
Semiconductor wafer and process for producing a  semiconductor wafer 5 The
invention relates to a semiconductor wafer having  an improved quality of
edge region and to a process for  producing a semiconductor wafer. The
quality demands imposed on the edge of a  10 semiconductor wafer are ever
increasing, in particular for large semiconductor wafer diameters (diameter
300 mm). In particular, the edge of the semiconductor  wafer should, as far
as possible, be free of  contamination and have a low roughness. Moreover,
it 15 should be able to withstand high mechanical stresses  during handling.
The untreated edge of a semiconductor wafer which has  been taken from a
single crystal has a relatively rough 20 and uneven surface. Spalling often
occurs under  mechanical loading, and consequently the wafer  represents a
source of contaminating particles. It is therefore customary to regrind the
edge in order  25 thereby to eliminate spalling and damage in the crystal
and to provide it with a specific profile. Suitable grinding equipment is
known from the prior  art. It is customary for the semiconductor wafer to be
30 fixed on a rotating table and for its edge to be moved  onto the likewise
rotating working surface of a  machining tool. The machining tools used are
generally  in the form of disks which are secured to a spindle and  have
circumferential surfaces serving as working 35 surfaces for machining the
edge of the semiconductor  wafer. The material-removing abrasive grain is
usually  securely anchored in the working surfaces of the  machining tools.
-2 These machining tools are suitable for providing the  



semiconductor wafer with a rounded edge. It is usual  for a certain minimum
roughness to remain on the edge  surface after the edge rounding. 5 In a
subsequent machining step, the edge of the  semiconductor wafer, which has
been ground and treated  with an etching medium, is usually polished. 10 The
edge of a centrally rotating semiconductor wafer is  pressed onto a
centrally rotating polishing drum with a  defined force (contact pressure).
US 5,989,105 has  disclosed an edge polishing process of this type, in
which the polishing drum consists of an aluminum alloy 15 and is covered
with a polishing cloth. The  semiconductor wafer is usually fixed on a flat
wafer  holder, known as a chuck. The edge of the semiconductor  wafer
projects beyond the chuck so that it is freely  accessible to the polishing
drum. 20 For process monitoring, after the edge polishing it is  customary
for a visual check of the edges of the  semiconductor wafers under a
microscope to be carried  out on a sample basis. This check is for
particles, 25 roughness and defects on the edge of the semiconductor  wafer.
In particular, the edge of the semiconductor  wafer is examined for light
reflections which are  caused by any unevenness. 30 However, this visual
check is unreliable and does not  allow a uniform edge quality to be ensured
for all  semiconductor wafers. Furthermore, the visual check is  unsuitable
for completely and reliably detecting small  defects in the edge region of a
semiconductor wafer so 35 as to draw conclusions as to a possible defective
procedure. Furthermore, there are available inspection appliances  



which, however, generally only allow inspection of the - 3  semiconductor
wafer as far as the wafer edge to a  peripheral exclusion zone of 3 mm. Most
known inspection  appliances cannot be used to examine the entire edge
region, i.e. both the edge of the semiconductor wafer and  5 said peripheral
exclusion zone. By way of example, EP 1348947 Al has disclosed an
inspection appliance which can be used to inspect the  edge of the
semiconductor wafer but not the entire edge  10 region. By contrast, DE
10352936 Al has described an inspection  appliance which allows automatic
detection of defects  above a certain size in the entire edge region 15
including the peripheral exclusion zone of the  semiconductor wafer. It was
an object of the invention to provide a  semiconductor wafer with an
improved edge quality and a  20 process for producing this semiconductor
wafer. The object is achieved by a semiconductor wafer which  has an edge
region but does not have any defects larger  than or equal to 0.3 Am. 25 In
the present invention, the edge region comprises at  least an edge of the
semiconductor wafer. it is preferable for the edge region of the  30
semiconductor wafer to comprise the edge of the semiconductor wafer and a
peripheral region of 3 mm on  the front and back surfaces of the
semiconductor wafer. it is preferable for the edge region of the  35
semiconductor wafer to comprise all the inclined and rounded surfaces of the
edge of the semiconductor  wafer. - 4  



The defects comprise particles, spalling, cracks,  scratches, spots,
contamination, and stacking faults on  the edge region of the semiconductor
wafer. 5 It is preferable for the edge of the semiconductor  wafer to be
polished. The semiconductor wafer is preferably a monocrystalline  silicon
wafer, a polished silicon wafer, a silicon 10 wafer with an epitaxial
coating, a silicon wafer which  has been heat-treated, for example in an
argon  atmosphere, a wafer with a strained silicon layer, an  Sol (silicon
on insulator) wafer or an sSOI (strained  silicon on insulator) wafer. 15
The object of the invention is also achieved by a  process for producing a
semiconductor wafer, comprising  the following process sequence: (a)
providing a  semiconductor wafer having a rounded and etched edge; 20 (b)
polishing the edge of the semiconductor wafer, in  which step the
semiconductor wafer, which is held on a  centrally rotating chuck and
projects beyond the chuck  and at least one polishing drum, which is
inclined by a  specific angle with respect to the chuck, rotates 25
centrally and is covered with a polishing cloth are  moved toward one
another and pressed onto one another  under a specific contact pressure with
a polishing  abrasive being supplied continuously, the polishing  drum and
semiconductor wafer being moved away from one 30 another after a
predetermined number of revolutions of  the semiconductor wafer; (c)
cleaning the semiconductor  wafer; (d) inspecting an edge region of the
semiconductor wafer using an inspection unit; (e)  further processing the
semiconductor wafer; wherein the 35 inspection of the edge region of the
semiconductor  wafer as described in step (d) automatically detects  



and classifies all the defects above a size of 0.3 m  in the edge region,
and wherein, if defects are  detected during the inspection, the
semiconductor wafer - 5  is reprocessed as described in steps (b) to (d) and
is  then processed further as described in step (e), the  edge polishing as
described in step (b) being carried  out with polishing parameters which
have been optimized 5 on the basis of the classification of the defects, or
otherwise the semiconductor wafer is sorted out and  removed if reprocessing
is not possible on account of  the defects which have been detected. 10 In
the process according to the invention, first of all  a semiconductor wafer
having a rounded and etched edge  is provided. For this purpose, it is
preferable for a  semiconductor wafer, in accordance with the prior art,  to
be taken from a single crystal, for its edge to be 15 rounded and for its
front and back surfaces to be  leveled by means of grinding and/or lapping
processes  and subjected to a wet-chemical etching treatment. The rounded
and etched edge of the semiconductor wafer  20 is then polished as described
in step (b). Commercially available automated edge-polishing units  are
available for this purpose. The semiconductor wafer  is fixed on a centrally
rotating chuck, with the 25 semiconductor wafer projecting beyond the chuck.
A  centrally rotating polishing drum, which is covered  with a polishing
cloth and inclined at a certain angle  with respect to the chuck, and the
chuck with the  semiconductor wafer are moved toward one another and 30
pressed onto one another under a certain contact  pressure while a polishing
abrasive is continuously  supplied. Then, the semiconductor wafer is
subjected to cleaning  



35 as described in step (c) . The cleaning can be carried out either as a
batch process with simultaneous  cleaning of a multiplicity of semiconductor
wafers  being bathed or using spraying processes or,  alternatively, as a
single wafer process. - 6  In the context of the invention, it is preferable
to  carry out bath cleaning with simultaneous cleaning of a  multiplicity of
semiconductor wafers, for example all the 5 wafers from an edge polishing
operation, for example in  the sequence cleaning with aqueous hydrochloric
acid (HF)  - rinsing with ultra pure water - cleaning with TMAH/H2O2
(tetramethylammonium hydroxide/hydrogen peroxide) - rinsing with ultra pure
water. Then, the semiconductor 10 wafer is dried. It is customary for the
drying to be  carried out using commercially available appliances  which
operate according to the centrifugal drying, hot  water, or HF/ozone
principle. The edge-polished  semiconductor wafers obtained after the
cleaning and  15 drying step are dry and hydrophilic. The bath cleaning is
followed, in accordance with step  (d), by an inspection of the edge region
of the  semiconductor wafer. 20 An inspection unit according to the prior
art,  preferably corresponding to the apparatus as described  in DE 10352936
Al, is used for this purpose. The mode  of operation of an inspection unit
of this type is 25 based on the detection of light in the dark field,  which
is scattered at what are known as light point  defects (LPDs), i.e. for
example crystal defects,  damage, scratches, impurities or particles. Each
defect  is in the process assigned a size equivalent to its 30 light
scattering properties, known as the "latex sphere  



equivalent" (LSE). The edge region comprises at least the edge of the
semiconductor wafer. 35 It is preferable for the edge region of the
semiconductor wafer to comprise all the inclined and  rounded surfaces of
the edge of the semiconductor  wafer. - 7  It is preferable for the edge
region to comprise the  edge of the semiconductor wafer and a peripheral
region  of 3 mm on the front and back surfaces of the  5 semiconductor
wafer. The inspection of the edge region of the semiconductor  wafer detects
and classifies defects in the edge region  above a size of 0.3 m. 10
Semiconductor wafers which have defects larger than  this size are
reprocessed by means of another polishing  of the edge in accordance with
step (b) , but with  optimized polishing parameters, or, if reworking is not
15 possible, are sorted out and removed. According to the invention, the
optimization of the  polishing parameters is carried out on the basis of the
classification of the defects detected during the  20 inspection. On account
of the fact that only the semiconductor  wafers which satisfy the demands
imposed on the edge  quality are processed further in accordance with step
25 (e), it is possible to ensure a uniform quality of the  edge region of
the semiconductor wafers, which is  highly advantageous for the subsequent
further  processing, which in some cases also entails high  mechanical
stresses at the edge region of the  



30 semiconductor wafer. The further processing in accordance with step (e)
may,  for example, comprise polishing of the semiconductor  wafer (double
side polishing, chemical mechanical 35 polishing), back surface sealing,
depositing an  epitaxial layer on the front surface of the  semiconductor
wafer or heat treating the semiconductor  wafer under a hydrogen or argon
atmosphere. - 8  According to the invention, therefore, if defects are
detected in the edge region of a semiconductor wafer  during edge polishing
and cleaning, reprocessing is  carried out by edge polishing using optimized
polishing  5 parameters. The text which follows provides a description of
optimized and preferred ranges of values for polishing  parameters based on
defects or defect classifications 10 which typically occur; according to the
invention,  these polishing parameters are optimized further after  the
inspection of the edge region and the defect  classification as part of
reprocessing of the  semiconductor wafer during edge polishing. 15 During
the edge polishing, the chuck with the  semiconductor wafer held on it is
rotated centrally. It  is preferable for one revolution of the chuck to last
50-150 s (revolution time). 20 A polishing drum, which is covered with a
polishing  cloth and is preferably rotated centrally at a  rotational speed
of 500-1000 min', and the chuck are  moved toward one another, with the
polishing drum set 25 obliquely at a setting angle with respect to the
semiconductor wafer and the semiconductor wafer being  



fixed on the chuck in such a way that it projects  slightly beyond the chuck
and is therefore accessible  to the polishing drum. The setting angle is
preferably  30 30-50. The semiconductor wafer and polishing drum are pressed
onto one another under a certain contact pressure and  with a polishing
abrasive being supplied continuously, 35 preferably at a polishing abrasive
flow rate of  0.15-0.40 liter/min, it being possible for the contact
pressure to be set by means of weights attached to  rolls. It is preferable
to select a contact pressure of  2-4 kg. - 9  It is preferable for the
semiconductor wafer and  polishing drum to be moved away from one another
after  2-8 revolutions of the semiconductor wafer or the chuck  5 holding
the semiconductor wafer. Example: During the inspection of a semiconductor
wafer, defects  10 of a size of 0. 3 ym or above were detected in the edge
region. Therefore, the semiconductor wafer was  reprocessed by means of an
edge polishing, with the  following optimized polishing parameters being
set: a  chuck revolution time of 85 s (per revolution), a 15 polishing drum
rotational speed of 800 min', a contact  pressure of 3 kg, a setting angle
of 400, a polishing  abrasive flow rate of 0.30 liter/min for 4 complete
revolutions of the semiconductor wafer (or chuck).  These polishing
parameters were set on the basis of the 20 classification of the detected
defects. After bath  cleaning, it was not possible, on further inspection of
the edge region, to detect any defects above a size of  0.3 Am. 25 The edge
polishing is the most important process step  



influencing the edge of the semiconductor wafer, since  in a process
sequence for producing semiconductor  wafers it is usually the final process
step involving  direct machining of the edge of the semiconductor 30 wafer.
Therefore, a check of the edge region of the  semiconductor wafer and a
process control are  particularly important after this process step.
However, it is preferable for the edge region of the  35 semiconductor wafer
also to be checked, and the corresponding process step controlled, after
other  process steps which influence the edge region of a  semiconductor
wafer. - 10  Therefore, in a process for producing a semiconductor  wafer
which comprises a plurality of process steps  influencing an edge region of
the semiconductor wafer,  it is preferable that after each of these process
5 steps, the edge region of the semiconductor wafer is  checked using an
inspection unit, the edge region of  the semiconductor wafer comprising its
edge and  peripheral regions of its front and back surfaces at a  distance
of 3 mm from the edge, defects above a size of 10 0.3 m being automatically
detected and classified in  said edge region of the semiconductor wafer
during the  check. The edge region of the semiconductor wafer is  15
influenced by further processing steps in addition to the edge polishing, in
particular by edge grinding,  etching, double side polishing, chemical
mechanical  polishing or by epitaxial deposition on the  semiconductor
wafer, i.e. both processing steps which 20 serve to provide a semiconductor
wafer having a rounded  and etched edge in accordance with step (a) of the
process according to the invention and processing steps  



which are only intended to take place after the edge  polishing, namely
during the further processing of the 25 semiconductor wafer in accordance
with step (e) of the  process according to the invention. It is preferable
for a check of the edge region of the  semiconductor wafer to be carried out
after each of the 30 process steps which influence the edge region of the
semiconductor wafer. It is preferable for all the processed semiconductor
wafers to be checked. 35 An inspection unit which is known from the prior
art,  preferably the apparatus which is known from  DE 10352936 Al, is used
in such a way that the edge  region of the semiconductor wafer is
automatically - 11  checked and automatic defect classification is
performed. The inspection unit can detect defects above  a size of 0.3 m. 5
If the check of the edge region of the semiconductor  wafer detects defects,
one of the preceding process  steps is controlled with a view to producing a
semiconductor wafer which is as far as possible devoid  of defects. For this
purpose, by way of example process  10 parameters are adjusted or optimized.
It is preferable for a semiconductor wafer in whose  edge region defects are
detected to be reprocessed  using optimized process parameters. 15 If
reworking is not possible, the semiconductor wafer  is sorted out and
removed. By virtue of the fact that preferably all the  20 semiconductor
wafers are checked, defective semiconductor wafers are reprocessed or
alternatively  



sorted out and removed, and the check of the edge  region of the
semiconductor wafers takes place after  each of the process steps which
influence the quality 25 of the edge region, it is possible to ensure that
all  the semiconductor wafers produced using the process  according to the
invention do not have any defects of a  size of 0.3 m or above. 30 The check
of the semiconductor wafers for defects is  preferably carried out after the
following process  steps, as well as the edge polishing: After the edge
grinding, the semiconductor wafers are  35 preferably checked for grinding
defects and defects  originating from previous process steps. After the
etching, the semiconductor wafers are  preferably checked for etching
defects. - 12  After a double side polishing, a chemical mechanical
polishing or after an epitaxy step, the semiconductor  wafers are preferably
checked for handling defects, 5 spots, scratches, particles or
inhomogeneities relating  to roughness. The text which follows provides a
description of  examples of some process steps with regard to the 10 defects
which occur in the edge region, the causes of  these defects and possible
measures which can be taken  to combat such defects. After a double side
polishing, a tangentially running  15 scratch is detected on the edge of a
semiconductor wafer by inspection. This scratch cannot be reworked,  the
semiconductor wafer is scrapped. Possible causes of  edge scratches after
double side polishing may be  foreign bodies or entrained fragments of
semiconductor 20 material which have become lodged in a carrier of the
polishing machine, or alternatively a worn carrier  



caused by the plastic coating having become run down or  partial detachment
of the plastic coating of the  carrier. Corrective measures can be taken by
means of a 25 process control, for example, consisting in stopping  the
polishing machine, checking the polishing  parameters, cleaning the
polishing machine or  inspecting the carriers and replacing them if
necessary. 30 After edge rounding, spalling at the edge of the
semiconductor wafer is detected by inspection. One  possible cause of
spalling of this type may be a crack  formed during sawing or removal of the
semiconductor 35 wafer from the single crystal, which during edge  rounding
has increased in size to cause spalling- Another possible cause may also lie
in incorrect- handling. Spalling of this nature constitutes a  particularly
critical defect on the semiconductor - 13  wafer, since there is a risk
that, as a result of  spalling not being detected, the semiconductor wafer
will break during a subsequent machining step, for  example during a double
side polishing, thereby 5 damaging the polishing machine, which can, in
turn,  lead to an entire batch of polished semiconductor  wafers being
scrapped. If particles are detected at the edge of the  10 semiconductor
wafer, after double side polishing, these particles can be removed without
problems by further  cleaning. if, after epitaxial coating of the
semiconductor wafer,  15 a stacking fault is detected at the edge of the
epitaxially coated semiconductor wafer, reworking is  not possible. The
associated semiconductor wafer is  



scrapped. Possible causes of stacking faults are  crystal defects or strains
in the crystal lattice. 20 Corrective measures during process control can
consist  in optimizing a single crystal pulling process. - 14  Patent claims
1. A semiconductor wafer which has an edge region but  5 does not have any
defects larger than or equal to  0.3 m. 2. The semiconductor wafer as
claimed in claim 1,  wherein the edge region of the semiconductor wafer 10
comprises an edge of the semiconductor wafer as well as  a peripheral region
of 3 mm on the front and back  surfaces of the semiconductor wafer. 3. The
semiconductor wafer as claimed in claim 1 or  15 2, wherein the edge of the
semiconductor wafer is  polished. 4. The semiconductor wafer as claimed in
one of  claims 1 to 3, wherein the defects comprise particles, 20 spalling,
cracks, scratches, contamination, stacking  faults and spots. 5. The
semiconductor wafer as claimed in one of  claims 1 to 4, which is a
monocrystalline silicon 25 wafer, a polished silicon wafer, a silicon wafer
with  an epitaxial coating, a heat-treated silicon wafer, a  wafer with a
strained silicon layer, an SOI wafer or an  sSOI wafer. 30 6. A process for
producing a semiconductor wafer,  comprising the following process sequence:
(a)  providing a semiconductor wafer having a rounded and  etched edge; (b)
polishing the edge of the  semiconductor wafer, in which step the
semiconductor 35 wafer, which is held on a centrally rotating chuck and
projects beyond the chuck and at least one polishing  



drum, which is inclined by a specific angle with  respect to the chuck,
rotates centrally and is covered  with a polishing cloth are moved toward
one another and - 15  pressed onto one another under a specific contact
pressure with a polishing abrasive being supplied  continuously, the
polishing drum and semiconductor  wafer being moved away from one another
after a 5 predetermined number of revolutions of the  semiconductor wafer;
(c) cleaning the semiconductor  wafer; (d) inspecting an edge region of the
semiconductor wafer using an inspection unit; (e)  further processing the
semiconductor wafer; wherein the 10 inspection of the edge region of the
semiconductor  wafer as described in step (d) automatically detects  and
classifies all the defects above a size of 0.3 m  in the edge region, and
wherein, if defects are  detected during the inspection, the semiconductor
wafer 15 is reprocessed as described in steps (b) to (d) and is  then
processed further as described in step (e), the  edge polishing as described
in step (b) being carried  out with polishing parameters which have been
optimized  on the basis of the classification of the defects, or 20
otherwise the semiconductor wafer is sorted out and  removed if reprocessing
is not possible on account of  the defects which have been detected. 7. The
process as claimed in claim 6, wherein the  25 edge region of the
semiconductor wafer comprises an edge of the semiconductor wafer as well as
a peripheral  region of 3 mm on the front and back surfaces of the
semiconductor wafer. 30 8. The process as claimed in claim 6 or 7, wherein
during the polishing of the edge of the semiconductor  wafer, a chuck
rotation time is 50-150 s, a rotational  



speed of the polishing drum is 500-1000 min-1, a setting  angle between
polishing drum and semiconductor wafer is 35 30-50, a flow of polishing
abrasive is 0.15-0.40  liter/min and a contact pressure is 2-4 kg, and the
semiconductor wafer and polishing drum are moved away  from one another
after 2-8 revolutions of the  semiconductor wafer. - 16  9-. The process as
claimed in one of claims 6 to 8,  wherein the cleaning of the semiconductor
wafer in  accordance with step (c) is carried out in a sequence 5 comprising
cleaning with aqueous hydrochloric acid (HF) - rinsing with ultra pure water
- cleaning with TMAH/H2O2  (tetramethylammonium hydroxide/hydrogen peroxide)
- rinsing with ultra pure water, and the semiconductor  wafer is then dried.
10 10. The process as claimed in one of claims 6 to 9,  wherein the further
processing as described in step (e)  comprises one or more of the process
steps of:  polishing the front surface of the semiconductor wafer 15 - back
surface sealing - depositing an epitaxial layer  on the front surface of the
semiconductor wafer - heat  treating the semiconductor wafer under a
hydrogen or  argon atmosphere. 20 11. The process as claimed in one of
claims 6 to 10,  comprising a plurality of process steps which influence  an
edge region of the semiconductor wafer, wherein  after each of these process
steps, the edge region of  the semiconductor wafer is checked using an
inspection 25 unit, the edge region of the semiconductor wafer  comprising
its edge and peripheral regions of its front  and back surfaces at a
distance of 3 mm from the edge,  defects above a size of 0.3 gm being
automatically  



detected and classified in said edge region of the  30 semiconductor wafer
during the check. 12. The process as claimed in claim 11, wherein the
process steps which influence an edge region of the  semiconductor wafer
comprise edge grinding, double side 35 polishing, an etching step and
deposition of an  epitaxial layer on the semiconductor wafer. - 17  13. The
process as claimed in claim 11 or 12, wherein  the edge region of each
processed semiconductor wafer  is checked. 5 14. The process as claimed in
one of claims 11 to 13,  wherein during detection of defects the
semiconductor  wafer is reprocessed using optimized process parameters  or,
if rework is not possible on account of the  detected defects, this
semiconductor wafer is sorted  10 out and removed. 15. The process as
claimed in one of claims 11 to 14,  wherein during detection of defects one
of the  preceding process steps is controlled by optimization  15 of process
parameters. 


