
- 1  Wire Guide Roll for Wire Saw The invention relates to a wire guide roll
for use in  5 wire saws for simultaneously slicing a multiplicity of  wafers
from a cylindrical workpiece, in particular from  a workpiece consisting of
semiconductor material,  wherein with the aid of a forward feed device, the
workpiece and a wire gang of a wire saw execute a 10 relative movement
directed perpendicularly to the  longitudinal axis of the workpiece, by
which the  workpiece is guided through the wire gang. C_. Semiconductor
wafers are generally produced by slicing  15 a cylindrical mono- or
polycrystalline workpiece of the  semiconductor material with the aid of a
wire saw,  simultaneously into a multiplicity of semiconductor  wafers in
one working step. 20 The essential components of these wire saws include a
machine frame, a forward feed device, and a sawing tool  which consists of a
gang of parallel wire sections. The  workpiece is fixed on a so-called
sawing strip,  generally by cementing or adhesive bonding. The sawing 25
strip is in turn fastened on a mounting plate, in order  to clamp the
workpiece in the wire saw. The wire gang of the wire saw is generally formed
by a  multiplicity of parallel wire sections, which are  30 tensioned
between at least two wire guide rolls, the wire guide rolls being rotatably
mounted and at least  one of them being driven. The wire sections generally
belong to a single finite wire, which is guided  spirally around the roll
system and is unwound from a  35 stock roll onto a receiver roll. 



During the sawing process, the forward feed device  induces a relative
movement of the wire sections and  the workpiece directed against one
another. As a result - 2  of this forward feed movement, the wire, on which
a  sawing suspension is applied, works to form parallel  sawing kerfs
through the workpiece. The sawing  suspension, which is also referred to as
a slurry, 5 contains hard material particles for example of silicon
carbide, which are suspended in a liquid. A sawing wire  with firmly bound
abrasive may also be used. In this  case, it is not necessary to apply a
sawing suspension.  It is merely necessary to supply a liquid cooling 10
lubricant (for example water), which protects the wire  and the workpiece
against overheating and at the same  time transports workpiece swarf away
from the cutting  grooves. 15 The production of semiconductor wafers from
cylindrical  semiconductor material, for example from single-crystal  rods,
places stringent requirements on the sawing  method. The purpose of the
sawing method is generally  that each sawn semiconductor wafer should have
two 20 surfaces which are as plane as possible and are  mutually parallel.
Besides the thickness variation, the planarity of the  two surfaces of the
semiconductor wafer is of great  25 importance. After a wire saw has been
used to slice a semiconductor single crystal, for example a silicon  single
crystal, the wafers thereby produced have a wavy  surface. This waviness may
be partially or fully  removed in the subsequent steps, for example grinding
30 or lapping, depending on the wavelength and amplitude  



of the waviness as well as the depth of the material  removal. In the least
favorable case, such surface  irregularities (undulations, waviness), which
may have  periodicities of from a few mm up to for example 50 mm, 35 may
still be detected even after polishing on the  finished semiconductor wafer,
where they have a  detrimental effect on the local geometry. - 3  The
parameters bow and warp as a measure of the  deviation of the actual wafer
shape from the desired  ideal wafer shape (or "sori") depend crucially on
the  straightness of the cut, which is in turn crucially 5 determined by
properties of the wire guide rolls being  used. The wire guide rolls are
conventionally provided with a  coating. They furthermore comprise a
multiplicity of  10 grooves through which the sawing wire is guided, and by
means of which the wire gang of the wire saw is formed.  Wire guide rolls
which comprise a polyurethane coat are  conventionally used. Polyurethanes
are substantially 15 resistant to the abrasive slurry, or to abrasion due to
cutting wires with bound abrasive. Wear of the wire guide rolls, which
essentially leads  to modification of the geometry of the grooves,  20
nevertheless gradually takes place in the prior art, for example after 50
operations. This, however, is  undesirable since optimal guiding of the
sawing wire is  no longer ensured owing to such modification of the  groove
geometry. 25 JP 2006102917 A2 proposes to use urethane with 5-30% by  weight
of silicon carbide abrasive as a coating, so  



that the coating is significantly harder than a coating  consisting only of
urethane. 30 With too hard a wire guide coating, however, the  frictional
locking between the wire and the wire guide  roll is no longer ensured so
that the wire gang can no  longer be set optimally in movement. 35 This also
applies for the wire guide rolls disclosed in  JP 11099465 A2. Here again,
the coating of the rolls is  intended to consist of a material which has a
hardness  comparable to abrasive silicon carbide particles. - 4  Silicon
carbide particles have a hardness of 3000-4000  HV (Vickers hardness). JP
11262853 adopts a similar approach, by treating the  5 surfaces of the wire
guide rolls with low-oxygen  plasma. This is intended to make the surfaces
of the  wire guide rolls more uniform, which is meant to give a  wire guide
roll lifetime about two times as long. The  waviness of the sawn wafers
could also thereby be 10 improved. The wire guide rolls comprise hard
urethane  resin surfaces. The grooves of unworn wire guide rolls  have a
V-shaped form which is conventional in the prior  art. 15 It was therefore
an object of the invention to provide  suitable wire guide rolls for wire
saws and to avoid  the problems of the prior art. The invention relates to a
wire guide roll for use in  20 wire saws for simultaneously slicing a
multiplicity of  wafers from a cylindrical workpiece, which is provided
with a coating having a thickness of at least 2 mm and  



at most 7.5 mm and consisting of a material which has a  Shore A hardness of
at least 60 and at most 99, and 25 which furthermore contains a multiplicity
of grooves  through which the sawing wire is guided, wherein the  grooves
each have a curved groove base with a radius of  curvature R which is given
by 0.25-1.6 times a sawing  wire diameter D, and an aperture angle a of
60-130. 30 The wire guide roll according to the invention  comprises a
coating of a material with a hardness level  of at least 60 and at most 99
according to Shore A. The  hardness measurement of elastomers according to
Shore A  35 is described in ISO 868. The coating of the wire guide roll
preferably consists  of a material with a Shore A hardness of between 82 and
99. - 5  It is particularly preferable to use polyurethanes  based on
polyester or polyether. This may involve  rollable polyurethane and cast
polyurethane. 5 The coating of the wire guide rolls should in no event  be
too soft, since it would not be sufficiently  resistant to plastic
deformation of the grooves. In  this case, the sawing wire might cut into
the wire 10 guide rolls. This may entail modification of the groove
geometry, so that the sawing wire is no longer guided  optimally and may
easily escape if lateral forces  occur. This will have detrimental effects
on the  accuracy and straightness of the cut, and therefore 15 lead to
inferior bow and warp values which cannot be  improved and corrected at all
or only with great outlay  



in the subsequent processing steps. The roll core, i.e. the base body of the
wire guide  20 roll, preferably consists of steel, for example a  special
steel with low thermal expansion (Ingwar  steel). It is nevertheless also
possible to use  aluminum, stainless steel, titanium, carbon or  composite
materials such as GFP and CFP as roll core 25 material. GFP and CFF are
plastics reinforced with  glass fibers or carbon fibers, respectively. The
wire guide roll contains a multiplicity of grooves  for guiding the sawing
wire. All the grooves have a  30 defined, uniform geometrical shape with a
curved groove base and groove sidewalls having a particular aperture  angle.
The groove base, in which the sawing wire is guided,  35 has a radius of
curvature R that corresponds to at  least 25% of the diameter D of the
sawing wire being  used, but should be at most 60% greater than it. This
means R = 0.25D - 1.6D. - 6  Preferably, however, the radius of curvature of
the  groove base is less than the diameter of the sawing  wire. The radius
of curvature R of the grooves is  preferably 0.4-0.9 times the sawing wire
diameter, i.e.  5 R = 0.4D - 0.9D. The aperture angle of each groove is
60-130 according  to the invention. 10 The aperture angle is preferably
80-110. The coating thickness of the wire guide roll is  C particularly
preferably greater than or equal to 2 mm  and less than or equal to 6 mm. 15



The Inventors have found that the groove shaped  according to the invention
presents advantages over the  V-shaped groove form known from the prior art.
20 The coating preferably consists of polyurethane, with a  particular
hardness level according to the invention.  Polyurethanes are compressible
materials. The sawing  wire tensioned over the rolls with a relatively high
force (20-30 N per wire turn, usually about 300 wire 25 turns) leads to
compression of the coating in the range  (-_ of a few tenths of one mm.
Furthermore the compression  is not constant over the entire coating, rather
it is  subject to variations. The wire tension, which is  extremely
important for the wire sawing process, 30 depends directly on this since the
following applies:  F = A X E x dl/l, where F denotes the wire tension, A
denotes the cross- 35 sectional area of the wire, E denotes the modulus of
elasticity, dl denotes the length change and 1 denotes  the wire's free
length. - 7  The compression of the coating will be commensurately  more as
the coating thickness is greater and this leads  to a large variation in the
wire tension, which has  detrimental effects on the sawing process. 5 On the
other hand the coating thickness may not be  selected to be arbitrarily
small, since in this case  the wire force incurred will act directly on the
roll  core and may lead to detachment of the coating. 10 The coating
thickness of 2 mm - 7.5 mm according to the  invention avoids such
variations in the wire tension  



and detachment of the roll coating, and it leads to an  optimal geometrical
quality of the wafers sliced in the 15 wire sawing process. In the prior
art, wire guide rolls  with coating thicknesses of more than 8 mm, usually
more than 10 mm have normally been used to date. The  present invention
demonstrates for the first time the  relationship between the coating
thickness and the  20 lifetime of a wire guide roll. The Inventors have
found that the inventive hardness of  the coating of the wire guide rolls
and the coating  thickness according to the invention lead to an 25
optimization of the roll wear and therefore to a longer  lifetime of the
wire guide rolls, which clearly  promises economical advantages in respect
of more  economical use of additives. 30 The groove shaped according to the
invention, in  conjunction with the coating thickness, nevertheless  ensures
optimized guiding of the sawing wire in the  grooves of the wire guide
rolls, and it thus leads to  an improved cutting quality and therefore to a
better  35 geometry of the sawn wafer. The wire guide rolls according to the
invention are  used in wire saws. The sawing wire is in this case  wound
several times around the wire guide rolls, so as 8  to form the wire gang of
the wire saw. The workpieces,  in particular cylindrical workpieces, which
are  preferably semiconductor rods and more particularly  preferably silicon
rods, can be sawn in one working  5 step by such a wire saw. The invention
will be explained below with the aid of  figures. 



10 Fig. 1 schematically shows the inventive geometry of a  groove of the
wire guide roll. Fig. 2 shows the number of possible operations with a  wire
guide roll as a function of the coating thickness.  15 Fig. 3 shows a
comparison of the geometrical parameter  waviness max for two groups of
coating thicknesses of  the wire guide rolls. 20 Fig. 4 shows a comparison
of the geometrical parameter  waviness-in for two groups of coating
thicknesses of  the wire guide rolls. Fig. 5 shows a comparison of the
geometrical parameter  25 linear shape range (LSR, total warp) for two
groups of  coating thicknesses of the wire guide rolls. The geometry of the
wafer in the saw's forward feed  direction is determined, for example, by a
scanning  30 capacitive sensor pair. First, the difference between the
front- and backside signals is taken. In order to  determine the waviness, a
window with a length of 10 mm  is passed over the evaluation curve thus
obtained. The  maximum deviation within the window generates a new 35 value
for the window center (rolling boxcar filtering).  The greatest deviation
(peak-to-valley (PV)) within the  entire scan over the wafer is the waviness
max. The  waviness in is determined in the 'same fashion, but only  the
first 50 mm of the scan (wire saw incision region) - 9  are considered. Warp
is the sum of the maximum  deviation (upward and downward) of the neutral
fiber of  the entire wafer from a reference plane (three- dimensional). 5 



Linear shape range (LSR) is the sum of the maximum  deviations of the
neutral fiber of a scan in the saw's  forward feed direction from a straight
reference line  (two-dimensional). 10 For example, the measuring instrument
MX 7012 (High  Resolution Thickness and Surface Profiler for as-sawn  C'
Wafer) from E+H Eichhorn+Hausmann is suitable for  determining said
geometrical parameters. 15 Fig. 1 schematically shows the inventive
geometrical  shape of an individual groove of a wire guide roll, the  radius
of curvature of the groove base being denoted by  R and the aperture angle
of the groove sidewalls being 20 denoted by a. Also represented are a sawing
wire with  diameter D as well as slurry particles (sawing  suspension). Fig.
2 shows the average number of possible operations  25 using a wire guide
roll until it is replaced, as well  as the associated standard deviation, as
a function of  the thickness of the coating of the wire guide roll. It may
be seen that with a greater coating thickness  30 (above 8 mm) the number of
possible operations  decreases. The main reason for changing the wire guide
in each case is a poor cutting quality. Fig. 3 shows the cutting quality as
a function of two  35 groups of coating thicknesses of the wire guide rolls
being used. To this end a comparison is made between the  waviness max
geometrical parameters when using wire - 10  guide rolls with coating
thicknesses of less than or  



equal to 6 mm and for wire guide rolls with coating  thicknesses of greater
than or equal to 8 mm. The  cumulative frequency, with which the geometrical
5 parameter occurs, is represented in each case. Better waviness max values
are found with coating  thicknesses of less than or equal to 6 mm. 10 Fig. 4
likewise shows the cutting quality as a function  of two groups of coating
thicknesses of the wire guide  rolls being used. To this end a comparison is
made  between the waviness-in geometrical parameters when  using wire guide
rolls with coating thicknesses of less 15 than or equal to 6 mm and for wire
guide rolls with  coating thicknesses of greater than or equal to 8 mm.  The
cumulative frequency, with which the geometrical  parameter occurs, is
represented in each case. 20 Better waviness in values are in turn found
with  coating thicknesses of less than or equal to 6 mm. The cutting quality
as a function of two groups of  coating thicknesses of the wire guide rolls
being used  25 is also studied in Fig. S. To this end a comparison is made
between the linear shape range geometrical  parameters when using wire guide
rolls with coating  thicknesses of less than or equal to 6 mm and for wire
guide rolls with coating thicknesses of greater than or 30 equal to 8 mm.
The cumulative frequency, with which the  geometrical parameter occurs, is
represented in each  case. Better linear shape range (LSR) parameters are
found  35 with coating thicknesses of less than or equal to 6 mm.  Overall
it is thus found that inferior cutting results  are achieved with higher
coating thicknesses, and that - 11  



the inventive range of the coating thickness of the  wire guide rolls is
particularly advantageous. - 12 - Patent claims 1. A wire guide roll for use
in wire saws for  5 simultaneously slicing a multiplicity of wafers from a
cylindrical workpiece, which is provided with a coating  having a thickness
of at least 2 mm and at most 7.5 mm  and consisting of a material which has
a Shore A  hardness of at least 60 and at most 99, and which 10 furthermore
contains a multiplicity of grooves through  which the sawing wire is guided,
wherein the grooves  each have a curved groove base with a radius of
curvature R which is given by 0.25-1.6 times a sawing  wire diameter D, and
an aperture angle a of 60-130, 15 wherein polyurethane is used as the
coating material.  2. The wire guide roll as claimed in claim 1,  wherein
the coating of the wire guide roll consists of  a material with a Shore A
hardness of between 82 and  20 99. 3. The wire guide roll as claimed in
claim 1 or 2,  wherein the radius of curvature R of the groove base is
0.4-0.9 times the sawing wire diameter D. 25 4. The wire guide roll as
claimed in claim 1,  wherein the aperture angle of the grooves is 80-1100.
5. A method for simultaneously slicing a  30 multiplicity of wafers from a
cylindrical workpiece by  means of a wire saw, wherein wire guide rolls as
claimed in claim 1 or 2 are used. 


