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Description
TECHNICAL FIELD

[0001] Embodiments described herein relate to a wire
monitoring system for a wire saw device, a wire saw de-
vice and a method for monitoring a wire in a wire saw
device. The wire saw devices of the present embodi-
ments are particularly adapted for cutting or sawing hard
materials such as blocks of silicon or quartz, e.g., for
cutting silicon wafers, silicon ingots or the like.

BACKGROUND

[0002] Wire saw devices are used to cut workpieces
or ingots of hard materials, e.g., silicon. Workpieces or
ingots are cut or wafered using wire saw devices for crop-
ping, squaring, or slicing. In such wire saw devices a wire
is fed from a spool and is guided and tensioned by wire
guides. Different types of wire may be used in wire saw
devices. As an example, a diamond wire can be used in
combination with a coolant.

[0003] During cutting, the wire is moved rapidly along
its length, and the workpiece or ingot is moved compar-
atively slowly by a workpiece supply plate or table in a
cutting direction substantially perpendicular to the direc-
tion of the wire. A vertical force of the wire on the work-
piece is applied along the cutting direction, and the re-
active force of the workpiece on the wire causes the wire
to be deformed or bowed in the direction opposite to the
cutting direction. If the wire bow increases, at a certain
value of the bow it may lead to a breakage of the wire,
which means a time consuming exchange of the wire is
required. Breakage of the wire and subsequent exchange
thereof reduces the overall efficiency of the wire saw de-
vice. On the other hand, stopping the cutting process in
intervals in order for an operator to measure the bow is
time consuming and cost intensive. Further, when stop-
ping the cutting process, saw marks can be visible at the
stop position, even in case of a short stop.

[0004] In view of the foregoing, there is a need to re-
duce or avoid the occurrence of wire breakage in order
to achieve higher efficiency of the wire saw device.

SUMMARY

[0005] In light of the above, a wire monitoring system
for a wire saw device, a wire saw device and a method
for monitoring a wire in a wire saw device are provided.
Further aspects, advantages, and features of the embod-
iments of the present disclosure are apparent from the
dependentclaims, the description and the accompanying
drawings.

[0006] Accordingtoone aspect, a wire monitoring sys-
tem for a wire saw device is provided. The wire monitoring
system includes a sensor arrangement configured to be
positioned adjacent to a wire of the wire saw device,
wherein the sensor arrangement is adapted to detect a
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bow of the wire and/or a wire jump, and wherein the sen-
sor arrangement includes at least one sensor configured
to be moved during operation of the wire saw device.
[0007] According to another aspect, a wire monitoring
system for a wire saw device is provided. The wire mon-
itoring system includes a sensor arrangement configured
to be positioned adjacent to a wire of the wire saw device,
wherein the sensor arrangement is adapted to detect a
bow of the wire and/or a wire jump, wherein the sensor
arrangement includes one single sensor configured to
be moved during operation of the wire saw device sub-
stantially perpendicular to a moving direction of the wire;
and a controller configured to control the movement of
the at least one sensor during operation of the wire saw
device, wherein the controller is configured to move the
at least one sensor periodically between a first position
and a second position, wherein at least a part of the wire
is positioned in a region between the first position and
the second position.

[0008] According to stillanother aspect, a wire saw de-
vice is provided. The wire saw device includes a wire
monitoring system as described herein. In particular, the
wire monitoring system includes a sensor arrangement
configured to be positioned adjacent to a wire of the wire
saw device, wherein the sensor arrangement is adapted
to detect a bow of the wire and/or a wire jump, and where-
in the sensor arrangement includes at least one sensor
configured to be moved during operation of the wire saw
device.

[0009] According to yet another aspect, a wire saw de-
vice is provided. The wire saw device includes a wire
monitoring system. The wire monitoring system includes
a sensor arrangement configured to be positioned adja-
cent to a wire of the wire saw device, wherein the sensor
arrangement is adapted to detect a bow of the wire and/or
a wire jump, wherein the sensor arrangement includes
one single sensor configured to be moved during oper-
ation of the wire saw device substantially perpendicular
to a moving direction of the wire; and a controller config-
ured to control the movement of the at least one sensor
during operation of the wire saw device, wherein the con-
troller is configured to move the at least one sensor pe-
riodically between a first position and a second position,
wherein atleast a part of the wire is positioned in a region
between the first position and the second position.
[0010] According to anotheraspect, a method for mon-
itoringawire in awire saw device is provided. The method
includes moving a sensor positioned adjacent to a wire
of the wire saw device during operation of the wire saw
device to detect a bow of the wire and/or a wire jump.
[0011] Embodiments are also directed at apparatuses
for carrying out the disclosed methods and include ap-
paratus parts for performing each described method
step. These method steps may be performed by way of
hardware components, a computer programmed by ap-
propriate software, by any combination of the two or in
any other manner. Furthermore, embodiments according
to the present disclosure are also directed at methods
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for operating the described devices and systems. It in-
cludes method steps for carrying out every function of
the devices and systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the above recited
features of embodiments of the disclosure can be under-
stood in detail, a more particular description of the em-
bodiments, briefly summarized above, may be had by
reference to embodiments described herein. The accom-
panying drawings relate to embodiments of the present
disclosure and are described in the following:

Fig. 1  shows a schematic front view of a wire web on
a wire guide cylinder and a wire monitoring sys-
tem according to embodiments described here-
in;

Fig. 2  shows a schematic cross-sectional side view of
awire saw device having a wire monitoring sys-
tem according to embodiments described here-
in;

Fig. 3  shows a schematic cross-sectional side view of
the wire saw device of FIG. 2, wherein the wire
of the wire saw device is bowed;

Fig. 4  shows a schematic front view of a wire web on
a wire guide cylinder and a wire monitoring sys-
tem according to further embodiments de-
scribed herein; and

Fig. 5 shows a flow chart of a method for monitoring
a wire in a wire saw device according to em-
bodiments described herein.

DETAILED DESCRIPTION

[0013] Reference will now be made in detail to the var-
ious embodiments of the present disclosure, one or more
examples of which are illustrated in the figures. Within
the following description of the drawings, the same ref-
erence numbers refer to same components. Generally,
only the differences with respect to individual embodi-
ments are described. Each example is provided by way
of explanation of embodiments of the disclosure and is
not meant as a limitation of the embodiments. Further,
features illustrated or described as part of one embodi-
ment can be used on or in conjunction with other embod-
iments to yield yet a further embodiment. It is intended
that the description includes such modifications and var-
iations.

[0014] The wire saw device may be understood as a
wire saw device, wherein a wire of considerable length
("wire length"), such as at least 1 km, particularly at least
10 km, or even at least 100 km, is wound around wire
guides, such as wire guide cylinders, and forms a web
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or wire web. The term "wire length" refers to the overall
length of the wire and not only to the wire that is, at a
given time, used for sawing. The wire is moved along its
length ("moving direction of the wire"). During sawing,
the piece to be sawed may be moved through the wire
web substantially perpendicular to the moving direction
of the wire in a contact area of the wire web and the piece.
The moving speed of the piece to be sawed determines
the cutting speed and/or the effective cutting area that
can be sawed within a given amount of time. As used
herein, the term "cutting" is used synonymously with "slic-
ing" or "sawing".

[0015] Wire sawingis awidely used technology for wa-
fering silicon. Wire sawing is cheap and provides a stable
performance. The wire bow can be an indicator for a cut
quality and/or a wafer quality. If the bow is too high, the
cut quality and/or a wafer quality can be reduced. A high
bow can for example occur when there are issues or mal-
functions in the machine, wires or materials. If these is-
sues are not detected and resolved in time, they can
cause wire breakage and may also degrade a cut quality
and/or wafer quality. Some wire saw devices do not have
means for bow detection, rely on operator’s observations,
which is time consuming, or use an array of multiple in-
ductance sensors. The latter may not be sufficiently ac-
curate, may not respond in time and/or may be too ex-
pensive, e.g., for mass production.

[0016] FIG. 1 shows a schematic front view of a wire
web 20 on a wire guide cylinder 10 and a wire monitoring
system 100 for a wire saw device, in particular a semi-
conductor wire saw device, according to embodiments
described herein. A wire 22 is wound around the wire
guide cylinder 10 and forms the wire web 20. According
to some embodiments, which can be combined with other
embodiments described herein, one wire monitoring sys-
tem 100 is provided per wire guide cylinder 10.

[0017] The wire monitoring system 100 includes a sen-
sor arrangement 110 configured to be positioned adja-
cent to the wire 22 or wire web 20 of the wire saw device,
wherein the sensor arrangement 110 is adapted to detect
a bow of the wire 22 or wire web 20, and wherein the
sensor arrangement 110 includes at least one sensor
configured to be moved during operation of the wire saw
device. The term "operation" as used herein may refer
to a cutting process. In other words, the at least one sen-
sor is configured to be moved during a cutting process.
Term "operation" as used herein may also refer to a
movement of the wire 22 or wire web 20, i.e., to a con-
dition or state of the wire saw device where the wire 22
or wire web 20 is moving, in particular in the moving di-
rection.

[0018] In some implementations, the wire saw device
is a semiconductor wire saw device. The present disclo-
sure is not limited to semiconductor wire saw devices
though. Applications may include slurry wire saws, dia-
mond wire sawing, e.g., in solar cell production using
silicon, in Squarers to cut bricks from large ingots, and/or
in semiconductor industry. The wire saw device accord-
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ing to the embodiments described herein can also be
used for cutting other materials such as hard and brittle
materials, sapphire and metal.

[0019] The wire 22 may be spirally wound about a wire
guide, such as wire guide cylinder 10, and may form a
layer of parallel wire portions between two or more wire
guide cylinders, as itis for example shown in FIG. 2. This
layer may be referred to as the wire web 20. The wire 22
can be a diamond wire. The wire guide cylinder 10 can
have one or more wire guide grooves (not shown) pro-
vided in a circumferential surface of the wire guide cyl-
inder 10. The one or more wire guide grooves can be
adapted for guiding a wire portion of the parallel wire
portions. Two or more wire guide grooves can be ar-
ranged in parallel to arrange or guide the wire portions
in parallel. The number of parallel wire guide grooves
can correspond to the number of parallel wire portions
or slicing processes. For instance, the wire 22 may be
wound up in such a way that the resulting wire web 20
includes at least 100 parallel wire portions. A workpiece
or ingot pushed through this web 20 of 100 wires 22 is
sliced into 101 wafer pieces.

[0020] A moving direction of the wire 22 (or wire web
20) substantially extends along the wire length. A work-
piece or ingot is moved in a cutting direction substantially
perpendicular to the moving direction of the wire. A mov-
ing speed of the wire 22 or wire web 20 along the moving
direction can be at least 5 m/s, at least 25m/s, and can
in particular be about 25 m/ss. As an example, the moving
speed of the wire 22 or wire web 20 during operation is
between 10 m/s and 15 m/s whereas the speed may be
smaller during start and stop. Also, in the event of a back
and forth movement of the wire 22 or wire web 20, the
wire 22 or wire web 20 is decelerated from time to time
in order to accelerate it in the opposite direction.

[0021] The terms "substantially perpendicular" and
"substantially parallel" relate to a substantially perpen-
dicular or substantially parallel orientation e.g. of one di-
rection and another direction, wherein a deviation of a
few degrees, e.g. up to 10° or even up to 15°, from an
exact perpendicular or parallel orientation is still consid-
ered as "substantially perpendicular" and "substantially
parallel", respectively.

[0022] According to some embodiments, which can be
combined with other embodiments described herein, the
at least one sensor is configured to be moved substan-
tially perpendicular to the moving direction of the wire 22
or wire web 20. As an example, the moving direction of
the wire 20 or wire web 20 can be substantially perpen-
dicular to a cylinder axis 12 of the wire guide cylinder 10.
Or, the moving direction of the at least one sensor can
be substantially parallel to the cylinder axis 12 of the wire
guide cylinder 10.

[0023] In some implementations, the at least one sen-
sor is configured to be moveable along at least a part of
a width of the wire web 20, and in particular along a full
width of the wire web 20. By moving the at least one
sensor along at least a part of the width of the wire web
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20, the wire web 20 can be monitored in its entirety, and
a bow can be detected with high precision. As an exam-
ple, the at least one sensor can be moved periodically
(i.e., back and forth) along at least a part of the width of
the wire web 20, e.g., between a first position and a sec-
ond position. The first positon and the second position
can correspond to edge or end portions of the wire web
20, respectively.

[0024] According to some embodiments, which can be
combined with other embodiments described herein, a
moving speed of the at least one sensor in its moving
direction is in the range of 0.005 to 1 m/s, specifically in
the range of 0.01 to 0.5 m/s, and more specifically about
0.01 m/s. In some embodiments, the moving speed of
the at least one sensor can be less than 0.1 m/s. As an
example, between two specific points such as the first
position and the second position, the moving speed of
the at least one sensor can be about 0.1 m/s or even
less. In some implementations, a frequency of the peri-
odical movement is in the range of 0.25 to 2 cycles per
minutes, and specifically 0.3 to 0.5 cycles per minutes.
As an example, the frequency can correspond to one
cycle every 2 or 3 minutes. One cycle can be defined as
one back movement and one forth movement of the at
least one sensor. As an example, one cycle can be de-
fined as a movement from the first position to the second
position and back to the first position. According to some
embodiments, the frequency can depend on at least one
of a table speed, a material to be cut and a critical bow
before wire breaking. In some implementations, the fre-
quency can be adjustable. As an example, the frequency
can correspond to one cycle every 2 or 3 minutes if no
issues are detected, and could be increased if an issue
such as a high wire bow is detected.

[0025] In some implementations, the wire monitoring
system 100 includes a holding device 120 configured for
holding the at least one sensor. As an example, the at
least one sensor is moveably mounted on the holding
device 120. The at least one sensor can be moveably
mounted on the holding device 120 to be moveable sub-
stantially perpendicular to the moving direction of the wire
22 or wire web 20, as described above. In some embod-
iments, the holding device 120 includes, or is, a rail or
track.

[0026] According to some embodiments, which can be
combined with other embodiments described herein, the
holding device 120 extends substantially perpendicular
to the moving direction of the wire 22 or wire web 20. As
an example, the at least one holding device 120 extends
substantially perpendicular to the moving direction of the
wire 22 or wire web 20. In some embodiments, the hold-
ing device 120 can extend substantially parallel to the
cylinder axis 12 of the wire guide cylinder 10.

[0027] In some implementations, the wire monitoring
system 100 includes an actuator 130 configured to move
the at least one sensor, in particular during operation of
the wire saw device, such as a cutting process. According
to some embodiments, the actuator 130 is configured to
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move the atleast one sensor periodically back and further
along the moving direction of the at least one sensor,
e.g., between a first position and a second position. The
first positon and the second position can correspond to
edge or end portions of the wire web 20, respectively. In
some implementations, the actuator 130 is configured to
move the at least one sensor substantially perpendicular
to the moving direction of the wire 22 or wire web 20
and/or along the holding device 120 as described above.
The holding device 120 may define the moving direction
of the at least one sensor. In some implementations, the
actuator 130is configured to move the atleast one sensor
(or sensor location) laterally along the wire 20 or wire
web 20, e.g., periodically.

[0028] The actuator 130 can include a motor, such as
at least one of an electric motor, a pneumatic motor and
a stepper motor. For moving the at least one sensor, the
wire monitoring system 100 can include a transmission
device (not shown) configured to transmit or convert a
movement of the actuator 130 in a movement of the at
least one sensor. The transmission device can connect
the actuator 130 and the at least one sensor.

[0029] In some embodiments, the actuator 130 is pro-
vided at the holding device 120. As an example, the ac-
tuator 130 can be integrated in the holding device 120 or
can be attached to the holding device 120. As shown in
the illustrative example of FIG. 1, the actuator 130 is at-
tached to one end or side portion of the holding device
120.

[0030] Accordingtoembodiments, the actuator 130 in-
cludes an encoder configured for positioning the at least
one sensor with respect to the wire 22 or wire web 20.
The encoder allows a precise positioning of the at least
one sensor with respect to the wire 22 or wire web 20
and also a precise detection of the wire bow. The encoder
can be a rotary encoder. The encoder can be an electro-
mechanical device that converts an angular position or
motion of a shaft or axle of the actuator 130 to an analog
or digital code. From the angular position or motion of
the shaft or axle, the position of the at least one sensor
with respect to the wire 22 or wire web 20 can be deter-
mined.

[0031] According to some embodiments, which can be
combined with other embodiments described herein, the
sensorarrangement 100 includes only one single sensor,
and in particular only one single sensor configured to be
moved during operation of the wire saw device. The one
single sensor can also be referred to as "bow detection
sensor". One single sensor can be sufficient because the
sensor is moving. The wire monitoring system 100 having
the moving sensor can be manufactured with reduced
effort and costs while providing monitoring of a bow of a
wire with improved precision.

[0032] According to some embodiments, which can be
combined with other embodiments described herein, the
at least one sensor is configured to detect a position of
the wire 22 or wire web 20, e.g., with respect to the at
least one sensor, and/or a distance between the at least
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one sensor and the wire 22 or wire web 20.

[0033] Asanexample,the atleastone sensorincludes,
or is, at least one of an inductive sensor, a capacitive
sensor and a contact sensor. The inductive sensor and
the capacitive sensor can be adapted to sense the vicinity
of the wire 22, e.g., if it is iron based. The at least one
sensor may be digital or analog. The measurement out-
come, also called "measurement result" or "measure-
ment", of the at least one inductive or capacitive sensor
may be continuous (in the case of the analog sensor) or
digital (in the case of a digital sensor). If the outcome is
continuous, this can be an indication for the absolute dis-
tance between the at least one sensor and the wire 22
or wire web 20.

[0034] In embodiments where the outcome is digital,
the at least one sensor may respond with, for instance,
0 if the distance between the at least one sensor and the
wire 22 is below a threshold distance, and the at least
one sensor may respond with 1 if the distance is above
the threshold value. The threshold distance, also called
"threshold value", may be pre-set, for instance by an op-
erator during or before the cutting process, or it may cor-
respond to the sensing distance of the at least one sen-
sor, i.e., the at least one sensor is capable to detect the
presence of the wire 22 or wire web 20 only up to the
sensing distance. For instance, the threshold value may
be between 0.1 mm and 1.0 mm, particularly between
0.2 mm and 0.6 mm.

[0035] The present disclosure provides a wire moni-
toring system 100 to monitor a cutting progress of the
wire saw device, in particular a wire saw device for sem-
iconductors and/or solar wafers. The wire monitoring sys-
tem 100 allows for monitoring of a bow of a wire 22 or
wire web 20 with improved precision. The wire monitoring
system 100 can have a moving sensor and can be man-
ufactured with reduced effort and costs.

[0036] According to some embodiments, which can be
combined with other embodiments described herein, the
wire monitoring system can be configured for wire jump
detection. The term "wire jump" may refer to a situation
where a wire that is supposed to be arranged and guided
in a first wire guide groove jumps into a second or adja-
cent wire guide groove, so that two wires are present or
overlaying in the second wire guide groove. A wire jump
can for example happen when a wire guide groove is
contaminated by kerf and/or when a wire guiding system
is running unstable and/or is vibrating. If a wire jump oc-
curs, the overlaying wires can break wafers, and a pro-
duction yield is decreased and/or a cut quality is reduced.
The wire monitoring system 100 can detect the occur-
rence of a wire jump, and the wire jump can be corrected,
e.g., by an operator.

[0037] FIG. 2 shows a schematic cross-sectional side
view of a wire saw device having a wire monitoring sys-
tem 100 according to embodiments described herein.
FIG. 3 shows a schematic cross-sectional side view of
the wire saw device of FIG. 2, wherein the wire web 20
of the wire saw device is bowed.
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[0038] The wire saw device is exemplarily shown as
including the wire 22 or wire web 20, which is guided by
two wire guide cylinders 10 (also called "wire guides" or
"pulleys") along the wire length. The wire length may ex-
tend substantially parallel to the moving direction of the
wire 22 or wire web 20 (indicated with arrow 24). Portions
of the wire 22 may be arranged in parallel, forming the
wire web 20. The wire 22 provided forms the wire web
20 in particular in the cutting area of the wire saw device.
The term "wire web" can relate to the wire web 20 formed
by the wire 22 between two wire guide cylinders 10. It
should be understood that the wire 22 may form more
than one wire web 20 which is defined as an area in which
a sawing process is performed. According to some em-
bodiments described herein, the wire 22 may form mul-
tiple wire webs, for instance two wire webs both adapted
for cutting a workpiece or ingot 30. The workpiece or
ingot 30 is mounted to a table 40 configured to move
against the wire 22 or wire web 20 in order to cut the
ingot 30.

[0039] Insome embodiments, the wire guide cylinders
10 are adapted to rotate in order to transport the wire 22
or wire web 20. The wire guide cylinders 10 can be con-
figured to rotate at a circumferential speed (i.e., the speed
at the outer circumference) of at least 5 m/s or even 10
m/s. As an example, the wire saw device is operated
between 5 m/s and 30 m/s during operation whereas the
speed may be smaller during start and stop. The wire
saw device can in particular be operated with at least
25m/s, and can in particular be operated with about 25
m/s. Also, in the event of a back and forth movement of
the wire 22 or wire web 20, the wire 22 or wire web 20 is
decelerated from time to time in order to accelerate itin
the opposite direction.

[0040] During cutting, the wire 22 or wire web 20 moves
substantially along the wire length which can be a longi-
tudinal length of the wire 22. The term "substantially" shall
particularly embrace vibrations or the like. The movement
can be relatively rapid in comparison to the perpendicular
motion of the workpiece or ingot 30, such as a semicon-
ductoringot. According to some embodiments, the move-
ment of the wire 22 or wire web 20 is only unidirectional,
i.e., always in the forward direction. According to other
embodiments, the movement of the wire 22 or wire web
20 may include a movement in the backward direction,
in particular, the movement can be a back-and-forth
movement of the wire 22 or wire web 20 in which the
movement direction of the wire 22 or wire web 20 is
amended repeatedly. In operation, the wire 22 or wire
web 20 is brought into contact with the ingot 30 to cut the
ingot 30, for instance, into a plurality of wafers.

[0041] According to some implementations, the wire
22 orwires forming the wire web 20 can be moved relative
to the ingot 30, the ingot 30 can be moved relative to the
wire 22 or wire web 20, or the wire 22 or wire web 20 and
the ingot 30 can both be moved relative to each other.
[0042] When the ingot 30 and the wire 22 (such as the
wire web 20) are pressed relatively against each other,
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the resulting force exerted by the ingot 30 on the wire 22
or wire web 20 causes the wire 22 or wire web 20 to
become bowed. The orientation of the wire bow coincides
with the cutting direction, and can be substantially per-
pendicular to the moving direction of the wire 22 or wire
web 20. A bow height can be defined as a difference or
distance along the cutting direction between a bowed
state and an unbowed state of the wire 22 or wire web
20. In FIG. 3, the wire 22 or wire web 20 undergoes a
bow due to the ingot 30 being pressed in the cutting di-
rection. When the wire bow increases too much, it may
lead to a breakage of the wire 22. In order to avoid such
a situation, embodiments described herein allow for the
detection of a wire bow before it becomes too large, and
furthermore, allow for triggering an adequate reaction in
order to avoid a breakage of the wire 22. Such a reaction
could be, for instance, the reduction of the speed of the
ingot 30 against the wire 22 and/or an increase in the
wire speed. Further reactions could encompass an
amendment in the amount of provided slurry or the slurry
composition etc.

[0043] According to some embodiments, which can be
combined with other embodiments described herein, the
wire monitoring system 100 includes a controller 140 con-
figured to control the movement of the at least one sensor
during operation of the wire saw device. As an example,
the controller 140 is configured to move the at least one
sensor periodically between a first position and a second
position, wherein at least a part of the wire is positioned
in aregion between the first position and the second po-
sition. The region between the first position and the sec-
ond position can include at least a part of the width of the
wire web 20, and can in particular include the full width
of the wire web 20. In other words, the distance between
the first position and the second position may be equal
to the width of the wire web 20, and can in particular be
larger than the width of the wire web 20. The first positon
and the second position can correspond to edge or end
portions of the wire web 20, respectively.

[0044] According to some embodiments, which can be
combined with other embodiments described herein, the
moving speed of the at least one sensor is in the range
of 0.005 to 1 m/s, specifically in the range of 0.01 to 0.5
m/s, and more specifically about 0.01 m/s. In some em-
bodiments, the moving speed of the at least one sensor
can be less than 0.1 m/s. As an example, between two
specific points such as the first position and the second
position, the moving speed of the at least one sensor can
be about 0.1 m/s or even less. In some implementations,
afrequency of the periodical movement between the first
position and the second position is is in the range of 0.25
to 2 cycles per minutes, and specifically 0.3 to 0.5 cycles
per minutes. As an example, the frequency can corre-
spond to one cycle every 2 or 3 minutes. One cycle can
be defined as one back movement and one forth move-
ment of the atleastone sensor. As an example, one cycle
can be defined as a movement from the first position to
the second position and back to the first position. Accord-
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ing to some embodiments, the frequency can depend on
at least one of a table speed, a material to be cut and a
critical bow before wire breaking. In some implementa-
tions, the frequency can be adjustable. As an example,
the frequency can correspond to one cycle every 2 or 3
minutes if noissues are detected, and could be increased
if an issue such as a high wire bow is detected.

[0045] The data measured and collected by the atleast
one sensor can be forwarded to the controller 140 where
it may be further processed, such as evaluated. For in-
stance, logic levels (i.e., 0 or 1 outcomes) of the at least
one sensor may be used to monitor a progression of the
wire bow.

[0046] In some implementations, the controller 140
can be configured to determine whether the bow exceeds
a bow threshold value. When it is determined that the
bow exceeds a bow threshold value, the controller 140
can stop the operation of the wire saw device, or can
increase the moving speed of the wire. Optionally or ad-
ditionally, the controller 140 can reduce the speed of the
workpiece against the wire or wire web. The bow thresh-
old value may correspond to a predetermined value of
the bow height. The bow threshold value may be a value
that defines when the bow gets too high. The bow height
can be defined as a difference or distance along the cut-
ting direction between a bowed state and an unbowed
state of the wire or wire web.

[0047] FIG. 4 shows a schematic front view of a wire
web 20 on a wire guide cylinder 10 and a wire monitoring
system 200 according to further embodiments described
herein.

[0048] According to an aspect of the present disclo-
sure, a wire monitoring system for a wire saw device is
provided. The wire monitoring system includes a sensor
arrangement 110 configured to be positioned adjacent
to a wire or wire web 20 of the wire saw device, wherein
the sensor arrangement 110 is adapted to detect a bow
of the wire or wire web 20, wherein the sensor arrange-
ment 110 includes one single sensor configured to be
moved during operation of the wire saw device substan-
tially perpendicular to a moving direction of the wire or
wire web 20; and a controller configured to control the
movement of the at least one sensor during operation of
the wire saw device, wherein the controller is configured
to move the at least one sensor periodically between a
first position and a second position, wherein at least a
part of the wire or wire web 20 is positioned in a region
between the first position and the second position.
[0049] Asexemplary illustrated in FIG. 4, a single sen-
sor (also referred to as "bow sensor") of the sensor ar-
rangement 110 is moving along the holding device 120,
which can be a beam frame or lateral beam frame. The
wire monitoring system 200 includes an actuator 130 (al-
so referred to as "motorization") and an encoder 132 for
precise positioning of the atleast one sensor with respect
to the wire or wire web 20. A reference point 210 is pro-
vided at or near the actuator 130, e.g., at a stop position.
The reference point 210 can be a 0Omm position of the at
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least one sensor device, e.g., with respect to the actuator
130 and/or a scale defined by the holding device 120. In
some implementations, the actuator 130 and/or the en-
coder 132 could be configured similar to a "trancanner”.
A trancanner can for example be configured to guide the
wire (e.g., unwind and rewind wire from a wire spool). It
can move move forth and back e.g. along two determined
positions of wire spool flanges. Here the movement can
be continuous. The device can also have two determined
extreme positions between which it is moving forth and
back.

[0050] According to some embodiments, which can be
combined with other embodiments described wherein
the at least one sensor can be configured to detect at
least one wire web position 220, and in particular a start-
ing position ("IN") and/or an end position ("OUT") of the
wire web 20. As an example, the at least one sensor can
be configured to automatically detect the at least one
wire web position 220. During the cutting process the at
least one sensor is moved back and forth (e.g., periodi-
cally) between the starting position ("IN") and the end
position ("OUT") of the wire web 20. FIG. 4 illustrates two
exemplary wire web positions 220, wherein it may de-
pend on the moving direction of the at least one sensor
(indicated with reference numeral 230), which wire web
position of the two wire web positions 220 is defined as
the starting position and which wire web positon of the
two wire web positions 220 is defined as the end position.
As an example, the starting position can be the wire web
position 220 that the at least one sensor reaches first
during a movement in a particular moving direction, and
the end position can be the wire web position 220 that
the at least one sensor reaches second or last during a
movement in the particular moving direction.

[0051] In some implementations, the detected wire
web position can be used to stop the wire web 20 when
the desired length is reached. According to some em-
bodiments, the starting position ("IN") and/or the end po-
sition ("OUT") of the wire web 20 can be auto-calibrated
to provide and/or convert data without time loss to modify
a sensor position (e.g., if a diameter of a wire guide cyl-
inder 10 is smaller or bigger: The diameter of the wire
guide cylinder 10 can be determined when the wire guide
cylinder 10 is changed). As an example, a specific posi-
tion of the wire or wire web is reached when the sensor
detects e.g. apresence of the wire or wire web. The length
of the wire web is reached at this moment and the wire
saw device could stop automatically. The situation can
be similar for the wire guides: If there is a new one, the
diameter is bigger. The used wire guide, which can for
example be re-grooved, are smaller. The sensor can be
configured to measure a distance to the wire or wire web
(there is no bow when the wire web is built).

[0052] According to some embodiments, which can be
combined with other embodiments described wherein,
the wire monitoring system 200, and in particular the at
least one sensor, can be configured for wire jump detec-
tion. As an example, the wire monitoring system 200, and
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in particular the at least one sensor, can be configured
for detection of a wire jump position 240 at the wire web
20. In some implementations, the atleast one sensor can
move two or more times at, or above, the wire jump po-
sition 240. The at least one sensor can collect data re-
lated to the wire jump position 240 (e.g., each time the
encoder reaches orindicates the wire jump position 240).
As an example, the wire monitoring system 200 can pro-
vide a graph (software development) of a wire jump ev-
olution and/or a 3D shape of the wire web 20, e.g., over
time. The wire monitoring system 200 according to em-
bodiments described can in particular be configured to
detectwire jumps and their evolution, providing improved
monitoring performance.

[0053] According to another aspect of the present dis-
closure, a wire saw device is provided. The wire saw
device includes a wire monitoring system. The wire mon-
itoring system can be configured according to the em-
bodiments described herein.

[0054] FIG. 5 shows a flow chart of a method 300 for
monitoring a wire in a wire saw device according to em-
bodiments described herein.

[0055] The method 300 includes moving at least one
sensor positioned adjacent to a wire or wire web of the
wire saw device during operation of the wire saw device
to detect a bow of the wire and/or a wire jump (block 310).
In block 320, the method 300 determines a bow or bow
height of the wire and/or whether a wire jump exists.
When itis determined that the bow or bow height is below
a threshold and/or that no wire jump exists, the cutting
process proceeds. When it is determined that the bow or
bow height is above the threshold and/or that a wire jump
exists, the cutting process is stopped and/or an operator
is notified.

[0056] According to some embodiments, the moving
of the sensor includes moving the sensor periodically be-
tween a first position and a second position, wherein at
least a part of the wire is positioned in a region between
the first position and the second position. The first positon
and the second position can correspond to edge or end
portions of the wire web, respectively.

[0057] In some implementations, the method includes
determining whether the bow exceeds a bow threshold
value and/or whether a wire jump exists. When it is de-
termined that the bow exceeds a bow threshold value
and/or that a wire jump exists, at least one of the following
is performed: the operation of the wire saw device is
stopped, the moving speed of the wire is increased; a
table speed is decreased; a moving table profile (e.g.,
the speed of the workpiece against the wire or wire web
or table speed) is modified or changed, a wire cycle is
modified or changed, a wire tension is modified or
changed, a coolant flow is modified or changed, and a
coolant pressure is modified or changed. The bow thresh-
old value may correspond to a predetermined value of
the bow height. The bow threshold value may be a value
that defines when the bow gets too high. The bow height
can be defined as a difference or distance along the cut-
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ting direction between a bowed state and an unbowed
state of the wire or wire web.

[0058] Theembodiments ofthe presentdisclosure can
detect a wire bow and can prevent a wire breakage due
to the wire bow becoming too high. A deterioration of the
cut quality and/or wafer quality can be reduced or even
prevented. The embodiments of the present disclosure
can also detect a wire jump on the web. The present
disclosure can provide extensive information of the whole
web or web bows, which cannot be obtained when using
fixed sensors. By using a moving sensor, costs related
to the wire monitoring system can be reduced (e.g., pro-
duction costs and/or maintenance costs).

[0059] While the foregoing is directed to embodiments
described herein, other and further embodiments may
be devised without departing from the basic scope there-
of, and the scope thereofis determined by the claims that
follow.

Claims

1. A wire monitoring system for a wire saw device, com-
prising:

a sensor arrangement configured to be posi-
tioned adjacent to a wire of the wire saw device,
wherein the sensor arrangement is adapted to
detect a bow of the wire and/or a wire jump,
wherein the sensor arrangement comprises at
least one sensor configured to be moved during
operation of the wire saw device.

2. The system of claim 1, wherein the at least one sen-
sor is configured to be moved substantially perpen-
dicular to a moving direction of the wire.

3. The system of claims 1 or 2, wherein the sensor in-
cludes at least one of an inductive sensor, a capac-
itive sensor and a contact sensor.

4. The system of one of claims 1 to 3, further including
a controller configured to control the movement of
the at least one sensor during operation of the wire
saw device.

5. The system of claim 4, wherein the controller is con-
figured to move the at least one sensor periodically
between a first position and a second position,
wherein at least a part of the wire is positioned in a
region between the first position and the second po-
sition.

6. The system of one of claims 1 to 5, further including
a holding device configured for holding the at least
one sensor, in particular wherein the at least one
sensor is moveably mounted on the holding device.
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The system of claim 6, wherein the holding device
extends substantially perpendicular to a moving di-
rection of the wire, in particular wherein the holding
device includes a rail or track.

The system of one of claims 1 to 7, wherein a moving
speed of the at least one sensor is in the range of
0.005 to 1 m/s, specifically in the range of 0.01 to
0.5 m/s, and more specifically about 0.01 m/s.

The system of one of claims 1 to 8, further including
an actuator configured to move the at least one sen-
sor configured during operation of the wire saw de-
vice.

The system of claim 9, wherein the actuator includes
an encoder configured for positioning the at least
one sensor with respect to the wire.

A wire monitoring system for a wire saw device, com-
prising:

a sensor arrangement configured to be posi-
tioned adjacent to a wire of the wire saw device,
wherein the sensor arrangement is adapted to
detect a bow of the wire and/or a wire jump,
wherein the sensor arrangement comprises one
single sensor configured to be moved during op-
eration of the wire saw device substantially per-
pendicular to a moving direction of the wire; and
a controller configured to control the movement
of the at least one sensor during operation of
the wire saw device, wherein the controller is
configured to move the at least one sensor pe-
riodically between a first position and a second
position, wherein at least a part of the wire is
positioned in a region between the first position
and the second position.

Awire saw device, comprising a wire monitoring sys-
tem according to any of claims 1 to 11.

A method for monitoring a wire in a wire saw device,
comprising:

moving a sensor positioned adjacent to a wire
of the wire saw device during operation of the
wire saw device to detect a bow of the wire
and/or a wire jump.

The method of claim 13, wherein the moving of the
sensor includes:

moving the sensor periodically between a first
position and a second position, wherein at least
a part of the wire is positioned in a region be-
tween the first position and the second position.
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15. The method of claim 13 or 14, wherein the method

includes:

determining whether the bow exceeds a bow
threshold value and/or determining whether a
wire jump exists; and

when it is determined that the bow exceeds a
bow threshold value and/or when it is deter-
mined that a wire jump exists, performing atleast
one of the following:

stopping the operation of the wire saw de-
vice;

increasing a moving speed of the wire;
decreasing a table speed; and

changing at least one of a moving table pro-
file, a wire cycle, a wire tension, a coolant
flow, and a coolant pressure.
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