
- 1 - Method for Cooling a Workpiece made of Semiconductor Material during Wire Sawing The
present invention relates to a method for cooling a cylindrical workplace made of semiconductor
material, for example silicon, germanium or gallium arsenide, during wire sawing, a liquid coolant
being applied onto the semiconductor material workpiece by means of nozzles during the cutting. 10
Forelectronics,microelectronicsandmicro- electromechanics, semiconductor wafers with extreme
requirements for global and local planarity, one-side referenced local planarity (nanotopology),
roughness and cleanness are needed as starting materials (substrates).Semiconductor wafersare
wafersof semiconductormaterials,inparticularcompound semiconductorssuchasgalliumarsenideand
predominantly elementary semiconductors such as silicon 20 and sometimes germanium. According to
the prior art, semiconductor wafers are produced in a multiplicity of successive process steps: in a first
step, for example, a single crystal (rod) of semiconductor material is  pulled by the Czochralski method



25 block of semiconductor material further step the resulting block-shaped workpiece (ingot) is cut wire
sawing. 30  Wire saws are used in order to cut a multiplicity of wafers from a workpiece made of
semiconductor material. US-5,771,876 describes the functional principle of a wire saw, which is
suitable for the production of 35 semiconductor wafers. The essential components of these wire saws
include a machine frame, a forward feed  - 2 - device and a sawing tool, which consists of a web (wire
web) of parallel wire sections. In general, the wire web is formed by aiplicity of parallel wire sections
which are tensioned between at least two wire guide rolls, the wire guide rolls being rotatably mounted
and at least one of them being a driven roll. 



10 The wire sections may belong to a single finite wire, which is guided spirally around the roll system
and is unwound from a stock roll onto a receiver roll. Patent specification US 4,655,191, on the other
hand, discloses a wire saw in which a multiplicity of finite 15 wires are provided and each wire section
of the wire web is assigned to one pf these wires. EP 522 542 Al also discloses a wire saw in which a
multiplicity of endless wire loops run around the roll system. 20 The sawing wire may be covered with
a cutting layer. When using wire saws having a sawing wire without firmly bound abrasive, abrasive in
the form of a suspension (cutting suspension, sawing slurry, slurry) is supplied during the cutting
process. During the 25 cutting process, the workpiece passes through the wire web, in which the
sawing wire is arranged in the form of wire sections lying parallel to one another. The passage through
the wire web is brought about by means of a forward feed device, which moves the workpiece 30
against the wire web, the wire web against the workpiece or the workpiece and the wire web against
one another. When cutting semiconductor wafers from a workpiece made 35 of semiconductor
material, it is conventional for the workpiece to be connected to a sawing strip intc which the sawing
wire cuts at the end of the process. The  sawing strip is for example a graphite strip, which is
adhesively bonded or cemented on the lateral face of the workpiece. The workpiece with the sawing
strip is then cemented on a support body. After the cutting, the 5 resulting semiconductor wafers
remain fixed on the sawing strip like the teeth of a comb, and can thus be removed from the wire saw.
Subsequently, the remaining sawing strip is separated from the semiconductor wafers. 10 The
production of semiconductor wafers from workpieces made of semiconductor material, for example
from circular-cylindrical single crystal rods or cuboid polycrystalline blocks, places great demands on
the 



15 wire sawing. The aim of the sawing process is generally for each sawed semiconductor wafer to
have side faces which are as plane as possible and lie parallel to one another. The so-called warp of
the wafers is a known measure of the deviation of the actual wafer shape from 20 the desired ideal
shape. The warp should generally amount to at most a few micrometers (um). It results from a relative
movement of the sawing wire sections relative to the workpiece, which takes place in the axial
direction with respect to the workpiece in the 25 course of the sawing process. This relative movement
may for example be caused by cutting forces which occurred during the sawing, axial displacements of
the wire guide rolls due to thermal expansion, bearing Plays or thermal expansion of the workpiece. 30
significant amount of heat is released when the workpiece Is cut by the abrasive, which in the course
of the sawing process leads to heating of the workpiece and therefore to thermal expansion. This in
turn leads 35 not only to an increase of the warp, but also to significantwavinessofthesawedwafers.
particularly strong temperature increase takes place  - 4 - over the first millimeters of the cut after
cutting into the workpiece. With an increasing engagement length, the temperature of the workpiece
increases further. In the region of the maximum engagement length, the workpiece temperature also
reaches its maximum and subsequently decreases slightly, wh besidesthedecreasingcuttingheatisalso
attributable to the cooling fin effect of the resulting wafers. Workpiece temperature changes of +/- 5C
during 10 the wire sawing have a negligible effect on the warp and the waviness, but cannot generally
be achieved without additional outlay. Since the workpiece is heated during the wire sawing 



15 process in order to produce semiconductor wafers, it needs to be cooled continuously during the
sawing process in order to prevent thermally induced expansion of the workpiece and therefore to
prevent a perturbing curvature of the cutting profile. Various methods for 20 cooling the workpiece
during wire sawing are known. In EP 2 070 653 Al, the cooling rate of the workpiece is monitored and
an additional coolant (cooling slurry, slurry) is added when the cutting depth of the sawing wire is 2/3
or more of the diameter of the workpiece. EP 1097782 81 and DE 10122628 Al describe methods in
which a thermally regulated coolant is applied onto the workpiece. The disadvantage of the
aforementioned methods is that 30 the coolant flows into the region of the cut, where it is mixed with
the cutting suspension. The choice of a suitable coolant is therefore greatly restricted, and it must have
a similar composition to the cutting suspension. Even when using exactly the same media for 35 th
coolant and the cutting suspension, the problem remains that the coolant detrimentally affects the
cutting behavior.  - 5 - The detrimental effect is due to the fact that the temperature of the coolant for
optimal cooling of the crystal must be at a different level from the temperature of the cutting
suspension. However, the temperature of the cutting suspension is crucial for its viscosity, which
determines the transport properties for the abrasive and therefore in turn affects the quality of the cut.
The temperature of the 10 cutting suspension 10, therefore usually regulated accurately, and
optionally varied in a controlled way during the cutting. Particularly when using glycols as a carrier
medium in the cutting suspension, there is a large temperature dependency of the viscosity.
Furthermore, the coolant flowing onto the cutting web also affects the temperature of the cutting
suspension. This leads to an undesirable change of the wire web temperature, which results in a
degradation of the 20 quality of the cut. US 2010/163010 Al describes a method in which an attempt is
made to avoid this problem. In this case, the coolant is alternately switched off and on so that 25 the
coolant is only applied onto the side of the workpiece on which the sawing wire leaves the workpiece.
This is intended to prevent the coolant from being mixed directly with the sawing suspension which
enters the sawing kerf. However, coolant still reaches 30 the wire web and - albeit to a reduced extent
- alters the thermal and mechanical conditions of the cut. In this method, it is necessary to use exactly
the same medium for the coolant and the cutting suspension, since otherwise the cutting suspension
would be uncontrollably modified. 



- 6 - JP 2005 329506 A2 discloses a method in which a cooling gas is blown as a coolant onto the
sawing wire. In this way, the viscosity of the cutting suspension can likewise be impaired and tho
oualitv of the cut degraded. Furthermore, oases are only very limitedly suitable for cooling since their
relatively low heat capacity does not ensure sufficient dissipation of the amounts of heat usually
produced during the cutting. 10 It was an object of the invention to develop a method which ensures
optimal cooling during the wire sawing of a workpiece made of semiconductor material and at the
same time does not affect the properties of the cutting suspension (sawing slurry, slurry). This object is
achieved by a method for cooling a cylindrical workpiece made of semiconductor material during wire
sawing, the wire web consisting of wire sections arranged parallel penetrating into the 20 workpiece
during the sawing by an oppositely directed relative movement of the wire sections and the workpiece,
and the temperature of the workpiece being controlled during the wire sawing by a liquid coolant,
wherein wipers bear on the workpiece, the liquid 25 coolant is applied onto the workpiece above the
wipers bearing on the workpiece surface and the liquid coolant is removed from the workplace surface
by the wipers bearing on the workpiece. The method according to the invention also makes it possible
to cool a crystal in 30 such a way that the warp and nanotopography product properties of the resulting
semiconductor wafers are improved. Furthermore, the method according to the invention makes it
possible to use a coolant which can be selected independently of the cutting suspension. 35  -7 faces)
and a lateral face, which is formed by parallel straight lines. In the case of acircular-cylindrical body,
the end faces are round and the lateral face is convex. In the case of a cuboid cylindrical workpiece,
the lateral face is plane. Fig. I shows the structure for sawing a circular- cylindrical workoiece made of
semiconductor material 



according to the prior art. The designation of the 10 objects represented in Fig. I is identical to the
designation in Fig. 2, and wiU be discussed in the explanatory text for Fig. 2. Fig. 2 shows the
preferred basic structure of the method according to the invention with reference to the example of
acircular-cylindrical workdiece made of semiconductor material.      An embodiment of the method
according to the invention 20 will be described below with the aid of Fig. 2: A conventional wire saw is
used in the method according to the invention. The essential components of these wire saws include a
machine frame, a forward feed 25 device and a sawing tool, which consists of a web of parallel wire
sections. The workpiece is generally fixed on a mounting plate and clamped with it in the wire saw. 30
In general, the wire web or the wire saw is formed by a multiplicity of parallel wire sections 6, which are
tensioned between at least two (and optionally three, four or more) wire guide rolls 7, the wire guide
rolls being rotatably mounted and at least one of the wire 35 guide rolls being driven. The wire sections
generally 



belong to a single finite wire, which is guided  _ 6 _ spirally around the roll system and is unwound
from a stock roll onto a receiver roll. cutting suspension is applied by means of the nozzles 5 5 to the
wire sections. The workpiece 3 to be sawed, having a lateral face 10 and two end faces 3a, is fastened
by means of a sawing strip I on a holding device (not shown) so that the end faces 3a are aligned
parallel with the wire sections 6. During the sawing 10 process, the forward feed device induces an
oppositely directed relative movement of the wire sections and the workpiece. As a consequence of
this forward feed movement the wire, to which a sawing suspension is applied, works through the wo
kpiece to form parallel sawing kerfs. Both wire saws in which the sawing wire in the wire web contains
firmly bound abrasives, for example diamond abrasive or silicon carbide, and wire saws in which the
20 sawing wire does not have an abrasive layer and the cutting power is provided by a cutting
suspension containing abrasives, which is applied onto the sawing wire during or before the sawing
process, are suitable for the method according to the invention. 25 All suspensions according to the
prior art are suitable as a cutting suspension. Cutting suspensions comprising glycol, oil or water as
carrier material and silicon carbide as abrasive are preferably used. 30 



All liquid media which have a heat capacity sufficient to dissipate the heat produced during the sawing
process are suitable as a coolant. Suitable coolants are for example water, glycols, or cutting
suspensions 35 according to the prior art.  - 9 - The cutting suspension which is used during the
sawing process is preferably used as the coolant. A medium having a high heat capacity, for example
water, is also preferably used as the coolant. The carrier medium for the cutting suspension (for
example Glycol, oil Or water) is particularly preferably used as the coolant 10 The wire sections 6 of
the wire web preferably penetrate into the workpiece 3 below the application points of the wipers 8
during the sawing. The coolant 4 is applied through the nozzles 2 during the sawing process above the
wiper system used in the method according to the invention, onto the lateral face 10 of the workp ece
3 on which the wipers 8 preferably also bear on both sides. The wiper system, preferably consisting of
two wipers 8 and preferably a respective 20collection trough 9 bearing on each of the wipers 8, is
guided by means of a fastening device consisting of holders 11 so that the two wipers 8 bear on the
left and right (in relation to the workpiece axis) on the lateral face 10 during the sawing process until
defined horizontal cutting position of the wire web is reached in the workciece 3 to be cut. The coolant
4 flowing over the lateral face 10 is removed Into the respective collection troughs 9 by the wipers 8
bearing on the lateral face 10. This ensures that the coolant 4 30 is discharged during the sawing
process and does not come in contact with the cutting suspension 12 and the \Nitre sections 6 of the
wire web which lie below the wipers.  



- 10 - say at the time when the sawing wires 6 of the wire web come in contact with the surface of the
workpiece 3. The coolant 4 is preferably applied onto the lateral face 10 of the cylindrical workpiece 3
above the wiper system bearing on the lateral face 10 of the workpiece 3 during the sawing process. In
a likewise preferred configuration of the invention, 10 the coolant 4 is applied onto the end faces 3a of
the workpiece above the wiper system beefing on the end faces during the sawing process. In another
possible configuration of the invention, the 15 sawing strip 1 is applied below the workpiece 3 and the
wire web penetrates into the workpiece from above during the sawing. The wiper system, which in this
embodiment lies below the wire web, removes the cutting suspension from the surface (either lateral
face or end 20 faces) of the workpiece in this embodiment, and thus prevents mixing with the coolant 4
which is guided onto the surface from below. The fastening device for the wiper system may consist 25
of preferably mobile holders, for example, can be tteo and/or moved horizontallyrespect to the wire
web. The fastening device used in a preferred embodiment of 30 the invention for the wiper system
consists of two 



mobile (preferably tiltable) holders fl, which are preferably connected by means of a spring 13. On
each of the ends of the two holders directed toward the workpiece, there is a wiper 8 and a collection
trough 9 bearing on the wiper 8. The fastening device is firmly connected to the wire sawing device so
that the vertical distance between the application points of the  wipers 8 on the lateral face 10 or the
end faces 3a and the wire web is constant until a defined, freely selectable horizontal cutting -position
Or penetration depth of the wire web is reached in the workpiece to be sawed. The defined point may,
for example, be reached when the wire sections 6 of the wire web cut into the sawing sr.__ When the
wire web cuts in the sawina strio I, the 10 development of heat by the cutting is already relatively small
since the cutting length is short, and cooling is no longer necessary. In addition, the faces of the
wafers which are generated up to this time by the sawing process act as cooling fins. Until the defined
point is reached, the wipers 8 bear on the lateral face 10 or the end faces 3a during the sawing
process. When this defined point is reached, the application of the coolant 4 onto the lateral face 10 20
or the end faces 3a is ended and the wiper system is removed with the holders 11 from the lateral face
10 or the end faces 3a. The removal of the wipers 8 on both sides from the 



25 lateral face 10 or the end faces 3a of the workpiece 3 is preferably carried out mechanically using a
suitable end-stop device coupled to the forward feed movement of the wire web. The end-stop device
preferably triggers folding of the wipers away from the lateral face 10 or 30 the end faces 3a of. the
workpiece 3. Likewise preferably, the removal of the wipers on both sides from the lateral fare 10 or
the end faces 3a of the workpiece 3 is carried out on a rail extendinc horizontally with respect to the
plane of the wire web.  - 12 - workpiece 3 is carried out using sensor control with the aid of a servo
motor. The holders 11 of the wiper system are preferably 5 designed (not represented in Fig. 2 for the
sake of clarity) so as to ensure that even in the case of a circular-cylindrical workpiece 3 having a
convex lateral face 10, the wipers 8 bear continuously on both sides of the lateral face 10 during the
sawing process 10 according to the prior art, until the defined point is reached, so as to ensure flow of
the coolant 4 into the collection troughs 9 until removal of the wipers. At the start of the sawing
process, in the case of a 15 circular-cylindrical workpiece 3 having a convex lateral face 10, the
spacing of. the two application points of the wipers 8 is smaller in comparison with the diameter of the
workpiece 3, and it increases in the course of the sawing process up to the diameter of 20 the
workpiece 3 then decreases again (in relation to the diameter of the workpiece 3). When the defined
point is reached, the wipers 8 tociether wbth the collection troudhs 9 are removed from the lateral face
10. The continuous bearing of. the wipers 6 on the 25 convex lateral face 10, from the start of the
sawing process until the defined point is reached, is preferably ensured by the tension force of the
spring 13 and the design of the holders 11. 30In the case of a block-shaped workpiece, in which the
lateral face is formed by parallel straight lines that are perpendicular to the end faces, the holders 11
together with the sprino 13 likewise ensure that during the sawing process, until the defined point is
reached, the wipers 8 together with the collection troughs 9 bear on the lateral face 10 to which the
coolant 4 is applied.. 



- 13 - In a likewise preferred embodiment of the invention, the mobile (preferably tiltable) holders 11
are connected to the wire sawing device so that the holders 5 can be moved parallel in the cutting
direction of the wire sections 6 of the wire wet, for example on a rail, in order for example to be able to
compensate for different spacings of the application points of the wipers on the lateral face 10 during
the sawing 10process. Preferably, the bearing of the wipers 8 on the lateral face 10 or the end faces
3a of the workpiece 3 is ensured by the force of a spring 13. In another preferred embodiment, the
bearing of the wiper system is controlled by sensors. The movement of the holders 11 of the fastening
device during the sawing process, which is dictated by the external snape 20 of the workp ece to be
sawed, Is carried out mechanically by motors so that the wipers 8 bear with a constant pressure on the
lateral face 10 or the end faces 3a during tho sawing process until a defined point is reached. 25 A
respective collection trough 9 preferably bears on each of the wipers 8, as represented in Fin. L.
Likewise preferred is a collection trough 9 wicn located below the wiper but does not bear on the wiper
30 8. The medium flowing away by means of the wiper is preferably guided via a channel or a slope
into the collection trough 9 in this embodiment. The collection trough 9 is preferably designed so that
35 no liquid medium contained in the collection trough 9 can emerge uncontrolledly. This may
preferably be 



- 14 achieved by an outlet device (not represented in Fig. 2) integrated into the collection trough 9. The
coolant 4 preferably flowing away by means of the wipers 8 is collected in the collection troughs 9. The
coolant 4 may if necessary be separated and fed through a regulated cooling circuit (not shown). In
this case, the desired temperature of the coolant 4restored andcoolant 4 is applied again onto the
lateral 10face 10 of the workpiece 3 through the nozzles 2. As an alternative, the coolant 4 may also
be discharged from the collection troughs 9 into a storage container. For the sawing process (cutting),
a cutting suspension 12 is applied through the nozzles 5 onto the wire sections 6 of the wire web. The
wire web is guided according to the prior art by means of the rolls 7 perpendicularly (vertically) with
respect to the axis of the workplace 3. 20 A cutting suspension which contains glycol as a carrier
material and silicon carbide as an abrasive is particularly preferably used. 95 The length of the wiper 8
is preferably equal to or greater than the length of the lateral face 10 of the workpiece to be sawed.
The wiper system is preferably placed so that the wiper 8 bears on the entire axial length of the
workpiece to be sawed. 30 The length of the wiper 8 when it bears on the end faces 3a of the
workplace is preferably egual to or greater than the horizontal width of the end face of the workpnece
to be sawed. The wiper system is preferably placed so that the wiper 8 bears on the T-ItHr horizontal
width of the end face of the workpiece to be sawed. 



The wiper 8 is preferably made of a soft material, for example a soft plastic or rubber, which does not
cause any damage to the lateral face 10 or the end faces 3a and ensures good sealing. A plastic or a
rubber having a Shore R hardness of between 60 and 80 is preferably used. 10 In the likewise
preferred embodiment in which the wipers 8 bear on the workpiece 3 with a constant pressure, a
plastic or a rubber having a Shore A hardness of less than 60 is preferably used. 15 After the sawing,
the semiconductor wafers sawed by the method according to the invention have a significantly more
planar surface in relation to nanotopology than semiconductor wafers which have been sawed
according to the prior art. 20 Fig. 3 shows as an example the nanotopology parameters "waviness"
(W) and "local warp" (L) for a semiconductor wafer having a diameter of 300 mm, which was produced
according to the prior art by wire sawing from 25 crystal made of semiconductor material. Fig. 4 shows
as an example the nanotopologv parameters "waviness" (W) and "local warp" (L) for a semiconductor
wafer having a diameter of 300 mm, which was produced 30 with the method according to the
invention by wire sawing from a crystal made of semiconductor material. The changes of the
"waviness" (W) and the "local warp" (1) in Fig. 3 and Fig. 4 are represented in a 35 normalized fashion
(without units) for better representation, the same normalization having been used for both figures.  



- 16 - Figs 3 and 4 represent the "local warp" (L) as a measure of the curvature of the wafer in the saw
forward feed direction, and the "waviness" (W), which 5 is derived from the "local warp" (L) by placing
a moving window with a window length of 10 mm over the local warp curve and plotting the respective
maximum deviations within this window. 10 The "local warp"(L)represented in Fig.3 is characteristic of
a wafer when the temperature of the crystal 3 is controlled during the cutting by supplying a coolant 4
onto the crystal lateral face 10, the coolant 4 having had a temperature profile applied to 15 it so that
the crystal 9 is at a substantially constant temperature during the cutting. The coolant 4 in this case
flows unimpeded over the crystal 3 onto the wire sections 6 of the wire web, whore it is mixed with the
cutting suspension 12 and affects the mechanical and 20 thermal properties of the wire sections 6 of
the wire web. The geometry measurement in Fig. 3 shows a clearly detrimental effect caused by this
on the sawed wafer made of semiconductor material. This perturbing effect is in particular greatest
from the middle of the wafer (large decrease of the "local warn" (L) from about position +35 mm), since
the angle between the crystal side face 10 and the wire web is less than 90 decrees 30 here and a
perturbing effect of stagnation of the cutting suspension 12 occurs, which is further exacerbated by the
coolant 4. Fig. 4 shows for comparison a wafer made of semiconductor material which was sawed
under the same conditions but by using the method according to the invention. Owing to the lateral
removal of the coolant  - 17 - 4, no detrimental effect on the cutting behavior of the wire web occurs
and a substantially straight cutting profile is ensured. With the method according to the invention, a
reduction of the "local warp" (L) by more than 65% can be achieved. The method according to the
invention is suitable for all workpieces to be wire-sawed, regardless of the diameter. 



10 The method according to theen on is preferably used for crystals having a diameter of more than
200 1 7., The method according to the invention is particularly preferably used for crystals having a
diameter greater than or equal to 300 mm.  - 18 - Patent Claims: R method for cooling a cylindrical
workpiece made of semiconductor material having a surface consisting of two end faces and a lateral
face, during wire sawing, the wire wet, consisting of wire sections arranged parallel penetrating into the
workpiece during the sawing by an ophositely directed relative movement of the wire sections and the
workhiece, and 10 the temperature of the workpiece being controlled during the wire sawing by a liquid
coolant, wherein wipers bear on the workpiece surface, the liquid coolant is applied onto the workpiece
above the wipers bearind on the workplece surface and the 15liquid coolant is removed from the
workpiece surface by the wipers bearing on the workpiece.  2. The method as claimed in claim I,
wherein the liquid coolant is applied onto the lateral face above the 20wipers bearing on the lateral
face of the workpiece. 3. The method as claimed in claim I, wherein the -Ilona coolant is applied onto
the end faces above t wipers bearing on the end faces of the workpiece. 2-5 



The method as claimed in one of claims I to wherein the wire sections of the wire web penetrate into
the workpiece below the wipers bearing on the workpiece. 30 S. The method as claimed in one of
claims I to 4, wherein during penetration of the wire sections of the wire web into the workpiece, the
wipers hear on the lateral face or the end faces until a freely 35 selectable penetration depth of the
wire web into the workpiece is reached, and when this penetration depth is reached the application of
the coolant is  ended and thers are removed from the workpiece surface. 6. The method as claimed in
one of claimsto wherein a cutting suspension, which contains loose abrasives, is applied onto the wire
sections of the saw web.  7. The method as claimed in claim 6, wherein the 10cutting suspension
contains a glycol as a car material.  8. The method as claimed in one of claims 6 a wherein the liquid
coolant consists of the carrier 15medium for the cutting suspension. 9. The method as claimed in one
of claims 1 to 5, wherein the wire sections contain firmly bound abrasives. 




