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WIRE SAW DEVICE AND METHOD FOR OPERATING SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a wire saw device and a method for operating such a
wire saw device. More particularly, the invention relates to a wire saw device for cutting or
sawing hard materials such as blocks of silicon or quartz, e.g., for cutting silicon wafers, for a

squarer, for a cropper or the like.

BACKGROUND OF THE INVENTION

[0002] There exist wire saw devices for cutting blocks or bricks, thin slices, e.g.
semiconductor wafers, from a piece of hard material such as silicon. In such devices a
stretched wire is fed from a spool and is both guided and tensioned by wire guide cylinders.
The wire that is used for sawing is generally provided with an abrasive material. As one
option, the abrasive material can be provided as a slurry. This may be done shortly before the
wire touches the material to be cut. Thereby, the abrasive is carried to the cutting position by
the wire for cutting the material. As another option, the abrasive can be provided on the wire
with a coating. For example, diamond particles can be provided on a metal wire with a
coating, wherein the diamond particles are imbedded in the coating of the wire. Thereby, the

abrasive is firmly connected with the wire.

[0003] Generally, there is a tendency to use thinner wires in order to reduce the thickness of
the cut and, thereby, to decrease the material wasted. Further, there is a desire to increase the
cutting speed for improving the throughput of wire saw devices. The maximum speed for
moving the piece through the web, and also the maximum effective cutting area within a
given amount of time, is limited by several factors including wire speed, hardness of the

material to be sawed, disturbing influences, desired precision, and the like.

[0004] During cutting the wire can be unwound from a spool having a predetermined length
along the axial direction. During the unwinding process the position at which the wire leaves
the spool varies along the axial direction as the wire is unwound layer by layer from the spool.

The wire moves alternating from one side of the spool to the other side of the spool, i.e.,
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flange to flange. This might result in unwanted effects like oscillations, twisting of the wire

or the like.

[0005] Thus, there is a need for an improved unwinding of the wire from the spool and an

improved wire saw device.

SUMMARY

[0006] In view of the above, a wire management unit according to independent claim 1, a
wire saw device according to claim 13, and a method of tracking a wire position in a wire saw
device according to independent claim 15 are provided. Further advantages, features, aspects

and details are apparent from the dependent claims, the description and drawings.

[0007] According to one embodiment, a wire management unit adapted for a wire saw device
having a wire forming a wire web for cutting is provided. The wire management unit
includes a pulley moving device; at least one pulley for redirecting the wire and adapted for
guiding the wire to the wire web, wherein the at least one pulley is connected to the pulley
moving device and is adapted to rotate around a pulley axis; a spool for providing a wire
towards the wire web during unwinding of the wire from the spool, wherein the spool
includes a rotation axis and a wire carrying area with a length along the direction of the
rotational axis; and wherein the pulley moving device is adapted to move the at least one

pulley along the direction of the rotation axis.

[0008] According to a further embodiment, a wire saw device is provided. The wir saw
device includes a wire management unit adapted for a wire saw device having a wire forming
a wire web for cutting. The wire management unit includes a pulley moving device; at least
one pulley for redirecting the wire and adapted for guiding the wire to the wire web, wherein
the at least one pulley is connected to the pulley moving device and is adapted to rotate
around a pulley axis; a spool for providing a wire towards the wire web during unwinding of
the wire from the spool, wherein the spool includes a rotation axis and a wire carrying area
with a length along the direction of the rotational axis; and wherein the pulley moving device

is adapted to move the at least one pulley along the direction of the rotation axis.

According to another embodiment, a method of tracking a wire position in a wire saw device

having a wire forming a wire web for cutting is provided. The method includes unwinding the
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wire from a spool having a rotation axis and a wire carrying area with a length along the
direction of the rotational axis; and moving at least one pulley along the direction of the

rotation axis.

[0009] Embodiments are also directed at apparatuses for carrying out the disclosed methods
and including apparatus parts for performing each described method step. These method
steps may be performed by way of hardware components, a computer programmed by
appropriate software, by any combination of the two or in any other manner. Furthermore,
embodiments according to the invention are also directed at methods by which the described

apparatus operates. It includes method steps for carrying out every function of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the above recited features of the present invention can be
understood in detail, a more particular description of the invention, briefly summarized above,
may be had by reference to embodiments. The accompanying drawings relate to

embodiments of the invention and are described in the following:

[0011] Fig. 1 shows a schematic view of a portion of a wire management unit showing wire

being unwound from a spool over a roller;

[0012] Figs. 2A and 2B show schematic views of a portion of a wire management unit

according to embodiments described herein;

[0013] Fig. 3A shows a schematic view of a further wire management unit according to
embodiments described herein, wherein a first and a second electrode are provided for

detecting the wire position;

[0014] Fig. 3B shows a schematic view of a further wire management unit according to

embodiments described herein, and wherein an auto-align pulley is used for guiding the wire;

[0015] Fig. 4 show schematic views of another implementation of a portion of a wire

management unit according to embodiments described herein;

[0016] Figs. SA and 5B show schematic views of a yet even further wire management units

according to embodiments described herein, wherein a first and a second electrode are
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provided for detecting the wire position and wherein auto-align pulleys are used for guiding

the wire;

[0017] Figs. 6A to 6C show different schematic views of portions of a further wire

management unit according to embodiments described herein;

[0018] Fig. 7 shows a schematic view of portions of a wire management unit according to
embodiments described herein, wherein auto-align pulleys are connected for corresponding

alignment; and

[0019] Fig. 8 shows a flow chart of a method of tracking the wire position according to

embodiments described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Reference will now be made in detail to the various embodiments of the invention,
one or more examples of which are illustrated in the figures. Within the following description
of the drawings, the same reference numbers refer to same components. Generally, only the
differences with respect to individual embodiments are described. Each example is provided
by way of explanation of the invention and is not meant as a limitation of the invention. For
example, features illustrated or described as part of one embodiment can be used on or in
conjunction with other embodiments to yield yet a further embodiment. It is intended that the

present invention includes such modifications and variations.

[0021] Furthermore, in the following description a wire management unit will be understood
as a device handling the supply of wire to a working area of a wire saw device, such as a
cropper, a squarer, or a wafer cutting wire saw. Typically, the wire management unit includes
a wire guide for transporting and guiding the wire in a wire moving direction while the wire
management unit provides control of the wire tension. Furthermore, the wire provided by the
wire management unit forms a wire web as described above. In the following, a wire web
will be considered as the web formed by a single wire management unit. It should be
understood that a wire web may contain more than one working area which is defined as an

area in which a sawing process is performed.

[0022] As shown in FIG. 1, within a wire saw device a wire 13 is provided from a spool 12.

During sawing, the wire 13 is unwound from the spool 12. Thereby, the spool rotates around

4



WO 2010/094355 PCT/EP2009/063371

its axis 12a. FIG. 1 shows the wire 13 being carried on a spool, which is indicated by
reference 13a. Within the wire saw device 10, the wire 13 is guided from the spool 12 over a
roller 11 to pulleys 20, which rotate around the pulley axis 22. Generally, a plurality of
pulleys 20 is provided to guide the wire 13 to a cutting area, in which a wire web is formed.
Thereby, for example, the wire 13 is transported through a portion 15 of a housing of the wire

saw device 10.

[0023] During unwinding of the wire from the spool 12, the position at which the wire 13
leaves the wire carrying area 13a moves along the axis 12a i.e., moves in direction parallel to
the axis 12a. Thus, during a cutting process by means of wire saw, such as a multi-wire slurry
saw, the machine unwinds new wire from a spool. As the spool unwinds, the wire moves
alternately from one side of the spool to the other (flange to flange). This is indicated by the
wire 13, 13' being unwound from the spool 12 at different positions, as indicated by the dotted

lines showing a wire 13" at a different position than the wire 13.

[0024] For modern wire saw devices like croppers, squarers, or wire saws, there is the desire
to cut the hard material such as semiconductor material, for example silicon, quartz, or the
like at high speed. The wire speed, that is the speed of the wire moving through the wire saw
device, the wire management unit and the material to be sawed, respectively, can be, for
example, 10 m/s or higher. Typically, the wire speed can be in a range of 15 to 20 m/s.
However, higher wire speeds of 25 m/s or 30 m/s can also be desirable and could be realized

under certain conditions.

[0025] For unwinding the wire at the desired wire speed, the spool rotates with a rotation
speed of up to several thousands rotations per minute. For example, 1000 to 2000 rpm can be
provided for unwinding the wire. Accordingly, as indicated in FIG. 1, the different positions,
at which the wire 13 leaves the spool 12, also vary at considerable speed and the angle under
which the wire 13 enters the pulley 20 varies correspondingly. The angle between the wire at
the spool and the entrance of the fixed pulley groove changes periodically. This variation
generates vibration in the wire as it slides from one side of the pulley groove to the other.
This variation can eventually even result in the wire climbing up the side walls of the groove.
These vibrations are very detrimental to the process as they create a high risk of wire
breakage, e.g. due to spike in tension within the wire as the wire accommodates the vibrations
amplitudes and a movement up & down on the pulley groove side walls 23. The varying wire
position on the spool 12 and, in particular, the varying angles under which the wire 13 enters

the pulley 20 may result in oscillations in the wire saw device, which may deteriorate the
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cutting precision. Further, this may be particularly relevant as there is a desire for thinner wire

diameters.

[0026] Accordingly, it is desired to improve the wire management unit such that oscillations
of the wire itself, of components of the wire management unit, or of components of the wire
saw device can be reduced. Further, the risk of wire breakage should be reduced.
Furthermore, upon alarm stop of the wire saw device, the inertia of the free roller 11 may
exceed the wire strength. This may systematically lead to wire breakage for thin wire having

a diameter of, e.g., 120 um or less.

[0027] According to one embodiment, which can be described with respect to FIGS. 2A and
2B, the wire saw device 200 is provided. Within the wire saw device, there is a wire

management unit, some components of which are shown in FIGS. 2A and 2B.

[0028] According to different embodiments, a wire saw device can be a cropper, a squarer, a
wire saw or a multiple wire saw. Thereby, a cropper is to be understood as a device, which
can be used to saw end pieces from bricks or blocks, which have been separated into bricks in
a squarer. A squarer generally, saws the silicon ingot into squares of the desired size such

that a wire saw or a multiple wire saw can saw wafers from the bricks in a wafering process.

[0029] FIG. 2A and 2B show the spool 212 having a spool axis 212a. On the spool 212 wire
is carried in a wire carrying area 213a. Generally, within a wire management unit, a plurality
of pulleys can be provided. Typically, a pulley can have a groove adapted for guiding the
wire. Further, a pulley generally can have one wire guiding position for guiding one wire in
the pulley, i.e. in the pulley groove. One pulley 220 is shown in FIGS. 2A and 2B. Pulley
220 rotates around the pulley axis 220 and is connected to the wire saw device, for example a
housing portion 215 of the wire saw device 200, by a support 224. Thereby, the support 224
can be provided by a rod, a beam or, other supporting means which carry the pulley 220 such

that it can rotate around its axis 222.

[0030] According to embodiments, which are described herein, a pulley moving device 240 is
provided. The pulley moving device is indicated by an arrow in FIGS. 2A and 2B, according
to which the support 224 moves in the direction parallel to the spool axis 212a in a bi-
directional mode. According to yet further embodiments, which can be combined with other
embodiments described herein, other directions of movement might be superimposed with the

above described movement for further corrections of the pulley position.
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[0031] According to yet further embodiments, which can be combined with other
embodiments described herein, a wire position detection device 230 can be provided. The
wire position detection device detects the position along the spool axis 212a, at which the
wire 213 leaves the spool 212 or the wire carrying area 213a, respectively. The wire position
detection device 230 is connected to the pulley moving device 240 by connection 232.
Thereby, for example, a signal receiving unit, a controller, a computer for calculating the
correct pulley position, or the like can be provided within the connection between the wire

position detection device and the pulley moving device.

[0032] As can be seen by FIGS. 2A and 2B, the pulley moving device 240 is adapted to move
the pulley 220 and the wire position detection device along the axis 212a of the spool in order

to position the pulley at the desired position over the spool 212.

[0033] According to different embodiments, which can be combined with other embodiments
described herein, the pulley moving device 240 can be a linear actuator such as lineal motor, a
pneumatic cylinder, a motor with a worm drive or the like such that the pulley moving device
is capable of moving the pulley at least in a linear direction along the spool axis. Thereby, for
example, the pulley can be moved by moving the support 224, which might be connected to a

housing portion 215 of the wire saw device 200.

[0034] According to yet further embodiments, which can be combined with other
embodiments described herein, a wire saw device 300 can be provided. Within the following
description, only those portions, components, aspects and details will be described, which
deviate from previous or other embodiments described herein. It is to be understood that
components, aspects and details described with respect to other embodiments can as well be

applied to those embodiments which do not describe all components, aspects or details.

[0035] FIG. 3 shows a wire saw device 300 having a spool 212 with a spool axis 212a, a
housing portion 215 and a pulley moving device 240. A wire 213, which is carried on the
spool 212 on a wire carrying area 213a is transferred from the spool in the direction of the
pulley 220 having a pulley axis 222. The wire 213 is then guided by, for example one or
more further pulleys to the wire web that is used for sawing the material. As shown in FIG.
3A, according to some embodiments, a support 324 can be provided such that the support is
connected to the pulley axis 222. Further, according to yet further implementations, an
electrode support 331 is connected to the support 324. The electrode support 331 carries the

first electrode 330a and a second electrode 330b. According to some embodiments, which
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can be combined with other embodiments described herein, the electrons can be used as a

wire position detection device.

[0036] The wire position detection device using a first electrode and a second electrode
further including a connection 332 of the first electrode to the controller 350 and a connection
332 of the second electrode to the controller 350, respectively, to the control of 350. This
wire position detection device is capable of detecting whether or not a wire that is charged to
a predetermined potential, such as for example between and 10 and 50 V, touches the
electrode. Accordingly if the wire contacts the first or the second electrode, a current can be
detected in the controller 350. Thereby, the first electrode 330a and the second electrode
330b are spaced apart such that the wire is guided between the first electrode and the second

electrode.

[0037] As can be understood with respect to FIG. 2A, if the pulley moving device is
misaligned with respect to the correct position in direction of the spool axis 212a, the wire
will be unwound from the spool 212 at an angle different from 90° with respect to the spool
axis. Thereby, after a certain deviation from the correct position, the wire will touch one of
the first and second electrodes. This contact will be detected and can be used for tracking the

wire position along the spool.

[0038] According to different embodiments, which can be combined with other embodiments
described herein, the length of the spool 212 in the direction of the rotation axis 212a or the
lengths of the wire carrying area 213a in the direction of the spool rotation axis212a can be in
a range of 200 mm to 500 mm. Generally, the wire is wound up on the spool with a given
pitch. Typically the wire is wound on the spool such that neighboring wires in one layer have
a distance of 0.2 mm to 0.8 mm, typically 0.5 mm. Accordingly, typical embodiments might
have a positioning precision of the pulley moving device of 30 pum to 500 pum, typically 50
um. FIG. 3A shows a wire position detection device having a first electrode 330a and the
second electrode 330b, wherein the misalignment of the wire is detected when the wire
touches the electrode. However, according to other embodiments, other wire position
detection units can be used. For example, the wire position may be detected by a non-contact
wire position detection unit. Thereby, according to different embodiments, a Hall-effect
position detection sensor, an ultra-sound position detection sensor, an inductive position
detection sensor, a capacitive position detection sensor or an optical position detection sensor,
such as a laser sensor, may be used. These sensors may be used to either determine the

position of the wire or as a proximity sensor such that the sensor provides a digital signal
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(yes/no) if the wire is in the vicinity of the sensor. Depending on the configuration, similar to
the two electrodes described above, one of these sensors can, according to some
embodiments, be provided on each side of the wire along the direction of the spool rotation

axis.

[0039] Further embodiments will now be described with respect to FIG. 3B. In addition to
the components described with respect to FIG. 3A, the pulley 220 in FIG. 3B is an
automatically aligning pulley. Thereby, the support for supporting the pulley 220 has a first
portion 324 and the second portion 326. Between the first portion and the second portion of
the support a pulley adjusting rotation bearing 360 is provided. Thus, the pulley 220 can
rotate around an axis which is perpendicular to the pulley rotation axis. As shown in FIG. 3B,
the rotation axis of the pulley adjusting rotation bearing can, for example, be in the direction

of the supporting rod carrying the pulley.

[0040] If the pulley 220 is provided as an auto-align pulley by providing a pulley adjusting
rotation bearing 360 the pulley can automatically align in the event the wire 213 is not guided
towards the pulley perpendicular to the pulley rotation axis. This can be better understood

when referring to FIGS. 6C and 7, which will be described in more detail below.

[0041] FIG. 3B further shows the counter weight 364 supported by a counterweight support
362. According to some embodiments, which can be combined with other embodiments
described herein, an auto-align pulley can be provided with a weight 364 such that the pulley
is balanced with respect to the rotation axis of the pulley adjusting rotation bearing. Thus, the
auto-align pulley can freely rotate around the axis of the pulley-adjusting—rotation-bearing
such that gravity does not provide any force on the pulley towards a preferred rotation

position.

[0042] Further implementations of an auto-align pulley can include a rotation break element
or rotation prevention element 366 for preventing a rotation around the pulley adjusting
rotation bearing axis. This rotation prevention element can be switched on or switched off,
respectively, such that the auto-align pulley can be used in a fixed mode or in an auto-align
mode. For example, the rotation prevention element can be an electromagnet which forces
the counterweight 364 into a predetermined position such that the pulley cannot rotate around

the axis of the bearing 360 anymore.
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[0043] FIG. 4 shows a further embodiment, which is similar to the embodiment described
with respect to FIG. 3A. Therein, the spool 212, the pulley 220, the pulley moving device
440, the electrode support 431 and the first and second electrode 338/B, respectively are
provided in a different configuration, which can be seen from the different view shown in
FIG. 4. As indicated by the arrow that is used to illustrate the pulley moving device 440, in
FIG. 4 the pulley can move in a direction perpendicular to the image plane of that image of
FIG. 4. Thus, the pulley moving device can move the pulley in a direction corresponding to
the rotation axis of the spool 212 in a bi-directional mode. The electrode support 431 is
shaped correspondingly to have- in the image plane - the first electrode 330a in front of the
wire 213 and a second electrode 330b behind the wire 213. Again, the electrodes can be
connected to the controller 350 by connections 332. The controller 350 is connected to the

pulley moving device 440 by a connection 352.

[0044] According to an even further embodiment, a wire saw device S00A can be provided as
shown in FIG. 5A. According to the embodiments, which can be described with respect to
FIG. 5A, the first pulley 220 and a second pulley 520 are supported by a pulley support
having a first support member 525, a second support member 524 and a third support member
526. For example, as illustrated in FIG. 5A, the second support member 524 can be elongated
perpendicular to the image plane and is connected to the pulley moving device. Accordingly,
the first support member 525, which supports the first pulley 220 and second pulley 520 can
be moved with the pulley moving device in a direction perpendicular to the image plane of
FIG. 5A, i.e. the direction of the rotation axis of the spool 212. As a further alternative for
additional modification, the third support member 526 is connected to the first support
member 525 with a bearing 360 such that the second pulley can be provided as an auto-align
pulley. According to the embodiments described with respect to FIG. 5A, the pulley moving
device moves the first pulley 220 and the second pulley 520 simultaneously.

[0045] Yet further modifications, which can yield further embodiments, can be described
with respect to FIG. 5B. Therein, a wire saw device 500B is shown. Contrary to FIG. 5A not
only the second pulley 520 is provided as an auto-align pulley, but also with the first pulley
220 is provided as an auto-align pulley. As shown in FIG. 5B, the first pulley 220 can be
rotated around an axis perpendicular to the pulley axis by providing a bearing 360 between
the first support member 525 and the yet further support member 526. Typically, if the first
pulley 220, i.e. the pulley receiving the wire 213 from the spool 212, can automatically align

by rotation around the axis of the bearing 360, a rotation stop member can be provided.
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Thereby, the rotation for automatically aligning the first pulley 220 can be fixed by, for
example, switching on an electromagnet provided as the rotation prevention member. This
rotation prevention element 366 can, for example, be used when the wire is re-wound on the
spool. Thus, if the wire should be re-wound back onto the spool 212, the first pulley 220 is
not operated in an auto-align mode but in a fixed mode and the position on which the wire is
wound on the spool 212 can be adjusted by moving the first pulley 220 (and the second pulley
520 in the case of FIGS. 5A and 5B) in the direction of the spool rotation axis by means of the

pulley moving device 440.

[0046] Further embodiments, which can be combined with other embodiments described
herein, will now be described with respect to FIGS. 6A, 6B, 6C, and 7. As shown in FIG. 6A,
additionally to having the first pulley 220 and the second pulley 520 being an auto-align
pulley, a third pulley 521 can also be provided as an auto-align pulley. Thereby, the third
pulley 521 can be fixed to a portion of the housing of the wire saw device 600 with a pulley
adjusting bearing 360. As a further additional modification, a counterweight 364 can be
provided and supported by a counterweight support 362 such that the counterweight rotates
together with the pulley 521 and the pulley is balanced with respect to the rotation axis.

[0047] This can be seen in its schematic side view shown in FIG. 6B. Therein, the second
pulley 520 and the third pulley 521 are shown. The wire 213 is shown to be guided in a
groove of the respective pulley. The second pulley is connected to pulley support members
524 and 525, which can be moved by a pulley moving device in a linear direction as indicated

by the arrow.

[0048] According to different embodiments, the second pulley 520 and the third pulley 521
each have a counterweight 364 which is connected to the pulley support by counterweight

support 362. Arrows 660 indicate the ability to rotate for automatic aligning of the second

pulley 520 and the third pulley 521.

[0049] This can be better understood while referring to FIG. 6C. As indicated by the pulley
support 524 having moved towards the left as compared to FIG. 6B, the second pulley 520
and the third pulley 521 are each inclined such that the wire 213 is guided perpendicularly to
their respective pulley rotation axis. Accordingly, the pulley rotation axis is also rotated when

the pulleys rotate in order to automatically align to the wire guiding direction.

11
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[0050] Within the embodiments shown in FIGS. 6A, 6B and 6C, the wire 213 or the tension
of the wire 213, respectively, is used to rotate the pulleys for automatic aligning with regard
to the wire guiding direction. According to yet further embodiments, as shown in FIG. 7, the
second pulley 520 and the third pulley 521 can be further connected with an alignment
connection 770 such as a rod, a beam, or the like. FIG. 7 shows the situation for which the
second pulley 520 (and the first pulley 220 in FIG. 6A) are moved towards the right hand side
as compared to FIG. 6C. Thereby, the second pulley 520 and the third pulley 521 are rotated
around the axis of a pulley adjusting bearing with respect to the respective pulley supports.
The alignment connection 770, which can be provided according to some embodiments
described herein, forces the second pulley 520 and the third pulley 521 to automatically align
in a corresponding manner. Thus, if the second pulley 520 automatically aligns, the third

pulley 521 follows the alignment without requiring an alignment force of the wire 213.

[0051] Embodiments described herein show a pulley moving device, which is adapted to
track the position of a wire along an axis of the spool. Further, some embodiments show one
or more auto-alignment pulleys. Thereby, unwanted forces on the wire can be reduced or
eliminated. Further, oscillation within a wire saw device by repeatedly varying angles of the
wire entering the first pulley can be reduced. Additionally, the risk of wire breakage can be
reduced, e.g. by avoiding a roller which can result in wire breakage due to the inertia of the
roller during a fast deceleration of the wire management system. Accordingly, a deceleration
rate, e.g., during a stop of the wire saw device may be from 3-4 m/s2 to about § m/s2 or more,
e.g. 13m/s2. Thereby it should be noted that a fast reduction of speed of the wire saw is

critical to save the workpiece during an emergency stop or the like.

[0052] The pulley adjusting bearings allowing for a rotation of the pulleys perpendicular to
the pulley rotation axis further reduces twisting of the wire. This might be particularly useful
if thin wires or wires with a coating, e.g. a diamond coating, are used. Accordingly,
according to embodiments, which can be combined other embodiments described herein, the
wire management units and wire saw devices described herein are adapted for thin wires
having a diameter of 120 pm or below such as, for example 100 pm or even 80 um. Further
the wire management units and wire saw devices described herein are adapted for coated
wires, for example a wire having a nickel coating with diamond particles embedded therein.
Such wires may typically have a diameter of 130 um to 160 pm, e.g. 140 um to 150 pm. For
those wires a twisting of the wire might result in breaking of the coating. This can be reduced

or prevented by tracking the wire position along a spool axis direction and/or providing
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pulleys which automatically align such that the wire is guided in a direction perpendicular to

the pulley rotation axis.

[0053] According to different embodiments, which can be combined with other embodiments
described herein, if an auto-align pulley is provided for the first pulley having a wire position
detection unit, the wire position detection unit should be connected to the pulley or the
support member for the pulley such that the wire position detection unit follows the alignment
rotation of the pulley. This can improve the detection precision of the wire position while

tracking the wire along the axis of the spool.

[0054] As described above, according to some embodiments, a controller can be used to be
connected with the wire position detection unit. Thereby, the controller controls the pulley
moving device. According to some embodiments, which can be combined with other
embodiments described herein, the controller can have a CPU and memory such that a self-
learning process for tracking the wire position can be implemented. Thus, a spool-pitch

teach-in capability can be provided for some embodiments.

[0055] Such embodiments can be better understood with respect to FIG. 8. As illustrated in
FIG. 8, the wire tracking of the wire position along the axis of the spool starts in step §02. In
step 804, the pulley moving device moves in a direction, which is essentially parallel to the
spool rotation axis (in a bi-directional mode). The control unit monitors whether the wire is
in contact with one of the electrodes in step 8§06. For ease of reference, FIG. § describes only
one electrode contact. However, it is to be understood that the contact of the first electrode on
one side of the wire and the contact of the second electrode on the other side of the wire will
each be monitored and used for wire tracking in the corresponding direction. According to
yet even further embodiments, wherein other wire position detection units are used, step 806
might also monitor the wire position or whether the wire is in proximity to a corresponding

sensor.

[0056] If there is no detection of a misalignment event of the wire tracking system (contact to
electrode = NO) the tracking system follows the wire position by moving the pulley moving
unit along the spool axis according to step 804. If a contact or incorrect position is detected in
step 806 the length for correcting the position is determined in step 810. This can for example
be done by taking into account the angle, which is known by the geometry of the wire path,
under which the wire touches one of the electrodes. According to yet further embodiments,

the number of layers of wire on the spool, i.e. the thickness of the wire carrying area on the
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spool can be taken into account to determine the distance of correction for the wire tracking
system. In step 812 the wire tracking system moves to the correct position by moving the
pulley moving unit to the correct position. In step 814 the length M of wire that has been
unwound from the spool between previous misalignment event, for example touching of an
electrode, and the present misalignment event is determined. The length of wire can for
example be determined by the number of rotations of the spool and the radius of the wire on
the wire carrying area of the spool. Based on the wire length between misalignment events,
the controller learns the characteristic of the unwinding process. Therefore, for example, the
wire amount corresponding to a misalignment detection can be safe in the memory of the

controller.

[0057] Accordingly, if the wire amount M between two misalignment events is comparably
large, the system determines that only a small correction needs to be implemented. If
however, the wire amount M between two misalignment events is comparably short, it is
determined that the characteristics of unwinding the wire from the spool is not yet properly

learned.

[0058] Accordingly, in step 820 the wire amount M between subsequence misalignment
events is compared to a threshold value. If the wire length M is equal or larger than a
threshold value the speed of the movement of the pulley moving the device is adjusted in step
822 and the tracking system continues to follow the unwinding process by moving the pulley
along the direction of the spool axis. The amount of adjustment of the speed for moving the
pulley is thereby based on the frequency of occurrence of misalignment events, i.e. the length
of wire unwound between misalignment events, between the previous misalignment event and
the present misalignment event. Thus, the correct speed for moving the pulley is adjusted in

real time by changing the speed of the pulley moving device only by the desired value.

[0059] The system can use a teach-in logic that after a few unwinding cycle the travel unit
speed matches the winding pitch of the spool and the rotating speed of the spool, which varies
with the amount of wire left on the spool in order to keep the linear speed of the wire

constant.

[0060] When the wire is unwound from the spool at a flange of the spool or an end of the
wire carrying area, respectively, the winding of the wire on the spool might not be fully

predictable.
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[0061] Accordingly, a sequence of misalignment events, for example a wire contacting an
electrode, can occur in a relatively short time period or for a relatively short amount of wire
being unwound. Thus, if the amount of wire between the previous misalignment event and
the present misalignment event is below a certain threshold value, the tracking system
determines that the moving direction of the pulley moving device needs to be changed in step

824 and the pulley is moved subsequently in the other direction in step 804.

[0062] According to yet further embodiments, it might be possible that after a change of
direction the following detection of a misalignment event might be ignored since the system
determines that a misalignment event can occur more frequently at the flange of the spool.

That is, a misalignment event does not necessarily need an adaptation of the tracking process.

[0063] According to another embodiment, which can be combined with other embodiments
described herein, the pulley moving device moves the pulley along the direction of the
rotation axis of the spool over a length which does not fully correspond to the length of the
wire carrying area on the spool (flange to flange). Accordingly the system, which has learned
the length of the wire carrying area on the spool, might change the direction about 1 mm to
7mm, typically 3 mm to 4 mm before the pulley moving device reaches the turning point for
changing direction of movement of the pulley. Thereby, it is possible (not shown in FIG. §)
that the moving direction is changed without a misalignment detection event. Thus,
according to some embodiments, the length along which the pulley follows the rotation axis

of the spool might be at least 90% of the length of the wire carrying area.

[0064] According to yet further embodiments, a change of direction might also be determined
by detecting the misalignment event twice on the same side of the wire, for example on the
same electrode. Accordingly, there is a plurality of options to detect and change the direction
of movement of the pulley. Typically, the memory of the controller can be used to save the
misalignment event history such that a learning process for tracking the wire can be

conducted.

[0065] In light of the above, a plurality of embodiments are described herein, some of which
are as follows. According to one embodiment, a wire management unit adapted for a wire
saw device having a wire forming a wire web for cutting is described, the wire management
unit includes a pulley moving device; at least one pulley for redirecting the wire and adapted
for guiding the wire to the wire web, wherein the at least one pulley is connected to the pulley

moving device and is adapted to rotate around a pulley axis; a spool for providing a wire
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towards the wire web during unwinding of the wire from the spool, wherein the spool
comprises a rotation axis and a wire carrying area with a length along the direction of the
rotational axis; and wherein the pulley moving device is adapted to move the at least one
pulley along the direction of the rotation axis. According to yet further embodiments, which
can be combined with the above embodiment, the pulley moving device can be at least one
element selected from the group of: a linear actuator, a linear motor, a pneumatic cylinder,
and a motor with a worm drive; the unit may further include a wire position detection device
for detecting the wire position along the direction of the rotation axis, for example, such that
the wire position detection device can be connected to a controller, and wherein the controller
can be connected to the pulley moving device for controlling the pulley position along the
direction of the rotation axis; and/or such that the wire position detection device can include a
first electrode adapted to be biased to a first potential different from a potential of the wire,
and a second electrode adapted to be biased to a second potential different from the potential
of the wire, and wherein the first electrode and the second electrode can be spaced apart in a
direction along the rotation axis for guiding the wire between the first electrode and the

second electrode.

[0066] According to yet even further embodiments, one or more of the following
implementation can alternatively or additionally be realized: the at least one pulley can be
connected to the pulley moving device with a support rod, and a first pulley adjusting rotation
bearing can be provided between a first portion of the support rod and a second portion of the
support rod, the first pulley adjusting rotation bearing can have a pulley adjusting rotation
axis which is perpendicular to the pulley axis; and which may, in particular, further include a
pulley adjusting rotation bearing rotation prevention element adapted for temporarily locking
a rotation of the pulley adjusting rotation bearing; the at least one pulley can be at least three
pulleys, wherein a first pulley receives the wire from the spool, wherein a second pulley
receives the wire from the first pulley, wherein a third pulley receives the wire from the
second pulley, and wherein the first and the second pulley is connected to the pulley moving
device; one or more of the group consisting of: the first pulley, the second pulley and the third
pulley, can be connected to a corresponding pulley adjusting rotation bearing, i.e., a first
pulley adjusting rotation bearing, a second pulley adjusting rotation bearing or a third pulley
adjusting rotation bearing, respectively, and wherein corresponding pulley adjusting rotation
bearing can have a corresponding pulley adjusting rotation axis which is perpendicular to the
corresponding pulley axis; the wire management unit may further include a corresponding

counterweight for each of the pulleys having a corresponding pulley adjusting rotation
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bearing; the pulley moving device can be adapted to move the pulley in direction of the
rotation axis along a moving distance of at least 90% of the length of the wire carrying area;

and/or the wire position detection device can be a contactless wire position detection device.

[0067] According to yet further embodiments, which can be combined with other
embodiments described herein, a wire saw device is provided, wherein the wire saw device
includes a wire management unit according to any of the embodiments describe herein. For
example, the wire saw device can be an element selected from the group consisting of: a wire

saw, a multiple wire saw, a squarer, and a cropper.

[0068] According to a yet further embodiment, a method of tracking a wire position in a wire
saw device having a wire forming a wire web for cutting is provided. The method includes
unwinding the wire from a spool having a rotation axis and a wire carrying area with a length
along the direction of the rotational axis; and moving at least one pulley along the direction of
the rotation axis. According to optional modifications thereof, the method can further include
detecting the position of the wire along the direction of the rotation axis with a first electrode
and a second electrode, wherein the detecting includes: identifying a contact of the wire with
the first or the second electrode. The method can further include: determining a correction
length along the direction of the rotation axis; moving the at least one pulley to a corrected
position by means of the correction length; and determining a corrected moving speed for the
moving of the at least one pulley based on the time period between the contact and a previous

contact.

[0069] While the foregoing is directed to embodiments of the invention, other and further
embodiments of the invention may be devised without departing from the basic scope thereof,

and the scope thereof is determined by the claims that follow.
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CLAIMS

1. A wire management unit adapted for a wire saw device (200; 300; 400; 500) having a

wire (213) forming a wire web for cutting, the wire management unit comprising:
a pulley moving device (240; 440);

at least one pulley (220; 520) for redirecting the wire and adapted for guiding the wire
to the wire web, wherein the at least one pulley is connected to the pulley moving device and

is adapted to rotate around a pulley axis (222; 522);

a spool (212) for providing a wire towards the wire web during unwinding of the wire
from the spool, wherein the spool comprises a rotation axis (212a) and a wire carrying area

(213a) with a length along the direction of the rotational axis;

and wherein the pulley moving device is adapted to move the at least one pulley along

the direction of the rotation axis (212a).

2. The wire management unit according to claim 1, wherein the pulley moving device
(240; 440) is at least one element selected from the group of: a linear actuator, a linear motor,

a pneumatic cylinder, and a motor with a worm drive

3. The wire management unit according to any of claims 1 to 2, further comprising:

a wire position detection device (230; 330a; 330b) for detecting the wire position

along the direction of the rotation axis.

4. The wire management unit according to claim 3, wherein the wire position detection
device is connected to a controller (350), and wherein the controller is connected to the pulley

moving device for controlling the pulley position along the direction of the rotation axis.
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5. The wire management unit according to any of claims 3 to 4, wherein the wire position
detection device comprises a first electrode (330a) adapted to be biased to a first potential
different from a potential of the wire, and a second electrode (330b) adapted to be biased to a
second potential different from the potential of the wire, and wherein the first electrode and
the second electrode are spaced apart in a direction along the rotation axis for guiding the wire

(213) between the first electrode and the second electrode.

6. The wire management unit according to any of claims 1 to 5, wherein the at least one
pulley is connected to the pulley moving device (240; 440) with a support rod (224; 324; 524,
525) and a first pulley adjusting rotation bearing (360) is provided between a first portion of
the support rod and a second portion of the support rod, the first pulley adjusting rotation
bearing having a pulley adjusting rotation axis which is perpendicular to the pulley axis; and,
in particular, further comprising a pulley adjusting rotation bearing rotation prevention
element (366) adapted for temporarily locking a rotation of the pulley adjusting rotation

bearing.

7. The wire management unit according to any of claims 1 to 5, wherein the at least one
pulley are at least three pulleys, wherein a first pulley receives the wire from the spool,
wherein a second pulley receives the wire from the first pulley, wherein a third pulley
receives the wire from the second pulley, and wherein the first and the second pulley is

connected to the pulley moving device.

8. The wire management unit according to claim 7, wherein one or more of the group
consisting of: the first pulley, the second pulley and the third pulley, is connected to a
corresponding pulley adjusting rotation bearing, i.e., a first pulley adjusting rotation bearing, a
second pulley adjusting rotation bearing or a third pulley adjusting rotation bearing,
respectively, and wherein corresponding pulley adjusting rotation bearing has a corresponding

pulley adjusting rotation axis which is perpendicular to the corresponding pulley axis.
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9. The wire management unit according to claim &, further comprising a corresponding
counterweight for each of the pulleys having a corresponding pulley adjusting rotation

bearing.

10.  The wire management unit according to any of claims 1 to 9, wherein the pulley
moving device is adapted to move the pulley in direction of the rotation axis along a moving

distance of at least 90% of the length of the wire carrying area.

11.  The wire management unit according to any of claims 1 to 10, wherein the wire

position detection device is a contactless wire position detection device.

12. The wire management unit according to any of claims 1 to 11, wherein the wire

management unit is adapted for the wire having a coating with embedded diamond particles.

13. A wire saw device; comprising:

a wire management unit according to any of claims 1 to 12.

14.  The wire saw device according to claim 13, wherein the wire saw device is an element
selected from the group consisting of: a wire saw, a multiple wire saw, a squarer, and a

cropper.

15. A method of tracking a wire position in a wire saw device having a wire forming a

wire web for cutting, comprising:

unwinding the wire from a spool having a rotation axis and a wire carrying area with a

length along the direction of the rotational axis;

moving at least one pulley along the direction of the rotation axis.
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16.  The method of tracking a wire position according to claim 15, further comprising:
detecting the position of the wire along the direction of the rotation axis with a first electrode

and a second electrode, wherein the detecting comprises:

identifying a contact of the wire with the first or the second electrode;
the method further comprises:

determining a correction length along the direction of the rotation axis;

moving the at least one pulley to a corrected position by means of the correction

length;

determining a corrected moving speed for the moving of the at least one pulley based

on the time period between the contact and a previous contact.

17.  The method of tracking a wire position according to any of claims 15 to 16, wherein

the wire has a coating with embedded diamond particles.
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