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WIRE SAW DEVICE AND METHOD FOR OPERATING SAME

FIELD OF THE INVENTION

[0001] The 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 silicon wafers

from silicon ingots.

BACKGROUND OF THE INVENTION

[0002] There exist wire saw devices for cutting thin slices, e.g. semiconductor wafers, from a
piece to be sawed, e.g. an ingot or block of semiconductor material. In such devices a
stretched wire is both guided and tensioned by wire guide cylinders. These wire guide
cylinders are generally covered with a layer of synthetic resin and are scored with grooves
having very precise geometry and size. The wire is spirally wound about the wire guide
cylinders and forms between two wire guide cylinders at least one layer of parallel wires, also
called a web or wire web. In the web, the distance between two consecutive wires fixes the
thickness of the slices. During the sawing process, the wire is moved with considerable
speed. Because of the spiral winding, all the wires of the layer of wires move parallel
generating a force perpendicular to the advance of a support beam holding the piece to be
sawed. During sawing, the piece to be sawed is moved through the wire web wherein the
speed of this movement determines the cutting speed and/or the effective cutting area that can
be sawed within a given amount of time, e.g. within an hour. 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 inclugling wire speed, hardness of the

material to be sawed, and the like.

CONFIRMATION COPY
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SUMMARY

[0003] In view of the above, a wire saw device according to independent claim 1 is provided.
Further advantages, features, aspects and details are apparent from the dependent claims, the

description and drawings.

[0004] According to one embodiment a wire saw device for sawing semiconductor material is
provided. The wire saw device includes a wire guide device comprising at least four wire
guide cylinders and being édapted to guide wires for forming at least one wire web for sawing
the semiconductor material and forming a first and a second'working area; and two or more
wire management units for providing each a wire to the wire guide device, wherein each of
the wire guide cylinders has a plurality of grooves wherein adjacent grooves have a distance

of 400 um or below.

[0005] According to another embodiment, a wire saw device for sawing semiconductor
material is provided. The wire saw device includes a wire guide device adapted to guide a
wire for forming at least one wire web for sawing the semiconductor material, and at least one
wire management unit, typically two or more wire management units, for providing a wire to
the wire guide device, wherein the wire guide device and the wire management unit or wire
management units are adapted to provide the at least one wire web such that an effective

cutting area rate of 12 m*h or more is provided.

[0006] According to a further embodiment, -a method for in-situ cleaning of semiconductor
wafers is provided. This method includes attaching a semiconductor material block to a beam
having at least one conduit for feeding cleaning fluid, sawing, with a wire saw device, the
semiconductor material block to obtain a plurality of semiconductor wafers and further
sawing the beam such that fluid communication between the at least one conduit and a space
between the semiconductor wafers is established, and supplying cleaning fluid to the at least

one conduit to clean the semiconductor wafers.
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[0007] According to yet another embodiment, a method for demounting semiconductor
wafers from a beam after Sawing is provided. The method includes sawing, with a wire saw
device, the semiconductor material block in a direction of a predefined slicing plane to obtain
a plurality of semiconductor wafers, sawing a beam to which said semiconductor wafers are
attached in the direction of the predefined slicing plane, and sawing the beam in a direction

substantially perpendicular of the predefined slicing plane.

[0008] According to yet a further embodiment, a method for in-situ treatment of
semiconductor wafers is provided. The method includes attaching a semiconductor material
block to a beam; sawing, with a wire saw device, the semiconductor material block to obtain a
plurality of semiconductor wafers, wherein the sawing is conducted in an enclosure supplying
cleaning fluid to clean the semiconductor wafers within the enclosure; and collecting the

cleaning fluid in a wafer box.

[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 accqrding 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] A full and enabling disclosure of the present invention, including the best mode
thereof, to one of ordinary skill in the art, is set forth more particularly in the remainder of the

specification, including reference to the accompanying figures, wherein:
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[0011] Fig. 1 shows a schematic front view of a wire saw device according to an embodiment.

[0012] Fig. 2 shows a schematic top view of a wire saw device according to an embodiment.

[0013] Fig. 2A shows a schematic view of a wire guiding cylinder having a plurality of

grooves.

[0014] Fig. 3 shows a schematic front view of a wire saw device according to another

embodiment.

[0015] Fig. 4A shows a schematic top view of a wire saw device according to the

embodiment shown in Fig. 3.

[0016] Fig. 4B shows a schematic side view of a wire saw device according .to the

embodiment shown in Fig. 4A.

[0017] Fig. 5A shows a schematic top view of a wire saw device according to a further

embodiment.

[0018] Fig. 5B shows a schematic side view of a wire saw device according to the

embodiment shown in Fig. SA.

[0019] Fig. 6 shows a schematic side view of a wire guide cylinder according to an

embodiment.
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[0020] Fig. 7 shows a schematic front view of a wire saw device according to a further

embodiment.

[0021] Fig. 8 shows a nozzle arrangement according to an embodiment.

[0022] Fig. 9 shows a schematic perspective view of a modular cutting head according to an

embodiment.

[0023] Figs. 10A and 10B show embodiments of a wire breakage detection unit.

[0024] Fig. 11 shows embodiments of a wafer box and wafer baskets.

[0025] Fig. 12 shows a schematic front view of a wire saw device according to an

embodiment.

[0026] Fig. 13 shows a detail of a beam according to an embodiment.

[0027] Fig. 14 is a flow diagram of a cleaning method according to an embodiment.

[0028] Fig. 15 is a flow diagram of a dismounting method according to an embodiment.

.DETAILED DESCRIPTION OF THE INVENTION
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[0029] 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.

[0030] Furthermore, in the following descripﬁon a wire management unit will be understood
as a device handling the supply of wire to a working area a wire saw device. Typically, the
wife 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 areas which are defined as areas in which a sawing process is performed.

[0031] Fig. 1 shows a schematic front view of a wire saw device 100 according to an
embodiment. Wire saw device 100 has a wire guide device 110 including four wire guide
cylinders 112, 114, 116, 118. A wire management unit 130 provides a wire to the wire guide
cylinders 112, 114, 116, 118. The wire management unit 130 includes a supply coil 134 on
which a wire reservoir, typically holding several hundred kilometers of wire, is provided.
Fresh wire 230 is fed to wire guide device 110 from supply coil 134. Furthermore, wire
management unit 130 includes a take-up spool 138 on which the used wire 240 is recoiled. In
the embodiment shown in Fig. 1, the rotational axis of supply coil 134 and take-up spool 138
are parallel to the rotational axes of the wire guide cylinders 112, 114, 116, 118. Accordingly,
no deflection pulley or similar device is required for feeding the wire to the wire guide 110.
Due to the zero degree angle on the wire, the risk of wire breakage can be reduced. Typically,

wire management unit 130 includes further devices such as low inertia pulleys (not shown)
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and tension arms (not shown) for wire tension regulation. In some embodiments, digital

coders are provided on the tension arms.

[0032] Fig. 2 shows a schematic top view of wire saw device 100. Therein, the wire is
spirally wound about the wire guide cylinders 112, 114 and forms between the two wire guide
cylinders a layer 200 of parallel wires. This layer is typically referred to as a wire web 200.
Typically, wire guide cylinders 112, 114, 116, 118 are covered with a layer of synthetic resin
and are scored with grooves having very precise geometry and size. The distance between the
grooves, or the pitch of the grooves, determines the spacing D1 between two adjacent strings
or lines of wire. This distance D1 also determines the maximum thickness of the slices cut by
the wire saw device. However, for example in the event a third media such as slurry is used
the slices may be about 10 um to 40 um thinner than the distance D1. Typically, the wire
thickness is between 120 um and 140 pm while distance D1 is from 120 um to 300 um,
typiéally in the range of 200 pm to 250 pm. As an example, the grooves may have a pitch or
distance of below 300 pm. Accordingly, the thickness of the wire is of the same order as the
distance D1. According to some embodiments, which can be combined with the other
embodiments describe herein, the pitch or distance of the groove results in spacing between
adjacent wires of about from 120 pm to 200, typically of 160 um or smaller. In light of the
above, embodiments described herein may provide a very large cutting area and a very large

cutting rate

[0033] This might be better understood with regard to Fig. 2a. Therein a portion of a wire
guiding cylinder 112 is shown. The wire guiding cylinder 112 has a plurality of grooves 112g
being configured to guide a wire 200i forming a wire web. As the pitch, i.e. the distance of
the grooves is denoted as P in Fig. 2A, the distance or spacing between the wires, which
corresponds to the maximﬁm wafer thickness is provided by the distance between adjacent
wires, which is denoted as D1. Thus, the pitch of the grooves ‘and the wire thickness result in

the spacing between the wires.

[0034] According to different embodiments, which can be combined with other embodiments

described herein, the pitch, i.e. the distance between grooves, can be in a range of 225 um to

7



WO 2009/127932 PCT/1IB2009/005220

400 um, for example 300 pum or below; the distance between adjacent wires can be in a range
of 120 pm to 300um, for example, 200 pm to 250 pm or even 220 um or less; and/or the
resulting wafer thickness can be in a range of 100 um to 250 pum, for example, 180 pm to
220pum or even 200 um or below. Thereby, it should be noted that the groove pitch and the
groove geometry is typically adapted to a wire thickness and wire type and is adapted to the
wafer thickness. Accordingly, a wire saw device having wire guiding cylinders with grooves
is generally adapted for specific wafer thicknesses and wire diameters by the groove pitch and
the groove geometry. The values for the groove pitch, the wire thicknesses and/or the wafer

thicknesses can be insofar predetermined by the configuration of the wire saw device.

[0035] Furthermore, each wire guide cylinder 112, 114, 116, 118 is connected to a motor 122,
124, 126, 128 (shown in broken lines in Fig. 1). In the embodiment Shown in Figs. 1 and 2,
wire guide cylinders 112, 114, 116, 118 are directly driven by motors 122, 124, 126, 128. As
shown in Fig. 2, each wire guide cylinder 112, 114 may be directly mounted to the motor
shaft 123, 125 of the corresponding motor 122, 124. In some embodiments one or more of

the motors are water-cooled.

[0036] During operation, e.g. during the sawing process, the motors 122, 124, 126, 128 drive
the wire guide cylinders 112, 114, 116, 118 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 some embodiments, the transport speed of the wire is relatively high for example
as much as 20 m/s. In one embodiment, one of the motors, e.g. motor 122, serves as a master
motor whereas the remaining motors 124, 126, 128 serve as slave motors. In other words,
master motor 122 controls the operation of slave motors 124, 126, 128 so that slave motors
124, 126, 128 follow master motor 112. Thus, synchronicity of operation of motors 122, 124,

126, 128 is improved and can be maintained during the sawing process.

[0037] According to some embodiments, which can be combined with other embodiments
described herein, two or more spools are provided for forming at least one wire web. For
example, two, three or even four spools can be used to provide the wire. Thereby, according

to different embodiments a method of sawing thinner wafers, e.g., in a range of 100 um to

8



WO 2009/127932 PCT/1IB2009/005220

170 um can be provided. Typically, the thinner wafers can also be sawed at higher speed,
such as having a material feed rate is in the range of 2 pm/s to 12 pm/s, typically about 5
um/s to 7 pmy/s.

[0038] Compared to a single wire system, the load on each wire can be reduced by having
two-or more spools and, thus, two or more wires. Generally, for a single wire web the load is
increased as compared to a dual wire web due to the increase of the wafer surface are to wire
surface area. The increased load can result in lower cutting speeds. Accordingly, using two
or more wires can increase the cutting speed, e.g., such that an effective cutting area or a

cutting area rate of 12 m?h or more can be provided.

[0039] Further, according to yet further embodiments, which can be combined with other
embodiments, thinner wires can be used, for example wires having a thickness of 80 um to
120 pm, while the cutting area is increased. Typically, the wire thickness reduces during
usage of the wire. Thus, if a single wire is used for a larger cutting area, the wire may be
thinned until breakage of the wire results. Accordingly, the use of two wires to build a wire
web, for example, a continuous wire web, on the one hand reduced the load on the wire and
thereby allows for higher cutting speeds and, on the other hand, allows for thinner wires,

which allows for smaller wire distance and thereby increased cutting area.

[0040] In light of the above, some embodiments, which can be combined with other
embodiments described herein, can include a wire having a thickness of 120 pm or 100 pm or
less, can include, for example, a diamond wire, and/or can have a grooves configured for

wires of 120 um or less.

| [0041] Going back to Fig. 1, the wire saw device 100 includes four wire guide cylinders 112,
114, 116, 118 which guide the wire so that it forms web 200. The material to be sawed, e.g.
blocks 302, 304, 306, 308 of semiconductor material, is attached to a holder. For example,
silicon ingots 302, 304, 306, 308 may be mounted to a support mechanism which is not

shown in Fig. 1 but will be explained later. In order to saw blocks 302, 304, 306, 308, the
9
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blocks 302, 304, 306, 308 are lowered toward web 200. The wire is transported in wire
moving direction 215, 225 at a considerable speed, e.g. from 10 m/s to 20 m/s, typically
between 13 m/s and 15 m/s. When blocks 302, 304, 306, 308 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 302, 304, 306, 308 into thin slices having a maximum width
DI1. 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 léngth 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 2 um/s to 12 pm/s, typically about 5 pm/s to 7 pm/s.

[0042] Due to the geometry of wire guide device 110, 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 capacity, i.e. the amount of semiconductor
material, of the sawing device 100 is improved. Furthermore, in the shown embodiment each
‘working area 210, 220 is sufficiently large such that two blocks 302, 304; 206, 308 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.

[0043] In a wire saw device 100 according to embodiments described herein, the wire guide
device 110 and the at least one wire management unit 130 are adapted to provide a wire web
200 such that an effective cutting area or cutting rate of 12 m*h or more is provided. In some
embodiments, the total cut surface sawed in one cut is about 160 m?. In some embodiments,
the number of wafers obtained within a single cut is 5,000 or more. In some embodiment, the
footprint of the machine is about 10 to 14 m?. Thus, wire saw devices according to
embodiments described herein provide improved efficiency and higher throughput compared

with conventional wire saw devices.

10
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[0044] Fig. 3 shows a schematic front view of a wire saw device 102 according to another
embodiment. Wire saw device 102 includes a further wire management unit 140 which is
similar to wire management unit 130 described above. Second wire management unit 140
includes a wire supply coil 144 and a take-up spool 148. Wire supply coil 144 provides fresh
wire 238 and take-up spool 148 recoils used wire 248. As shown in Fig. 4A, first
management unit 130 provides a first wire for forming a first wire web 204 while second wire
management unit 140 provides a second wire for forming a second wire web 208. First web
204 is located at the front end side of the wire guide cylinders 112, 114 and second web 208 is
located at the rear end side of wire guide cylinders 112, 114 adjacent to motors 122, 124. In
first web 204, two adjacent strings or lines of wire are spaced by distance D1 while in second
web 208 two adjacent strings or lines of wire are spaced by a distance D2. Furthermore, first
and second webs 204, 208 are spaced by a distance DW. However, distances D1, D2, and
DW are defined by the grooves in wire guide cylinders 112, 114. Since these grooves are
equidistant, distances D1 and D2 can be identical, and also DW may be selected to be
identical. Furthermore, the wire guide cylinders drive both the first and second web 204, 208
so that the wire speed is identical for the first and second web 204, 208. Furthermore, the
wire transport directions of the first and second webs 204, 208 will be identical. Since second
wire management unit 140 is a mirrored with respect to first wire management unit 204, the
wire feeding direction and wire recoil directions are reversed. Furthermore, first wire web
204 is fed in the middle of the wire guide cylinder In view of the above, the first and second
webs 204, 208 have identical properties and appear as a single continuous web 200. In other
words, a composite web 200 is formed by the first and second Wébs 204, 208 wherein the
composite web is continuous in its properties so that there exists 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 webs 204, 208 are advantageous in that wire length of one web in a working
area 210, 220 is only half of the length compared to a single wire web as it is shown in Fig. 2.
When using the same amount of wire in the wire reservoir, the wire length which can be

utilized for sawing is doubled.

[0045] According to some embodiments, which can be combined with other embodiments
described herein, the distance DW between a first portion of a web and a second portion of

the web, both forming a continuous web can be the same as the distance D1 or the distance

11
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D2. Thus, the spacing between adjacent wires of the first and the second web may be e.g.,

300 um or below, typically 200 pm to 250 pm.

[0046] Fig. 4B shows a schematic side view of a wire saw device according to the
embodiment shown in Fig. 4A. Therein, it can be seen that first wire web 204 and second
wire web 208 are arranged in a row on wire guide cylinder 112. Furthermore, in this
embodiment, a first or front block 302F of semiconductor material is located in the working
area of first web 204. In addition, a second or rear block 302R of semiconductor material is
loéated in the working area of second web 208. During the sawing process, front block 302F
is cut by first web 204 and rear block 302R is cut by rear web 208. In a typical embodiment,
each of the blocks will have a longitudinal length of about 250 mm and will have a surface of
156 mm by 156 mm. It should be understood that the same arrangemeht of two consecutive
blocks of semiconductor material can also be chosen for the other positions 304, 306, and
308. As aresult, the sawing device shown in Fig. 3 is adapted to simultaneously saw 8 blocks
of semiconductor material, namely two upper front blocks 302F, 304F with working. area 210
of first web 204, two lower front blocks 306F, 308F with working area 220 of first web 204,
two upper rear blocks 302R, 304R with working area 210 of second web 208, and two lower
rear blocks 306R, 308R with working area 220 of second web 208. In such arrangement, up
to 6,000 wafers and more may be obtained in a single sawing process. Furthermore, the
described arrangement increases redundancy. For example, when a wire breakage occurs in
one of the wire webs 204, 208, the remaining web may still be used to saw the semiconductor
material. Thus, only half of the batch is lost instead of the complete batch. Thus, efficiency

and throughput are considerably improved.

[0047] Fig. 5A shows a schematic top view of a wire saw device according to a further
embodiment. The overall configuration is similar to the embodiment shown in Figs. 4A and
4B. However, the longitudinal length of first and second webs 204 and 208 is reduced in that
gaps of width G are provided at the beginning and the end of the webs. Therein, gap G should
be understood as a region without wire web but grooves on the wire guide cylinders. In other
words, the gaps G on wire guide cylinder 112 are not used for providing a wire web. As a
result, each of the first and second wire webs 204, 208 has a reduced longitudinal length

compared to the arrangement shown in Fig. 4A as is also indicated by the dashed lines.

12
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Accordingly, the distance DW between first and second webs 204, 208 may be determined as
DW =2 G + D1. Of course, the distance DW may be increased if desired.

[0048] The effect of such an arrangement is now described with reference to Fig. 5B, wherein
Fig. 5B shows a schematic side view of a wire saw device according to the embodiment
shown in Fig. 5A. The hatched areas of front block 302F and rear block 302R indicate
portions of semiconductor material which will not be cut by first and second webs 204, 208.
In other words, the front and rear ends of the semiconductor blocks 302F, 302R can be
ignored in the sawing process. Since semiconductor blocks often contain impurities and hard
spots in these portions, the risk of wire breakage can be reduced. Furthermore, "cropping" of
~ the blocks, i.e. cutting off head and tail, before wafering may be omitted. Thus, the number of

operations can be reduced.

[0049] Fig. 6 shows a schematic side view of a wire guide cylinder according to an
embodiment. Therein, wire guide cylinder 112 is not exactly cylindrically but has the shape
of a double cone. Each cone has a smaller diameter DS at a small diameter end and a large
diameter DL at a large diameter end. The cones are arranged so that the small diameter end of
' the rear cone and the large diameter end of the front cone adjoin each other. The front cone of
wire guide cylinder 112 is adapted to guide first web 204 and the rear cone of wire guide
cylinder 112 is adapted to guide second web 208. The difference DD between the small
diameter DS and the large diameter DL is chosen such that a loss of tension within the wire
between the feeding end of the wire web and the recoil end of the wire web is compensated.
For example, such loss of tension may occur due to wear off of the wire during the sawing
process. For example, an additional length of about 1 mm may be required to compensate the
tension loss. In a sawing machine having four wire guide cylinders, e.g. a sawing device as
shown in Fig. 3, the 1 mm additional length will be equally distributed between the four wire
guide cylinders. Accordingly, the difference DD will be 0.25 mm for each cylinder, adding
up to a total of 1 mm additional length at the large diameter end of the cone. In a sawing
machine using only two wire guide cylinders, the difference DD will be 0.5 mm for each
cylinder, also adding up to a total of 1 mm additional length at the large diameter end of the

cone.

13
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[0050] Fig. 7 shows a schematic front view of a wire saw device 104 according to a further
embodiment. As described above, the wire guide device 110 is adapted to form two working
areas 210, 220 of wire web 200. Wire saw device 104 further includes a first holder 410 and a
second holder 420. First and second holders 410, 420 each are adapted to hold blocks of
material to be sawed. First holder 410 holds upper blocks 302, 304 and second holder 420
holds lower blocks 306, 308. First holder 410 is located above first working area 210 of web
200 and second holder 420 is located above second working area 220 of web 200. First and
second holders 410, 420 are adapted to advance their respective blocks to web 200 during the
sawing process. - For example, first and second holders 410, 420 are lowered so that the
respective semiconductor blocks contact web 200. In one embodiment, the movement of first
holder 410 is independent of the movement of second holder 420. In particular, the first and
second holders 410, 420 can be moved independently relative to the corresponding working
areas 210, 220 of the wire web 200. For example, first and second holders 410, 420 can be
separately driven and controlled. Such independent movement of first and second holders
410, 420 is useful since the wire of web 200 not only abrades the semiconductor material of
blocks 302, 304, 306, 308 but also the surface coating of the wire guide cylinders. Due to this
abrasion, the diameter of the wire guide cylinders reduces with time. As a result, the plane of
upper working area 210 lowers while the plane of lower working area 220 moves up. In other
words, the upper and lower working areas 210, 220 of web 200 approach each other moving
in opposite directions. In order to control the sawing précess and, in particular, take account
of the above-described effect of abrasion, the upper and lower holders 410, 420 can be
controlled independently. For example, upper holder 410 may be lowered more and lower

holder 420 may be lowered less in order to compehsate for the reduced diameter effect.

[0051] Although the above embodiment is described with two wire management units, it will
be understood by those skilled in the art that the independent control of the upper and lower
holders 410, 420 can also be applied in sawing devices having only a single wire management

unit.
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[0052] Fig. 8 shows a detail of the upper working area 210 and, particularly, a nozzle
arrangement according to an embodiment. Therein, the wire in working area 210 moves from
a starting side 201 of the working area 210 to an end side 202 of the working area 210 in a
wire moving direction 215. Furthermore, a first nozzle 510 is mounted in the vicinity of the
starting side 201. First nozzle 510 is adapted to apply slurry 500 to the wire web 200.
Typically, slurry 500 contains abrasive particles for which the wire acts as a carrier. First
nozzle 510 is adapted to apply slurry 500 before the wire moves along substantially the first
half from the starting side 201 to the end side 202 in wire moving direction 215. In other
words, first nozzle 510 is adapted to apply slurry 500 before the wire cuts through
semiconductor block 302. In addition to first nozzle 510, a second nozzle 520 is mounted
between the starting side 201 and the end side 202. Also second nozzle 520 is adapted for
applying slurry 500 to the wire web 200. However, second nozzle 520 is located such that the
slurry is applied before the wire moves along substantially the second half from the starting
side 201 to the end side 202 in wire moving direction 215. For example, second nozzle 520
may be located about halfway between the wire guide cylinders. In another embodiment,
second nozzle 520 is located between first block 302 and second block 304. Thus, second
nozzle 520 can apply slurry 500 to the web after the wire has cut through first block 302 and
before this part of the wire cuts through second block 304. Since the slurry applied by first
nozzle 510 is at least partially used by cutting first block 302, the additional application of
slurry 500 by second nozzle 520 improves the sawing properties of the sawing device.
However, the distance of second nozzle 520 from the wire web 200 is independent of the
sawing process of sawing the semiconductor material 302, 304. For example, second nozzle
520 is not lowered together with the semiconductor blocks 302, 304 but maintains a fixed
position with respect to web 200. In one embodiment, the distance DN between second
nozzle 520 and the web remains substantially constant. In this context, the variation of
distance DN due to the above-described abrasion effect will be considered as irrelevant. In
particular, second nozzle 520 will typically not be mounted to a holder or similar mechanism
adapted to lower the material to be sawed. Since the distance of second nozzle 520 from the
wire web is independent of the sawing process, slurry can be applied to web 200 under

constant conditions and with constant quality.

[0053] Fig. 9 shows a schematic perspective view of a modular cutting head 700 according to

an embodiment. Modular cutting head 700 includes a left portion holder 710, a right portion
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holder 720, and a column 730 to which the left portion holder 710 and the right portion holder
720 can be mounted. Left portion holder 710 includes a front portion 712 and a rear portion
714. Front portion 714 and rear portion 716 are connected via a beam. The beam of left
portion holder 710 is hidden in Fig. 7 but beam 726 of right portion holder 720 is shown. The
beam of left portion holder 710 is formed similar to beam 726. Front portion 712 of left
portion holder 710 includes an upper opening 717 and a lower opening 718. Likewise, rear
portion 714 of left portion holder 710 includes an upper opening 719 and a lower opening.
The upper openings 717, 719 of left portion holder 710 are coaxially aligned with each other.
Likewise, also the lower openings of left portion holder 710 are coaxially aligned with each
other. The openings of left portion holder 710 are adapted so that wire guide éylinders can be
mounted between front portion 712 and rear portion 714. Furthermore, a connector 715
protrudes from the front portion 712 of left portion holder in a direction perpendicular of the
beam. Right portion holder 720 is very similar to left portion holder and contains a connector
725 protruding toward connector 715 of left portion holder 710. Both connectors 715, 725 are
adapted to form together a rigid connection between the left and right portion holders 710,
720. Fufthermore, column 730 includes a protruding beam 735 extending substantially
parallel with the beams of left and right portion holders 710, 720. In one embodiment, beam
735 and the beams of the left and right portion holders 710, 720 are adapted to be rigidly fixed
to each other. In another embodiment, column 730 and the rear portions of the left and right
portion holders 710, 720 are adapted to be rigidly fixed to each other. Furthermore, column
730 is mounted on a platform 740. In the above described embodiments, the left portion
holder 710 and the right portion holder 720 define an adjustable length between each other
and, thus, of the wire web 200 in the wire moving direction 215. In particular, the lateral
distance between left portion holder 710 and right portion holder 720 may be adjusted using
connectors 715 and 725. For example, the connectors 715, 725 may be adjustable themselves.
In other embodiments, different sets of left and right portion holders 710, 720 may be
manufactured, each set defining a different length for the working area(s) between the left and
right portion holders. For example, the cutting head modularity may allow a configuration in
‘which four smaller ingots or two larger ingots may be processed, or a configuration in which
two smaller ingots or two larger ingots may be processed. It will be understood by those
skilled in the art that, typically, the applicable configuration will be chosen by a customer
when ordering the sawing device and will remain fixed after manufacturing of the device.
However, compared to the conventional design utilizing a single integrally cast iron piece the

modular cutting head allows pre-manufacturing of parts and also higher flexibility.
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[0054] Figs. 10A and 10B show embodiments of a wire breakage detection unit 800. Wire
breakage detection unit 800 can be electrically biased with respect to the wire web. Wire
breakage detection unit 800 has a plurality of biased portions 810 and a plurality of openings
820 between the biased portions. In one embodiment, wire breakage detection unit 800 is an
electrically conductive plate with a plurality of slits 820 forming a fence of electrical
conductive portions 810. Slits -820 may be either formed as vertical slits (Fig. 10A) or
horizontal slits (Fig. 10B). Typically, wire breakage detection unit 800 is located between the
wire guide cylinders and the wire management unit. In one embodiment, wire breakage
detection unit 800 is connected to ground potential 830. In this embodiment, a voltage is
applied to wire web 200. During normal operation, wire web 200 and wire breakage detection
unit 800 have no contact. However, in the event of a wire breakage the loose end of the wire
will touch wire breakage detection unit 800, thus grounding wire web 200. This event can be
detected and a wire breakage alert can be issued. In another embodiment, an electric potential
is applied to wire breakage detection unit 800, and wire web 200 is grounded. Likewise, a
contact between the loose end of the broken wire and the wire breakage detection unit 800 can
be detected. However, inside the cutting area a considerable amount of slurry is applied to the
web. Due to the wire speed and due to the sawing process, a mixture of slurry and abraded
material splashes inside the sawing device. Accordingly, slurry and abraded material may
accumulate on a wire breakage detection unit 800, thus deteriorating the electrical contact
between wire and plate. However, slurry and/or abraded material can exit through the
openings 820 so that the surface of wire breakage detection unit 800 facing the working area
is not as contaminated as for a full plate. As a result, reliability and accuracy of wire

breakage detection is improved.

[0055] Fig. 11 shows embodiments of a wafer box 900 and wafer baskets 930, 940. Wafer
box 900 is adapted to collect slurry 500 applied by nozzles 510, 520 and, in some
embodiments, is also be adapted to collect a cleaning liquid, e.g. water, polyethylene glycol
(PEG) or any other suitable cleaning liquid known in the art. Furthermore, wafer box 900
includes a first drain line 10 and a second drain line 920. First drain line 10 includes a first
valve 915, and second drain line 920 includes a second valve. First drain line 910 is adapted
to conduct slurry 500 and, in some embodiments, is connected to a slurry tank (not shown) so

that the slurry 500 in wafer box 900 can be recycled. In one embodiment, the slurry tank has
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a capacity of several hundred liters, e.g. between 500 to 900 liters, and is mounted on wheels.
Typically, slurry 500 will be reprocessed before it can be used again. Second drain line 920 is
adapted to conduct a cleaning liquid, particularly water, polyethylene glycol (PEG) or any
other suitable cleaning liquid known in the art. Typically, slurry and cleaning liquid do not
mix, e.g. for an oil-based slurry and water being used as a cleaning liquid. Therefore, slurry
and cleaning liquid can be separated and should also be treated separately. For example,
second valve 925 may be closed during.the sawing process while slurry 500 is applied. The
slurry applied during the sawing process may be drained via first drain line 910 when the first

valve 915 is open. After the slurry has been drained, first valve 915 is closed and second A
valve 925 may be opened. Then, a cleaning liquid may be applied to the sawe.d blocks 302,
304 of semiconductor material. The cleaning liquid is collected in wafer box 900 and may be

drained via second drain line 920 when the second valve 925 is open.

[0056] According to some embodiments described herein, the cleaning can be conducted in-
situ. Thereby, the wafer box and/or an enclosure (see, e.g. Fig. 12) can be used to guide
cleaning fluid in the wire saw device and to avoid contamination of components by the
cleaning fluid. According to yet further embodiments, the in-situ cleaning is conducted in a
wire saw device having a distance between grooves for adjacent wires in the guiding cylinders
of 200 pm to 400 pm, e.g. 300 um or below. For wafers being thin, which correlates with a
small wire groove spacing, wafer breakage is getting more and more serious. Accordingly, a
transfer in a separate cleaning chamber may result in a higher percentage of wafers being
damaged and reduces the throughput. An in-situ cleaning can also be conducted to reduce the
probability of wafers adhering togetherb after the wires have removed from between the
wafers. This would further complicate a remote cleaning of the wafer and may result in
further increased wafer breakage or damage as compared to in-situ cleaning of thin wafers.
Accordingly, some embodiments of wire saw devices, which can be combined with other
embodiments described herein, may include at least one element of the group selected from:
wafer boxes, enclosures for cleaning the wafers therein, different drain lines for slurry and
cleaning fluid, respectively, cleaning fluid rinse nozzles, and combinations thereof; and wire
guiding cylinders with a distance between grooves for adjacent wires in the guiding cylinders

of 200 pm to 400 pm.
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[0057] In light of the above, some embodiments, which can be combined with other
embodiments described herein, can include a wire having a thickness of 120 um or less, can
include, for example, a diamond wire, and/or can have a grooves configured for wires of 120

pum or less.

[0058] In one embodiment, wafer baskets 930, 940 are provided within wafer box 900.
Wafer baskets are adapted to accommodate the sawed blocks 302, 304 of semiconductor
material. After the sawing process, the blocks contain a plurality of wafers which are still
connected to holder 410. As will be described below in more detail, the present application
discloses methods of in-situ dismounting these wafers from holder 410. Wafer baskets 930,
940 are adapted to hold the wafers after being dismounted. Typically, wafer baskets 930, 940
have openings 935, 945 through which slurry and/or cleaning liquid may enter and/or exit the
interior of wafer baskets 930, 940. In particular, such openings may be provided in the front
and/or rear walls as well as in the sidewalls and the bottom of wafer baskets 930, 940. In one
embodiment, wafer baskets 930, 940 are formed by a metal frame following the edges of a
rectangular box. Furthermore, wafer baskets 930, 940 are removably inserted into wafer box
900 so that wafer baskets 930, 940 together with the wafers can be removed from within
wafer box 900. In one embodiment, wafer box 900 includes a front door (not shown) located
at the front end of the sawing device opposite to the motors. Thus, the wafer baskets can
easily be removed from within wafer box 900 via the front door. In one embodiment, the

wafer baskets 930, 940 are mounted on rails inside wafer box 900.

[0059] Fig. 12 shows a schematic front view of a wire saw device 108 according to an
embodiment. Therein, the wire saw device 108 includes an enclosure 180 surrounding at least
partially the working areas in which the semiconductor material is sawed into semiconductor
wafers. Furthermore, wire saw device 108 includes a cleaning means for in-situ cleaning of
the semiconductor wafers within the enclosure 180. In one embodiment, the cleaning means
includes a beam 400 with conduits 405 as it is shown in Fig. 13. Therein, the lower portion of
a beam 400 has a plurality of conduits 405. For example, a plurality of substantially parallel
longitudinal conduits 405 may be formed in beam. At one end of conduits 405, a cleaning
liquid can be supplied to the conduits 405. In a process which will be explained in more

detail below, a fluid communication between conduits 405 and the space between adjacent

19



WO 2009/127932 PCT/1IB2009/005220

wafers may be established. Thus, the wafers may be rinsed with cleaning liquid to remove
remnants of slurry and/or abraded material from the wafer surfaces. The cleaning liquid can
be collected in wafer boxes 900 and the cleaned wafers may be accommodated in wafer

baskets 930, 940.

[0060] In a further embodiment, also separating means for in-situ separation of the
semiconductor wafers from the holder 410,420 and/or beam 400 within enclosure 180 is
provided. In one embodiment, the cleaning means and the separating means are integral in
that the dismounting of the wafers is accomplished by supplying hot water to the conduits 405
after wafer cleaning has been performed. The hot water deglues the wafers from beam 400 so
that the wafers are collected in wafer baskets 930, 940 which can be removed, e.g., via a front
door in wafer box 900. In another embodiment, the connection between the Wafers and beam
400 is cut by wire web 200 as will be explained in more detail below. Also in this case, the

dismounted wafers will be collected in wafer baskets 930, 940.

© [0061] Fig. 14 is a flow diagram of a cleaning method 1100 according to an embodiment. In
particular, the cleaning method is a method for in-situ cleaning of semiconductor wafers
within an enclosure of a wire saw device. The method 1100 includes a step 1110 of attaching
a semiconductor material block to a beam having at least one conduit for feeding cleaning
fluid. In a further step 1120, the semiconductor material block is sawed with a wire saw
device to obtain a plurality of semiconductor wafers. In an even further step 1130, the beam
is sawed such that fluid communication between the at least one conduit and a space between
the semiconductor wafers is established. For example, the wire web may cut into the at least
one conduit to provide the fluid communication. In another embodiment, the sawing is
stopped when the wire web is located within the at least one conduit. In still a further step
1140, cleaning fluid is supplied to the at least one conduit to clean the semiconductor wafers.
According to an embodiment, the cleaning liquid is water. In another embodiment, the
cleaning liquid is polyethylene glycol (PEG). In alternatively or in addition any other suitable
cleaning liquid known in the art may be used either alone or in a mixture with other cleaning
liquids. In a further embodiment, the cleaning liquid is supplied for 8 to 20 min, particularly

for 10 to 15 min. According to another embodiment, the cleaning liquid is supplied at an
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amount of 6 I/min up to 12 /min. According to still another embodiment, the cleaning liquid

is water having a temperature below 50°C.

[0062] In a further embodiment not shown in Fig. 14, a dismounting liquid is furthér supplied
to the at least one conduit after step 1140. Thus, the semiconductor wafers are detached from
the beam and, e.g., can be collected in wafer baskets. According to a further embodiment, the
dismounting liquid is hot water having a temperature of 70°C or higher; particularly of 80°C
to 90°C. In still a further embodiment, the dismounting liquid is supplied for 8 to 20 min,
particularly 10 to 15 min. In an even further embodiment, the dismounting liquid is supplied
at an amount of 6 I/min up to 12 I/min. In a further embodiment, the semiconductor wafers

are supported by a wafer basket while being dismounted from the beam.

[0063] Fig. 15 is a flow diagram of a dismounting method 1200 according to an embodiment.
In particular, the dismounting method is a method for dismounting semiconductor wafers
from a beam after sawing. The method 1200 includes a step 1210 of sawing, with a wire saw
device, a semiconductor material block in a direction of a predefined slicing plane to obtain a
plurality of semiconductor wafers. In a further step 1220, the beam to which the
“semiconductor wafers are attached is sawed in the direction of the predefined slicing plane.
After this step 1220, the sawed wafers are still attached to a beam. In order to dismount the
wafers from the beam, the beam is sawed in a direction substantially perpendicular to the
predefined slicing plane in step 1230. In other words, the cutting direction is changed from
being perpendicular to the plane of the wire web to being in the plane of the wire web. In one
embodiment, the beam is cut perpendicular to the slicing plane for at least the thickness of one
semiconductor wafer. Since each wafer is connected to the beam only by a bar as thick as the
wafer itself, it is sufficient that the perpendicular cut has only the length of the wafer
thickness to cut though this bar. Thus, the wafers are dismounted from the beam. In a further
embodiment, the semiconductor wafers are supported by a wafer basket while the beam is cut.
It will be understood by those skilled in the art that the above described method may be

performed on beams with and without conduits.
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[0064] In light of the above, according to some embodiments described herein, a separation
can be conducted in-situ. According to yet further embodiments, the in-situ separation is
conducted in a wire saw device having a distance between grooves for adjacent wires in the
guiding cylinders of 200 pm to 400 um. For wafers being thin, which correlates with a small
wire groove spacing, wafer breakage is getting more and more serious. Accordingly, a
transfer in a further wafer separation chamber may result in a higher percentage of wafers
being damaged and reduces the throughput. An in-situ wafer separation can also be
conducted to reduce the probability of wafers adhering together after the wires have removed
from between the wafers. This would further complicate a remote cleaning of the wafer and
may result in further increased wafer breakage or damage as compared to in-situ .cleaning of

thin wafers.

[0065] While the foregoing embodiments have been described with reference to four wire
guide cylinders, it will be understood by those skilled in the art that most of the above
disclosed concepts can be applied also to embodiments with only two wire guide cylinders

likewise.

[0066] According to one embodiment which may be employed separately or in combination
with any of the embodiments or features described herein, a wire saw device for sawing at
least one block of semiconductor material comprises a wire guide device adapted to guide a
wire for forming at least one wire web, at least two wire management units each adapted for
providing a wire to the wire guide device, wherein a first wire management unit of the at least
two wire management units provides a first wire for forming a first wire web and a second
wire management unit of the at least two wire management units provides a second wire for
forming a second wire web, wherein the first and second wire webs together form a composite
wire web, the composite wire web being continuous and being adapted for cutting the at least

one block of semiconductor material.

[0067] Thereby, according to typical embodiments, which can be combined with other
embodiments described herein, the wire saw device includes a first unwinding spool and a

first winding spool and a second unwinding spool and a second winding spool. Further, a first
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holder for holding two blocks of semiconductor material, the first holder being configured to
saw the two blocks in the first working area and a second holder for holding two further
blocks of semiconductor material, the second holder being configured to saw two blocks in
the second working area. As can be understood from a person skilled in the art, the first and
the second holder, each holding a block of semiconductor material may each be separated
such that two sub-holders are configured to saw a block in the first working area and two sub-

holders are configured to saw a block in the second working area.

- [0068] According to yet further embodiments the one or more holders for holding blocks of
semiconductor materials can be moved independent from each other with regard to the surface
of the wire web during operation. Thereby, for the event that one block of semiconductor
_ material can not be saWed, for example, because of impurities in the semiconductor material
that can not be sawed, the remaining holders can be moved for cutting of the semiconductor
material. This reduces the loss of material in the event that problems might occur during

cutting.

[0069] Generally, according to some embodiments described herein, a large cutting area and a
large effective cutting rate, e.g. of 12 m%h or more can be provided. Thereby, one or more of
the aspects selected from the group consisting of following aspects can be provided: two
working areas can be provided, e.g., by four wire guiding cylinders; two wire management
units and thereby two wires can be used to form the web; all wire guiding cylinders can be
driven by a motor, typically in a master-slave modus; a small groove distance of the plurality
of groove in the wire guiding cylinders can be used based on a reduce abrasion of the wire;
and a high cutting speed can be realized based on a reduced area per wire. According to yet
further embodiments, which can be combined with other embodiments described herein, e.g.,

a diamond wire can be used for the wire saw device.

[0070] According to another embodiment which may be employed separately or in
combination with any of the embodiments or features described herein, a wire saw device for
sawing semiconductor material comprises a wire guide device adapted to guide a wire for

forming at least two working areas of at least one wire web, at least one wire management
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unit for providing a wire to the wire guide device, and at least two holders for holding each at
least one block of semiconductor material, each holder of the at least two holders
corresponding to a working area of the at least one wire web, wherein the at least two holders
can be moved independently relative to the corresponding working areas of the at least one

wire web.

[0071] According to an embodiment which may be employed separately or in combination
with any of the embodiments or features described herein, a wire saw device for sawing
semiconductor material comprises a wire guide device adapted to guide a wire for forming at
least one wire web, wherein the wire in a working area of the wire web moves from a starting
side of the working area to an end side of the working area in a wire moving direction, a first
nozzle mounted in the vicinity of the starting side for providing slurry on the wire web before
the wire moves along substantially the first half in wire moving direction from the starting
side of the working area to the end side of the working area, and a second nozzle mounted
between the starting side and the end side for providing slurry on the wire web before the wire
moves along substantially the second half in wire moving direction from the starting side of
the working area to the end side of the working area, wherein the distance of the second
nozzle from the wire web is independent of the sawing process of sawing the semiconductor

material.

[0072] According to still another embodiment which may be employed separately or in
combination with any of the embodiments or features described herein, a wire saw device for
sawing semiconductor material comprises a cutting head, a wire guide device adapted to
guide a wire for forming at least one wire web, wherein the wire in a working area of the wire
web moves from a starting side of the working area to an end side of the working area in a
wire moving direction, wherein the cutting head includes a left portion holder for holding at
least a first cylinder of the wire guide device and a right portion holder for holding at least a
second -cylinder of the wire guide device, and wherein the left portion holder and the right

portion holder define an adjustable length of the wire web along the wire moving direction.

24



WO 2009/127932 PCT/1IB2009/005220

[0073] In one embodiment which may be employed separately or in combination with any of
the embodiments or features described herein, a wire saw device for sawing semiconductor
material comprises a wire guide device adapted to guide a wire for forming at least one wire
web, and a wire breakage detection unit being adapted to be biased for wire breakage
detection, wherein the wire breakage detection has a plurality of biased portions and a

plurality of openings between the biased portions.

[0074] In a further embodirﬁent which may be employed separately or in combination with
any of the embodiments or features described herein, the wire breakage detection unit is an
electrical conductive plate with a plurality of openings. In still another embodiment which
may be employed separately or in combination with any of the embodiments or features
described herein, the plﬁrality of openings is a plurality of slits forming a fence of electrical

conductive portions.

[0075] In another embodiment which may be employed separately or in combination with any
of the embodiments or features described herein, a wire saw device for sawing semiconductor
material comprises a wire guide device adapted to guide a wire for forming at least one wire
web for sawing the semiconductor material, an enclosure in which the sémiconductor material
is sawed into semiconductor wafers, and a cleaning means for in-situ cleaning of the

semiconductor wafers within the enclosure.

[0076] In a further embodiment which may be employed separately or in combination with
any of the embodiments or features described herein, the cleaning means is a cleaning and
separating means for in-situ cleaning of the semiconductor wafers within the enclosure and
for in-situ separation of the semiconductor wafers within the enclosure. In an even further
embodiment which may be employed separately or in combination with any of the
embodiments or features described herein, the wire saw device may comprise a wafer box for
collecting slurry and/or cleaning liquid. In one embodiment which may be employed
separately or in combination with any of the embodiments or features described herein, the
wafer box includes at least one outlet valve for cleaning liquid and at least one outlet valve for

slurry so that cleaning liquid and slurry may be separately removed from the wafer box. In
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still another embodiment which may be employed separately or in combination with any of
the embodiments or features described herein, the wire saw device comprises a wafer basket
adapted for holding the wafers, particularly after dismounting the wafers from a beam to
which they have been attached during the sawing process. In one embodiment which may be
employed separately or in combination with any of the embodiments or features described
herein, a sidewall and/or a bottom wall of the wafer basket comprises at least one opening
through which slurry and/or cleaning liquid may be dispensed from the wafer basket.
According to a further embodiment which may be employed separately or in combination
w1th any of the embodiments or features described herein, the wafer basket is accommodated
within the wafer box. In an even further embodiment which may be employed separately or
in combination with any of the embodiments or features described herein, the wafer box
comprises at least one door through which the wafer basket may be removed from the wafer

box.

[0077] According to an embodiment which may be employed separately or in combination
with any of the embodiments or features described herein, a method for in-situ cleaning of
semiconductor wafers, comprises attaching a semiconductor material block to a beam having
at least one conduit for feeding cleaning fluid, sawing, with a wire saw device, the
semiconductor material block to obtain a plurality of semiconductor wafers and further
sawing the beam such that fluid communication between the at least one conduit and a space
between the semiconductor wafers is established, and supplying cleaning fluid to the at least

one conduit to clean the semiconductor wafers.

[0078] In one embodiment which may be employed separately or in combination with any of
the embodiments or features described herein, the wire web cuts into the at least one conduit
to provide the fluid communication. In another embodiment which may be employed
separately or in combination with any of the embodiments or features described herein, the
sawing is stopped when the wire web is located within the at least one conduit. In still -
another embodiment which may be employed separately or in combination with any of the
embodiments or features described herein, the beam comprises a plurality of cylindrical
conduits arranged in parallel. According to an embodiment which may be employed

separately or in combination with any of the embodiments or features described herein, the
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cleaning liquid is water. In a further embodiment which may be employed separately or in
combination with any of the embodiments or features described herein, the cleaning liquid is
polyethylene glycol (PEG). In still further embodiments, the cleaning liquid may be another
cleaning liquid known in the art which may be used either alone or in a mixture with a
suitable other cleaning liquid. In a further embodiment which may be employed separately or
in combination with any of the embodiments or features described herein, the cleaning liquid
is supplied for 8 to 20 min, particularly 10 to 15 min. According to another embodiment
which may be employed separately or in combination with any of the embodiments or
features described herein, the cleaning liquid is supplied at an amount of 6 l/min up to 12
l/min. According to still aﬁother embodiment which may be employed separatély or in
combination with any of the embodiments or features described herein, the cleaning liquid is
water having a temperature below 50°C. In another embodiment which may be employed
separately or in combination with any of the embodiments or features described herein, a
dismounting liquid is further supplied to the at least one conduit so that the semiconductor
wafers are detached from the beam. According to a further embodiment which may be
employed separately or in combination with any of the embodiments or features described
herein, the dismounting liquid is hot water having a temperature of 70°C or higher,
particularly of 80°C to 90°C. In still a further embodiment which may be employed
separately or in combination with any of the embodiments or features described herein, the
dismounting liquid is supplied for 8 to 20 min, particularly 10 to 15 min. In an even further
embodiment which may be employed separately or in combination with any of the
embodiments or features described herein, the dismounting liquid is supplied at an amount of
6 1/min up to 12 I/min. In a further embodiment which may be employed separately or in
combination with any of the embodiments or features described herein, the semiconductor

wafers are supported by a wafer basket while being dismounted from the beam.

[0079] According to an embodiment which may be employed separately or in combination
with any of the embodiments or features described herein, a method for dismounting
semiconductor wafers from a beam after sawing comprises sawing, with a wire saw device,
the semiconductor material block in a direction of a predefined slicing plane to obtain a
plurality of semiconductor wafers, sawing a beam to which said semiconductor wafers are
attached in the direction of the predefined slicing plane, and sawing the beam in a direction

substantially perpendicular of the predefined slicing plane.
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[0080] In one embodiment which may be employed separately or in combination with any
of the embodiments or features described herein, the beam is cut perpendicular to the slicing
plane for at least the thickness of one semiconductor wafer. In a further embodiment which
may be employed separately or in combination with any of the embodiments or features
described herein, the semiconductor wafers are supported by a wafer basket while the beam is

cut.

[0081] 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 saw device (100, 102, 104) for sawing semiconductor material (300),

comprising:

a wire guide device (110) comprising at least four wire guide cylinders (112, 114, 116,
118) and being adapted to guide wire for forming at least one wire web (200) for sawing the

semiconductor material and forming a first and a second working area;

two or more wire management units {130) configured to provide each a wire to the wire guide
device (110), wherein each of the wire guide cylinders has a plurality of grooves wherein

adjacent grooves have a distance of 400 pm or below.

2. A wire saw device (100, 102, 104) for sawing semiconductor material (300),

comprising:

a wire guide device (110) adapted to guide a wire for forming at least one wire web (200)

for sawing the semiconductor material;

at two or more wire management unit (130) for providing a wire to the wire guide device
(110), wherein the wire guide device and the at least one wire management unit are adapted to
provide the at least one wire web (200) such that an effective cutting area rate of 12 m*h or

more is provided.

3. The wire saw device according to claim 2, wherein the wire guide device (110) comprises
a plurality of wire guide cylinders (112, 114, 116, 118), wherein each wire guide cylinder
(112, 114, 116, 118) is connected to at least one motor (122, 124, 126, 128), in particular

for directly driving the wire guide cylinder.

4. The wire saw device according to claim 2, wherein the wire guide device comprises at
least four wire guide cylinders (112, 114, 116, 118) each connected to one of at least four
motors (122, 124, 126, 128), each of the at least four motors being adapted to directly

drive a corresponding wire guide cylinder, wherein one motor (112) of the at least four
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motors serves as a master motor and the remaining motors (124, 126, 128)of the at least

four motors serve as slave motors following the master motor.

The wire saw device according to any of claims 1 to 4, wherein at least two working areas

(210, 220) are formed by the wire guide device (110).

The wire saw device according to any of claims 1 to 5, wherein at least two blocks (302,

304; 306, 308) of semiconductor material are processed by one working area (210; 220).

The wire saw device according to any of claims 1 to 6, comprising at least two wire
management units (130, 140) each adapted for providing a wire to the wire guide device,
wherein a first wire management unit (130) of the at least two wire management units
provides a first wire for forming a first wire web (204) and a second wire management
unit (140) of the at least two wire management units provides a second wire for forming a

second wire web (208); and

wherein the first and second wire webs (204, 208) together form a composite wire web
(200), the composite wire web (200) being continuous and being adapted for cutting the at

least one block of semiconductor material.

The wire saw device according to any of claims 2 to 5, wherein each of the wire guide
cylinders has a plurality of grooves wherein adjacent grooves have a distance of 300 pm

or below, typically of 250 um or below.

The wire saw device according to any of the preceding claims, wherein

the wire guide device (110) is adapted to form at least two working areas (210, 220) of at

least one wire web (200); and further comprising
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at least one wire management unit (130, 140) for providing a wire to the wire guide

device;

at least two holders (410, 420) for holding each at least one block of semiconductor
material (302, 304, 306, 308), each holder (410, 420) of the at least two holders corresponding
to a working area (210, 220) of the at least one wire web (200), wherein the at least two
holders (410, 420) can be moved independently relative to the corresponding working areas

(210, 220) of the at least one wire web (200).

10.  The wire saw device according to any of the preceding claims, wherein the wire in a
working area (210, 220) of the wire web moves from a starting side (201) of the working area
(210) to an end side (202) of the working area (210) in a wire moving direction (215); the

wire saw device further comprising

a first nozzle (510) mounted in the vicinity of the staﬁing side (201) for providing slurry
(500) on the wire web (200) before the wire moves along substantially the first half in wire
moving direction (215) from the starting side (201) of the working area (210) to the end side
(202) of the working area; and

a second nozzle (520) mounted between the starting side (201) and the end side (202) for
providing slurry (500) on the wire web (200) before the wire moves along substantially the
second half in wire moving direction (215) from the starting side (201) of the working area
(210) to the end side (202) of the working area, wherein the distance of the second nozzle
(520) from the wire web (202) is independent of the sawing process of sawing the

semiconductor material (302, 304).

11.  The wire saw device according to any of the preceding claims, further comprising:
a cutting head;

wherein the wire in a working area (210) of the wire web (200) moves from a starting side
(201) of the working area to an end side (202) of the working area in a wire moving direction

215);
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wherein the cutting head includes a left portion holder (710) for holding at least a first
cylinder (112) of the wire guide device (110) and a right portion holder (720) for holding at
least a second cylinder (114) of the wire guide device, and wherein the left portion holder
(710) and the right portion holder (720) define an adjustable length of the wire web (200) in

the wire moving direction (215).

12.  The wire saw device according to any of the preceding claims, further comprising:

a wire breakage detection unit (800) being adapted to be biased for wire breakage
detection, wherein thé wire breakage detection (800) has a plurality of biased portions (810)
and a plurality of openings (820) between the biased portions. |

13. The wire saw according to claim 12, wherein the wire breakage detection unit (800) is an
electrical conductive plate with a plurality of openings (810), in particular a plurality of

slits forming a fence of electrical conductive portions.

14.  The wire saw device according to any of the preceding claims, further comprising:

an enclosure (180) in which the semiconductor material is sawed into semiconductor

wafers;

a cleaning means (400, 405) for in-situ cleaning of the semiconductor wafers within the

enclosure (180).

15. The wire saw according to claim 14, wherein the cleaning means (400, 405) is a cleaning
and separating means for in-situ cleaning of the semiconductor wafers within the

enclosure and for in-situ separation of the semiconductor wafers within the enclosure.

16. The wire saw device according to any of claims 14 or 15, further comprising a wafer box

(900) for collecting slurry (500) and/or cleaning liquid.
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The wire saw device according to any of claims 14 to 16, further comprising a wafer
basket (930, 940) adapted for holding the wafers, particularly after dismounting the wafers

from a beam (400) to which they have been attached during the sawing process.

The wire saw device according to any of claims 1 to 17, wherein the wire saw device is

configured for sawing the semiconductor material into semiconductor wafers with a

19.

20.

21.

thickness of 170 um or thinner.

A method for in-situ treatment of semiconductor wafers, comprising
attaching a semiconductor material block to a beam;

sawing, with a wire saw device, the semiconductor material block to obtain a plurality of

semiconductor wafers, wherein the sawing is conducted in an enclosure
supplying cleaning fluid to clean the semiconductor wafers within the enclosure; and

collecting the cleaning fluid in a wafer box.

The method according to claim 19, wherein the plurality of wafers have a thickness of 170

um or below.

The method for in-situ treatment of semiconductor wafers according to any of claims 19

to 20, further comprising

separating the wafers from each other and from a beam to which said semiconductor

wafer.
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The method for in-situ treatment of semiconductor wafers according to claim 21,

wherein the separating comprises:

sawing the beam to which said semiconductor wafers are attached in the direction of the

predefined slicing plane ; and

sawing the beam in a direction substantially perpendicular of the predefined slicing plane.

A method for in-situ cleaning of semiconductor wafers, comprising

attaching a semiconductor material block to a beam having at least one conduit for feeding

cleaning fluid;

sawing, with a wire saw device, the semiconductor material block to obtain a plurality of
semiconductor wafers and further sawing the beam such that fluid communication
between the at least one conduit and a space between the semiconductor wafers is

established; and

supplying cleaning fluid to the at least one conduit to clean the semiconductor wafers.

The method according to claim 23, further comprising

supplying a dismounting liquid to the at least one conduit so that the semiconductor

wafers are detached from the beam.

A method for demounting semiconductor wafers from a beam after sawing,

comprising

sawing, with a wire saw device, the semiconductor material block in a direction of a

predefined slicing plane to obtain a plurality of semiconductor wafers;

sawing a beam to which said semiconductor wafers are attached in the direction of the

predefined slicing plane ; and

sawing the beam in a direction substantially perpendicular of the predefined slicing plane.
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