wo 2012/089243 A1 [N NPF V0 OO0 0 R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/089243 Al

(51

eay)

(22)

(25)
(26)
1

(72)
(73)

74

31

5 July 2012 (05.07.2012) WIPOIPCT
International Patent Classification:
B23D 57/00 (2006.01)
International Application Number:
PCT/EP2010/070809

International Filing Date:
28 December 2010 (28.12.2010)

English
English

Filing Language:
Publication Language:

Applicant (for all designated States except US): AP-
PLIED MATERIALS, INC. [/US]; 3050 Bowers Av-
enue, Santa Clara, California 95054 (US).

Inventor; and

Inventor/Applicant (for US only): MOTTAS, Philippe
[CH/CH]; Au commun d'en bas 118, CH-1694 Villarsiviri-
aux (CH).

Agents: ZIMMERMANN, Gerd et al.; Zimmermann &
Partner, Josephspitalstr. 15, 80331 Miinchen (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: WIRE SAW DEVICE, METHOD OF OPERATING THEREOF

500

502

)

[
400
,/
et 503 512
LY /
) Y
g
—— /
510

/

522

524

(57) Abstract: A method of operating a wire saw device is described. The method includes operating the wire saw device at a first
set of predetermined parameters, the parameters including a first wire speed of a sawing wire, measuring values of one or more phys-
ical quantities being a physical quantity of the power supply grid providing power to the wire saw device or a DC converted voltage
of the power supply grid, determining one or more deviations of respective values of the one or more physical quantities from de -
sired values of the physical quantities, and operating the wire saw device at a second wire speed smaller than the first wire speed de-
pending on the determined one or more deviations



WO 2012/089243 PCT/EP2010/070809

WIRE SAW DEVICE, METHOD OF OPERATING THEREOF

FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate wire saw devices and methods of
operating wire saw devices. More particularly, they relate to the operation of wire saw devices
in a safe mode, wire saw devices with controllers for operation thereof, and computer

program products for wire saw devices.

BACKGROUND OF THE INVENTION

[0002] Wire saw devices exist 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 pulleys for guiding the wire in the cutting
area. 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,
e.g. 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. There is also a desire to use diamond
wires. 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. When the speed is increased and/or diamond wires are used, the
probability of wire breakage during certain operational conditions is increased. However,
wire breakage results in down-time of the device, which significantly reduces throughput.

The above-mentioned problems of avoiding damage or breakage of the wire are even more
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critical at higher sawing speeds and with thinner wires. Accordingly, there is a desire for
improved control of wire saws and improved operation methods in order to avoid breakage of

the wire.

SUMMARY

[0004] In view of the above, a method of operating a wire saw device according to
independent claim 1, a computer program product having a program code according to claim
11, and a wire saw apparatus or device according to claim 12 are provided.  Further
advantages, features, aspects and details are apparent from the dependent claims, the

description and drawings.

[0005] According to one embodiment, a method of operating a wire saw device is provided.
The method includes operating the wire saw device at a first set of predetermined parameters,
the parameters including a first wire speed of a sawing wire, measuring values of one or more
physical quantities being a physical quantity of the power supply grid providing power to the
wire saw device or a DC converted voltage of the power supply grid, determining one or more
deviations of respective values of the one or more physical quantities from desired values of
the physical quantities, and operating the wire saw device at a second wire speed smaller than

the first wire speed depending on the determined one or more deviations.

[0006] According to a further embodiment, a computer program product having a program
code, which is provided on a machine readable device or in a memory of a controller of a wire
saw device, is provided. The product conducts a method when operated on a computer or the
controller of the wire saw device. The method includes operating the wire saw device at a
first set of predetermined parameters, the parameters including a first wire speed of a sawing
wire, measuring values of one or more physical quantities being a physical quantity of the
power supply grid providing power to the wire saw device or a DC converted voltage of the
power supply grid, determining one or more deviations of respective values of the one or
more physical quantities from desired values of the physical quantities, and operating the wire
saw device at a second wire speed smaller than the first wire speed depending on the

determined one or more deviations.

[0007] According to a yet further embodiment, a wire saw apparatus having a wire for

forming a wire web is provided. The wire saw device includes an electrical connector
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adapted to connect the wire saw device to a power supply grid, a measuring unit adapted to
measure values of one or more physical quantities being a physical quantity of the power
supply grid or a DC converted voltage of the power supply grid providing power to the wire
saw device, and a control unit being operatively connected to the measuring unit and adapted
for measuring one or more deviations of respective values of the one or more physical
quantities from desired values of the physical quantities of the power supply grid, wherein the

control unit is adapted to operate the wire saw device in a safe operation mode.

[0008] Embodiments are also directed at parts used for carrying out the disclosed operation
method. Furthermore, embodiments according to the invention are also directed at methods

by which the described wire saw device operates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] 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:

FIG. 1 shows a schematic view of a wire saw apparatus according to embodiments described

herein;

FIG. 2 shows a schematic view of a portion of a yet further wire saw device according to

embodiments described herein;
FIG. 3 shows a perspective view of a wire management unit;

FIG. 4 shows a schematic view of a graph illustrating the voltage provided from a grid to a

wire saw device;

FIG. 5 shows a schematic view of a yet further wire saw device adapted for improved control

of operational conditions;

FIG. 6 shows a flow chart illustrating methods of operating a wire saw device according to

embodiments described herein;



WO 2012/089243 PCT/EP2010/070809

FIG. 7 shows a flow chart illustrating yet further methods of operating a wire saw apparatus

according to embodiments described herein; and

FIG. 8 shows a schematic view of a yet further embodiment of a wire saw device adapted for

improved control of operational conditions.

DETAILED DESCRIPTION OF THE INVENTION

[0010] 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.
Further, 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

description includes such modifications and variations.

[0011] Furthermore, in the following description a wire management unit will be understood
as a device handling the supply of wire to a cutting area or working area of a wire saw
apparatus or device, such as a cropper, i.e. a cropping wire saw device, a squarer, 1.e., a
squaring wire saw device, or a wafer cutting wire saw. Typically, the wire saw 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. Thereby, a wire tensioning arm can be
provided to control the tension during spool up or spool down the wire from and to a spool.
Furthermore, the wire provided by the wire management unit forms a wire web in the cutting
area. Often, 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. Thus, according to some
embodiments described herein, a wire web can have multiple areas that are formed by a wire

from different wire management units.

[0012] For modern wire saw devices like croppers, i.e. a cropping wire saw devices, squarers,
i.e., a squaring wire saw device, or wire saws, i.e. wafering wire saw devices, there is the
desire to cut the hard material such as semiconductor material, for example silicon, quartz, or

the like at high speeds. The wire speed, that is, the speed of the wire moving through the wire
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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 8 to 30 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.

[0013] 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.

[0014] FIG. 1 shows a wire saw device or apparatus 100. As can be seen from the pattern of
the wire 10 forming the wire web in the wire web compartment 110, the example shown in
FIG. 1 illustrates a wire saw for cutting wafers. The housing of the wire saw device is
separated into different areas as indicated by the dotted line. The wire web is formed in the
wire web compartment 110. Further, a housing portion 111, which houses further
components and equipment of the wire saw device 100 is provided. As can be seen from the
wire web formed by the wire 10 in the wire web compartment 110, the system shown in FIG.
1 can be used to slice wafers, i.e. the system is a wire saw. According to the embodiments
illustrated with respect to FIG. 1, two wire handling compartments 112a and 112b are
provided. The embodiments described herein, can be used for cropping wire saw devices, for
squaring wire saw devices and for wafering wire saw devices. However, particularly for
wafering wire saw devices, for which the cutting length of the wire is longer than for one of
the other applications, a wire breakage might be more likely and might also be more
deteriorating for throughput and waste of, e.g., silicon material. Thus, the invention might

particularly be used for a wafering wire saw device.

[0015] According to some embodiments, which can be combined with other embodiments
described herein, a first tank can be used for unused cooling fluid or fresh coolant, e.g. in the
case where the wire saw device is operated with diamond wire, or can be used e.g. for unused
(fresh) slurry, in the case where the wire saw device 100 is operated with a wire requiring
additional abrasive. A pump pumps the cooling fluid (or slurry, respectively) towards the
desired position in the cutting area. The used cooling fluid (or slurry) may flow back through
a conduit and is pumped by a further pump into a second tank. In those cases where cooling
fluid or slurry is used, a portion of or all of the used consumable fluid can be re-used if it is
reinserted into the first tank. Thus, according to different embodiments only a portion of the
consumable fluid, all of the consumable fluid or none of the consumable fluid may be reused

and, thus, be reinserted in tank.
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[0016] In the wire handling compartments 112a and 112b two handling sections for
delivering the wire 10 to the cutting area and receiving the wire from the cutting area,
respectively, are provided. According to some embodiments, which can be combined with
other embodiments described herein, the wire is provided on a spool 132/132b rotating around
the spool axes. The wire is guided over a plurality of rollers 134 into the wire web
compartment 110. Further pulleys 134 guide the wire 10 into the cutting area to form the wire
web. After cutting, the wire is guided by a further pulley 134 towards the wire handling
compartments 212a and 212b and is therein provided over pulleys 134 onto the spool

130/130b rotating around the spool axes.

[0017] According to yet further embodiments, which can be combined with other
embodiments described herein, the wire handling system can be adapted for bi-directional
use, such that in one direction the wire is fed from spool 132 to spool 130 and in a further
direction, the wire is fed from spool 130 to spool 132. Thereby, according to typical
implementations the two units corresponding to spools 130 and 132 include similar
components such as pulleys or the like, to have a corresponding wire handling in both sawing
directions. The bi-directional use of the wire saw device, 1.e. sawing directions back and forth

of the wire saw device, may be of particular interest if diamond wire is used.

[0018] Typically, the wire is guided from the wire handling compartment to the wire cutting
area and back with a wire speed of 10 m/s or higher, typically in a range of 15 to 20 m/s or
even up to 25 m/s or 30 m/s. The material to be cut is positioned on the support. A support
for the material to be sawed and the wire web can be moved relative to each other such that
the cutting of the material can be conducted. According to one embodiment, the web can
remain in a fixed position and the support moves the material to be cut through the wire web
while the wire is at a speed of about 10 m/s or higher. For easier understanding, this
movement of the support would in FIG. 1 be perpendicular to the plane of the drawing.
According to another embodiment, the web generated by wire 10 is moved relative to the
support to cut the wire through the material. According to a yet further embodiment, both the

support and the wire web can be both moved with respect to each other.

[0019] According to yet further alternative or optional modifications, the wire web is formed
by two adjacent areas wherein wire from each of the wire handling units is used to form one
area of the wire web. 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 or middle-pieces from bricks or blocks,
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which have been separated into bricks in a squarer. A squarer is a wire saw that 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.

[0020] The above-described systems are particularly useful if thin wires or wires with a
coating, e.g. a diamond coating, are used. Accordingly, in embodiments which can be
combined with other embodiments described herein, the wire handling sections and wire saw
devices described herein are adapted for thin wires having a diameter below about 400 um,
such as diameters between about 80 um and about 500 um, more particularly between about
200 pm and about 300 um. However, in other cases embodiments may also have a wire
diameter as low as, for example, 100 um or even 80 um. Further, the wire saw operation
processes 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 about 300 um to about 400 pm, e.g. 310 um to 340 um. For
those wires a twisting of the wire might increase the risk of breaking of the wire or of
damaging the coating, so that a twist-free operation and an operation without or with reduced
vibration is advantageous. By using diamond wire, the throughput may be increased by a
factor of 2 or even more. When a diamond wire is used, further parts of the wire saw may be
adapted to the diamond wire. For example, mechanical parts, electrical parts and/or software

may be adapted to the use of diamond wire.

[0021] Fig. 2 shows a schematic front view of a wire saw device 102 illustrating further
embodiments. The wire saw device 102 has a wire guide device including four wire guide
cylinders 212, 214, 216, 218. A wire management unit 230 provides a wire to the wire guide
cylinders 212, 214, 216, 218. The wire management unit 230 includes a supply spool 234 on
which a wire reservoir, typically holding several hundred kilometers of wire, is provided.
Fresh wire 235 is fed to the wire guide device from supply coil 234. Furthermore, the wire

management unit 230 includes a take-up spool 238 on which the used wire 245 is recoiled.

[0022] The wire is spirally wound about the wire guide cylinders and forms between two wire
guide cylinders layers 200 with working areas 210 and 220 of parallel wires. This layer is
typically referred to as a wire web 200. Typically, wire guide cylinders 212, 214, 216, 218
are covered with a layer of synthetic resin and are scored with grooves having very precise
geometry and size. The distance between the grooves determines the distance D1 between
two adjacent strings or lines of wire. Furthermore, each wire guide cylinder 212, 214, 216,

218 is connected to a motor 222, 224, 226, 228 (shown in broken lines in Fig. 2). In the
7
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embodiment shown in Fig. 2, wire guide cylinders 212, 214, 216, 218 are directly driven by
motors 222, 224, 226, 228. As shown in Fig. 2, each wire guide cylinder may be directly
mounted to the motor shaft of the corresponding motor. In some embodiments one or more of
the motors are water-cooled.  During operation, e.g. during the sawing process, the motors
222, 224, 226, 228 drive the wire guide cylinders 212, 214, 216, 218 so that the wire guide
cylinders rotate about their longitudinal axis. Thus, the wire in wire web 200 is transported
into a wire transport direction 215, 225. In one embodiment, one of the motors, e.g. motor
222, serves as a master motor whereas the remaining motors 224, 226, 228 serve as slave
motors. In other words, master motor 222 controls the operation of slave motors 224, 226,
228 so that slave motors 224, 226, 228 follow master motor 222. Thus, synchronicity of
operation of motors 222, 224, 226, 228 is improved and can be maintained during the sawing

process.

[0023] The material to be sawed, e.g. blocks 202, 204, 206, 208 of semiconductor material, is
attached to a holder. For example, silicon ingots 202, 204, 206, 208 may be mounted to a
support mechanism which is not shown in Fig. 2. In order to saw blocks 202, 204, 206, 208,
the blocks 202, 204, 206, 208 are lowered toward web 200. The wire is transported in wire
moving direction 215, 225 at a considerable speed, e.g. between 15 m/s and 20 m/s. When
blocks 202, 204, 206, 208 are pressed against the wire web 200 in a working area 210, 220 of
web 200, the moving wire abrades the semiconductor material and, thus, saws blocks 202,
204, 206, 208 into thin slices. Such slices may for example be used as wafers in
semiconductor industry. The total length of wire in the wire web being in contact with the
material to be sawed at a time may be referred to as the effective wire cutting length. In some
embodiments, the effective wire cutting length is 700 m or above, particularly the effective
wire cutting length may be more than 900 m. Furthermore, the speed with which the material
to be sawed is lowered into the wire web may be referred to as the material feed rate. In some
embodiments, the material feed rate is in the range of 3 um/s to 12 um/s, typically about 5
um/s to 7 um/s. Due to the geometry of wire guide device 102, wire web 200 includes a first
working area 210 and a second working area 220. The sawing process can be simultaneously
carried out in both working areas 210, 220 so that efficiency of the sawing device 100 is
improved. Furthermore, in the shown embodiment each working area 210, 220 is sufficiently
large enough such that two blocks 202, 204; 206, 208 of semiconductor material can be
processed in each working area 210; 220. In one embodiment, the working length of web 200
in a working area 210, 220 along the wire moving direction 215, 225 is between 500 mm to

600 mm.
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[0024] The wire saw device 102 can, according to some embodiments, which can be
combined with other embodiments described herein, include a further wire management unit
240 which is similar to wire management unit 230 described above. The second wire
management unit 240 includes a wire supply spool 244 and a take-up spool 248. Wire supply
coil 244 provides fresh wire 238 and take-up spool 248 recoils used wire 248. The first
management unit 230 provides a first wire for forming a first wire web portion while the
second wire management unit 240 provides a second wire for forming a second wire web
portion. Thereby, it is possible that the wire guide cylinders drive both the first and second
web portions so that the wire speed is identical for the first and second web portion.
Furthermore, the wire transport directions of the first and second webs portions will be
identical. Since second wire management unit 240 is mirrored with respect to first wire

management unit 204, the wire feeding direction and wire recoil directions are reversed.

[0025] In other words, a composite web 200 is formed by the first and second web portions
wherein the composite web is continuous in its properties so that there is no difference to a
single web with respect to the cutting process. In particular, composite web 200 is adapted
for cutting the blocks of semiconductor material. Embodiments including a composite web
200 formed from separate wire web portions are advantageous in that the wire length of one
web in a working area 210, 220 is only half of the length compared to a single wire web.
When using the same amount of wire in the wire reservoir, the wire length which can be

utilized for sawing is doubled.

[0026] Generally, when operating a wire saw device motors, drives, as well as further moving
parts need to be controlled. According to embodiments, which are described with respect to
FIG. 3, a wire saw device 300 is provided. Within the wire saw device, there is a wire
management unit. The wire management unit includes a spool 312 having a spool shaft 310
and a rotation axis. The spool is carried by the spool shaft 310. The spool shaft 310 is
rotatably mounted to the main frame portion 301 for rotation around a spool axis. Thereby,
the spool shaft 310 rotates the spool about the spool axis. The spool shaft rotation may be
driven by a spool motor. In contrast, the pulleys to be described below are generally freely
rotatable. On the spool 312, wire 10 to be provided towards the wire web is carried in a wire

carrying area of the spool 312.

[0027] A first pulley 320 is shown in FIG. 3. Typically, a pulley has a groove adapted for
guiding the wire. Further, a pulley generally can have a wire guiding position for guiding one

wire in the pulley, i.e., in the pulley groove. The first pulley 320 is adapted for receiving the

9
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wire 10 from the spool 312, in particular directly from the spool 312, and for then redirecting
the wire. The first pulley is rotatably mounted to a pulley carrying unit 324, so that the first
pulley 320 rotates around the first pulley axis. The pulley carrying unit 324, in turn, is
connected to the wire saw device, more specifically to a main frame portion 301 of the wire
saw device 300, so that the pulley carrying unit 324 is longitudinally movable along which a
pulley motion track, i.e., the pulley motion track is defined as the region along the pulley
carrying unit is movable. Thereby, also a first pulley motion track for the first pulley is
defined, i.e., a track along which the first pulley 320 is longitudinally movable. Further, as a
general aspect, the first pulley motion track may have a length of at least 90% of the length of
a wire carrying area of the spool 312. Here, the wire carrying area is the lengthwise section of
the spool 312 from which the wire may emerge from the spool, i.e., generally the length from
flange to flange of the spool. As a further general aspect, the pulley motion track may extend
over the length of the wire carrying area, from flange to flange. The pulley motion track of

pulley 320 is essentially parallel to the spool axis.

[0028] The main frame portion 301 is rigidly connected or rigidly connectable to the wire saw
device chassis. Thereby, the main frame portion is very robust and, e.g., a load on the main
frame portion can be absorbed by the chassis. The first pulley axis is oriented at an angle of
essentially 90° with respect to the spool axis. Herein, the angle is defined as a spatial angle,
i.e., the angle of the axes in the plane spanned by the axes (if necessary, after a parallel shift
of one of the axes so that the axes cross and hence span a plane). The angle is defined as an
absolute value, i.e., is always positive. According to embodiments which are described
herein, a pulley moving device is provided. The pulley moving device is adapted to cause the

pulley carrying unit to move along the pulley motion track in a bi-directional mode.

[0029] According to further embodiments, which can be combined with other embodiments
described herein, a wire position detection device 326 can be provided. The wire position
detection device detects the wire position along the direction of the motion path (here: along
the spool axis), more particularly it detects at which wire position the wire traverses a
detection region of the wire position detection device 326. Thereby, the position at which the
wire leaves the spool 312 or the wire carrying area can be obtained (if necessary by

triangulation).

[0030] The wire management unit of Fig. 3 has a second pulley 330, which is adapted for
receiving the wire from the first pulley 320, in particular directly from the first pulley, and for

redirecting the wire. The second pulley 330 is rotatably mounted to the main frame portion

10
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301 for rotation around a second pulley axis. Generally, within the wire management unit,
further pulleys can be provided as well. The wire can be redirected by the first pulley 320 by a
first redirection angle of 90°, and by the second pulley 330 by a second redirection angle of
180°. Due to the large second redirection angle, a main portion of the wire tension, especially
in the case of tension peaks, is absorbed by the second pulley which is firmly supported by the

main frame portion 301.

[0031] Generally, the pulleys 320, 330 and 340 are arranged to guide the wire in
predetermined planes. The pulley carrying unit 324 can be provided as a retractable or
telescopic bar. The retractable or telescopic bar is longitudinally movable along a bar axis
parallel to the spool axis. The bar is longitudinally movably mounted to a wall portion of the

main frame portion 301, more precisely of a wall portion of a recess in a housing wall.

[0032] Further, in the embodiment of Fig. 3 the main frame portion 301 includes a mounting
member, to which the second and third pulley 330, 340 are mounted. The mounting member,
being part of the main frame portion, is rigidly connected to the chassis of the wire saw
device. While other designs of the mounting member are possible, in the specific embodiment
of Fig. 3 the mounting member is a bar, more specifically an L-shaped bar with a first leg
extending to a side surface of the main frame portion (i.e., extending parallel to the x axis),
and with a second leg forming an essentially right angle with the first leg and extending to a
top surface of the main frame portion (i.e., extending parallel to the z axis). Independently
from the shown embodiment, it is a general aspect that the first pulley 320 and the second
pulley 330 (and, if present, also other pulleys such as a third and / or fourth pulley) are

mounted on a common mounting member, especially on a one-piece mounting member.

[0033] As described above, a plurality of motors and drives are used to operate the wire saw
device. Particularly, the wire guided cylinders are used to drive the web, the spools are used
to unwind and wind the wire provided to the wire management unit, and the material to be
sawed and the wire web are moved with respect to each other at a feed rate for moving the
wire through with the material to be cut. According to embodiments, which can be combined
with other embodiments described herein, a particularly critical operation condition during
which wire breakage can occur is the stopping of the wire saw apparatus or device, that is
stopping the motors and drives of the wire saw device during cutting, for example during an
emergency stop. During an emergency stop a control unit of the wire saw device determines
the need to stop the sawing process, for example as fast as possible. However, in light of the

different inertia of pulleys, wire guided cylinders, spools, and other components of the wire
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management unit or the web forming unit that guide and transport the wire, it is very difficult
to slow down and stop all components at the same time. Further, re-starting a wire saw
device or apparatus while the wire is within the material to be sawed might experience an
increased risk of wire breakage because there is a tendency that the wire gets stuck within the

material if the wire speed is not maintained until the sawing process is completed.

[0034] Thereby, it should be noted that an emergency stop is generally beneficial as
compared to an uncontrolled failure of one drive or motor, which might result in damage to
the wire saw device or uncontrolled behavior of the wire that would in turn significantly
increase downtime of the system. Even though there might be the option of slowing down the
stopping process during an emergency stop, this does still include the risk of a wire breakage

during re-start of the saw while the wire is located within the material to be cut.

[0035] One event that might occur on a regular basis and which can result in determination of
the need for an emergency stop is a varying grid voltage, a variation of the DC voltage
generated by DC transformation of the grid voltage or variations of another physical quantity
of the power supply grid, which provides power to the wire saw device. Figure 4 shows a
graph 400 that illustrates the voltage, which can be a DC voltage converted from the grid
power or an AC voltage in the grid, as a function of time, the voltage being provided by a grid
to a wire saw device. Thereby, typical scenarios are shown in areas 402, 404, 406, and 408.
In an optimum case or for a very stable grid, the voltage provided to the wire saw device can
be essentially constant as shown in the area of 402. Thereby, typically the value of the grid
voltage can be the nominal grid voltage or a stable average value, which is close to the
nominal quick voltage. However, at many fabrication plants or in many cases, the grid
voltage will not be fully stable and small deviations from the nominal or average grid value
can occur. Thereby, as shown in figure 4 the curve 401 may drop below a threshold value,
which is indicated by reference numeral 412. Even though the variations or deviations during
the time period 402 are comparably short, the controller of a wire saw device might take these
deviations as an indication of a requirement for an emergency stop. Another scenario is
shown in time period 406. Thereby, a comparably small deviation from the nominal value is
experienced. The deviation is sufficiently large to be below the threshold of 412 and extends
over a certain (longer) period of time. The last scenario 408 of curve 400 shows a more

significant voltage drop. Thereby the curve 401 drops below a second threshold value 414.

[0036] Typically, a voltage drop in the grid voltage can result in a drop in DC voltages of the

system, which can be used for motors and drives. If a voltage drops, for example, by about 15
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rel.-% to 40 rel.-%, such as for example 20%, of a desired value of a physical quantity
malfunctioning of drives and motors might occur such that an emergency stop must be
conducted before one of the drives or motors fail. Thereby, a voltage drop by 20% is to be
understood as a voltage drop to 80% of the desired value. According to typical embodiments,
the desired value can be a nominal value, a calculated value, an average value, and
combinations thereof. According to other alternative electrical set-ups, a voltage drop in the
grid voltage might be compensated for, such that the DC voltages do not drop to a significant
amount. Typically, these electrical set-ups compensate the voltage drop by using more
current from the grid, in order to generate a similar power output from the grid. Depending
on the increase in current delivered by the grid, this might also result in electrical failure in
the case that the current exceeds a level, such that an electrical cabinet, which is connected to
the grid, or even an electrical installation at the manufacturing facility cannot handle the
increased current. Thus, even though a DC voltage drop in the wire saw device might be
compensated for, a similar problem occurs if the grid is not stable. As explained above,
according to some embodiments, which can be combined with other embodiments described
herein, the voltage drop of the grid voltage and/or the current provided by the grid power
supply can be used as an indication of abnormality. According to further embodiments,
which can be combined with other embodiments described herein, all physical quantities of a
power supply grid, i.e. deviations in the voltage, the frequency, the power factor or the phase
(real vs. reactive power) and existence of other overlapping harmonic frequencies on the AC
voltage could trigger an event, which would normally result in an emergency stop, could

initiate indication of abnormality.

[0037] Yet, as explained above, an emergency stop has an increased probability of resulting
in wire breakage. According to embodiments described herein, the deviation of a value of a
physical quantity of the grid from a nominal and/or average value does not directly result in
an emergency stop. According to embodiments described herein, determination of such the
deviation results in the reduction of one or more of the velocities of motors and drives in the
wire saw apparatus. According to typical embodiments, the reduction of the wire speed and
the reduction of the material feed rate, i.e. the velocity at which the material to be sawed and
the wire web are moved with respect to each other, is initiated when a deviation of a physical

quantity of the grid is determined.

[0038] According to typical embodiments, which can be combined with other embodiments

described herein, the wire speed and the material feed rate are reduced by at least 30 rel.-%,
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for example by 40 rel.-% to 70 rel.-%, e.g., 50 rel.-%. During the period of reduced speed,
the controller of the wire saw device evaluates, whether a further reduction of the sawing
speed, which can be reduced to result in a stop of the wire saw device, is required or whether
the abnormality of the one or more physical quantities of the power supply grid is not
significant enough to bring the wire saw device to a full stop. As a yet further result, an
evaluation of the physical quantities of the power supply grid can find that the values of the
grid have been changed back to nominal conditions such that the wire saw device can be re-

accelerated to normal operation conditions.

[0039] Referring to the exemplary curve 401 of one physical quantity of the power supply
grid, namely the voltage, the improved method of operating a wire saw device can be
described as follows. During the time period 402, the voltage is essentially not deviating
from the predetermined grid value such that the wire saw device can operate under normal
conditions. During the time period 404, there are two voltage drops 422 and 424 which can
be determined to be below the threshold value 412. These voltage drops can trigger detection
of an abnormality. As described herein, a method of operating a wire saw apparatus or device
can thus be conducted at a reduced speed on occurrence of these voltage drops. However,
these voltage drops are relatively short and the grid voltage increases back to an essentially

nominal value after the voltage drops.

[0040] Accordingly, the wire saw device can be reduced in speed, when the voltage drop 422
is detected and can return to normal operation, that is full speed, after the voltage has
increased again. Thereafter, when the voltage drop 424 is detected the speed of the wire saw
device is again reduced and after the voltage drop 424, the wire saw device can return to
normal operation. During time period 406, the voltage drop 426 is also below the threshold
412. Accordingly, when the curve drops below the threshold, the wire saw is reduced in
speed. In light of the fact that the voltage drop extends over a certain period of time, the wire
saw operation process can decide after a determined time period that the wire saw has to
change from the reduced speed mode to a full stop after a certain time. A similar reaction can
result from the voltage drop 428 in time period 408. Thereby, when the voltage drop is
determined to be below the threshold 412, the wire saw is reduced in speed. Thereafter, when
that deviation is further determined to be below the threshold 414, the wire saw is brought
from the reduced speed to an emergency stop situation. In light of the above, an emergency
stop can, for example be completely avoided for the two voltage drops 422 and 424. Even
though an emergency stop might be conducted for voltage drops 426 and 428, as described
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above, the emergency stop might in some cases not be conducted from a normal operation
mode, i.e. a full speed mode, but the emergency stop is conducted starting from the mode of
reduced sawing speed. Accordingly, even though an emergency stop might still occur, the

probability of wire breakage can also be reduced in these cases.

[0041] According to another example, the voltage drop 428 can result in the following
operation conditions. As shown in FIG.4, the voltage can increase to a value close to the
desired value after the drop. As described above, the wire saw device has performed an
emergency stop due to the voltage drop. If the power supply has returned to desired or
normal values after the power stop, the wire saw device can detect the normal values and can
automatically re-start normal operation. However, it is also possible that the voltage switches
off completely (not shown in FIG. 4). In such a case a regular start of the wire saw device can

be performed after power is again available thereafter.

[0042] Accordingly, the system goes into a preventive state or a safe mode of operation when
a voltage drop or another deviation of a physical quantity of the electrical network, i.e. the
grid power supply, does occur, for example, in a plant for photovoltaic wafer manufacturing.
Typically, when the DC voltage provided for motors and drives reaches the value below
critical level, for example about 97% to 80% of the nominal value, the wire saw device goes
into a safe mode of operation, where the electrical components controlling the process such as
the wire speed, the table speed, the slurry flow, heating means, cooling means or other
electrical components, switch to the about 40% to 60% of the normal operation values.
Thereby, the reduced speed of the moving portions, particularly the wire speed and the table
speed, reduce the risk of wire breakage and allow for easier emergency stop if this might be
desired. Reducing the power used for other process parameters, such as essentially all
electrical consumers, for example wire speed, the table speed, the slurry flow, and heating
means, cooling means, reduces the current used for an active DC converter, which would use
an increased current in the event of an AC voltage drop in order to obtain the same DC

voltage.

[0043] For example, if the normal operation corresponds to a wire speed of 15 m/second and
400 microns/minute table speed, the device can switch to 7 to 8§ m/s wire speed and 150 to
250 microns/min table speed. Thereby, according to embodiments described herein, the wire
saw device can continue operating for a few seconds in a safe mode during which the voltage
drop might disappear. As long as the deviations do not reach a critical level, for example

about 30% to 70% of the nominal values, and/or the deviations do not occur over a long
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period of time, for examples more than 5 s, 10 s or 30 s, the equipment can continue
operation. If the deviation of the value of the physical quantity of the grid continues to exist
and/or reaches a critical level, the system can proceed with an emergency stop. If the physical
quantity of the grid continues to a normal level, then the system can return to its normal

operating mode.

[0044] According to different embodiments, which can be combined with other embodiments
described herein, the determination or evaluation of deviations can be conducted based on a
threshold, based on a threshold and a time, or based on the product of threshold and time. In
the latter case, a relatively small deviation could result in triggering an abnormality if it
extends over a correspondingly longer time period. Further, the level, which results in an
emergency stop can be a fixed level, which would result in a stop after an internal DC
voltage, which has been converted from the AC power supply (the grid or network), or
another quantity of the grid or network experiences a deviation from a nominal value, i.e., a
desired value. For the emergency stop this can typically be a fixed deviation from a fixed
value, e.g. a drop by 20 % of the DC voltage. Yet, the threshold or another criterion for
operating the wire saw device can be a voltage drop by e.g. 5% of a desired value, which can
be a calculated value. Thus, contrary to the emergency stop value, the safety mode value can
be a floating desired value, which takes into account the grid stability over time. For
example, if the average grid voltage slowly but continuously decreases over time, the
threshold for the safety mode can be a drop by 3% to 10% of the continuously decreasing
voltage. Particularly in regions with instable grids, this might result in an operation condition
where the safety mode threshold has continuously decreased such that the safety mode
threshold has dropped below the emergency stop threshold. In such a case, the wire saw

device could conduct an emergency stop without a previous safety mode operation.

[0045] Embodiments of the present invention allow the wire saw device to go into a safe
mode when a voltage drop or the like occurs in the electrical network (the grid) of the plant

and prevents the equipment to stop for other reasons than mature power failures.

[0046] Figure 5 illustrates embodiments of a wire saw device 500, which are adapted for the
operation methods described herein. The wire saw device 500 includes a housing 502 and an
electrical cabinet 510. The electrical cabinet 510 can be separated from the housing 502 or it
can be fully or partly integrated into housing 502. The power supply 503 is connected to the
electrical cabinet 510. The power supply can be an electrical connection in the plant or the

fabrication system, which provides power to the wire saw device from an electrical network
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or a grid, such as a public electrical network, an internal grid, or the like. As indicated by that
miniaturized copy of graph 400 next to the power supply 503, variations and deviations of
physical quantities of the grid are fed into the wire saw device 500. For example, in the
electrical cabinet 510, a measuring unit 512 for measuring values of physical quantities of the
power supply is provided. Thereby, the measuring unit 512 can determine variations and
deviations of desire values of the physical quantity of the power supply. If a deviation is
determined to be above a deviation, which has to be considered as normal, the measurement
unit having an output for outputting a signal to an input of a control unit 514, sends a signal to
the control unit 514. The measuring unit and/or the control unit 514 can evaluate the
deviations and correspondingly send a signal from the output of the control unit 514 to an
input of the drives and motors 522 and 524, respectively, to reduce the operation speed

thereof.

[0047] According to yet further embodiments, which can be combined with other
embodiments described herein, the measuring unit 512 could additionally or alternatively also
measure the DC voltage provided within the wire saw device 500 based upon the grid power
supply. According to yet further alternative embodiments, the measuring unit 512 and the
control unit 514 may also be provided within the housing 502 of the wire saw device and does
not necessarily need to be located in an electrical cabinet 510. The measuring unit can be

separated or integrated into an electrical converter, an electrical inverter, or the like.

[0048] Figure 6 illustrates in further embodiments of operating a wire saw device. In step
602, the wire saw device is operated under normal conditions. Thereby, values of one or
more physical quantities of a power supply grid are measured. If in step 604 essentially no
deviation from a desired value of a physical quantity is detected or determined, the wire saw
device continues to operate under normal conditions (step 604 = “no”). Thereby, according to
some embodiments, which can be combined with other embodiments described herein,
essentially no deviation is to be understood to include small deviations, which are common to
a normal status of the power supply. In other words, determining deviations (yes in step 604)
can be understood such that the value of the physical quantity deviates from the desired value,
nominal value, calculated value and/or an average value to a certain degree. Thereby, such a
deviation can be for example a drop by 3% to 15% or 5% to 10%, e.g. 5%, from that desired
value of the physical quantity of the power supply grid. According to yet further
embodiments, which can be combined with other embodiments described herein, the physical

quantity can be at least one physical quantity selected from the group consisting of: a voltage
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(DC or AC), a frequency, a power factor, and harmonics of a frequency. Thereby, typically a
voltage can be used as the physical quantity. According to alternative modifications, the
voltage can be a grid voltage supplied to the wire saw device and/or an internal voltage within

the wire saw device, such as the DC voltage.

[0049] If a deviation as described herein is determined, the wire saw device operates in a safe
operation mode in step 606. Thereby, according to typical embodiments, which can be
combined with other embodiments described herein, the sawing speed of the wire saw device
is reduced. For example, one or more of the velocities of drives or motors can be reduced to
about 30% to 70%, e.g. 50%, of the respective speed during normal operation. According to
some embodiments, the velocities of drives or motors can be selected from the group
consisting of: the wire speed, the material feed rate, the speed of a wire tracking system, and

combinations thereof.

[0050] Thereby, according to yet further embodiments, a wire tracking system is referred to a
wire management unit adapted for a wire saw device having a wire forming a wire web for
cutting. Thereby, 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
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.

[0051] During operation, in a normal operation mode and in safe operation mode, the wire
saw device continues to measure values of at least one physical quantity correlating to one or
more physically quantities of the power supply grid. Accordingly, determination of a
deviation of such a value from a nominal value is evaluated in step 608. If the previous
deviation disappeared, the wire saw device can return to normal operation in step 602.
Thereby, the drives and motors, which have been operating at reduced velocities during the
safe operation mode, are accelerated to return to a normal operation sawing speed. If the

deviation still exists but has not reached a critical value sufficiently high enough to trigger an
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emergency stop, the wire saw device continues to operate in the safe operation mode in step
606. If the deviation has further increased and/or has been existent for a certain time period,

step 608 determines a yes and stops the wire saw device in step 610.

[0052] According to different embodiments, which can be combined with other embodiments
described herein, a critical deviation for triggering an emergency stop can be a deviation from
a desired value by at least 25% to 75%, such as 20 % or 35%. Thereby, a deviation by, e.g.,
20% of the desired value is to be understood as a deviation to 80% of the desired value.
Additionally or alternatively, a critical deviation triggering an emergency stop can be a
deviation for triggering the safe operation mode in the event that this deviation occurs for a

time of at least 3 seconds, 5 seconds, 15 seconds, and above.

[0053] Figure 7 illustrates yet further embodiments of operating a wire saw device. After the
wire saw device has started in step 702, it is, in step 704, operated under normal conditions.
Thereby, values of one or more physical quantities of a power supply grid are measured.
Typically a voltage drop of the grid voltage and/or of a resulting DC voltage in the wire saw
device is measured. If in step 706 essentially no deviation from a predetermined voltage is
detected, the wire saw device continues to operate under normal conditions. Thereby,
according to some embodiments, which can be combined with other embodiments described
herein, essentially no deviation is to be understood to include small deviations, which are
common to a normal status of the power supply. In other words, determining deviations (yes
in step 604) can be understood such that the value of the physical quantity deviates from the
desired value, e.g., a calculated value, a nominal value and/or an average value by at least 5%
of the desired value. Thereby, such a voltage drop can be, for example, a voltage reduction by
3% to 15% or 5% to 10%, e.g. 5%, from the desired voltage value. According to yet further
embodiments, which can be combined with other embodiments described herein, the slope(s)
of physical quantities over time can be determined. Thereby, if the slope of a voltage drop
exceeds a certain value, i.e. the voltage drops very fast, triggering of a safety mode operation

or an emergency stop can also be provided.

[0054] If a deviation as described herein is determined, the wire saw device operates in a safe
operation mode in step 708. Thereby, according to typical embodiments, which can be
combined with other embodiments described herein, the sawing speed of the wire saw device
is reduced. For example, one or more of the velocities of drives or motors can be reduced to
about 30% to 70%, e.g. 50%, of the respective speed during normal operation. According to

some embodiments, the velocities of drives or motors can be selected from the group
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consisting of: the wire speed, the material feed rate, the speed of a wire tracking system, and
combinations thereof. During operation, in a normal operation mode and in safe operation
mode, the wire saw device continues to measure the voltage, such as the power supply grid
voltage and/or a DC voltage. Accordingly, determination of a deviation of such a value from
a nominal value is evaluated in step 710. If the previous deviation disappeared, the wire saw
device can return to step 706 and can thereby return to step 704, i.e. to a normal operation
mode. If the deviation still exists but has not reached a critical value (< y%) sufficiently high
enough to trigger an emergency stop, the wire saw device continues to operate in the safe
operation mode by proceeding to step 708 via step 706. If the deviation has further increased
and/or has been existent for a certain time period, step 710 determines a “no” and conducts an
emergency stop of the wire saw device in step 712. After stopping, the system determines the
system status in step 714 and can either restart the wire saw device in step 702 or can request

maintenance if desired by continuing to step 716.

[0055] Figure 8 illustrates yet further embodiments of a wire saw device 500, which are
adapted for the operation methods described herein. The wire saw device 500 includes a
housing 502 and an electrical cabinet 510. The power supply 503 is connected to the
electrical cabinet 510. The power supply can be an electrical connection in the plant or the
fabrication system, which provides power to the wire saw device from an electrical network
or a grid, such as a public electrical network, i.e. a public grid, an internal grid, or the like. As
indicated by that miniaturized copy of graph 400 next to the power supply 503, variations and
deviations of physical quantities of the grid are fed into the wire saw device 500. For
example, in the electrical cabinet 510, a measuring unit 512 for measuring values of physical
quantities of the power supply is provided. Thereby, the measuring unit 512 can determine
variations and deviations of desired values of the physical quantity of the power supply. If
one or more deviations are determined to be above deviations, which have to be considered as
normal, the measurement unit having an output for outputting a signal to an input of a control
unit 514, sends a signal to the control unit 514. The measuring unit and/or the control unit
514 can evaluate the deviations and correspondingly send a signal from the output of the
control unit 514 to an input of the drives and motors 522, 524, 822 and 824, respectively, to

reduce the operation speed thereof.

[0056] As shown in Fig. 8, according to typical embodiments, the control unit can have a
memory 841, a CPU 842, and a data receiving portion 843, like a hard drive, a CD-ROM

drive, a network connection portion, a user interface, or the like. Thereby, deviations can be
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calculated in the CPU; the memory can be used to store previous, average and/or nominal
values of physical quantities and values of operation parameters for the drives and motors;
and the data receiving portion can be used for receiving program codes or other external
operations. Accordingly, according to embodiments described herein, a computer program
product or software can be provided, which is adapted to operate a wire saw device according
to any of the embodiments described herein, and/or which can conduct any of the improved

methods according to any of the embodiments described herein, when run on a computer.

[0057] In light of the above a plurality of embodiments has been described. According to one
embodiment, a method of operating a wire saw device is provided. The method includes
operating the wire saw device at a first set of predetermined parameters, the parameters
including a first wire speed of a sawing wire, measuring values of one or more physical
quantities being a physical quantity of the power supply grid providing power to the wire saw
device or a DC converted voltage of the power supply grid, determining one or more
deviations of respective values of the one or more physical quantities from desired values of
the physical quantities, and operating the wire saw device at a second wire speed smaller than
the first wire speed depending on the determined one or more deviations. According to
typical alternative or additional modifications thereof the physical quantities can be at least
one physical quantity selected from the group consisting of: a grid voltage, a grid frequency, a
grid phase, a power supply current, a power factor of the grid, harmonics of the grid
frequency, a DC voltage resulting from a DC conversion of the grid power, and combinations
thereof; the operating at the second wire speed can be conducted if the one or more deviations
exceed a predetermined threshold level; the one or more physical quantities can be a voltage
and the threshold deviation is a deviation by 3 rel.-% to 20 rel.-% of the desired values,
wherein the threshold deviation can be different or the same in the case the threshold
deviation corresponds to a voltage raise as compared the case where the threshold deviation
corresponds to a voltage drop; and/or the desired values of the physical quantities can be
selected from the group consisting of: nominal values, a calculated value, an average values,
and combinations thereof. According to yet further alternative or additional modifications,
the method can further include stopping operation of the wire saw device if the one or more of
the deviations exceed one or more of the criteria of the group consisting of: a predetermined
magnitude; a predetermined time period; and combinations thereof, for example, wherein the
predetermined magnitude of the deviation can be at 10 rel.-% or more, typically 30 rel.-% to
60 rel.-% of the desired value. Further alternative or additional modifications can be that the

difference between the first wire speed and the second wire speed can depend on the value of
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the one or more deviations, particularly wherein the difference between the first wire speed
and the second wire speed is proportional to the value deviation and/or the wire can be a

coated wire, particularly has a diamond coating.

[0058] According to another embodiment, a computer program product having a program
code, which is provided on a machine readable medium or in a memory of a controller of a
wire saw device, adapted for conducting a method according to any of the embodiments

described herein when operated on a computer or the controller of the wire saw device.

[0059] According to a yet further embodiment, a wire saw apparatus having a wire for
forming a wire web is provided. The wire saw device includes an electrical connector
adapted to connect the wire saw device to a power supply grid, a measuring unit adapted to
measure values of one or more physical quantities being a physical quantity of the power
supply grid or a DC converted voltage of the power supply grid providing power to the wire
saw device, and a control unit being operatively connected to the measuring unit and adapted
for measuring one or more deviations of respective values of the one or more physical
quantities from desired values of the physical quantities of the power supply grid, wherein the
control unit is adapted to operate the wire saw device in a safe operation mode. According to
typical alternative or additional modifications thereof the measuring unit can have a signal
output, the control unit has a signal input adapted for receiving a signal originating from the
signal output of the measuring unit; the device can further include at least one drive or motor
for operating a component of the wire saw device, wherein the at least one drive or motor has
a signal input adapted for receiving a signal originating from the control unit and/or can
further include a computer program product according to embodiments described herein.
According to yet further alternative or additional modifications thereof the control unit and/or

the measuring unit can be integrated in the at least one drive or motor.

[0060] 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 method of operating a wire saw device, comprising:

operating the wire saw device at a first set of predetermined parameters, the

parameters including a first wire speed of a sawing wire;

measuring values of one or more physical quantities being a physical quantity of the
power supply grid providing power to the wire saw device or a DC converted voltage of the

power supply grid;

determining one or more deviations of respective values of the one or more physical

quantities from desired values of the physical quantities; and

operating the wire saw device at a second wire speed smaller than the first wire speed

depending on the determined one or more deviations.

2. The method according to claim 1, wherein the physical quantities being at least one
physical quantity selected from the group consisting of: a grid voltage, a grid frequency, a
grid phase, a power supply current, a power factor of the grid, harmonics of the grid
frequency, a DC voltage resulting from a DC conversion of the grid power, and combinations

thereof.

3. The method according to any of the preceding claims, wherein the operating at the
second wire speed is conducted if the one or more deviations exceed a predetermined

threshold level.

4. The method according to claim 3, wherein the one or more physical quantities is a
voltage and the threshold deviation is a deviation by 3 rel.-% to 20 rel.-% of the desired
values, wherein the threshold deviation can be different or the same in the case the threshold
deviation corresponds to a voltage raise as compared the case where the threshold deviation

corresponds to a voltage drop.
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5. The method according to any of the preceding claims, wherein the desired values of
the physical quantities are selected from the group consisting of: nominal values, a calculated

value, an average values, and combinations thereof.

6. The method according to any of the preceding claims, further comprising:

stopping operation of the wire saw device if the one or more of the deviations exceed one or
more of the criteria of the group consisting of: a predetermined magnitude; a predetermined

time period; and combinations thereof.

7. The method of claim 6, wherein the predetermined magnitude of the deviation is at 10

rel.-% or more, typically 30 rel.-% to 60 rel.-% of the desired value.

8. The method of any of the preceding claims, wherein the difference between the first
wire speed and the second wire speed depends on the value of the one or more deviations,
particularly wherein the difference between the first wire speed and the second wire speed is

proportional to the value deviation.

0. The method of any of the preceding claims, wherein the wire is a coated wire,

particularly has a diamond coating.

10. A computer program product having a program code, which is provided on a machine
readable medium or in a memory of a controller of a wire saw device, adapted for conducting
a method according to any of claims 1 to 9 when operated on a computer or the controller of

the wire saw device.

11. A wire saw apparatus having a wire for forming a wire web, the wire saw device

comprising:
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an electrical connector adapted to connect the wire saw device to a power supply grid;

a measuring unit adapted to measure values of one or more physical quantities being a
physical quantity of the power supply grid or a DC converted voltage of the power supply

grid providing power to the wire saw device; and

a control unit being operatively connected to the measuring unit and adapted for
measuring one or more deviations of respective values of the one or more physical quantities
from desired values of the physical quantities of the power supply grid, wherein the control

unit is adapted to operate the wire saw device in a safe operation mode.

12. The wire saw apparatus according to claim 11, wherein the measuring unit has a signal
output, the control unit has a signal input adapted for receiving a signal originating from the

signal output of the measuring unit; and further comprising:

at least one drive or motor for operating a component of the wire saw device, wherein
the at least one drive or motor has a signal input adapted for receiving a signal originating

from the control unit.

13.  The wire saw apparatus according to any of claims 11 to 12, further comprising a

computer program product according to claim 10.

14.  The wire saw apparatus according to any of claims 11 to 13, wherein the control unit

and/or the measuring unit is integrated in the at least one drive or motor.
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