
Epitaxially coated silicon wafer and method for  producing an
epitaxially coated silicon wafer The invention relates to an
epitaxially coated silicon  5 wafer and a method for producing an
epitaxially coated  silicon wafer. The quality requirements made of
the edge of a silicon  wafer are ever increasing, in particular for
large  10 diameters of the silicon wafer (diameter ? 300 mm). In
particular, the edge of the silicon wafer should be as  far as
possible free of contamination and have a low  roughness. Moreover,
it should be resistant to  increased mechanical stresses during
handling. The 15 untreated edge of a silicon wafer sliced from a
single  crystal has a comparatively rough and nonuniform  surface. It
often experiences spalling under mechanical  loading and is a source
of disturbing particles. It is  therefore customary to regrind the
edge in order 20 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
silicon wafer to be fixed  25 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 surfaces 30 for machining the edge of the silicon
wafer. The  material-removing abrasive grain is usually securely
anchored in the working surfaces of the machining  tools. 35 These
machining tools are suitable for providing the  silicon wafer with a
rounded edge. It is usual for a  certain minimum roughness to remain
on the edge surface  after the edge rounding. 



- 2  In a subsequent machining step, the edge of the silicon  wafer,
which edge has been ground and treated with  etching medium, is
usually polished. 5 In this case, the edge of a centrally rotating
silicon  wafer is pressed against a centrally rotating polishing
drum with a specific force (contact pressure).  US 5,989,105
discloses an edge polishing method of this 10 type, in which the
polishing drum consists of an  aluminum alloy and is covered with a
polishing cloth.  The silicon wafer is usually fixed on a flat wafer
holder, a so-called chuck. The edge of the silicon  wafer projects
beyond the chuck, such that it is freely  15 accessible to the
polishing drum. For process monitoring, after the edge polishing it
is  customary for a visual check of the edges of the  silicon wafers
under a microscope to be carried out on 20 a sample basis. This check
is for particles, roughness  and defects on the edge of the silicon
wafer. In  particular, the edge of the silicon wafer is examined  for
light reflections caused by possible unevennesses. 25 However, this
visual check is unreliable and does not  allow a uniform edge quality
to be ensured for all  silicon wafers. Furthermore, the visual check
is  unsuitable for completely and reliably detecting small  defects
in the edge region of a silicon wafer in order 30 to draw conclusions
as to a possibly defective  procedure. Furthermore, inspection
apparatuses are available  which, however, generally only allow
inspection of the  35 silicon wafer as far as the wafer edge to an
edge exclusion zone of 3 mm. Most known inspection  apparatuses
cannot be used to examine the entire edge 



- 3  region, that is to say both the edge of the silicon  wafer and
said edge exclusion zone. By way of example, EP 1348947 Al discloses
an  5 inspection apparatus which can be used to inspect the  edge of
the silicon wafer, but not the entire edge  region (edge exclusion).
By contrast, DE 10352936 Al  describes an inspection apparatus which
allows  automatic detection of defects starting from a specific 10
size in the entire edge region including the edge  exclusion zone of
the silicon wafer. Previous edge inspection methods do not yield
sufficient information to optimize fabrication  15 processes
accordingly. In particular, it is not possible to unambiguously
differentiate between defects  and thus to monitor and avoid the
production of  critical defects. 20 The aim, therefore, must be,
using automatic edge  inspection comprising automatic high-resolution
defect  characterization, that of optimizing and monitoring the
fabrication process for epitaxially coated wafers and,  if
appropriate, carrying out sorting with regard to 25 individual defect
types and classes, in order thereby  to supply only silicon wafers
without the defects  identified as undesirable. It was an object of
the  invention to provide an epitaxially coated silicon  wafer having
an improved image quality and a suitable 30 method for producing an
epitaxially coated silicon  wafer. The object is achieved by means of
an epitaxially  coated silicon wafer having a front side, a rear side
35 and an edge region comprising a rounded and polished edge of the
silicon wafer and also a region that is  adjacent to the edge and has
a width of in each case  



3 mm on the front and rear sides, characterized by a - 4  surface
roughness in that edge region of 0.1-1.5 nm RMS  relative to a
spatial wavelength range of 10-80 pm and  also by a variation of the
surface roughness of 1-10%. 5 In the present invention, the edge
region comprises not  only the edge of the silicon wafer including
all the  inclined and rounded surfaces but also an edge region  of 3
mm on the front and rear sides, that is to say a  ring-shaped region
that is adjacent to the edge of the  10 silicon wafer and has a width
of 3 mm. The object of the invention is also achieved by means  of a
method for producing an epitaxially coated silicon  wafer, comprising
the following process sequence: (a) 15 providing a group of silicon
wafers having rounded  edges; (b) polishing the edges of the silicon
wafers;  (c) cleaning the silicon wafers; (d) examining the edge
regions of the group of silicon wafers with regard to  defects and
edge roughness, wherein the edge region in 20 each case comprises the
rounded and polished edge of  the silicon wafer and also a region
that is adjacent to  the edge and has a width of in each case 3 mm on
the  front and rear sides, and also selecting a silicon  wafer from
the group of silicon wafers which has a 25 surface roughness of less
then 1 nm RMS relative to a  spatial wavelength range of 10-80 pm;
(e) pretreating  the selected silicon wafer in a reactor chamber of a
single-wafer epitaxy reactor, wherein, in a first step,  a treatment
in a hydrogen atmosphere at a flow rate of 30 1-100 slm is effected
and, in addition, in a second  step, an etching medium with a flow
rate of 0.5-5 slm  is added to the hydrogen atmosphere and is
distributed  in the reactor chamber by means of a gas distribution
device; (f) epitaxially coating the silicon wafer. 



35 Preferred embodiments of the method according to the  invention
are claimed in the dependent claims. 5 - Brief description of the
figures Figure 1 illustrates the so-called P4 parameter as a
function of the angle. 5 Figure 2 shows microscope micrographs of
regions on a  wafer which lead to different P4 values. Figure 3 shows
the correlation of P4 value and  10 roughness. Figure 4 schematically
shows the roller cleaning  principle. 15 Figures 5 and 6 show a wafer
on a susceptor/wafer  support. Figure 7 shows micrographs of
different defect types. 20 In the method according to the invention,
firstly a  group of silicon wafers having rounded edges is  provided.
For this purpose, preferably, silicon wafers,  according to the prior
art, are sliced from a single  crystal, their edges are rounded and
the front and rear 25 sides thereof are leveled by means of grinding
and/or  lapping methods and possibly subjected to a  wet-chemical
etching treatment. The rounded edges of the silicon wafers are  30
subsequently polished in accordance with (b).  Commercially available
automated edge-polishing units  are available for this purpose. In
this case, the  silicon wafer is fixed on a centrally rotating chuck,
35 with the silicon wafer projecting beyond the chuck. A  centrally
rotating polishing drum, which is covered  with a polishing cloth and
inclined by a specific angle  with respect to the chuck, and the
chuck with the 



- 6  silicon wafer are moved toward one another and pressed  onto one
another with a specific contact pressure while  a polishing agent is
continuously supplied. 5 During the edge polishing, the chuck with
the silicon  wafer held on it is rotated centrally. Preferably, one
revolution of the chuck lasts 20-300 s, particularly  preferably
50-150 s (revolution time). 10 A polishing drum, which is covered
with a polishing  cloth and is preferably rotated centrally at a
rotational speed of 300-1500 min"1, particularly  preferably 500-1000
min-1, and the chuck are moved  toward one another, with the
polishing drum being set 15 obliquely at a setting angle with respect
to the  silicon wafer and the silicon 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 30-50. 20 The silicon wafer and polishing drum are pressed
onto  one another with a specific contact pressure and with a
polishing agent being supplied continuously, preferably  with a
polishing agent flow rate of 0.1-1 liter/min, 25 particularly
preferably 0.15-0.40 liter/min, wherein  the contact pressure can be
set by means of weights  attached to rolls and is preferably 1-5 kg,
particularly preferably 2-4 kg. Polishing drum and  silicon wafer are
preferably moved away from one 30 another after 2-20, particularly
preferably after 2-8,  revolutions of the silicon wafer or of the
chuck  holding the silicon wafer. Example of edge polishing:  35 For
an edge-polishing machine of the Speedfam EP300-IV  



type, by way of example the following setting  parameters are
suitable for carrying out the method - 7  according to the invention,
that is to say for  achieving a specific edge roughness (a preferred
range  is specified between parentheses): 5 - contact pressure during
polishing: 3.0 kg  (1.0 - 5.0 kg) - rotational speed of polishing
drum: 800RPM  (300 - 1500 RPM) 10 - rotational speeds of wafer: 85
sec/revolution  (20 - 300 sec/revolution) - revolutions of the wafer:
4 (2 - 20 revolutions)  15 - polishing agent flow rate: 300 ml/min
(100 - 1000 ml/min) - polishing agent concentration: e.g. 0.8o K2CO3
20 (unimportant, any other concentrations possible) type of polishing
agent: e.g. 5% Si02 Levasil7" 200  from Bayer, many others are
conceivable 25 - setting angle of polishing drum with respect to  the
wafer: 40 (30 - 50) polishing cloth: e.g. SubaTM 400 from Rohm and
Haas  Co. or the like (polishing cloths from 3M Inc., Nihon  30 Micro
Coating etc.) polishing duration: 340 sec (150-600 sec)  Preferably,
the silicon wafer machined in this way has  35 after edge polishing a
rounded, possibly etched (acid or alkaline) and polished, defect-free
and homogeneous  edge. - 8  After the edge polishing, the silicon
wafers are  cleaned in accordance with step c). The cleaning can be  



effected either as a batch method with simultaneous  cleaning of a
multiplicity of silicon wafers in baths 5 or using spraying methods
or, alternatively, as a  single-wafer process. In the context of the
invention, it is preferable to  carry out, in step c), bath cleaning
with simultaneous  10 cleaning of a multiplicity of silicon wafers,
for example all the wafers from an edge polishing  operation, for
example in the sequence cleaning with  aqueous hydrofluoric acid (HF)
- rinsing with ultrapure  water - cleaning with TMAH/H202
(tetramethylammonium 15 hydroxide /hydrogen peroxide) - rinsing with
ultrapure  water. Afterward, the silicon wafers are usually dried,
which can be effected by means of commercially  available apparatuses
which operate according to the  centrifugal drying, hot water, or
HF/ozone principle. 20 The edge-polished silicon wafers obtained
after the  cleaning and drying step are dry and hydrophilic.  During
cleaning with HF, preferably an acidic cleaning  agent is added, such
as e.g. Silapur-50Tm available from 25 ICB GmbH & Co. KG, which is
distinguished by extremely  low concentrations of metal impurities in
the low ppb  range and is particularly suitable for eliminating
metal impurities from silicon surfaces. 30 Example: 0.012% Silapur
(200 ml) + 1.25% HF (3100 ml)  at a flow rate of 1500 liter/h for 180
sec. Rinsing with ultrapure water is preferably effected at  a flow
rate of 1500-2000 1/h for 60-300 sec. 35 During cleaning with
TMAH/H202 the following are  suitable, for example: 0.65% TMAH (4710
ml) + 1.05% H202 9  (4610 ml) at 60C and flow rate of 1500 1/h for
approximately 300 sec. 



As a result of handling steps and the transport of the  5 wafers in
the production line, the wafer edge can be  contaminated particularly
at the points of contact  (e.g. contact locations in transport
cassettes). Such  contaminations can lead to incorrect growth and
defects  in the epitaxy process. 10 In order to avoid this, cleaning
tailored specifically  to the edge of the silicon wafer was
developed.  Particularly good results were able to be achieved with
15 roller cleaning. A schematic illustration of a suitable device is
illustrated in figure 4. 20 In this case, the wafer 3 is moved
relative to cleaning  rollers 4, the wafer 3 and/or the rollers 4
being  flushed with cleaning solution. The cleaning rollers 4 used
are preferably synthetic  25 sponges e.g. and especially preferably
on the basis of  polyvinyl alcohol (PVA). The relative speed between
wafer edge (apex 32, edge  front side 31 and edge rear side 33) and
cleaning  30 rollers 4 is preferably 100-500 cm/min, especially
preferably 200-300 cm/min. The outermost part of the  wafer edge,
which is oriented approximately  perpendicular to the wafer surface,
is designated as  the apex 32 (also see figure 4B). 35 Cleaning
rollers 4 are used which are  42 in contact with the apex 32, 41 in
contact with the edge front side 31, and - 10  - 43 in contact with
the edge rear side 33.  Customary cleaning agents used in silicon
technology  are preferably employed. 



5 Solutions comprising ultrapure water,  tetramethylammonium hydroxide
(TMAH) and hydrogen  peroxide (H202), e.g. in concentrations of 0.3%  TMAH +
0.7% H202, are particularly well suited. 10 After the bath cleaning,
provision is made, in  accordance with (d), for examining the edge regions
of  the group of silicon wafers with regard to defects and  edge roughness
and also for selecting a silicon wafer 15 from the group of silicon wafers
which has a surface  roughness of less than 1 nm RMS relative to a spatial
wavelength range of 10-80 pm. Preferably, a silicon wafer is selected
comprising a  20 front side, a rear side and an edge region comprising a
rounded and polished edge of the silicon wafer and also  a region that is
adjacent to the edge and has a width  of in each case 3 mm on the front and
rear sides,  characterized by a surface roughness in that edge 25 region of
0.1-0.8 nm RMS relative to a spatial  wavelength range of 10-80 pm and also
by a variation of  the surface roughness of 1-3%. Preferably, the selected
silicon wafer furthermore has  30 no defects having a length/size/extent of
greater than  1 pm in the edge region. If a silicon wafer from the group of
silicon wafers  does not have the requirements made of the edge  35
roughness, this silicon wafer is either sorted out or reprocessed, namely
subjected to a renewed edge  polishing. In this case, the process parameters
are  correspondingly modified on the basis of the results of - 11  the
examination in order to satisfy the required edge  roughness of less than 1
nm RMS relative to a spatial  



wavelength range of 10-80 pm and particularly  preferably an edge roughness
of 0.1-0.9 nm RMS relative  5 to a spatial wavelength range of 10-80 pm. It
is conceivable, for example, for individual silicon  wafers from the group
of silicon wafers to lie outside  the claimed range for the edge roughness
on account of 10 process fluctuations. These wafers are correspondingly
reprocessed under stable process conditions. An automatic edge inspection
unit is employed for  examining the edge region of the silicon wafers. By
way  15 of example, the EBI unit from Nanophotonics AG or the RSW1200 from
Raytex Corp. is suitable, which not only  permit defect detection but also
supply information  about the edge roughness, cf. figure 3. 20 The
functioning of an inspection unit of this type is  based on the detection of
light in the dark field  and/or the recording of images in the bright field.
In  the dark field mode, light is scattered at so-called  light point
defects (LPD), that is to say for example 25 at crystal defects, damage,
scratches, impurities or  particles. In this case, each defect is assigned a
size  equivalent to its light scattering behavior, the  so-called "Latex
Sphere Equivalent" (LSE). In the  bright field mode, by contrast, images of
the edge are  30 recorded. In the prior art, by contrast, the wafer edge was
usually examined either visually or by imaging  measurement systems, the
images being assessed by a 35 human in the imaging methods, too. In this
case, the  resolution of the defects is limited to the abilities  of the
human eye. Therefore, a high-resolution defect  analysis and classification
based in particular on - 12  objective criteria cannot be performed.
Consequently,  



nor was it possible to provide methods for the  optimized processing of the
edge with the aid of known  inspection methods. 5 Step e) of the method
according to the invention  involves pretreating the selected silicon wafer
in a  single-wafer epitaxy reactor, wherein, in a first step,  a treatment
in a hydrogen atmosphere at a flow rate of 10 1-100 slm is effected and, in
addition, in a second  step, an etching medium with a flow rate of 0.5-5 slm
is added to the hydrogen atmosphere and is distributed  in the reactor
chamber by means of a gas distribution  device. 15 The state of the wafer
edge before the actual epitaxy  step is crucial for freedom from defects.
Alongside  particles, extremely small instances of damage as a  result of
the epitaxy process can also give rise to  20 growth defects. In order both
to reduce the particle contamination  further and to remove small instances
of damage  possibly present, in particular the wafer edge is 25 subjected to
an etching treatment before the beginning  of the epitaxy operation. This
can, however, be  accompanied by a deterioration in the  flatness/roughness
relative to the polished edge, but  this was able to be kept comparatively
small in the  30 context of the invention. This etching treatment is
effected in the context of  the pretreatment steps provided in the epitaxy
reactor.  A polished silicon wafer to be epitaxialy coated is 35 usually
exposed to a hydrogen atmosphere in order to  remove native oxide from the
silicon wafer. In a second  step, an etching medium is usually added to the



hydrogen atmosphere. - 13  In this second step, the following process
parameters  are usually employed in the prior art: 5 gas flow rates: HC1:
0.9 slm (standard liter per minute);  H2: typically 50 slm. 10 If
appropriate, the gas flows are distributed in the  reactor chamber by means
of a so-called AMV. Automatic  metering valve: I/O = 150/150 (prior art:
homogeneous  distribution of the gas flows). 15 These values are modified in
the method according to  the invention to: gas flow rates:  20 HC1: 0.5 - 5
slm, preferably 1.5-5 slm, especially  preferably 3-5 slm; H2: 1-100 slm,
preferably 1-10 slm, especially  25 preferably 5-10 slm. It has been found
that the process parameters chosen  lead to an increased etching rate in the
edge region of  the silicon wafer. 30 In addition, preferably the I/O value
(I = inner zone,  0 = outer zone), that is to say the distribution of the
gas flows, is changed: automatic metering valve: I/O = 0/300-100/200 =
0-0.5.  35 The distribution of the gas flows in the reactor  chamber is
controlled by the automatic metering valve  (AMV). For the Epi Centura
reactors from Applied  Materials, a device called AccusettTM is available, -
14  



comprising valves ("metering valves"), which permits  this. The flow of the
etching medium is distributed  into an inner zone and into an outer zone of
the  reactor chamber. The control is preferably effected by  5 means of
suitable software. The etching medium distributed into the inner zone acts
on a region around the center of the silicon wafer  situated on a susceptor.
That part of the etching 10 medium which is distributed into the outer zone
of the  chamber acts on an outer region of the silicon wafer,  that is to
say in particular on the edge region.  Overall, inner and outer zones
correspond overall  approximately to the size of the silicon wafer to be  15
treated. The distribution of the etching medium between inner  and outer
zones is preferably 0 to a maximum of 0.5.  This ratio results from the
quantity of etching medium 20 in the inner zone with respect to the quantity
of  etching medium in the outer zone. The etching medium is  thus conducted
predominantly into the edge region. The size of the inner and outer zones
relative to the  25 silicon wafer can likewise be controlled, most simply
by corresponding arrangement and configuration of the  gas inlet devices
("injectors") that conduct the gases  into the reactor chamber. By way of
example, the inner  zone could be a circular region having a diameter of 30
75 mm in the center of the silicon wafer, given a wafer  diameter of 300 mm,
as already described in  US 2008/0182397 Al. In the method according to the
invention, the inner  35 zone preferably corresponds to a circle having a
diameter of 100 mm in the center of the silicon wafer,  while the outer zone
corresponds to a ring having a  width of 100 mm which encompasses the edge
of the 



- 15  silicon wafer. Silicon wafers having a diameter of  300 mm are
likewise taken as a basis for these values.  With the use of silicon wafers
of the next generation,  which is currently in development, having a
substrate 5 diameter of 450 mm, inner and outer zones are chosen
analogously thereto, and likewise in the case of  smaller substrates such as
200 mm or 150 mm wafers. The quantity of the etching medium is preferably
10 realized by altering the diameter of the gas pipelines  for inner and
outer zones. The quantity of the etching  medium is reduced by reducing the
line diameter. In principle, the following construction is preferred:  15
The gas quantity is set by means of a mass flow  controller (MFC) that is
able to set a flow rate of  between 1 slm and 5 slm. This is novel since the
MFC  used in the prior art was limited to 0.9 slm. This gas 20 quantity is
then passed via a main gas line to two  needle valves (inner and outer
zones) and distributed  there. The regulation is effected by the setting of
the  valves (regulation of the line diameter for inner and  outer zones
independently of one another). The 25 distributed gas quantities are then
introduced into the  reactor chamber via an injector. This construction has
the advantage that automatic control by means of  suitable software is
possible. 30 After the pretreatment steps, the epitaxy step takes  place in
accordance with f). The epitaxial deposition  itself is effected in
accordance with the prior art, as  described for example in DE 102 005 045
337 Al. The  resulting epitaxially coated silicon wafer is 35 characterized
by a surface roughness in the edge region  of 0.1 - 1.5 nm RMS relative to a
spatial wavelength  



range of 10-80 pm and a variation of the surface  roughness of 1-10%. - 16
Furthermore, an optimized susceptor support is  preferably used in order to
significantly reduce  susceptor impressions. This is illustrated in figures
5  5 and 6. The wafer support 5 is constructed in such a way that  the wafer
3 does not bear on the rear side in the edge  region 34 and susceptor
impressions are thereby 10 completely avoided. Alongside the support itself,
the  handling of the wafers is monitored by the automatic  edge inspection
and defect classification. If the wafer  3 is not placed on the susceptor 6
in a centered manner  and touches at the edge 6, then this is identified by
15 the measurement and a correction of the placement  position of the
handling robot is immediately effected.  Preferably, the epitaxial coating
is followed by a  renewed examination of the edge region of the silicon  20
wafer with regard to defects and edge roughness. Various defect types are
known with regard to the  defects on epitaxialy coated silicon wafers.
Defects  can ultimately be classified into specific defect 25 classes. By
way of example, there is the possibility of  classifying the defects of one
type in size classes and  utilizing them as an additional quality and
specification feature. 30 Examples of defect types and associated size
classes  which are accessible to an automatic edge inspection in  accordance
with the method according to the invention  are presented below in table 1.
Defects having  length/size/extent > 1 pm are detected. Where such 35 defect
types can occur in wafer fabrication is also  presented. 



- 17 - Table 1 Type Class Feature Occurrence  Scratch max. > 1 pm Edge
permitted rounding,  scratch edge  length polishing, handling  Spalling max.
> 1 um Edge permitted rounding,  size of edge  spalling polishing,  (extent)
handling Structural max. > 1 pm Epitaxy:  epitaxial permitted e.g.  defect
size/extent stacking faults,  hillock,  spike Crack max. > 1 pm Handling,
permitted epitaxy  length Blemish max. > 1 um Handling,  permitted epitaxy
extent Susceptor max. > 1 um Epitaxy  impression permitted extent  Figures 7
a) - e) show examples of defect types from  5 table 1 in the form of
microscope micrographs: figure 7a) spalling, figure 7b) a blemish, figure
7c) a  structural epitaxy defect, figure 7d) a scratch, figure  7e) a crack.
10 Alongside defect type and defect class, the position of  



the defect is also available as quality information. It is thus possible,
given corresponding specification,  to distinguish e.g. between defects on
the apex, the  15 upper or lower facet and the upper or lower 3 mm edge
region of the silicon wafer and, in a targeted manner,  to sort out and, if
appropriate, reprocess wafers  having defects on the apex (cf. figure 4).
The - 18  customer's desire to obtain exclusively wafers having a
defect-free apex can therefore be complied with.  Finding suitable process
parameters in the pretreatment 5 in the epitaxy reactor was crucial for the
success of  the method according to the invention. Further  advantages are
afforded as a result of improved  handling of the silicon wafer in the
epitaxy reactor  (cf. figure 5 and figure 6), ensuring that the silicon 10
wafer is free of contamination before the epitaxy step  by a special
cleaning method (cf. figure 4).  Consequently, in conjunction with the
evaluation of the  data of the edge inspection as explained below, it was
possible to provide epitaxially coated silicon wafers 15 having extremely
low roughness in the edge region and  at the same time to ensure that wafers
having defects  in the edge region of the silicon wafer are on no  account
supplied to customers. 20 A method was developed for generating information
about  the roughness of the wafer edge from the raw data of a  measurement
system for automatic edge inspection. For  this purpose, the data recorded
by CCD cameras were  filtered with regard to the background signal generated
25 by the inspected material, normalized and analyzed. The  processing of
the CCD raw signals ends in a GV (gray  value) parameter (called P4
hereinafter), which can be  used to describe roughness properties of the
edge. The  



P4 parameter ultimately describes the detected light 30 intensity in a
camera pixel. Typically - as is  customary in camera technology - 256 gray
value levels  are available for classifying the intensity. This light
intensity is in turn proportional to the roughness of  the wafer edge at the
respective position. 35 Figure 1 illustrates the gray value level P4 as a
function of the angle (position) on the silicon wafer. 19  Two peaks can be
seen. Different signal magnitudes are  observed at the positions 11 and 12.
Figure 2 shows microscope micrographs of the regions  5 that caused
different P4 signal magnitudes 11 and 12 in  figure 1. The P4 parameter is
suitable for describing both  absolute values of the roughness and the
homogeneity of  10 the roughness over the edge of a wafer. Figure 3 shows
the correlation of the P4 value 22 to  roughness values 21, which in the
present case were  determined with the aid of the standard method of 15
Normaski interference (optical roughness measurement).  On the basis of the
evaluation of the P4 signals and  the roughness values correlated therewith,
it was  possible to perform process optimizations during the 20 edge
polishing with regard to homogeneity of the edge  roughness (< 3% variation)
and absolute value of the  roughness < 1 nm RMS 10/80 pm, to monitor the
edge  polishing process, if necessary to readjust the edge  polishing
equipment and to sort out/rework wafers  25 unsuitable for subsequent
processes. The process parameters disclosed were tested in a test  matrix
and the processed wafers were measured on a  fully automatic edge inspection
system. On the basis of 



30 the data generated it was able to be ascertained that  for more than 95%
of the processed wafers the entire  edge region contains e.g. fewer than 100
defects having  a size of less than 1 pm LSE, and the defect types as
described in table 1 were able to be eliminated. - 20 - Patent Claims 1. An
epitaxially coated silicon wafer having a front  side, a rear side and an
edge region comprising a  5 rounded and polished edge of the silicon wafer
and also a region that is adjacent to the edge and has  a width of in each
case 3 mm on the front and rear  sides, characterized by a surface roughness
in  that edge region of 0.1-1.5 nm RMS relative to a 10 spatial wavelength
range of 10-80 pm and also by a  variation of the surface roughness of
1-10%. 2. A silicon wafer having a front side, a rear side  and an edge
region comprising a rounded and  15 polished edge of the silicon wafer and
also a region that is adjacent to the edge and has a  width of in each case
3 mm on the front and rear  sides, characterized by a surface roughness in
that edge region of 0.1-0.8 nm RMS relative to a 20 spatial wavelength range
of 10-80 pm and also by a  variation of the surface roughness of 1-3%. 3. A
method for producing an epitaxially coated  silicon wafer, comprising the
following process  25 sequence: (a) providing a group of silicon wafers
having rounded edges; (b) polishing the edges of  the silicon wafers; (c)
cleaning the silicon  wafers; (d) examining the edge regions of the  group
of silicon wafers with regard to defects and 30 edge roughness and also
selecting a silicon wafer  from the group of silicon wafers which has a  



surface roughness of less then 1 nm RMS relative  to a spatial wavelength
range of 10-80 pm; (e)  pretreating the selected silicon wafer in a 35
single-wafer epitaxy reactor, wherein, in a first  step, a treatment in a
hydrogen atmosphere at a  flow rate of 1-100 slm is effected and, in
addition, in a second step, an etching medium with - 21  a flow rate of
0.5-5 slm is added to the hydrogen  atmosphere and is distributed in the
reactor  chamber by means of a gas distribution device; (f)  epitaxially
coating the silicon wafer. 5 4. The method as claimed in claim 3, wherein
providing a group of silicon wafers in accordance  with step a) is
essentially effected by slicing  the wafers from a silicon single crystal,
rounding 10 the edges of the silicon wafers and grinding or  lapping the
front and rear sides thereof. 5. The method as claimed in claim 3 or as
claimed in  claim 4, wherein the silicon wafer selected in  15 step d)
comprises a front side, a rear side and an edge region comprising a rounded
and polished edge  of the silicon wafer and also a region that is  adjacent
to the edge and has a width of in each  case 3 mm on the front and rear
sides, and also 20 has a surface roughness in that edge region of  0.1-0.8
nm RMS relative to a spatial wavelength  range of 10-80 pm and also a
variation of the  surface roughness of 1-3%. 25 6. The method as claimed in
claim 5, wherein the  selected silicon wafer has in that edge region no
defects having an extent of greater than 1 pm. 7. The method as claimed in
any of claims 3 to 6,  



30 wherein the cleaning in accordance with step c)  comprises cleaning with
aqueous hydrofluoric acid  (HF) , cleaning with TMAH/H202
(tetramethylammonium  hydroxide/hydrogen peroxide) and rinsing with
ultrapure water. 35 8. The method as claimed in any of claims 3 to 6,
wherein the silicon wafers are cleaned by means of  a cleaning solution
comprising ultrapure water, - 22  tetramethyl ammonium hydroxide (TMAH) and
hydrogen  peroxide (H202). 9. The method as claimed in claim 8, wherein the
5 cleaning in accordance with step c) is effected by  the wafer being moved
relative to cleaning rollers  while wafer and/or cleaning rollers are
flushed  with the cleaning solution. 10 10. The method as claimed in claim
9, wherein the  cleaning rollers are synthetic sponges. 11. The method as
claimed in any of claims 3 to 10,  wherein during the pretreatment in the
epitaxial  15 reactor, the gas flows introduced into the reactor chamber by
injectors are distributed into an outer  zone and an inner zone of the
reactor chamber by  means of valves, such that the gas flow in the  inner
zone acts on a region around the center of 20 the silicon wafer and the gas
flow in the outer  zone acts on an edge region of the silicon wafer,
wherein during the second pretreatment step with  addition of an etching
medium to the hydrogen  atmosphere, the distribution of the etching medium
25 in inner and outer zones is I/O = 0 - 0.5. 12. The method as claimed in
any of claims 3 to 11,  wherein the two pretreatment steps in accordance  



with step e) are in each case effected in a  30 temperature range of 950 to
1200C. 13. The method as claimed in any of claims 3 to 12,  wherein the
etching medium added to the hydrogen  atmosphere is hydrogen chloride. 35
14. The method as claimed in any of claims 3 to 13,  wherein during the
first pretreatment step, the  hydrogen flow rate is 40-60 slm. - 23  15. The
method as claimed in any of claims 3 to 14,  wherein during both
pretreatment steps in  accordance with e), the duration of the  5
pretreatment is 10-120 s. 16. The method as claimed in claim 15, wherein
during  both pretreatment steps, the duration of the  pretreatment is 20-60
s. 10 17. The method as claimed in any of claims 3 to 16,  wherein the flow
rate of the etching medium in the  second step of the pretreatment according
to e) is  1.5-5 slm. 15 18. The method as claimed in any of claims 3 to 17,
wherein the flow rate of the etching medium in the  second step of the
pretreatment according to e) is  3-5 slm. 20 19. The method as claimed in
any of claims 3 to 18,  wherein the hydrogen flow rate in the second step
of the pretreatment according to e) is 1-10 slm. 25 20. The method as
claimed in any of claims 3 to 19,  wherein the hydrogen flow rate in the
second step  of the pretreatment according to e) is 5-10 slm. 




