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DESCRIPTION

WORKPIECE DOUBLE-DISC GRINDING METHOD

TECHNICAL FIELD

[0001]

The present invention relates to a workpiece

double-disc grinding method that can reduce

nanotopography especially formed in a slicing step.

BACKGROUND ART

[0002]

In recent years, semiconductor wafers such as

silicon wafers have a problem of the magnitude of

surface waviness components, which are called

"nanotopography". Nanotopography is a kind of surface

shapes of semiconductor wafers and shows a wavelength

component with  of 0.2 to 2.0 mm, which is shorter than

the wavelength of "Sori" or "Warp" and longer than the

wavelength of "surface roughness". The nanotopography

has an extremely shallow waviness with a peak-to-valley

(PV) value of 0.1 m to 0.2 m.

[0003]

Nanotopography of mirror-polished semiconductor

wafers obtained through a double-side polishing step,

which is a final step in processing of semiconductor

wafers, is usually measured by an optical interference

measurement apparatus. However, this reflection

interference measurement apparatus fails to measure

nanotopography of semiconductor wafers having a non-

mirror main surface, which are on an intermediate step,

such as a slicing step or a double-disc grinding step,

and not subjected to mirror polishing.
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[0004]

Patent Document 1 discloses a method for

calculating nanotopography of non-mirror semiconductor

wafers by subjecting a warpage shape determined with a

capacitive shape measurement apparatus to an arithmetic

bandpass filter processing. This method enables simple

measurement of nanotopography. A PV value of a cross-

sectional shape (a difference between maximum

displacement and minimum displacement) is used as a

quantitative value of the simplified nanotopography.

Hereinafter, this value is referred to as "pseudo-

nanotopography".

[0005]

In addition, silicon wafers are also earnestly

required to improve their flatness, as well as

nanotopography. While conventional silicon wafers are

required to have a flatness (SFQR) of 0.13 m or less,

recent silicon wafers are required to have a flatness

(SFQR) of 0.07 m or less, more strictly 0.04 m or less.

[0006]

Nanotopography is formed during processing of

wafers (during the period from a slicing step to a

polishing step). The nanotopography formed in a slicing

step remains until a final step unless reduced in a

double-disc grinding step. It is said that the

nanotopography affects yields of shallow trench

isolation (STI) processes in device production.

[0007]

Patent Document 2 discloses a method for reducing

nanotopography formed in a grinding step. This method

includes adjusting the flow rate of a static pressure

water to be supplied to a static pressure pad for

supporting a wafer without contact in a double-disc
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grinding apparatus to reduce nanotopography formed in a

double-disc grinding step.

CITATION LIST

PATENT LITERATURE

[0008]

Patent Document 1: Japanese Patent No. 4420023

Patent Document 2: Japanese Unexamined Patent

publication (Kokai) No. 2007-96015

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0009]

Although a method for reducing nanotopography

formed in a double-disc grinding step has been

investigated like the double-disc grinding method

disclosed in Patent Document 2, a method for reducing

nanotopography formed in other steps such as a slicing

step by the double-disc grinding step has been hardly

investigated. Thus, no one has yet proposed a double-

disc grinding method that can effectively reduce

nanotopography formed in steps such as a slicing step.

[0010]

The present invention was accomplished in view of

the above-described problems. It is an object of the

present invention to provide a workpiece double-disc

grinding method that can reduce nanotopography formed in

previous steps such as a slicing step without degrading

the flatness in the double-disc grinding step.

SOLUTION TO PROBLEM

[0011]

To achieve this object, the present invention
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provides a workpiece double-disc grinding method

comprising: supporting a sheet workpiece along a

circumferential direction from an outer circumference

side of the workpiece by a ring holder; and

simultaneously grinding both surfaces of the workpiece

supported by the ring holder with a pair of grinding

wheels while rotating the ring holder, wherein the

surfaces of the workpiece are simultaneously ground such

that a wear amount of the grinding wheels per 1 m of a

grinding stock removal of the workpiece ranges from 0.10

m to 0.33 m.

[0012]

When the wear amount of the grinding wheels per 1

m of the grinding stock removal of the workpiece is

0.10 m or more, nanotopography formed in steps such as

a slicing step can be effectively reduced. When the

wear amount of the grinding wheels per 1 m of the

grinding stock removal of the workpiece is 0.33 m or

less, the wear amount 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 without degrading the flatness.

[0013]

The grinding wheels may be vitrified bond grinding

wheels disposed on an outer circumference of an annular

core.

Use of such grinding wheels facilitates self-

sharpening of the grinding wheels effectively, enabling

a reliably and stably continuous grinding.

[0014]

The wear amount of the grinding wheels per 1 m of

the grinding stock removal of the workpiece may be
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calculated by dividing a grinding-wheel wear amount by

the grinding stock removal that is a difference in

workpiece thickness between before and after grinding,

the grinding-wheel wear amount being determined from a

change in position of the grinding wheels that advance

during grinding.

In this manner, the wear amount of the grinding

wheels per 1 m of the grinding stock removal of the

workpiece can be readily calculated.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015]

The inventive workpiece double-disc grinding

method can reduce nanotopography formed in steps such as

a slicing step without degrading flatness of a ground

workpiece. When the nanotopography is reduced by the

grinding step in this manner, nanotopography of a

surface of a mirror-polished wafer obtained after

completion of whole workpiece processing steps can be

effectively reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0016]

FIG. 1 is a schematic diagram of an exemplary

double-disc grinding apparatus used in the double-disc

grinding method of the present invention;

FIG. 2 is a graph showing pseudo-nanotopography

reduction capability in examples and comparative

examples;

FIG. 3 is a graph showing nanotopography after the

double-side polishing step in examples and comparative

examples;

FIG. 4 is a graph showing flatness (SFQR) after
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the double-side polishing step in examples and

comparative examples; and

FIG. 5 is a graph showing a relationship between

nanotopography after the double-side polishing step and

pseudo-nanotopography after the double-disc grinding

step.

DESCRIPTION OF EMBODIMENTS

[0017]

Hereinafter, embodiments of the present invention

will be described, but the present invention is not

limited thereto.

As described previously, no one has yet proposed a

double-disc grinding method that can effectively reduce

nanotopography formed during processing of wafers by a

double-disc grinding step. The nanotopography formed in

steps such as a slicing step remains until a final step

(a double-side polishing step) unless reduced in a

double-disc grinding step. In view of this, the present

inventor has focused on grinding wheels used for double-

disc grinding and found that as the double-disc grinding

wheels wear, the grinding wheels easily catch on a

workpiece and difficultly idle. The present inventor

then supposes that increasing the wear amount of the

double-disc grinding wheels causes the grinding wheels

to easily catch on flexion points of a workpiece and

grind the flexion points effectively, thereby enabling

reduction in 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
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studies and consequently found that setting the wear

amount of the grinding wheels per 1 m of a workpiece

grinding stock removal to be 0.10 m to 0.33 m enables

reduction in nanotopography formed in steps such as a

slicing step without degrading flatness of a workpiece,

thereby bringing the present invention to completion.

[0019]

A relationship between nanotopography of a wafer

after double-disc grinding and nanotopography of a

mirror-polished wafer after whole processing steps will

be now described.

FIG. 5 is a graph showing a relationship between

pseudo-nanotopography of a wafer surface after a double-

disc grinding step and nanotopography of a wafer surface

that is subjected to an etching step and a double-side

polishing step in this order, after the double-disc

grinding step. This wafer is a single crystal silicon

wafer having a diameter of 300 mm. The pseudo-

nanotopography was measured by SBW-330 (made by KOBELCO

research institute. Inc.), and the nanotopography was

measured by Wafer Sight II (made by KLA-Tencor

corporation).

[0020]

As shown in FIG. 5, nanotopography after the final

step increases with the increase of pseudo-

nanotopography after double-disc grinding. In brief,

there is a correlation between the nanotopography and

the pseudo-nanotopography. This indicates that reducing

nanotopography formed in steps such as a slicing step by

the double-side polishing step, like the present

invention, is very effective in improving nanotopography

found on the wafer surface after the double-side

polishing step.
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[0021]

An exemplary double-disc grinding apparatus used

in the inventive double-disc grinding method will be now

described with reference to the drawing.

As shown in FIG. 1, the double-disc grinding

apparatus 1 used in the inventive double-disc grinding

method has a pair of grinding wheels 2 for

simultaneously grinding both surfaces of a workpiece W,

a ring holder 3 configured to hold the workpiece W, and

a pair of static pressure supporting members 4 for

supporting the ring holder 3 without contact by

hydrostatic pressure of fluid.

[0022]

The grinding wheels 2 are connected with grinding-

wheel motors 5 and can rotate at a high speed. The

grinding wheel 2 is not particularly limited and may be,

for example, a vitrified bond grinding wheel disposed on

an outer circumference of an annular core.

[0023]

The ring holder 3 is configured to hold the

workpiece W along a circumferential direction of the

workpiece from the outer circumference side, and can

rotate. The double-disc grinding apparatus 1 also

includes a driving gear (not shown) connecting with a

motor not shown. The ring holder 3 can be rotated

through the driving gear.

[0024]

A protrusion is formed on an inner circumference

portion of the ring holder 3 so as to extend inward.

This protrusion is configured to engage with a groove

called a notch formed on the workpiece W. This

engagement of the protrusion formed on the ring holder 3

with the notch of the workpiece W enables rotation and
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holding of the workpiece W.

[0025]

The material of the ring holder 3 may be for

example, but is not particularly limited to, alumina

ceramics. The ring holder made of alumina ceramics is

excellent in workability, hardly causes thermal

expansion during processing, and thus can be processed

with high accuracy.

[0026]

The static pressure supporting member 4 is

composed of a holder static pressure portion, located on

an outer circumference side, for supporting the ring

holder 3 in a contactless manner and a wafer static

pressure portion, located on an inner circumference side,

for supporting a wafer in a contactless manner. In

addition, the static pressure supporting member 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 perform the inventive double-disc grinding

method with the double-disc grinding apparatus 1,

firstly, a workpiece W is supported along a

circumferential direction from the outer circumference

side of the workpiece with the ring holder 3. At this

time, the protrusion of the ring holder 3 may engage

with a notch of the workpiece to support the workpiece.

When the double-disc grinding apparatus 1 includes

the static pressure supporting member 4, the ring holder

3 supporting the workpiece is placed between the pair of

static pressure supporting members 4 such that the

static pressure supporting members 4 and the ring holder

3 have an interval. A fluid such as water is supplied
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through the static pressure supporting members 4 to

support the ring holder 3 in a contactless manner.

[0028]

In this way, the ring holder 3 is supported in a

contactless manner by supplying a fluid to a space

between the static pressure supporting members 4 and the

ring holder 3 to stabilize the position of the ring

holder 3 that supports the workpiece W during double-

disc grinding. The ring holder 3 that supports the

workpiece W is 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

the workpiece W. The grinding wheels 2 that face one

another are then advanced such that an interval

therebetween is gradually reduced while a grinding water

is supplied at a predetermined flow rate. The both

surfaces of the workpiece W are thereby simultaneously

ground.

[0029]

The grinding wheels 2 used in this method may be

vitrified bond grinding wheels disposed on an outer

circumference of an annular core.

Use of such grinding wheels facilitates self-

sharpening of the grinding wheels effectively, enabling

a reliably and stably continuous grinding.

[0030]

In the present invention, the wear amount of the

grinding wheels 2 per 1 m of a grinding stock removal

of the workpiece W is set to be 0.10 m to 0.33 m. The

wear amount of the grinding wheels 2 can be set by, for

example, 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
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kind of the grinding wheels 2.

[0031]

The wear amount of the grinding wheels 2 per 1 m

of the grinding stock removal of the workpiece W can be

calculated by dividing a wear amount of the grinding

wheels 2 determined from a change in position of the

grinding wheels 2 that advance during grinding, by the

grinding stock removal that is a difference in workpiece

thickness between before and after grinding.

[0032]

When the wear amount of the grinding wheels per 1

m of the grinding stock removal of the workpiece is

0.10 m or more, nanotopography formed in steps such as

a slicing step can be effectively reduced. When the

wear amount of the grinding wheels per 1 m of the

grinding stock removal of the workpiece is 0.33 m or

less, the pair of grinding wheels 2 can be kept parallel,

and thus degradation in flatness can be prevented.

Consequently, 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 nanotopography is reduced in the grinding step, is

improved in a nanotopography after the workpiece W is

subjected to a final processing step such as a double-

side polishing step, thus yielding a mirror-polished

wafer that satisfies demands from customers.

EXAMPLE

[0033]

The present invention will be more specifically

described below with reference to examples and

comparative examples, but the present invention is not

limited to these examples.
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[0034]

(Example 1)

A double-disc grinding apparatus 1, as shown in

FIG. 1, was used to grind single crystal silicon wafers

according to the inventive double-disc grinding method.

The single crystal silicon wafers, which were obtained

by slicing a silicon single crystal ingot produced by a

Czochralski method (CZ method), each had a diameter of

300 mm.

Five single crystal silicon wafers to be ground

were selected from the single crystal silicon wafers

that were sliced out. These five single crystal silicon

wafers had a pseudo-nanotopography of 1.0 m, as

measured by SBW-330 (made by KOBELCO research institute.

Inc.).

In example 1, the wafers were subjected to double-

disc grinding such that the wear amount of the grinding

wheels per 1 m of the grinding stock removal of the

workpiece was 0.10 m.

[0035]

Then, pseudo-nanotopography was measured on the

five single crystal silicon wafers subjected to double-

disc grinding, by SBW-330 (made by KOBELCO research

institute. Inc.). The data obtained from each single

crystal silicon wafer was used to calculate pseudo-

nanotopography reduction capability through the

following expression (1). FIG. 2 shows an average value

of the pseudo-nanotopography reduction capability.

Herein, the pseudo-nanotopography reduction capability

means a reduction in pseudo-nanotopography calculated by

the expression (1). The larger this value is, the more

pseudo-nanotopography, which is a simplified

quantitative value of nanotopography, is reduced.
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(Pseudo-Nanotopography Reduction Capability)

=(Pseudo-Nanotopography before Grinding – Pseudo-

Nanotopography after Grinding)/(Pseudo-Nanotopography

before Grinding)×100 (1)

[0036]

After measuring the pseudo-nanotopography, the

single crystal silicon wafers were subjected to

subsequent steps, an etching step and a double-side

polishing step in this order, to obtain mirror-polished

wafers. Then, nanotopography was measured on the five

mirror-polished wafers by Wafer Sight II (made by KLA-

Tencor corporation). An average value thereof is given

in FIG. 3.

[0037]

In addition, flatness (SFQR) of these mirror-

polished wafers were measured. An average value thereof

is given in FIG. 4.

[0038]

As shown in FIG. 2, the pseudo-nanotopography

reduction capability in example 1 was 9.2% higher than

that in comparative example 1 described below.

Moreover, as shown in FIG. 3, the mirror-polished

wafers had a nanotopography 3.1 nm lower than that in

comparative example 1 described below.

Moreover, as shown in FIG. 4, the mirror-polished

wafers had a good flatness (SFQR).

[0039]

(Example 2)

Double-disc grinding was performed under the same

condition as in example 1 except that the wear amount of

the grinding wheels per 1 m of the grinding stock

removal of the workpiece was 0.14 m. Thereafter, the
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single crystal silicon wafers were processed under the

same condition as in example 1 to obtain mirror-polished

wafers.

Moreover, an average value of the pseudo-

nanotopography reduction capability, an average value of

the nanotopography, and an average value of the flatness

(SFQR) were measured as in example 1.

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

[0040]

As shown in FIG. 2, the pseudo-nanotopography

reduction capability in example 2 was 9.9% higher than

that in comparative example 1 described below.

Moreover, as shown in FIG. 3, the mirror-polished

wafers had a nanotopography 3.0 nm lower than that in

comparative example 1 described below.

Moreover, as shown in FIG. 4, the mirror-polished

wafers had a good flatness (SFQR).

[0041]

(Example 3)

Double-disc grinding was performed under the same

condition as in example 1 except that the wear amount of

the grinding wheels per 1 m of the grinding stock

removal of the workpiece was 0.33 m. Thereafter, the

single crystal silicon wafers were processed under the

same condition as in example 1 to obtain mirror-polished

wafers.

Moreover, an average value of the pseudo-

nanotopography reduction capability, an average value of

the nanotopography, and an average value of the flatness

(SFQR) were measured as in example 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 example 3 was 9.7% higher than

that in comparative example 1 described below.

Moreover, as shown in FIG. 3, the mirror-polished

wafers had a nanotopography 3.1 nm lower than that in

comparative example 1 described below.

Moreover, as shown in FIG. 4, the mirror-polished

wafers had a good flatness (SFQR).

[0043]

(Comparative Example 1)

Double-disc grinding was performed under the same

condition as in example 1 except that the wear amount of

the grinding wheels per 1 m of the grinding stock

removal of the workpiece was 0.08 m. Thereafter, the

single crystal silicon wafers were processed under the

same condition as in example 1 to obtain mirror-polished

wafers.

Moreover, an average value of the pseudo-

nanotopography reduction capability, an average value of

the nanotopography, and an average value of the flatness

(SFQR) were measured as in example 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 mirror polished wafers was about 3.0 nm larger

than those in examples 1 to 3.

[0044]

(Comparative Example 2)

Double-disc grinding was performed under the same

condition as in example 1 except that the wear amount of

the grinding wheels per 1 m of the grinding stock

removal of the workpiece was 0.40 m.

In this comparative example, the wear amount of

the grinding wheels was so large that the grinding
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wheels could not be kept parallel to one another during

double-disc grinding, and thus the flatness (SFQR) of

the mirror-polished wafer significantly degraded as

shown in FIG. 4.

Moreover, as shown in FIGS. 2 and 3, the pseudo-

nanotopography reduction capability and the

nanotopography of the mirror-polished wafers were worse

than comparative example 1, and thus greatly worse than

examples 1 to 3.

[0045]

The above examples and comparative examples

demonstrated that the inventive double-disc grinding

method can reduce nanotopography formed in previous

steps without degrading the flatness in the double-disc

grinding step, consequently yielding a mirror-polished

wafer that exhibits a small nanotopography after

completion of whole processing steps.

[0046]

It is to be noted that the present invention is

not limited to the foregoing embodiment. The embodiment

is just an exemplification, and any examples that have

substantially the same feature and demonstrate the same

functions and effects as those in the technical concept

described in claims of the present invention are

included in the technical scope of the present invention.
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CLAIMS

1. A workpiece double-disc grinding method

comprising:

supporting a sheet workpiece along a

circumferential direction from an outer circumference

side of the workpiece by a ring holder; and

simultaneously grinding both surfaces of the

workpiece supported by the ring holder with a pair of

grinding wheels while rotating the ring holder, wherein

the surfaces of the workpiece are simultaneously

ground such that a wear amount of the grinding wheels

per 1 m of a grinding stock removal of the workpiece

ranges from 0.10 m to 0.33 m.

2. The workpiece double-disc grinding method

according to claim 1, wherein the grinding wheels are

vitrified bond grinding wheels disposed on an outer

circumference of an annular core.

3. The workpiece double-disc grinding method

according to claim 1 or claim 2, wherein the wear amount

of the grinding wheels per 1 m of the grinding stock

removal of the workpiece is calculated by dividing a

grinding-wheel wear amount by the grinding stock removal

that is a difference in workpiece thickness between

before and after grinding, the grinding-wheel wear

amount being determined from a change in position of the

grinding wheels that advance during grinding.


