DESCRI PTI ON

WORKPI ECE DOUBLE- DI SC GRI NDI NG METHOD

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a workpiece
doubl e-di sc grinding nmet hod that can reduce

nanot opogr aphy especially fornmed in a slicing step.

BACKGROUND ART
[ 0002]

I n recent years, sem conductor wafers such as
silicon wafers have a problem of the magnitude of
surface wavi ness conmponents, which are called
"nanot opogr aphy”. Nanotopography is a kind of surface
shapes of sem conductor wafers and shows a wavel ength
conponent with A of 0.2 to 2.0 nm which is shorter than
t he wavel ength of "Sori" or "Warp" and | onger than the
wavel ength of "surface roughness”. The nanot opography
has an extrenely shall ow wavi ness with a peak-to-valley
(PV) value of 0.1 umto 0.2 um
[ 0003]

Nanot opography of mrror-polished sem conduct or
waf ers obtai ned through a doubl e-side polishing step,
which is a final step in processing of sem conductor
wafers, is usually measured by an optical interference
measur enent apparatus. However, this reflection
interference neasurenent apparatus fails to neasure
nanot opogr aphy of sem conductor wafers having a non-
mrror main surface, which are on an internedi ate step,
such as a slicing step or a double-disc grinding step,

and not subjected to mrror polishing.



[ 0004]

Pat ent Docunment 1 discloses a nethod for
cal cul ati ng nanot opography of non-mrror sem conduct or
wafers by subjecting a warpage shape determned with a
capacitive shape nmeasurenent apparatus to an arithmetic
bandpass filter processing. This nethod enables sinple
measur enent of nanot opography. A PV value of a cross-
sectional shape (a difference between maxi mum
di spl acenent and m ni rum di spl acenent) is used as a
quantitative value of the sinplified nanotopography.
Hereinafter, this value is referred to as "pseudo-
nanot opogr aphy" .

[ 0005]

In addition, silicon wafers are al so earnestly
required to inprove their flatness, as well as
nanot opography. While conventional silicon wafers are
required to have a flatness (SFQR) of 0.13 umor |ess,
recent silicon wafers are required to have a fl atness
(SFQR) of 0.07 umor less, nore strictly 0.04 um or | ess.
[ 0006]

Nanot opography is formed during processing of
wafers (during the period froma slicing step to a
pol i shing step). The nanotopography formed in a slicing
step remains until a final step unless reduced in a
doubl e-disc grinding step. It is said that the
nanot opogr aphy affects yields of shallow trench
i solation (STlI) processes in device production.

[ 0007]

Pat ent Docunent 2 discloses a nmethod for reducing
nanot opography fornmed in a grinding step. This nmethod
i ncludes adjusting the flowrate of a static pressure
water to be supplied to a static pressure pad for

supporting a wafer wi thout contact in a double-disc



grinding apparatus to reduce nanotopography fornmed in a
doubl e-di sc grindi ng step.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0008]

Pat ent Docunent 1: Japanese Patent No. 4420023
Pat ent Docunent 2: Japanese Unexam ned Patent
publ i cation (Kokai) No. 2007-96015

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0009]

Al t hough a nethod for reduci ng nanot opography
formed in a doubl e-disc grinding step has been
i nvestigated |ike the double-disc grinding method
di sclosed in Patent Docunent 2, a nmethod for reducing
nanot opography forned in other steps such as a slicing
step by the doubl e-disc grinding step has been hardly
i nvestigated. Thus, no one has yet proposed a doubl e-
di sc grinding nethod that can effectively reduce
nanot opography forned in steps such as a slicing step.
[ 0010]

The present invention was acconplished in view of
t he above-described problems. It is an object of the
present invention to provide a workpiece doubl e-di sc
grinding method that can reduce nanotopography formed in
previ ous steps such as a slicing step w thout degrading
the flatness in the double-disc grinding step.

SOLUTI ON TO PROBLEM
[0011]
To achieve this object, the present invention



provi des a wor kpi ece doubl e-di sc gri ndi ng net hod

conpri sing: supporting a sheet workpiece along a
circunferential direction froman outer circunference
side of the workpiece by a ring holder; and

si mul t aneously grinding both surfaces of the workpiece
supported by the ring holder with a pair of grinding
wheel s while rotating the ring holder, wherein the
surfaces of the workpiece are sinmultaneously ground such
t hat a wear amount of the grinding wheels per 1 umof a
grinding stock renoval of the workpiece ranges from 0. 10
umto 0.33 um

[ 0012]

When t he wear ampount of the grinding wheels per 1
um of the grinding stock renoval of the workpiece is
0.10 um or nore, nanotopography forned in steps such as
a slicing step can be effectively reduced. Wen the
wear anmount of the grinding wheels per 1 um of the

grinding stock removal of the workpiece is 0.33 um or
| ess, the wear ampunt is not excess. This allows the

pair of grinding wheels to be kept parallel, preventing
degradation in flatness. Consequently, nanotopography
formed in steps such as a slicing step can be
effectively reduced w thout degrading the flatness.

[ 0013]

The grindi ng wheels may be vitrified bond grinding
wheel s di sposed on an outer circunference of an annul ar
core.

Use of such grinding wheels facilitates self-
shar peni ng of the grinding wheels effectively, enabling
a reliably and stably continuous gri ndi ng.

[ 0014]

The wear anount of the grinding wheels per 1 um of
the grinding stock renoval of the workpiece my be



cal cul ated by dividing a grinding-wheel wear anount by
the grinding stock renoval that is a difference in
wor kpi ece thickness between before and after grinding,
t he grindi ng-wheel wear anmpunt being determ ned froma
change in position of the grinding wheels that advance
during grindi ng.

In this manner, the wear anmpunt of the grinding

wheel s per 1 um of the grinding stock renmoval of the
wor kpi ece can be readily cal cul at ed.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0015]

The inventive workpi ece doubl e-di sc grinding
nmet hod can reduce nanot opography formed in steps such as
a slicing step without degrading flatness of a ground
wor kpi ece. \When t he nanotopography is reduced by the
grinding step in this manner, nanotopography of a
surface of a mrror-polished wafer obtained after
conpl eti on of whol e workpi ece processing steps can be
effectively reduced.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0016]

FIG 1 is a schematic diagram of an exenpl ary
doubl e-di sc grindi ng apparatus used in the doubl e-disc
grinding method of the present invention;

FIG 2 is a graph show ng pseudo- nanot opography
reduction capability in exanples and conparative
exanpl es;

FIG 3 is a graph show ng nanotopography after the
doubl e-si de polishing step in exanples and conparative
exanmpl es;

FIG 4 is a graph show ng flatness (SFQR) after



t he doubl e-side polishing step in exanples and
conpar ati ve exanples; and

FIG 5 is a graph showing a relationship between
nanot opogr aphy after the doubl e-side polishing step and
pseudo- nanot opogr aphy after the double-disc grinding
st ep.

DESCRI PTI ON OF EMBODI MENTS
[0017]

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

As described previously, no one has yet proposed a
doubl e-di sc grinding method that can effectively reduce
nanot opogr aphy fornmed during processing of wafers by a
doubl e-di sc grinding step. The nanotopography formed in
steps such as a slicing step remains until a final step
(a doubl e-side polishing step) unless reduced in a
doubl e-di sc grinding step. In view of this, the present
i nvent or has focused on grinding wheels used for doubl e-
di sc grinding and found that as the double-disc grinding
wheel s wear, the grinding wheels easily catch on a
wor kpi ece and difficultly idle. The present inventor
t hen supposes that increasing the wear anount of the
doubl e-di sc grindi ng wheel s causes the grindi ng wheel s
to easily catch on flexion points of a workpiece and
grind the flexion points effectively, thereby enabling
reducti on i n nanotopography. On the other hand, the
present inventor found that when the grinding wheels
excessively wear, the pair of grinding wheels cannot be
kept parallel, resulting in degradation in flatness.

[ 0018]
Then, the present inventor repeatedly conducted



studi es and consequently found that setting the wear
amount of the grinding wheels per 1 um of a workpiece
grinding stock removal to be 0.10 umto 0.33 um enabl es
reduction in nanotopography formed in steps such as a
slicing step without degrading flatness of a workpiece,
t hereby bringing the present invention to conpletion.

[ 0019]

A relationshi p between nanot opography of a wafer
after doubl e-di sc grinding and nanot opography of a
m rror-polished wafer after whole processing steps w il
be now descri bed.

FIG 5 is a graph showing a relationship between
pseudo- nanot opogr aphy of a wafer surface after a doubl e-
di sc grinding step and nanot opography of a wafer surface
that is subjected to an etching step and a doubl e-si de
polishing step in this order, after the doubl e-disc
grinding step. This wafer is a single crystal silicon
waf er having a dianmeter of 300 nm The pseudo-
nanot opogr aphy was neasured by SBW 330 (nade by KOBELCO
research institute. Inc.), and the nanotopography was
measured by Wafer Sight Il (nmade by KLA-Tencor
cor poration).

[ 0020]

As shown in FIG 5, nanotopography after the final
step increases with the increase of pseudo-
nanot opogr aphy after doubl e-disc grinding. 1In brief,
there is a correl ati on between the nanotopography and
t he pseudo- nanot opography. This indicates that reducing
nanot opography forned in steps such as a slicing step by
t he doubl e-side polishing step, |ike the present
i nvention, is very effective in inproving nanotopography
found on the wafer surface after the doubl e-side

pol i shing step.



[ 0021]

An exenpl ary doubl e-di sc grindi ng apparatus used
in the inventive double-disc grinding nmethod will be now
described with reference to the draw ng.

As shown in FIG 1, the doubl e-disc grinding
apparatus 1 used in the inventive double-disc grinding
met hod has a pair of grinding wheels 2 for
si mul taneously grinding both surfaces of a workpiece W
a ring holder 3 configured to hold the workpiece W and
a pair of static pressure supporting menbers 4 for
supporting the ring holder 3 w thout contact by
hydrostatic pressure of fluid.

[ 0022]

The grinding wheels 2 are connected with grinding-
wheel notors 5 and can rotate at a high speed. The
grinding wheel 2 is not particularly limted and may be,
for exanple, a vitrified bond grinding wheel disposed on
an outer circunference of an annul ar core.

[ 0023]

The ring holder 3 is configured to hold the
wor kpi ece Walong a circunferential direction of the
wor kpi ece fromthe outer circunference side, and can
rotate. The doubl e-disc grinding apparatus 1 al so
I ncludes a driving gear (not shown) connecting with a
not or not shown. The ring holder 3 can be rotated
t hrough the driving gear.

[ 0024]

A protrusion is formed on an inner circunference
portion of the ring holder 3 so as to extend inward.
This protrusion is configured to engage with a groove
called a notch fornmed on the workpiece W This
engagenent of the protrusion formed on the ring hol der 3

with the notch of the workpi ece Wenables rotation and



hol di ng of the workpiece W
[ 0025]

The material of the ring holder 3 may be for
exanple, but is not particularly limted to, alum na
ceram cs. The ring holder made of alumna ceramcs is
excellent in workability, hardly causes thernal
expansi on during processing, and thus can be processed
with high accuracy.

[ 0026]

The static pressure supporting nenber 4 is
conposed of a hol der static pressure portion, |ocated on
an outer circunference side, for supporting the ring
holder 3 in a contactless manner and a wafer static
pressure portion, located on an inner circunference side,
for supporting a wafer in a contactless manner. In
addition, the static pressure supporting menber 4 is
provided with a hole into which the driving gear, which
is used to rotate the ring holder 3, is inserted and a
hole into which the grinding wheel 2 is inserted.

[0027]

To performthe inventive doubl e-disc grinding
met hod with the doubl e-disc grinding apparatus 1,
firstly, a workpiece Wis supported al ong a
circunferential direction fromthe outer circunference
side of the workpiece with the ring holder 3. At this
time, the protrusion of the ring holder 3 nmay engage
with a notch of the workpiece to support the workpiece.

When t he doubl e-di sc grinding apparatus 1 includes
the static pressure supporting nenmber 4, the ring hol der
3 supporting the workpiece is placed between the pair of
static pressure supporting nmenbers 4 such that the
static pressure supporting menbers 4 and the ring hol der

3 have an interval. A fluid such as water is supplied



t hrough the static pressure supporting nmenmbers 4 to
support the ring holder 3 in a contactless manner.
[ 0028]

In this way, the ring holder 3 is supported in a
contactl ess manner by supplying a fluid to a space
bet ween the static pressure supporting nenbers 4 and the
ring holder 3 to stabilize the position of the ring
hol der 3 that supports the workpiece Wduring doubl e-
disc grinding. The ring holder 3 that supports the
wor kpi ece Wis then rotated to rotate the workpiece W
The pair of grinding wheels 2 that face the workpiece W
are rotated and brought to contact with each surface of
t he workpiece W The grinding wheels 2 that face one
anot her are then advanced such that an interval
t herebetween is gradually reduced while a grinding water
is supplied at a predeterm ned flow rate. The both
surfaces of the workpiece Ware thereby sinultaneously
ground.

[ 0029]

The grinding wheels 2 used in this method may be
vitrified bond grinding wheels di sposed on an outer
circunference of an annul ar core.

Use of such grinding wheels facilitates self-
shar pening of the grinding wheels effectively, enabling
a reliably and stably continuous gri ndi ng.

[ 0030]

In the present invention, the wear amount of the
grinding wheels 2 per 1 umof a grinding stock renoval
of the workpiece Wis set to be 0.10 umto 0.33 um The
wear anmount of the grinding wheels 2 can be set by, for
exanmpl e, previously adjusting a |load applied to each
grinding wheel 2, a rotational speed of the grinding
wheels 2, a rotational speed of the workpiece W and a

10



ki nd of the grinding wheels 2.
[ 0031]

The wear anount of the grinding wheels 2 per 1 um
of the grinding stock renoval of the workpiece Wcan be
cal cul ated by dividing a wear anmount of the grinding
wheels 2 determ ned froma change in position of the
grinding wheels 2 that advance during grinding, by the
grinding stock renmoval that is a difference in workpiece
t hi ckness between before and after grinding.

[ 0032]

When t he wear anpunt of the grinding wheels per 1
um of the grinding stock renoval of the workpiece is
0.10 um or nore, nanotopography forned in steps such as
a slicing step can be effectively reduced. When the
wear anmount of the grinding wheels per 1 um of the
grinding stock removal of the workpiece is 0.33 um or
| ess, the pair of grinding wheels 2 can be kept parallel,
and thus degradation in flatness can be prevented.
Consequent |y, nanotopography formed in steps such as a
slicing step can be effectively reduced in the grinding
step without degrading the flatness. This workpiece W
whose nanot opography is reduced in the grinding step, is
i nproved in a nanotopography after the workpiece Wis
subjected to a final processing step such as a doubl e-
side polishing step, thus yielding a mrror-polished

waf er that satisfies demands from custoners.

EXAMPLE
[ 0033]

The present invention will be nore specifically
descri bed below with reference to exanpl es and
conparative exanples, but the present invention is not

limted to these exanpl es.
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[ 0034]
(Exanple 1)

A doubl e-di sc grinding apparatus 1, as shown in
FIG 1, was used to grind single crystal silicon wafers
according to the inventive doubl e-disc grinding nmethod.
The single crystal silicon wafers, which were obtained
by slicing a silicon single crystal ingot produced by a
Czochral ski method (CZ nethod), each had a di aneter of
300 mMm

Five single crystal silicon wafers to be ground
were selected fromthe single crystal silicon wafers
that were sliced out. These five single crystal silicon
waf ers had a pseudo- nanotopography of 1.0 um as
measured by SBW 330 (nade by KOBELCO research institute.
Inc.).

In exanple 1, the wafers were subjected to doubl e-
di sc grinding such that the wear amount of the grinding
wheel s per 1 um of the grinding stock renmoval of the
wor kpi ece was 0.10 um
[ 0035]

Then, pseudo-nanotopography was neasured on the
five single crystal silicon wafers subjected to doubl e-
di sc grinding, by SBW330 (made by KOBELCO research
institute. Inc.). The data obtained fromeach single
crystal silicon wafer was used to cal cul ate pseudo-
nanot opogr aphy reducti on capability through the
follow ng expression (1). FIG 2 shows an average val ue
of the pseudo- nanot opography reduction capability.
Herein, the pseudo-nanotopography reduction capability
means a reduction in pseudo-nanotopography cal cul ated by
t he expression (1). The larger this value is, the nore
pseudo- nanot opogr aphy, which is a sinmplified
quantitative value of nanotopography, is reduced.

12



( Pseudo- Nanot opogr aphy Reduction Capability)

=( Pseudo- Nanot opogr aphy before Gindi ng — Pseudo-
Nanot opogr aphy after Grinding)/(Pseudo-Nanot opography
before Gindi ng)x100 (1)

[ 0036]

After neasuring the pseudo-nanotopography, the
single crystal silicon wafers were subjected to
subsequent steps, an etching step and a doubl e-si de
polishing step in this order, to obtain mrror-polished
waf ers. Then, nanot opography was neasured on the five
mrror-polished wafers by Wafer Sight Il (made by KLA-
Tencor corporation). An average value thereof is given
in FIG 3.

[ 0037]

I n addition, flatness (SFQR) of these mrror-
pol i shed wafers were measured. An average val ue thereof
is given in FIG 4.

[ 0038]

As shown in FIG 2, the pseudo-nanotopography
reduction capability in exanple 1 was 9.2% hi gher than
that in conparative exanple 1 described bel ow

Mor eover, as shown in FIG 3, the mrror-polished
waf ers had a nanotopography 3.1 nmlower than that in
conparative exanple 1 described bel ow.

Mor eover, as shown in FIG 4, the mrror-polished
wafers had a good fl atness (SFQR).

[ 0039]
(Exanpl e 2)

Doubl e-di sc grinding was perfornmed under the sane
condition as in exanple 1 except that the wear anmount of
t he grinding wheels per 1 um of the grinding stock
renoval of the workpiece was 0.14 uym Thereafter, the

13



single crystal silicon wafers were processed under the
sanme condition as in exanple 1 to obtain mrror-polished
waf ers.

Mor eover, an average val ue of the pseudo-
nanot opogr aphy reducti on capability, an average val ue of
t he nanot opography, and an average val ue of the fl atness
(SFQR) were neasured as in exanple 1.

The result is given in FIGS. 2, 3, and 4.

[ 0040]

As shown in FIG 2, the pseudo-nanotopography
reduction capability in exanple 2 was 9.9% hi gher than
that in conparative exanple 1 described bel ow

Mor eover, as shown in FIG 3, the mrror-polished
waf ers had a nanotopography 3.0 nm |l ower than that in
conparative exanple 1 described bel ow.

Mor eover, as shown in FIG 4, the mrror-polished
wafers had a good fl atness (SFQR).

[ 0041]
(Exanpl e 3)

Doubl e-di sc grinding was perfornmed under the sane
condition as in exanple 1 except that the wear anmount of
t he grinding wheels per 1 um of the grinding stock
renoval of the workpiece was 0.33 um Thereafter, the
single crystal silicon wafers were processed under the
same condition as in exanple 1 to obtain mrror-polished
waf ers.

Mor eover, an average val ue of the pseudo-
nanot opogr aphy reduction capability, an average val ue of
t he nanot opography, and an average val ue of the fl atness
(SFOR) were neasured as in exanple 1. The result is
given in FIGS. 2, 3, and 4.

[ 0042]
As shown in FIG 2, the pseudo-nanotopography
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reduction capability in exanple 3 was 9. 7% hi gher than
that in conparative exanple 1 described bel ow

Mor eover, as shown in FIG 3, the mrror-polished
waf ers had a nanotopography 3.1 nmlower than that in
conparative exanple 1 described bel ow.

Mor eover, as shown in FIG 4, the mrror-polished
wafers had a good fl atness (SFQR).

[ 0043]
(Conpar ati ve Exanple 1)

Doubl e-di sc grinding was perfornmed under the sane
condition as in exanple 1 except that the wear anmount of
the grinding wheels per 1 um of the grinding stock
renoval of the workpiece was 0.08 um Thereafter, the
single crystal silicon wafers were processed under the
same condition as in exanple 1 to obtain mrror-polished
waf ers.

Mor eover, an average val ue of the pseudo-
nanot opogr aphy reducti on capability, an average val ue of
t he nanot opography, and an average val ue of the fl atness
(SFOR) were neasured as in exanple 1. The result is
given in FIGS. 2, 3, and 4.

As described previously, the pseudo-nanotopography
reduction capability was |lower, and the nanotopography
of the mrror polished wafers was about 3.0 nm | arger
than those in exanples 1 to 3.

[ 0044]
(Conpar ati ve Exanpl e 2)

Doubl e-di sc grinding was performed under the sane
condition as in exanple 1 except that the wear anmount of
the grinding wheels per 1 um of the grinding stock
renoval of the workpiece was 0.40 um

In this conparative exanple, the wear anmount of

t he grinding wheels was so | arge that the grinding
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wheel s coul d not be kept parallel to one another during
doubl e-di sc grinding, and thus the flatness (SFQR) of
the mrror-polished wafer significantly degraded as
shown in FIG 4.

Mor eover, as shown in FIGS. 2 and 3, the pseudo-
nanot opogr aphy reduction capability and the
nanot opogr aphy of the mrror-polished wafers were worse
t han conparative exanple 1, and thus greatly worse than
exanples 1 to 3.

[ 0045]

The above exanpl es and conparative exanpl es
denonstrated that the inventive doubl e-disc grinding
met hod can reduce nanot opography formed in previous
steps wi thout degrading the flatness in the doubl e-disc
grinding step, consequently yielding a mrror-polished
wafer that exhibits a small nanot opography after
conpl eti on of whol e processing steps.

[ 0046]

It is to be noted that the present invention is
not limted to the foregoing enbodi nent. The enbodi nent
is just an exenplification, and any exanples that have
substantially the sane feature and denonstrate the sane
functions and effects as those in the technical concept
described in claims of the present invention are
i ncluded in the technical scope of the present invention.
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CLAI M5

1. A wor kpi ece doubl e-di sc grinding nethod
conpri si ng:

supporting a sheet workpiece along a
circunferential direction froman outer circunference
side of the workpiece by a ring holder; and

si mul t aneously grindi ng both surfaces of the
wor kpi ece supported by the ring holder with a pair of
grinding wheels while rotating the ring hol der, wherein

t he surfaces of the workpiece are sinultaneously
ground such that a wear anount of the grinding wheels
per 1 um of a grinding stock renoval of the workpiece

ranges from0.10 umto 0.33 um

2. The wor kpi ece doubl e-di sc grindi ng met hod
according to claim 11, wherein the grinding wheels are
vitrified bond grinding wheels di sposed on an outer

circunference of an annul ar core.

3. The wor kpi ece doubl e-di sc grindi ng met hod
according to claim1l or claim?2, wherein the wear anpunt
of the grinding wheels per 1 um of the grinding stock
renoval of the workpiece is calculated by dividing a

gri ndi ng-wheel wear anmount by the grinding stock renpval
that is a difference in workpiece thickness between
before and after grinding, the grinding-wheel wear
amount being determ ned froma change in position of the
grindi ng wheel s that advance during grinding.
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