled so as to
be at a predeterm ned position at the begi nning and the
end of rotation. Especially, the rotational position of
each rotatable stage can be controlled so as to be
within £0.05 degree relative to the predeterm ned
position at the beginning and the end of rotation, thus
enabling to surely obtain a wafer with high precision of
t he shape of the chanfered portion.

[ 0019]

Furthernmore, the present invention provides a
met hod for manufacturing a notchless wafer, the method
conprising: stanping a crystal orientation mark at a
certain position on a back surface of a wafer having a
notch with respect to a certain crystal orientation by
| aser marking with reference to the notch; and
chanfering the wafer to renove the notch, the chanfering
i ncluding a chanfering step for renoving the notch by
grinding an outer circunference of the wafer aligned
with reference to the notch with a grindstone, a
cl eaning step for cleaning and drying the wafer from
whi ch the notch is renoved, and a chanf ered- shape
measuring step for nmeasuring a chanfered shape of the
wafer, wherein in each of the steps, the wafer is
rotatably held on a rotatable stage such that a
rotational position of the wafer at the begi nning of
rotation relative to a reference position is at the sane

rotational position on all the rotatable stages, wherein



the reference position serves as a reference of the
rotational position, and the rotational position of the
wafer held on the rotatable stage is controlled so as to
be at a predeterm ned position at the begi nning and the
end of rotation.

[ 0020]

Such a nmethod enables a circunferential position
of the wafer at which the cross-sectional shape of the
chanfered portion is nmeasured to coincide with a
circunferential position of the wafer at which the wafer
I's brought into contact with the grindstone at
chanfering, and can feed back a neasured val ue of the
cross-sectional shape to use the nmeasured value for a
chanfering control at the corresponding rotationa
position of the wafer to be chanfered. Consequently,
circunferential variation in the chanfered shape
di nensi on of the notchless wafer can be suppressed, and
cross-sectional shape precision of the wafer chanfered
portion required by a custonmer can be achi eved.
Moreover, because it is unnecessary to add an expensive
al i gnment nmechanismto the chanfering apparatus, a
notchl ess wafer with high cross-sectional shape
preci sion of the chanfered portion can be manufactured
at | ow cost.

[ 0021]

A rotational position of the rotatable stage is
preferably controlled so as to be within an accuracy of
+0. 05 degree relative to the predeterm ned position at
t he begi nning and the end of rotation.

In this manner, it is possible to surely achieve a
chanf ered shape precision such that a position accuracy

is within £0.1 degree fromthe crystal orientation
I ndi cated by the crystal orientation mark stanped on the



back surface of the wafer, thus enabling to surely
obtain a wafer with high precision of the shape of the
chanfered portion

[ 0022]

A servonmotor and a rotary encoder built therein
are preferably disposed at the rotatable stage, the
rotary encoder being capable of detecting the rotational
position, the servonotor being capable of controlling
the rotational position.

In this manner, the rotation position of the wafer
can be easily controlled so as to be at a predeterm ned
position at the beginning and the end of rotation.
Especially, the rotational position of the rotatable
stage can be controlled so as to be within +0.05 degree
relative to the predeterm ned position at the begi nning
and the end of rotation, thus enabling to surely obtain
a wafer with high precision of the shape of the

chanfered portion

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0023]

The chanfering apparatus and the nethod for
manuf acturing a notchl ess wafer of the present invention
allow a chanfering control according to a crysta
orientation of a wafer even in a notchless wafer, can
suppress circunferential variation in the chanfered
shape di nension, and can achi eve chanfered shape
preci sion equi valent to a conventional wafer having a
notch for indicating a crystal orientation. Moreover,
because it is unnecessary to add an expensive alignnent
mechani sm for detecting the |aser mark to the chanfering
apparatus, a notchless wafer with cross-sectional shape

preci sion of the wafer chanfered portion, required by a

10



customer, can be manufactured at | ow cost.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0024]

FIG 1 is a schematic diagram showi ng an exanpl e
of the inventive chanfering apparatus;

FIG 2 is a schematic diagram show ng an exanpl e
of the rotatable stage in the inventive chanfering
appar at us;

FIG 3 is a schematic diagram showi ng an exenpl ary
control manner of a servonotor in the control neans;

FIG 4 is a schematic di agram showi ng an exenpl ary
mechani sm of a rotary encoder in the control neans;

FIG 5 is a flow chart show ng an exanple of a
general nethod for manufacturing a notchless wafer;

FIG 6 is a diagram show ng an exanple of a |aser
mar k stanped on a back surface of a wafer;

FIG 7 is a schematic di agram show ng typica
paraneters of the shape of a chanfered portion;

FIG 8 is a schematic diagram showi ng an exanpl e
of a controlled chanfered shape; and

FIG 9 is a diagram show ng neasurenment result of
variation in chanfer width in exanple and conparative
exanpl e.

DESCRI PTI ON OF EMBODI MENTS
[ 0025]

Herei nafter, enbodi nents of the present invention
wi || be described, but the present invention is not
limted thereto.

In recent years, device makers have denmanded a
waf er having no cut such as notch in nmany cases.

However, when a notch is renmpved froma wafer, the

11



cross-sectional shape of the wafer chanfered portion
cannot be measured with reference to the notch, and thus
f eedback and shape control of the chanfered portion at
chanfering cannot be performed. As a result, there
arises a problemthat the wafer chanfered portion does
not neet custonmer requirenments on cross-sectional shape
preci si on.

[ 0026]

In view of this, the present inventor repeatedly
and keenly conducted studies to solve the problem and
consequently found that when the chanfering apparatus is
configured to control the rotational position of the
wafer held on the rotational stage so as to be at a
predeterm ned position at the beginning and the end of
rotation, a neasured value of the cross-sectional shape
of the chanfered portion can be fed back to use the
measured value for a chanfering control at the
corresponding rotational position of the wafer to be
chanf ered, whereby cross-sectional shape precision of
t he wafer chanfered portion can be inproved. Thus, the
present invention was brought to conpletion.

[ 0027]

Herei nafter, the inventive chanfering apparatus
and the inventive nmethod for manufacturing a notchless
wafer will be described with reference to FIGS. 1 to 4.

As shown in FIG 1, the inventive chanfering
apparatus 1 is conposed of a wafer feeding/accommodati ng
part 2, an alignnment part 3, a chanfering part 4, a
cleaning part 5, a centering part 6, a chanfered-shape
measuring part 7, and conveying parts 8 for conveying a
waf er W anong these parts.

[ 0028]
The wafer feeding/accommodating part 2 feeds a

12



waf er W having a notch before chanfered, and
accommodat es t he wafer Whaving no notch into a

contai ner after chanfered and subjected to a measurenent
to measure the cross-sectional shape of the chanfered
portion in the |l ater-described chanfered-shape neasuring
part 7. The alignment part 3 perforns a centering

al i gnment and a notch-position alignnent of the wafer W
having a notch, taken out fromthe container of the

waf er feedi ng/accommodating part 2.

[ 0029]

The chanfering part 4 includes rotatable tables 9a
for rotatably holding the wafer Wand grindstones 10 for
renmoving the notch by grinding the outer circunferenti al
portion of the wafer. As shown in FIG 2, the rotatable
tabl e 9a has a control nmeans 13. The control neans 13
is capable of controlling the rotation, thereby
controlling the rotational position of the held wafer W
[ 0030]

The cleaning part 5 cleans and dries the wafer W
chanfered in the chanfering part 4. The cleaning part 5
i ncludes rotatable tables 9b for rotatably hol ding the
wafer Wand cleaning |iquid supply mechanisns 11 for
supplying a cleaning liquid to clean the wafer W The
wafer Win which the outer circunferential portion has
been chanfered is cleaned with the cleaning liquid, such
as pure water, supplied fromthe cleaning |iquid supply
mechani sm 11. The wafer Wis then rotated by rotating
the rotatable table 9b to dry the wafer by spinning.

The rotatable table 9b al so has the sanme control neans
13 as the rotatable table 9a, as shown in FIG 2. The
control neans 13 is capable of controlling the rotation,
t hereby controlling the rotational position of the held

waf er W
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[ 0031]

The centering part 6 centers the wafer Wcl eaned
and dried in the cleaning part 5. The chanfered-shape
measuring part 7 includes a rotatable table 9c for
rotatably holding the wafer Wand a shape neasuring
machi ne 12 for measuring the cross-sectional chanfered
shape of the outer circunferential portion of the wafer
W In the chanfered-shape nmeasuring part 7, the cross-
sectional chanfered shape is measured at a certain point
on the circunference of the wafer Wby the shape
measuring machine 12. A control value is obtained from
t he shape data at the certain point on the circunference
of the wafer W and the control value is fed back to the
chanfering part 4 and then used for a chanfering control
The shape neasuring machine 12 may be, for exanple, a
shape nmeasuring machine in a transmtted |ight manner.
The rotatable table 9c also has the sane control neans
13 as the rotatable tables 9a, 9b, as shown in FIG 2.
The control nmeans 13 is capable of controlling the
rotation, thereby controlling the rotational position of
the held wafer W
[ 0032]

In the present invention, as nmentioned above, each
of the chanfering part 4, the cleaning part 5, and the
chanf er ed- shape neasuring part 7 includes a rotatable
stage 9 (9a, 9b, 9c) for rotatably holding the wafer and
a control neans for controlling a rotational position of
the rotatable stage 9 and a rotational position of the
wafer Wheld on the rotatable stage 9. The rotatable
stage 9 has a reference position serving as a reference
of the rotational positions at the beginning of rotation,
and the wafer Wis held such that the rotationa

position of the wafer Wat the beginning of rotation is
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at the same rotational position relative to the
reference position on all the rotatable stages. The
control neans 13 is configured to control the rotational
position of the wafer Wso as to be at a predeterm ned
position at the beginning and the end of rotation, on
all the rotatable stages. Herein, the reference
position may be, for exanple, a position at which a
processi ng device of the respective parts, such as the
grindstone 10 for chanfering, the cleaning liquid supply
mechani sm 11 for cleaning, and the shape nmeasuring
machine 12, is placed.

[ 0033]

Here, it is inmportant to make the circunferenti al
position of the notchless wafer at which the cross-
sectional chanfered shape is neasured coincident with
t he contact position with the grindstone at chanfering,
and to use data obtained fromthe cross-sectional shape
measurenment for a chanfering control at the
correspondi ng rotational position. 1In the conventional
chanferi ng apparatus, since the chanfered wafer W does
not have a notch, the rotational position of the wafer
with reference to the notch cannot be detected by an
al i gnment before measurenent of the cross-sectional
chanf ered shape of the wafer
[ 0034]

By contrast, according to the present invention,
the orientation of the wafer Wis al ways kept constant
anong the chanfering part 4, the cleaning part 5, and
t he chanf ered-shape neasuring part 7 by the rotatable
stage 9 and the control means 13 as descri bed above,
whereby the circunferential position relative to the
crystal orientation of the notchless wafer at which the

cross-sectional chanfered shape is neasured is nade
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coincident with the position relative to the crystal
orientation at which the wafer is brought into contact
with the grindstone at chanfering, and data obtai ned
fromthe cross-sectional shape neasurenent can be used
for a chanfering control at the rotational position
corresponding to the crystal orientation on the
circunference of the wafer W

[ 0035]

I n addition, as shown in FIG 2, the control neans
13 preferably includes a servonotor 15 capabl e of
detecting the rotational positions and a rotary encoder
14 built therein and capable of controlling the
rotational positions. The control nmeans 13 is connected
to a vaccum chuck stage 17 for holding the wafer W by
vacuum suction, via a rotary joint 16. Thus the
rotational positions of the rotatable stage 9 and the
wafer Wheld thereon are controll ed.

[ 0036]

As shown in FIG 3, the servonotor 15 feeds back
the rotational speed and the rotational position and
operates according to a command, by a servo mechani sm
conposed of a PLC 18, a pulse oscillation controller 19,
a driver 20, an encoder 21, a nmotor 22, and other
conponents. As shown in FIG 4, the rotary encoder 14
I's an angul ar position sensor that can convert the
change in rotation of the input shaft into an out put
digital signal with a built-in encoder disk 23. This
rotary encoder 14 enables a precise detection of the
rotational position.

[ 0037]

Thus, when the control nmeans 13 includes the

servonmotor 15 and the rotary encoder 14 built therein,

the rotational position of the wafer can be easily
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controlled so as to be at a predeterm ned position at

t he beginning and the end of rotation. Especially, the
rotational position of each rotatable stage can be
controlled so as to be within +0.05 degree relative to

t he predeterm ned position at the beginning and the end
of rotation, thus enabling to surely obtain a wafer with
hi gh preci sion of the shape of the chanfered portion.

[ 0038]

Mor eover, variation of position accuracy of the
crystal orientation <100> or <110> corresponding to the
notch orientation is desirably within £0.1 degree. The
accuracy to stop the rotatable stage 9, for rotatably
sticking and holding the wafer, such that the rotational
position of the rotatable stage is at a predeterm ned
position anong the chanfering part 4, the cleaning part
5, and the chanfered-shape nmeasuring part 7 is
determ ned as foll ows.

[ 0039]

A total variation ototar Of stop positions of the
rotatabl e stages of the respective parts is expressed by
the following forrmula (2)

Storal ={ (1) >+(02) *+(03) 7} /2 (2)

where o; represents a variation of a stop position of
the rotatable stage 9a of the chanfering part 4 relative
to a certain position of the rotatable stage 9a at the
begi nning and the end of rotation, o, represents a
variation of a stop position of the rotatable stage 9b
of the cleaning part 5 relative to a certain position of
the rotatable stage 9b at the beginning and the end of
rotation, and o3 represents a variation of a stop
position of the rotatable stage 9c of the chantered-
shape neasuring part 7 relative to a certain position of
the rotatable stage 9c at the beginning and the end of

17



rotation.
[ 0040]

A variation ogoa required by a customer may be
Ogoal <3%0.1 (degree). Assumng all of the stop position
vari ations of the respective rotatable stages are equal,
each variation o1, o2, o3 of the position at which each
rotatable stage is stopped is desirably within #0.05
degree. Therefore, to neet the custoner’s requirenents,
the control means is preferably configured to control
the rotational position of each rotatable stage so as to
be within +0.05 degree relative to the predeterm ned
position at the beginning and the end of rotation.

[ 0041]

The inventive method for manufacturing a notchless
wafer will be now descri bed based on an exanpl e using
the inventive chanfering apparatus.

[ 0042]

A crystal orientation mark is stanped at a certain
position on the back surface of a wafer having a notch
with respect to a certain crystal orientation, by |aser
marking with reference to the notch. The wafer is then
acconmodated in a container in the wafer
f eedi ng/ accommdati ng part 2.

Then, the wafer Whaving the notch accommdated in
the container in the wafer feeding/accomodating part 2
is taken out, and the wafer Wis subjected to centering
and notch position alignnent in the alignment part 3.

[ 0043]

Then, a chanfering step for renmoving the notch by
grinding an outer circunference of the wafer aligned
with reference to the notch with a grindstone is
perfor ned.

In this step, the wafer Whaving the notch is held

18



on the rotatable stage 9a for rotatably holding the
wafer Win the chanfering part 4. The wafer is here
hel d on the rotatable stage 9a such that the rotational
position of the wafer Wat the beginning of rotation
relative to the reference position, which serves as a
reference of the rotational position at the begi nning of
rotation, is at the sane rotational position as on the
rotat abl e stage 9b and the rotatable stage 9c descri bed
| ater. The reference position my be, for exanple, a
position at which a processing device of the respective
parts, such as the grindstone 10 for chanfering, the
cleaning liquid supply nmechanism 11 for cl eaning, and

t he shape neasuring machine 12, is placed. The outer
circunference of the wafer Wis then brought into
sliding contact with the grindstone and ground to renove
t he notch, while the rotational position of the wafer W
held on the rotatable stage 9a is controlled by the
control neans 13 so as to be at a predeterm ned position
at the beginning and the end of rotation.

[ 0044]

Then, a cleaning step for cleaning and drying the
wafer W from which the notch has been renoved is
perfornmed. 1In the cleaning step, first, the chanfered
wafer Wis held on the rotatable stage 9b in the
cleaning part 5. Also in this step, the wafer is held
such that the rotational position of the wafer Wat the
begi nning of rotation relative to the reference position,
whi ch serves as a reference of the rotational position
at the beginning of rotation, is at the sane rotational
position as on the rotatable stage 9a and the rotatable
stage 9c described later, in the sane manner as the
wafer Wis held on the rotatable stage 9a as nmenti oned

above. The wafer is cleaned with a cleaning |iquid,
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such as pure wafer, supplied fromthe cleaning liquid
supply mechanism 11 while the rotational position of the
wafer Wheld on the rotatable stage 9b is controll ed by
the control means 13 so as to be at a predeterm ned
position at the beginning and the end of rotation.
After cleaning, the wafer is dried by spinning while
controlling the rotational position in the same manner.
[ 0045]

Then, the wafer is centered in the centering part

After centering, a chanfered-shape nmeasuring step
for measuring a chanfered shape of the wafer Wis
performed in the chanfered-shape neasuring part 7.

[ 0046]

I n the chanfered-shape neasuring step, the
centered wafer Wis held on the rotatable stage 9c in
t he chanf ered-shape neasuring part 7. Also in this step
the wafer is held such that the rotati onal position of
the wafer Wat the beginning of rotation relative to the
reference position, which serves as a reference of the
rotational position at the beginning of rotation, is at
t he sanme rotational position on the rotatable stage, in
the sane manner as the wafer Wis held on the rotatable
stages 9a and 9b as nentioned above. The cross-
sectional shape is then measured at a certain point on
the circunference of the wafer Wwith the shape
measuring machine 12 while the rotational position of
the wafer Wheld on the rotatable stage 9c is controll ed
by the control nmeans 13 so as to be at a predeterm ned
position at the beginning and the end of rotation.

[ 0047]
A control value obtained fromthe shape data at

the certain point on the circunference of the wafer Wis
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then fed back to the chanfering part 4 and used for a
chanfering control. The cross-sectional shape of the
chanfered portion is thus neasured, and the neasured

wafer Wis restored to the contai ner of the wafer

f eedi ng/ accommodati ng part 2.

The notchl ess wafer manufacture is then conpl eted.
[ 0048]

I n such a nethod for manufacturing a notchless
wafer, the orientation of the wafer on the rotatable
stage is always kept constant anong the chanfering step
t he cl eaning step, and the chanfered-shape neasuri ng
step, whereby the circunferential position of the
not chl ess wafer at which the cross-sectional chanfered
shape is neasured is made coincident with the position
at which the wafer is brought into contact with the
grindstone at chanfering, and data obtained fromthe
cross-sectional shape nmeasurenent can be used for a
chanfering control at the corresponding rotationa
position. As a result, even in a notchl ess wafer,
circunferential variation in the chanfered shape
di nensi on can be suppressed, and deterioration of the
cross-sectional shape precision can be inhibited.

Furt hernore, because it is unnecessary to use an
expensive alignment nechanism for detecting a |aser mark,
a notchl ess wafer with high cross-sectional shape

preci sion of the chanfered portion can be manufactured

at | ow cost.

[ 0049]

In the nmethod, the rotational position of the
rotatable stage 9 is preferably controlled so as to be
within an accuracy of #0.05 degree relative to the
predeterm ned position at the beginning and the end of

rotation.
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In this manner, it is possible to surely achieve a
chanf ered shape precision such that a position accuracy
is within £0.1 degree fromthe crystal orientation
I ndi cated by the crystal orientation mark stanped on the
back surface of the wafer, thus enabling to surely
obtain a wafer with high precision of the shape of the
chanfered portion
[ 0050]

Mor eover, a servonotor capable of detecting the
rotational position and a rotary encoder built therein
and capable of controlling the rotational position are
preferably disposed at the rotatable stage.

In this manner, the rotational position of the
wafer can be easily controlled so as to be at a
predeterm ned position at the beginning and the end of
rotation. Especially, the rotational position of the
rot at abl e stage can be controlled so as to be within
+0. 05 degree relative to the predeterm ned position at
t he beginning and the end of rotation, thus enabling to
surely obtain a wafer with high precision of the shape

of the chanfered portion.

EXAMPLE
[ 0051]

Herei nafter, the present invention will be
descri bed in nore detail based on exanple and
conparative exanple, but the present invention is not
limted thereto.
[ 0052]
( Exanpl e)

A single silicon wafer having a diameter of 450 nm
and a crystal plane orientation (100) was prepared. The

wafer had a notch for indicating a crystal axis
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orientation <110> and a crystal orientation mark stanped
on the back surface by laser with reference to the notch.
The wafer was then chanfered with the inventive
chanfering apparatus as shown in FIG 1 to remove the
notch, thereby manufacturing a notchless wafer.

In the exanple, a circunferential position with
respect to the crystal orientation of the notchless
wafer at which the cross-sectional shape of the
chanfered position was neasured was made coi ncident with
a portion with respect to the crystal orientation at
whi ch the wafer was brought into contact with the
grindstone at chanfering, and data of the shape of the
chanfered portion at each point on the circunference of
the wafer obtained fromthe cross-sectional neasurenent
could be used for a chanfering control at the
corresponding rotati onal position.

As a result, oiota I N the formula (2) could be
suppressed to 0.1 degree or less, variation in the
chanf ered shape could be controlled to be small, and
variation between chanfer w dths Al, A2 can be
suppressed to +20 um or less, as shown in FIG 9. Thus,
a notchl ess wafer with high shape precision, which neets
a standard required by a custoner, could be obtained.

[ 0053]
(Conpar ati ve exanpl e)

A notchl ess wafer was manufactured under the sane
condition as in exanple, except that the rotational
positions of the rotatable stage and the wafer held on
the rotatable stage were not controlled so as to be at a
predeterm ned position at the beginning and the end of
rotation.

I n the conparative exanple, the cross-sectional

shape of the wafer chanfered position could not be

23



measured with reference to the notch after renoving the
notch. Therefore, feedback and appropriate shape
control of the chanfered position could not be perfornmed
at chanfering.

As a result, as shown in FIG 9, variation in the
shape of the chanfered portion was |arger than that in
exanpl e, and variati on between chanfer w dths Al, A2
exceeded 20 um Thus, a notchless wafer wi th high
shape precision could not be obtained.

[ 0054]

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

included in the technical scope of the present invention.
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CLAI M5

1. A chanfering apparatus conprising: a chanfering
part for renmoving a notch by grinding an outer
circunference of a wafer with a grindstone; a cleaning
part for cleaning and drying the chanfered wafer; and a
chant er ed- shape measuring part for neasuring a chanfered
shape of the wafer washed and dried, each of the
chanfering part, the cleaning part, and the chanfered-
shape neasuring part including a rotatable stage for
rotatably holding the wafer and a control neans for
controlling a rotational position of the rotatable stage
and a rotational position of the wafer held on the
rotatabl e stage, the rotatable stage having a reference
position serving as a reference of the rotationa
positions at the beginning of rotation, wherein the
wafer is held such that the rotational position of the
wafer at the beginning of rotation relative to the
reference position is at the same rotational position on
all the rotatable stages, and the control neans is
configured to control the rotational position of the
wafer so as to be at a predeterni ned position at the

begi nning and the end of rotation.

2. The chanfering apparatus according to claim1,
wherein the control neans is further configured to
control the rotational position of the rotatable stage
so as to be within +0.05 degree relative to the
predeterm ned position at the beginning and the end of

rotation.

3. The chanfering apparatus according to claim1l or

claim 2, wherein the control nmeans includes a servonotor
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di sposed at the rotatable stage and a rotary encoder
built in the servonotor, the rotary encoder being
capabl e of detecting the rotational positions, the
servonot or bei ng capable of controlling the rotational
posi ti ons.

4. A nmet hod for manufacturing a notchless wafer, the
met hod conprising: stanping a crystal orientation nmark
at a certain position on a back surface of a wafer
having a notch with respect to a certain crystal
orientation by laser marking with reference to the
notch; and chanfering the wafer to renove the notch, the
chanfering including a chanfering step for renoving the
notch by grinding an outer circunference of the wafer
aligned with reference to the notch with a grindstone, a
cl eaning step for cleaning and drying the wafer from

whi ch the notch is renoved, and a chanfered- shape
measuring step for measuring a chanfered shape of the
wafer, wherein in each of the steps, the wafer is
rotatably held on a rotatable stage such that a
rotational position of the wafer at the begi nning of
rotation relative to a reference position is at the sane
rotational position on all the rotatable stages, wherein
the reference position serves as a reference of the
rotational position, and the rotational position of the
wafer held on the rotatable stage is controlled so as to
be at a predeterm ned position at the begi nning and the
end of rotation.

5. The method for manufacturing a notchl ess wafer
according to claim4, wherein a rotational position of
the rotatable stage is controlled so as to be within an

accuracy of #0.05 degree relative to the predeterm ned
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position at the beginning and the end of rotation.

6. The nethod for manufacturing a notchl ess wafer
according to claim4 or claimb5b, wherein a servonotor
and a rotary encoder built therein are disposed at the
rotatabl e stage, the rotary encoder being capabl e of
detecting the rotati onal position, the servonotor being

capabl e of controlling the rotational position.
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