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(57) ABSTRACT

Semiconductor waters are CMP polished by polishing the

rear side of the semiconductor water by means of CMP with
a material removal with a profile along the diameter of the
waler wherein material removal 1s higher at the center than at
the edge of the rear side; and polishing the front side of the
waler by means of CMP with a material removal with a profile
along the diameter of the water wherein material removal 1s
lower 1n the center of the front side than 1n an edge region of
the front side.

8 Claims, 2 Drawing Sheets
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METHOD FOR POLISHING A
SEMICONDUCTOR WAFER

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

[ 1

This application claims priority to German application DE
10 2008 045534.2 filed Sep. 3, 2008, which 1s herein incor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a method for polishing a semicon-
ductor wafer by means of chemical mechamical polishing
(CMP).

2. Background Art

CMP 1s a single-side polishing that i1s usually used to
reduce the roughness of the front side of a semiconductor
waler. It 1s therefore also referred to as mirror polishing.
During CMP, the semiconductor water 1s pressed on the side
to be polished against a rotating polishing cloth by a rotating
polishing head and 1s smoothed 1n the presence of a polishing
agent supplied. The maternial removal brought about during
polishing depends, inter alia, on the pressure with which the
semiconductor water 1s pressed against the polishing cloth.
There 1s also the possibility of choosing the polishing pres-
sure to be different in different zones, thereby bringing about
a material removal which leads to a nonuniform profile when
the material removal 1s viewed along the diameter of the
semiconductor waler. Pressure zones can be established for
example with the aid of pressure chambers or pressure rings.
A polishing head having a carrier which enables a subdivision
into pressure zones 1s described for example 1n U.S. Pat. No.
5,916,016. The CMP can accordingly also be used to influ-
ence the geometry of the semiconductor wafer 1n a targeted
manner, that 1s to say the parameters of the semiconductor
waler which describe the local and global flatness.

Alongside CMP, DSP (“double side polishing™) plays an
important part in the polishing of semiconductor watfers. DSP
involves generally a plurality of semiconductor wafers being
polished simultaneously. During the DSP, a semiconductor
waler lies between two polishing plates provided with pol-
ishing cloth 1n a cutout of a carrier and 1s polished on both
sides with the aid of a polishing agent supplied. DSP has the
task, 1 particular, of eliminating damage 1n the region of the
surface that has remained after shaping mechanical machin-
ing by lapping and/or grinding of the semiconductor water.
The material removal 1s significantly higher in the case of
DSP, usually having total removal of 10 to 30 um more than
that in the case of CMP. Therefore, DSP 1s often also referred
to as stock removal polishing.

Standardized parameters are available for the quantitative
characterization of the geometry of semiconductor wafers.
This also applies to the edge region of the front side of the
semiconductor waler, where the front side 1s usually taken to
mean that side of a semiconductor water which 1s used as a
basis for the integration of electronic components.

The manufacturers of electronic components also
endeavor to include the edge region as comprehensively as

possible 1n the usable area FQA (“Fixed Quality Area™).
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2
Accordingly, the specified permitted edge exclusion EE 1s
becoming ever smaller. At the present time demanding speci-
fications permit only an edge exclusion of 1 mm.

Unevennesses can be described by the parameter SFQR.
SFQR denotes the local flatness 1n a measurement zone hav-
ing a specific dimensioning, for example an area of 20
mmx20 mm, to be precise, in the form ol the maximum height
deviation of the front side of the semiconductor water 1n the
measurement zone with respect to a reference area having the
same dimensioning that 1s obtained by error square minimi-
zation. Partial sites are measurement zones in the edge region
which are no longer fully part of the FQA, but the center of
which still lies 1n the FQA. The parameter PSFQR denotes the
local flatness 1n partial sites, as does the parameter ESFQR.
The latter 1s based on a more comprehensive metric.

Alongside the local tlatness, it 1s always necessary to also
take 1nto account the global flatness of the front side of the
semiconductor waler. Standardized parameters for describ-
ing the global flatness are GBIR and SBIR, which correlate
with this value. Both parameters express the maximum height
deviation of the front side relative to a rear side—assumed to
be 1deally flat—of the semiconductor water and differ 1n that
the FQA 1s used for calculation 1n the case of GBIR and the
area restricted to a measurement zone 1s used for calculation
in the case of SBIR.

Definitions of the abovementioned parameters and
descriptions of methods for measuring said parameters are
contained in the relevant SEMI standards, in particular 1n the
M1, M67 and M1530 standards.

The thickness of a semiconductor wafer polished by means
of DSP usually decreases significantly toward the edge. This
edge roll-off can impair the global flatness and the local
flatness 1n partial sites. It 1s desirable, therefore, to limit the
edge roll-off as far as possible to the region of the edge
exclusion.

US2003/0022495 Al proposes, for reducing the edge roll-
off, firstly polishing the rear side of the semiconductor wafer
in such a way that a reference plane arises. For this purpose,
the front side 1s sucked against a stiff carrier and a material
removal amounting to preferably 3 to 8 um 1s brought about
on the rear side. Afterward, the front side of the semiconduc-
tor waler 1s polished.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a method
for polishing a semiconductor water which leads to a signifi-
cant improvement both 1n the global tlatness and 1n the local
tflatness, 1n particular in the edge region of the front side of the
semiconductor water. These and other objects are obtained by
a two stage polishing wherein first the back side 1s CMP
polished with a higher removal rate toward the center of the
waler, and then the front side 1s CMP polished with a higher
removal rate near the edge region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 illustrate two different concave CMP pol-
1shing removal profiles for the front side CMP 1n accordance
with two embodiments of the subject invention;

FIGS. 3 and 4 illustrate two different convex CMP polish-
ing removal profiles for the rear side CMP in accordance with
two embodiments of the subject invention; and

FIG. 5 illustrates front and rear CMP removal profiles for
the water polished 1n accordance with Example 1.




US RE44,986 E

3

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

The invention thus relates to a method for polishing a
semiconductor wafer having a front side and a rear side,
comprising: polishing the rear side of the semiconductor
waler by means of CMP with a material removal with a profile
along the diameter of the semiconductor water according to
which the material removal 1s higher 1n a center region of the
rear side than 1n an edge region of the rear side; and polishing,
the front side of the semiconductor water by means of CMP
with a material removal with a profile along the diameter of
the semiconductor watfer according to which the material
removal 1s lower 1n a center region of the front side than 1n an
edge region of the front side.

The CMP of therear side, which 1s performed 1n such away
that more material 1s removed 1n the center region than 1n the
edge region, leads directly to an improvement 1n the edge
geometry, 1n particular to an improvement in the parameters
PSFQR and ESFQR. However, 1t also leads to a deterioration
in the global geometry, 1n partlcular in the parameters GBIR
and SBIR, since the difference in thickness between the cen-
ter region and the edge region of the semiconductor water
increases owing to the nonuniform material removal. The
subsequent CMP of the front side which 1s performed in such
a way that less material 1s removed 1n the center region than 1n

the edge region, primarily has the efl

ect that the global geom-
etry becomes better again, without impairing the edge geom-
etry. Improvements 1n all parameters, such as GBIR, SBIR,
ESFQR and PSFQR, result as a consequence. The improve-
ment 1n the geometry of the semiconductor water that can be
achieved by means of the method 1s accomplished even when
an edge exclusion of just 1 mm 1s required.

The center region comprises the center of the semiconduc-
tor waler and a circular area having a radius amounting at
least 50% of the radius of the semiconductor water. The edge
region extends from the edge of the semiconductor waiter in
the direction of the center thereof and has a width amounting,
to at least 5% of the radius of the semiconductor water.

Preferably, the profile of the material removal which 1s
produced when polishing the rear side of the semiconductor
waler by means of CMP has a course that 1s mirror-inverted
with respect to the course of the profile of the material
removal produced when polishing the front side of the semi-
conductor water by means of CMP. In order to achueve this 1t
1s advantageous to determine a target profile after polishing
the rear side of the semiconductor walter by means of CMP,
the target profile describes the maternial removal intended to
be obtained when polishing the front side by means of CMP.
The target profile 1s determined by measuring, after the CMP
of the rear side, the height deviation of the rear side from a
plane along the diameter of the semiconductor water and
equating the course of the height deviation to the course of the
target profile. The implementation of the target profile during,
the subsequent CMP of the front side 1s achieved by means of
pressure zones which apply different pressures to the semi-
conductor wafer during the CMP of the front side 1n such a
way as to bring about a material removal with a profile cor-
responding to the target profile.

The material removal of the CMP amounts 1n total (re-
moval from the rear side and removal from the front side) to
not more than 1.5 um. Therefore, the method 1s also particu-
larly economical. During the CMP of the rear side, the mate-
rial removal 1s preferably 0.2 to 0.8 um 1n the center region of
the rear side. The material removal 1s preferably 0.02 to 0.2
um lower 1n the edge region of the rear side. During the CMP
of the front side, the material removal 1s preferably 0.2 to 0.8
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uwm 1n the center region of the front side. The material removal
1s preferably 0.02 to 0.2 um higher 1n the edge region of the
front side.

The profile of the matenal removal produced when polish-
ing the rear side by means of CMP preferably has a convex
course, and the profile ol the material removal produced when
polishing the front side by means of CMP preferably has a
concave course. The profile of the material removal need not
be strictly convex or strictly concave, respectively. Thus, by
way of example, a course 1s also possible 1n which the maxi-
mum of the maternial removal 1s already attained before the
edge of the semiconductor waler, or a course 1n which a
significant decrease or a significant increase 1n the material
removal 1s only attained 1n a region of the rear side or of the
tront side whose distance from the center of the semiconduc-
tor water 1s at least 55% of the radius of the semiconductor
walfer.

FIGS. 1 to 4 show 1n each case two examples of removal
profiles, to be precise profiles having a course that tends to be
concave (FIGS. 1 and 2) for the CMP of the front side and
profiles having a course that tends to be convex (FIGS. 3 and
4) for the CMP of the rear side.

The method according to the invention 1s preferably carried
out with semiconductor wafers that have previously been
subjected to a DSP. Moreover, further CMP steps can be
carried out 1n order to polish the rear side and/or the front side.
At least one further CMP of the front side of the semiconduc-
tor waler 1s particularly preferred, which 1s carried out after
the first CMP of the front side with the aim of reducing the
roughness of the front side.

The success of the invention 1s shown below on the basis of
an example and on the basis of comparative examples:

Example 1

A semiconductor wafer composed of silicon having a
diameter of 300 mm, after a DSP, was subjected first to a CMP
of the rear side and then to a CMP of the front side. A
polishing machine of the type Reflexion LK CMP from the
manufacturer Applied Materials, USA was available for car-
rying out the CMP.

A material removal with a profile that tends to be convex
was chosen for the CMP of the rear side. The material removal
in the center was 0.65 um, and that 1n the edge region at a
position at a distance of 2 mm from the edge was 0.55 um.

A matenial removal with a profile that tends to be concave
was chosen for the CMP of the front side. The material
removal in the center was 0.25 um, and that in the edge region
at a position at a distance of 2 mm from the edge was 0.35 um.
The measured removal profiles are illustrated in FIG. 5.
The geometry parameters ESFQR,,. PSFQR,, .,
SBIR ., GBIR and SFQR_ __are compiled in Table 1 below,
taking account of an edge exclusion of 1 mm. The specified
values (A) indicate the change in the respective parameter
betore and after the CMP of the rear side, and before and after

the CMP of the rear side and the CMP of the front side.
TABLE 1

A (CMP of the rear side and

A (CMP of the rear side) of the front side)

[pm ] [pm |
ESFQR,,, 0.044 0.042
PSFQR,, . 0.023 0.022
SBIR,, . ~0.003 0.032
GBIR ~0.056 0.017
SFQR,,_. 0.025 0.022
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The CMP of the rear side led to a significant improvement
in the average ESFQR by 44 nm. The parameter PSFQR

improved by 23 nm. By contrast, SBIR and GBIR decreased,
namely by 3 nm and by 56 nm, respectively. All the geometry

parameters considered had been improved after the CMP of >

the rear side and of the front side.

Comparative Example 1

For comparison, a further DSP-polished semiconductor
waler was subjected first to a CMP of the rear side and then to
a CMP of the front side. A material removal with a profile that
tends to be convex was chosen for the CMP of the rear side.
The material removal 1n the center was 0.65 um, and that 1n
the edge region at a position at a distance of 2 mm from the
edge was 0.58 um. A matenial removal with a profile that
likewi1se tends to be convex was chosen for the CMP of the
front side, with the same properties that were obtained during
the CMP of the rear side.

The result of the geometry measurement 1s compiled in
Table 2 below:

TABL

T
b

A (CMP of the rear side and

A (CMP of the rear side) of the front side)

[um] [um]
ESFQR,,,, ~0.015 0.01
PSFQR,, ~0.011 0.004
SBIR,,_. 0.026 ~0.075
GBIR 0.032 ~0.13
SFQR,, . -0.012 0.011

Practically no improvement of the geometry parameters
could be achieved with the chosen configuration of the CMP
of the rear side and the front side of the semiconductor water.
This also held true for a modified configuration of the experi-
ment when a material removal with a profile that tends to be
concave was chosen 1n each case for the CMP of the rear side
and of the front side.

Comparative Example 2

For comparison, a further DSP-polished semiconductor
waler was subjected first to a CMP of the rear side and then to
a CMP of the front side. A uniform material removal 1n the
region o1 0.4 um was chosen for the CMP of the rear side, such
that the profile was essentially flat. A maternial removal in the
region of 0.45 um with a profile that tends to be convex was
chosen for the CMP of the front side.

The result of the geometry measurement 1s compiled in
Table 3 below:

TABL

(L]
(o

A (CMP of the rear side and

A (CMP of the rear side) of the front side)

[um] [um]
ESFQR,,, 0.002 0.004
PSFQR,, 0.001 0.003
SBIR,,_. ~0.003 ~0.023
GBIR 0.007 ~0.002
SFQR,,_. 0 0.011

The CMP of the rear side with the material removal of 0.4
um and the flat profile had hardly any effects on the geometry
of the semiconductor water. The parameters tluctuated by less
than 10 nm.
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While embodiments of the invention have been illustrated
and described, i1t 1s not intended that these embodiments
illustrate and describe all possible forms of the invention.
Rather, the words used i1n the specification are words of
description rather than limitation, and it 1s understood that
various changes may be made without departing from the
spirit and scope of the invention.

What 1s claimed 1s:

1. A method for polishing a semiconductor water having a
front side and a rear side, comprising:

polishing the rear side of the semiconductor wafler by

means of CMP with a material removal with a profile
along the diameter of the semiconductor water accord-
ing to which material removal 1s higher in a center region
of the rear side than in an edge region of the rear side,
wherein the material removal is 0.2 to 0.8 um in the
center region of the vear side and is 0.02 to 0.2 um lower
in the edge region of the rear side; [and]

polishing the front side of the semiconductor water by

means of CMP with a material removal with a profile
along the diameter of the semiconductor waiter accord-
ing to which material removal 1s lower in a center region
of the front side than 1n an edge region of the front side,
wherein the material removal is 0.2 to 0.8 um in the
center region of the front side and is 0.02 to 0.2 um
higher in the edge vegion of the frontside; and
polishing the semiconductor wafer by means of DSP
wherein the DSP is carried out before polishing the rear
side of the semiconductor wafer by means of CMP.

[2. The method of claim 1, wherein the material removal is
0.2 to 0.8 um 1n the center region of the rear side and 15 0.02
to 0.2 um lower in the edge region of the rear side.]

[3. The method of claim 1, wherein the material removal is
0.2 to 0.8 um 1n the center region of the front side and 1s 0.02
to 0.2 um higher in the edge region of the front side.]

4. The method of claim 1, wherein the profile of the mate-
rial removal which is produced when [publishing] polishing
the rear side of the semiconductor water by means of CMP
has a course that 1s mirror-inverted with respect to the course
of the profile of the material removal produced when polish-
ing the front side of the semiconductor water by means of
CMP.

[5. The method of claim 2, wherein the profile of the
material removal which 1s produced when publishing the rear
side of the semiconductor waler by means of CMP has a
course that 1s mirror-inverted with respect to the course of the
profile of the material removal produced when polishing the
front side of the semiconductor wafer by means of CMP.]

[6. The method of claim 3, wherein the profile of the
material removal which 1s produced when publishing the rear
side of the semiconductor water by means of CMP has a
course that 1s mirror-inverted with respect to the course of the
profile of the material removal produced when polishing the
front side of the semiconductor wafer by means of CMP.]

7. The method of claim 1, wherein a target profile of the
material removal for polishing the front side by means of
CMP 1s determined after polishing the rear side of the semi-
conductor water by means of CMP, by measuring the height
deviation of the rear side from a plane along the diameter of
the semiconductor waler and equating the course of the height
deviation to the course of the target profile.

[8. The method of claim 2, wherein a target profile of the
material removal for polishing the front side by means of
CMP 1s determined after polishing the rear side of the semi-
conductor water by means of CMP, by measuring the height
deviation of the rear side from a plane along the diameter of
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the semiconductor water and equating the course of the height material removal produced when polishing the front side by
deviation to the course of the target profile.} means of CMP has a concave course.

[9. The method of claim 3, wherein a target profile of the 12. The method of claim 1, comprising at least one further
material removal for polishing the front side by means of CMP of the front side of the semiconductor water, by means
CMP is determined after polishing the rear side of the semi- 5 ©1 which the roughness ot the front side 1s reduced.
conductor water by means of CMP, by measuring the height [13. The method of claim 1, comprising first polishing the

semiconductor water by means of DSP, wherein the DSP 1s
carried out before the CMP of the rear side of the semicon-
ductor wafer.]

14. The method of claim 1, wherein the total amount of
materfal removal in the steps of polishing the vear side and
the front side of the semiconductor wafer is not move than 1.5

deviation of the rear side from a plane along the diameter of
the semiconductor water and equating the course of the height

deviation to the course of the target profile.]

10. The method of claim 4, wherein a target profile of the *
material removal for pohshmg the front side by means of
CMP 1s determined after polishing the rear side of the semi-
conductor water by means of CMP, by measuring the height fet.

deviation of the rear side from a plane along the diameter of 15. The .merkoc{ Of claim I, wh erem d m ater “_IZ removal
the semiconductor wafer and equating the course of the height > P* ofile during polishing the front side of the semiconductor

deviation to the course of the target profile. wafer is ESMbﬁf"hEd by applyf}?g different pressures fo edge
11. The method of claim 1, wherein the profile of the and central vegions of the semiconductor wafer during pol-

material removal produced when polishing the rear side by ishing.
means of CMP has a convex course and the profile of the %k % k%
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