
2008P00081 DE Method for polishing a semiconductor wafer The invention
relates to a method for polishing a semiconductor  wafer by means of
chemical mechanical polishing (CMP). 5 CMP is a single-side polishing that
is usually used to reduce  the roughness of the front side of a
semiconductor wafer. It is  therefore also referred to as mirror polishing.
During the CMP,  the semiconductor wafer is pressed by the side to be
polished 10 against a rotating polishing cloth by a rotating polishing head
and is smoothed in the presence of a polishing agent supplied.  The material
removal brought about during polishing depends,  inter alia, on the pressure
with which the semiconductor wafer  is pressed against the polishing cloth.
There is also the 15 possibility of choosing the polishing pressure to be
different  in different zones, thereby bringing about a material removal
which leads to a nonuniform profile when the material removal  is viewed
along the diameter of the semiconductor wafer. Pressure zones can be
established for example with the aid of  20 pressure chambers or pressure
rings. A polishing head having a  carrier which enables a subdivision into
pressure zones is  described for example in US 5,916,016. The CMP can
accordingly  also be used to influence the geometry of the semiconductor
wafer in a targeted manner, that is to say the parameters of 25 the
semiconductor wafer which describe the local and global  flatness. Alongside
CMP, DSP ("double side polishing") plays an important  part in the polishing
of semiconductor wafers. DSP involves 30 generally a plurality of
semiconductor wafers being polished  



simultaneously. During the DSP, a semiconductor wafer lies  between two
polishing plates provided with polishing cloth in a  cutout of a carrier and
is polished on both sides with the aid  of a polishing agent supplied. DSP
has the task, in particular, 35 of eliminating damage in the region of the
surface that has 2008P00081 DE - 2  remained after shaping mechanical
machining by lapping and/or  grinding of the semiconductor wafer. The
material removal is  significantly higher in the case of DSP, having total
removal  usually of 10 to 30 pm, than that in the case of CMP. 5 Therefore,
DSP is often also referred to as stock removal  polishing. Standardized
parameters are available for the quantitative  characterization of the
geometry of semiconductor wafers. This  10 also applies to the edge region
of the front side of the semiconductor wafer, where front side is usually
taken to mean  that side of a semiconductor wafer which is used as a basis
for  the integration of electronic components. 15 The manufacturers of
electronic components endeavor also to  include the edge region as
comprehensively as possible in the  usable area FQA ("Fixed Quality Area").
Accordingly, the  specified permitted edge exclusion EE is becoming ever
smaller.  At the present time demanding specifications permit only an 20
edge exclusion of 1 mm. Unevennesses can be described by the parameter SFQR.
SFQR  denotes the local flatness in a measurement zone having a  specific
dimensioning, for example an area of 20 mm x 20 mm, to 25 be precise in the
form of the maximum height deviation of the  front side of the semiconductor
wafer in the measurement zone  



with respect to a reference area having the same dimensioning  that is
obtained by error square minimization. Partial sites  are measurement zones
in the edge region which are no longer 30 fully part of the FQA, but the
center of which still lies in  the FQA. The parameter PSFQR denotes the
local flatness in  partial sites, as does the parameter ESFQR. The latter is
based  on a more comprehensive metric. 35 Alongside the local flatness, it
is always necessary also to 2008P00081 DE - 3  take account of the global
flatness of the front side of the  semiconductor wafer. Standardized
parameters for describing the  global flatness are GBIR and SBIR, which
correlates with this  value. Both parameters express the maximum height
deviation of 5 the front side relative to a rear side - assumed to be
ideally  flat - of the semiconductor wafer and differ in that the FQA is
used for calculation in the case of GBIR and the area  restricted to a
measurement zone is used for calculation in the  case of SBIR. 10
Definitions of the abovementioned parameters and descriptions  of methods
for measuring said parameters are contained in the  relevant SEMI standards,
in particular in the Ml, M67 and M1530  standards. 15 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  in partial sites. It is desirable,
therefore, to limit the edge 20 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  25 such a way
that a reference plane arises. For this purpose, the front side is sucked
against a stiff carrier and a material  removal amounting to preferably 3 to
8 pm is brought about on  the rear side. Afterward, the front side of the
semiconductor  wafer is polished. 30 The object of the present invention is
to specify a method for  polishing a semiconductor wafer which leads to a
significant  improvement both in the global flatness and in the local
flatness, in particular in the edge region of the front side of  35 the
semiconductor wafer. 2008P00081 DE - 4  The invention 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 wafer by means of
5 CMP, which involves producing a material removal with a profile  along the
diameter of the semiconductor wafer according to  which the material removal
is higher in a center region of the  rear side than in an edge region of the
rear side; and  polishing the front side of the semiconductor wafer by means
of 10 CMP, which involves producing a material removal with a profile  along
the diameter of the semiconductor wafer according to  which the material
removal is lower in a center region of the  front side than in an edge
region of the front side. 15 The CMP of the rear side, which is performed in
such a way that  more material is removed in the center region than in the
edge  



region, leads directly to an improvement in the edge geometry,  in
particular to an improvement in the parameters PSFQR and  ESFQR. However, it
also leads to a deterioration in the global 20 geometry, in particular in
the parameters GBIR and SBIR, since  the difference in thickness between the
center region and the  edge region of the semiconductor wafer increases
owing to the  nonuniform material removal. The subsequent CMP of the front
side which is performed in such a way that less material is 25 removed in
the center region than in the edge region, primarily  has the effect that
the global geometry becomes better again,  without impairing the edge
geometry. Improvements in all  parameters, such as GBIR, SBIR, ESFQR and
PSFQR, result as a  consequence. The improvement in the geometry of the 30
semiconductor wafer that can be achieved by means of the method  is
accomplished even when an edge exclusion of just 1 mm is  required. The
center region comprises the center of the semiconductor  35 wafer and a
circular area having a radius amounting at least 2008P00081 DE - 5  50% of
the radius of the semiconductor wafer. The edge region  extends from the
edge of the semiconductor wafer in the  direction of the center thereof and
has a width amounting to at  least 5% of the radius of the semiconductor
wafer. 5 Preferably, the profile of the material removal which is  produced
when polishing the rear side of the semiconductor  wafer by means of CMP has
a course that is mirror-inverted with  respect to the course of the profile
of the material removal 10 produced when polishing the front side of the
semiconductor  



wafer by means of CMP. In order to achieve this it is  advantageous to
determine a target profile after polishing the  rear side of the
semiconductor wafer by means of CMP, said  target profile describing the
material removal that is intended 15 to be obtained when polishing the front
side by means of CMP.  The target profile is 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 wafer and  equating the course
of the height deviation to the course of 20 the target profile. The
implementation of the target profile  during the subsequent CMP of the front
side is achieved by  means of pressure zones which apply different pressures
to the  semiconductor wafer during the CMP of the front side in such a  way
as to bring about a material removal with a profile 25 corresponding to the
target profile. The material removal of the CMP amounts in total (removal
from  the rear side and removal from the front side) to not more than  1.5
pm. Therefore, the method is also particularly economic. 30 During the CMP
of the rear side, the material removal is  preferably 0.2 to 0.8 pm in the
center region of the rear side.  The material removal is preferably 0.02 to
0.2 pm lower in the  edge region of the rear side. During the CMP of the
front side,  the material removal is preferably 0.2 to 0.8 pm in the center
35 region of the front side. The material removal is preferably 2008P00081
DE - 6  0.02 to 0.2 pm higher in the edge region of the front side. The
profile of the material removal produced when polishing the  rear side by
means of CMP preferably has a convex course, and 5 the profile of 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 is also possible in which
the maximum of the material 10 removal is already attained before the edge
of the  semiconductor wafer, or a course in which a significant  decrease or
a significant increase in the material removal is  only attained in a region
of the rear side or of the front side  whose distance from the center of the
semiconductor wafer is at 15 least 55% of the radius of the semiconductor
wafer. Fig. 1 to 4 show in each case two examples of removal profiles,  to
be precise profiles having a course that tends to be concave  (Fig. 1 and 2)
for the CMP of the front side and profiles 20 having a course that tends to
be convex (Fig. 3 and 4) for the  CMP of the rear side. The method according
to the invention is preferably carried out  with semiconductor wafers that
have previously been subjected  25 to a DSP. Moreover, further CMP steps can
be carried out in order to polish the rear side and/or the front side. At
least  one further CMP of the front side of the semiconductor wafer is
particularly preferred, which is carried out after the first  CMP of the
front side with the aim of reducing the roughness of  30 the front side. The
success of the invention is shown below on the basis of an  example and on
the basis of comparative examples: 35 Example: 2008P00081 DE - 7  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 5 of the type
Reflexion LK CMP from the manufacturer Applied  Materials, USA was available
for carrying 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  10
the center was 0.65 pm, and that in the edge region at a position at a
distance of 2 mm from the edge was 0.55 pm. A material removal with a
profile that tends to be concave was  chosen for the CMP of the front side.
The material removal in  15 the center was 0.25 pm, and that in the edge
region at a position at a distance of 2 mm from the edge was 0.35 pm.  The
measured removal profiles are illustrated in fig. 5.  20 The geometry
parameters ESFQRa"g, PSFQRmax, SBIRmax, GBIR and SFQRmax 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 before and after
the CMP of the  rear side, and before and after the CMP of the rear side and
25 the CMP of the front side. 2008P00081 DE - 8 - Table 1: A (CMP of the
rear A (CMP of the rear side  side) and of the front side)  [um] [um]
ESFQRavg 0.044 0.042  PSFQRmax 0.023 0.022  SBIRmax - 0.003 0.032  GBIR -
0.056 0.017  SFQRmax 0.025 0.022 The CMP of the rear side led to a
significant improvement in  



5 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. 10 Comparative
example 1: For comparison, a further DSP-polished semiconductor wafer was
subjected first to a CMP of the rear side and then to a CMP of  15 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 in the center was 0.65
pm, and that in the edge region  at a position at a distance of 2 mm from
the edge was 0.58 pm.  A material removal with a profile that likewise tends
to be 20 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 is compiled in Table 2  below: 2008P00081 DE - 9
- Table 2: A (CMP of the rear A (CMP of the rear side  side) and of the
front side)  [pm] [pm] ESFQRavg - 0.015 0.01  PSFQRmax - 0.011 0.004
SBIRmax 0.026 - 0.075  GBIR 0.032 - 0.13  SFQRmax - 0.012 0.011 Practically
no improvement of the geometry parameters could be  



5 achieved with the chosen configuration of the CMP of the rear  side and
the front side of the semiconductor wafer. This also  held true for a
modified configuration of the experiment when a  material removal with a
profile that tends to be concave was  chosen in each case for the CMP of the
rear side and of the 10 front side.  Comparative example 2: For comparison,
a further DSP-polished semiconductor wafer was  15 subjected first to a CMP
of the rear side and then to a CMP of  the front side. A uniform material
removal in the region of  0.4 pm was chosen for the CMP of the rear side,
such that the  profile was essentially flat. A material removal in the
region  of 0.45 pm with a profile that tends to be convex was chosen 20 for
the CMP of the front side. The result of the geometry measurement is
compiled in Table 3  below: 2008P00081 DE - 10 - Table 3: A (CMP of the rear
4 (CMP of the rear side  side) and of the front side)  [um] [pm] ESFQRavg
0.002 0.004  PSFQRmax 0.001 0.003  SBIRmax - 0.003 - 0.023  GBIR 0.007 -
0.002  SFQRmax 0 0.011 The CMP of the rear side with the material removal of
0.4 pm 5 and the flat profile had hardly any effects on the geometry of  the
semiconductor wafer. The parameters fluctuated by less than  



10 nm. 2008P00081 DE - 11 - Patent claims: 1. A method for polishing a
semiconductor wafer having a front  side and a rear side, comprising 5
polishing the rear side of the semiconductor wafer by means of  CMP, which
involves producing a material removal with a profile  along the diameter of
the semiconductor wafer according to  which the material removal is higher
in a center region of the  rear side than in an edge region of the rear
side; and 10 polishing the front side of the semiconductor wafer by means of
CMP, which involves producing a material removal with a profile  along the
diameter of the semiconductor wafer according to  which the material removal
is lower in a center region of the  front side than in an edge region of the
front side. 15 2. The method as claimed in claim 1, wherein the material
removal is 0.2 to 0.8 pm in the center region of the rear side  and is 0.02
to 0.2 pm lower in the edge region of the rear  side. 20 3. The method as
claimed in claim 1, wherein the material  removal is 0.2 to 0.8 pm in the
center region of the front side  and is 0.02 to 0.2 pm higher in the edge
region of the front  side. 25 4. The method as claimed in any of claims 1 to
3, wherein the  profile of the material removal which is produced when
publishing the rear side of the semiconductor wafer by means of  



CMP has a course that is mirror-inverted with respect to the 30 course of
the profile of the material removal produced when  polishing the front side
of the semiconductor wafer by means of  CMP. 5. The method as claimed in any
of claims 1 to 3, wherein a 35 target profile of the material removal for
polishing the front 2008P00081 DE - 12  side by means of CMP is determined
after polishing the rear  side of the semiconductor wafer by means of CMP,
by measuring  the height deviation of the rear side from a plane along the
diameter of the semiconductor wafer and equating the course of 5 the height
deviation to the course of the target profile. 6. The method as claimed in
any of claims 1 to 3, wherein the  profile of the material removal produced
when polishing the  rear side by means of CMP has a convex course and the
profile 10 of the material removal produced when polishing the front side
by means of CMP has a concave course. 7. The method as claimed in claim 1,
comprising at least one  further CMP of the front side of the semiconductor
wafer, by  15 means of which the roughness of the front side is reduced. 8.
The method as claimed in claim 1, comprising polishing the  semiconductor
wafer by means of DSP, wherein the DSP is carried  out before the CMP of the
rear side of the semiconductor wafer. 


