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Method for Simultaneously Slicing a Multiplicity of 

Wafers from a Cylindrical Workpiece 

Subject Matter of the Invention 

5 

The invention relates to a method for simultaneously 

slicing a multiplicity of wafers from a cylindrical 

workpiece, in particular a workpiece consisting of 

semiconductor material, in which the workpiece and a 

10 wire gang of a wire saw execute a relative movement 

directed perpendicularly to the longitudinal axis of 

the workpiece with the aid of a forward feed device, by 

which the workpiece is guided through the wire gang. 

15 Prior Art 

Semiconductor wafers are generally produced by slicing 

a cylindrical single-crystal or polycrystalline 

workpiece of the semiconductor material with the aid of 

20 a wire saw, simultaneously into a multiplicity of 

semiconductor wafers in one working step. 

The essential components of these wire saws include a 

machine frame, a forward feed device, and a sawing tool 

25 which consists of a gang of parallel wire sections. The 

workpiece is fixed on a so-called sawing strip, 

generally by cementing or adhesive bonding. The sawing 

strip is in turn fastened on a mounting plate, in order 

to clamp the workpiece in the wire saw. 

30 

The wire gang of the wire saw is generally formed by a 

multiplicity of parallel wire sections, which are 

tensioned between at least two wire guide rolls, the 

wire guide rolls being rotatably mounted and at least 

35 one of them being driven. The wire sections generally 

belong to a single finite wire, which is guided 

spirally around the roll system and is unwound from a 

stock roll onto a receiver roll. 
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During the sawing process, the forward feed device 

induces a relative movement of the wire sections and 

the workpiece directed against one another. As a result 

5 of this forward feed movement, the wire, on which a 

sawing suspension is applied, works to form parallel 

sawing kerfs through the workpiece. The sawing 

suspension, which is also referred to as a slurry, 

contains abrasive particles, for example consisting of 

10 silicon carbide, which are suspended in a liquid. A 

sawing wire with firmly bound abrasive particles may 

also be used. In this case, it is not necessary to 

apply a sawing suspension. It is merely necessary to 

supply a liquid cooling lubricant, which protects the 

15 wire and the workpiece against overheating and at the 

same time transports workpiece swarf out from the 

sawing kerfs. 

The production of semiconductor wafers from cylindrical 

20 semiconductor material, for example from a single 

crystal, places stringent requirements on the sawing 

method. The aim of the sawing method is generally that 

each sawn semiconductor wafer should have two surfaces 

which are as flat as possible and are mutually 

25 parallel. 

Besides the thickness variation, the planarity of the 

two surfaces of the semiconductor wafer is of great 

importance. After a semiconductor single crystal, for 

3 0 example a silicon single crystal, has been sliced by 

means of a wire saw, the wafers thereby produced have a 

wavy surface. This waviness may be partially or fully 

removed in the subsequent steps, for example grinding 

or lapping, depending on the wavelength and amplitude 

3 5 of the waviness as well as on the depth of the material 

removal. In the least favorable case, residues of this 

waviness may still be detected even after polishing on 

the finished semiconductor wafer, where they have a 
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detrimental effect on the local geometry. At different 

positions on the sawn wafers, these waves occur to 

different degrees. Particularly critical in this case 

is the end region of the cut in which particularly 

5 pronounced waves or grooves may occur, which are even 

detectable on the end product depending on the nature 

of the subsequent steps. 

From DE102005007312A1, it is known that the wave in the 

10 end region of the cut, which occurs in sawing processes 

according to the prior art, is particularly pronounced 

for the wafers which have been sliced at the ends of 

the cylindrical workpiece. In the middle of the 

workpiece (in the axial direction), on the other hand, 

15 the sliced wafers have virtually no wave in the end 

region of the cut. Furthermore, the axial dynamic 

pressure gradient generated by the sawing suspension 

has been identified as a cause of the wave occurring at 

the end of the sawing process. According to 

20 DE102005 0 07312A1, the amount of sawing suspension which 

is applied to the wire gang is therefore reduced, and 

the waviness of the sawn semiconductor wafers is 

thereby reduced in the end region of the cut. It has, 

however, been found that this measure is not sufficient 

25 to satisfy the increasing requirements on the local 

geometry. In particular, the formation of sawing 

grooves in the end region is not reliably prevented. 

DE102006032432B3 discloses a method in which a sawing 

30 strip having oblique side faces is used, in order to 

reduce the waviness at the end of the cut when the wire 

passes through not only the workpiece but also the 

sawing strip. This modified sawing strip also does not 

prevent the formation of sawing grooves at the end of 

35 the cut. Furthermore - particularly in the case of 
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sawing strips composed of a plurality of different 

materials - additional processing steps are required 

during the production of the sawing strip, which 

increases the auxiliary material costs for the sawing 

5 process. 

Methods are likewise known in which the plane-

parallelism of the sawn wafers is improved by varying 

the workpiece forward feed rate as a function of time. 

10 EP856388A2 discloses inter alia a method in which the 

workpiece forward feed rate is initially reduced as a 

function of the cutting depth until a cutting depth of 

about 70% of the workpiece diameter is reached, 

subsequently reincreased slightly and reduced again at 

15 the end. This method makes it possible to produce 

wafers having a uniform thickness, although the regions 

of the wafers which correspond to the first and last 

ten percent of the cutting depth have a significantly 

smaller thickness. EP856388A2 does not, however, 

2 0 mention any measures for avoiding sawing grooves which 

specifically occur within the last ten percent of the 

cutting depth. 

It was therefore an object to avoid sawing grooves 

25 formed in the end region of the cut as far as possible. 

Invention 

The object is achieved by a method for simultaneously 

3 0 slicing a multiplicity of wafers from a substantially 

circular cylindrical workpiece, in which the workpiece, 

connected to a sawing strip, and a wire gang of a wire 

saw execute a relative movement directed 

perpendicularly to the longitudinal axis of the 
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workpiece with the aid of a forward feed device with a 

defined forward feed rate, by which the workpiece is 

guided through the wire gang and is thereby sliced into 

a multiplicity of wafers, wherein the forward feed rate 

5 is varied in the course of the method in such a way 

that: 

- it has a value v1 at a cutting depth of 50% of the 

workpiece diameter, 

- next, with a value v2 ^ 1.15 x v1; it passes through a 

10 local maximum, 

- subsequently, at the time when the wire gang comes in 

contact with the sawing strip for the first time, it 

takes a value v3 which is a local minimum < vx, and 

- it is then increased to a value v5 > v3. 

15 

Brief Description of the Figures 

The method according to the invention will be described 

in detail below with the aid of figures. 

20 

Fig. 1 illustrates the geometrical quantities used to 

describe the invention. 

Fig. 2 shows a comparison of a forward feed rate 

25 profile according to the invention with one not 

according to the invention. 

Detailed Description of the Invention 

3 0 The invention relates to a wire sawing method, as 

described in the introduction to the description and 

schematically represented in Fig. 1. Fig. 1 represents 

the workpiece 1, which has the shape of a circular 

cylinder. It is fixed on a sawing strip 2, which is in 
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turn clamped in the wire saw (not represented) by means 

of a mounting plate 3. The wire gang is formed by a 

multiplicity of wire sections 4 extending parallel 

(lying next to one another in Fig. 1) . The wire 

5 sections 4 move with a wire speed vw parallel to the 

longitudinal direction of the wire sections 4. By means 

of a forward feed device (not represented), the 

arrangement consisting of the workpiece 1, sawing strip 

2 and mounting plate 3 is moved with a forward feed 

10 rate v relative to the wire gang formed by the wire 

sections 4. Owing to the wire speed vw/ the abrasives 

transported with the sawing wire can exert their 

abrasive effect on the workpiece 1, so that a sawing 

kerf is formed in the workpiece 1 along each wire 

15 section 4. Owing to the relative movement taking place 

with the forward feed rate v, in the course of the 

sawing process the wire sections 4 work deeper and 

deeper into the workpiece 1 until, at the end of the 

sawing process, it is completely separated into a 

20 multiplicity of wafers, which are then only connected 

to the mounting plate like the teeth of a comb via the 

remaining parts of the sawing strip. 

According to the invention, the forward feed rate v is 

25 varied in a defined way in the course of the sawing 

process. Here, the forward feed rate v is intended to 

mean the relative speed with which the wire gang as a 

whole and the workpiece 1 are moved relative to one 

another. This relative movement generally takes place 

30 perpendicularly to the plane defined by the wire gang's 

wire sections 4 running parallel. 

The prior art already describes methods in which the 

forward feed rate is varied in the course of the sawing 
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process. In contrast to the method according to the 

invention, these do not take into account the fact that 

particularly pronounced grooves can occur on the 

surface of the sawn workpiece at the position where the 

5 sawing wire in addition to the workpiece also cuts 

through the sawing strip. The present invention for the 

first time provides a method which reduces these 

grooves by a defined variation of the forward feed 

rate. 

10 

EP856388A2 has already disclosed a method in which the 

forward feed rate is reduced continuously, and 

preferably degressively, from the start of the sawing 

process, at least until the maximum engagement length 

15 is reached. 

The engagement length 1 is intended in this description 

to mean the length of a wire section 4 which, with the 

current position of the wire gang relative to the 

2 0 workpiece 1, is in contact with the workpiece 1, i.e. 

it extends through the sawing kerf. For a workpiece 1 

in the form of a circular cylinder, the engagement 

length therefore increases from zero at the start of 

the process to its maximum engagement length in the 

25 middle of the process. The maximum engagement length 

corresponds to the diameter of the circular cylinder. 

After the maximum is reached, the engagement length 1 

decreases until, at the end of the process, the wire 

emerges from the workpiece and an engagement length of 

30 zero is again reached. 

The cutting depth d is intended to mean the current 

depth of the sawing kerfs. It corresponds to the 

distance which the wire gang has already travelled 



through the workpiece 1, perpendicularly to the plane 

defined by the wire gang. At the start of the sawing 

process, the cutting depth is zero, while at the end it 

corresponds to the diameter of the circular-cylindrical 

5 workpiece. In Fig. 2, the sawing depth d is therefore 

indicated as a percentage of the workpiece diameter. 

In the case of a circular-cylindrical workpiece, the 

maximum engagement length is therefore reached when the 

10 cutting depth corresponds to 50% of the workpiece 

diameter. 

Curve 8 in Fig. 2 shows a profile, according to the 

invention, of the forward feed rate v as a function of 

15 the cutting depth d indicated as a percentage of the 

workpiece diameter. Curve 9 shows a profile of the 

forward feed rate v not according to the invention. 

The reduction, known from the prior art, of the forward 

20 feed rate until the maximum engagement length is 

reached at a 50% cutting depth serves to avoid 

thickness variations - in particular, the formation of 

a wedge-shaped thickness profile is thereby intended to 

be avoided - and is therefore likewise preferred in the 

25 context of the method according to the invention. In 

particular, it is advantageous to vary the forward feed 

rate v as a function of the engagement length 1 in such 

a way that the removal rate (i.e. the volume of 

material removed per unit time) remains substantially 

3 0 constant. The removal rate is proportional to the 

product: engagement length x forward feed rate. The 

forward feed rate is therefore preferably varied as a 

function of the engagement length 1 in such a way that 

this product remains substantially constant. 
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At a cutting depth of 50% of the workpiece diameter, 

the forward feed rate v has a value vx {see Fig. 2) 

which will be used below as a reference value for 

5 describing the forward feed rate profile according to 

the invention. This value corresponds to a local 

minimum when the variation of the forward feed rate, up 

to a cutting depth which corresponds to more than 50% 

of the workpiece diameter, is determined in the manner 

10 described above merely by the engagement length in 

order to keep the removal rate constant. The local 

minimum may however - if other influencing factors in 

the variation of the forward feed rate are also taken 

into account, as for example according to EP856388A2 -

15 lie at a different position. The local minimum 

preferably lies at between 40 and 60% of the cutting 

depth. For describing the profile according to the 

invention of the forward feed rate v, however, the 

value Vx which is reached at the cutting depth of 50% is 

20 taken into account in every case. 

Preferably, the profile of the forward feed rate as a 

function of the cutting depth has a mirror-symmetrical 

profile with respect to the local minimum described 

25 above in a cutting depth range from 30 to 70%, and 

particularly preferably from 25 to 75%, of the 

workpiece diameter. The mirror-symmetrical profile is 

in any case established so long as the forward feed 

rate is varied, in the manner described above, in such 

3 0 a way that the removal rate remains constant. 

After passing through the local minimum, the forward 

feed rate is reincreased according to the invention, 

and it is reduced again before reaching the position at 
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which the sawing wire comes in contact with the sawing 

strip for the first time, so that a local maximum is 

reached between the position of maximum engagement 

length at 50% cutting depth and sawing into the sawing 

5 strip. The value of the forward feed rate at the 

position of the local maximum will be referred to below 

as v2. According to the invention, the value V2 is 

greater than the 50% cutting depth vx value at least by 

a factor of 1.15, preferably at least by a factor of 

10 1.2, and particularly preferably by a factor of 1.25. 

It has been found that, in order to ensure a good 

cutting quality, it is not necessary for the forward 

feed rate to be kept in a low range comparable with the 

value vx after passing through the local minimum in the 

15 middle of the sawing process. A flatter profile of the 

forward feed rate, for example according to the curve 9 

m Fig. 2, merely lengthens the process duration, which 

is avoided according to the invention. If the forward 

feed rate is varied in the manner described above as 

2 0 being preferable, in such a way that the removal rate 

remains constant, and if the mirror-symmetrical profile 

of the forward feed rate resulting therefrom is 

maintained up to a cutting depth of 70 or even 75%, the 

above-specified factors of 1.15, 1.2 or even 1.25 can 

25 readily he achieved. 

After passing through the local maximum with the 

forward feed rate v2, the forward feed rate is reduced 

again so that when the wire gang enters the sawing 

3 0 strip, i.e. at the time when the wire sections of the 

wire gang come in contact with the sawing strip for the 

first time, the forward feed rate takes a value v3 which 

is less than the reference rate vx. It has been found 

that, in order to avoid sawing grooves in the end 
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region of the cut, just before the wire gang enters the 

sawing strip it is necessary to reduce the forward feed 

rate substantially stronger than it is known from the 

prior art. Preferably, the forward feed rate satisfies 

5 v3 ^ 0 . 9 x vx. 

The value v3 constitutes a local minimum, i.e. this 

value is preferably not reached until shortly before 

the wire gang enters the sawing strip, and shortly 

10 after entry the forward feed rate immediately begins to 

be increased again. 

In any event, at a later time (preferably at or shortly 

before the end of the sawing process) a value v5 is 

15 reached which is higher than v3. It has been found that, 

after the wire gang has entered the sawing strip, it is 
A -i— J m m A -J— *1 J— M 4— /s * * 4— ^ ^ 4 ^ ^ <4 •* «• 4- /S £ A >)A* • n, J UUU LltS Li -LLU^ii.UCt-1 LU Uilc: CuLu-Liiy ^Uai -L L-y _L J_ Li iC LOI VVCLJ_ u. 

feed rate is increased again. In order to avoid an 

unnecessarily long process duration, according to the 

20 invention it has therefore been established that v5 > v3 

should be satisfied. Preferably, after the wire gang 

enters the sawing strip, the forward feed rate is even 

increased to such an extent that v5 > v2. 

25 At the time when the workpiece has been sliced through 

fully and after which the wire gang is only in contact 

with the sawing strip, the forward feed rate has the 

value v4, which preferably lies between the values v3 

and v5. This is because the forward feed rate can 

30 readily be increased further after fully slicing 

through the workpiece, without this having any more 

influence on the surface of the sawn wafers (i.e. v5 > 

v4) . On the other hand, however, the forward feed rate 

may already start to be moderately increased again 
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immediately after the wire gang enters the sawing 

strip, without significantly impairing the cutting 

quality (i.e. v4 > v3) . 

5 Preferably, a continuous acceleration takes place from 

entry of the wire gang into the sawing strip until the 

end of the sawing process. Depending on the structure 

of the sawing strip, this may also be carried out in 

several stages with different accelerations in order to 

10 accommodate the different material properties of the 

materials contained in the sawing strip. The softer the 

respective material of the sawing strip is, the greater 

the forward feed rate can be. 

15 If the forward feed rate is significantly reduced 

before sawing into the sawing strip, this leads to a 

significant reduction of the sawing grooves formed on 

the workpiece in this region. It has been established 

that, in order to substantially avoid grooves in the 

2 0 region of the sawing strip, a reduced forward feed rate 

in the region described above is sufficient. A forward 

feed rate reduced over a longer period of time, on the 

other hand, does not lead to further improvements. 

Since a forward feed rate reduced noticeably according 

25 to the invention would significantly lengthen the 

duration of the sawing process if it were maintained 

over a prolonged period of time, this period of time is 

kept as short as possible according to the invention. 

In this way, the local waviness in the region of the 

3 0 sawing strip can be avoided without lengthening the 

process time. 

Examples 



13 -

A large number of single-crystal ingot portions 

consisting of silicon, having a diameter of 125 mm or 

150 mm, were sliced into silicon wafers using a 

commercially available wire saw. A steel sawing wire 

5 and a sawing suspension consisting of silicon carbide 

suspended in glycol were used as auxiliary materials. 

The forward feed rate was varied on the one hand 

according to the curve 8 represented in Fig. 2 

(according to the invention) and on the other hand 

10 according to the curve 9 (not according to the 

invention). Apart from this difference, both tests were 

carried out in the same way. In each case, 100 ingot 

portions were cut according to the invention and not 

according to the invention. 

15 

After removing the remaining parts of the sawing strip 

and cleaning, visual inspection was carried out on the 

sawn wafers. In addition, some of the wafers were 

examined using a geometry measuring instrument which 

20 acquires a height profile along a diameter of the wafer 

by means of a mechanical probe, the direction of the 

scan being selected parallel to the forward feed of the 

wire gang during the sawing process. 

2 5 Example; 

In the example according to the invention, the forward 

feed rate was varied according to the curve 8 

represented in Fig. 2. 

30 

No conspicuous sawing grooves were found in the visual 

inspection of the sawn wafers. A waviness of not more 

than 12 was determined using the geometry measuring 

instrument. 
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Comparative Example: 

In the comparative example not according to the 

5 invention, the forward feed rate was varied according 

to the curve 9 represented in Fig. 2. The sawing 

process overall lasted longer than in the example 

according to the invention, by 5% for a diameter of 150 

mm and by 10% for a diameter of 125 mm. 

10 

In the visual inspection, particularly pronounced 

sawing grooves were found for 20% of all the wafers in 

the region of the wafers which came in contact with the 

sawing wire toward the end of the sawing process. A 

15 waviness of up to 25 fi m was determined using the 

geometry measuring instrument, which was caused by the 

particularly pronounced sawing grooves in the ingot 

portion region connected to the sawing strip during the 

sawing process. 

20 

The method according to the invention therefore leads 

to a significant improvement of the cutting quality in 

the end region of the sawing process, even though the 

overall duration of the sawing process was actually 

25 reduced slightly. 

Applicability 

The method according to the invention may be used 

3 0 during the wire sawing of cylindrical workpieces. It is 

particularly suitable for workplaces in the form of a 

circular cylinder. The workpieces may consist of a 

brittle material, for example a semiconductor material 

such as silicon, preferably single-crystal silicon. The 

35 method may be used in wire sawing with fixed abrasive, 
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but preferably in wire sawing with a sawing suspension 
and a sawing wire without fixed abrasives. 
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Patent claims 

1. A method for simultaneously slicing a multiplicity 

of wafers from a substantially circular-cylindrical 

5 workpiece, in which the workpiece, connected to a 

sawing strip, and a wire gang of a wire saw execute a 

relative movement directed perpendicularly to the 

longitudinal axis of the workpiece with the aid of a 

forward feed device with a defined forward feed rate, 

10 by which the workpiece is guided through the wire gang 

and is thereby sliced into a multiplicity of wafers, 

wherein the forward feed rate is varied in the course 

of the method in such a way that: 

- it has a value v2 at a cutting depth of 50% of the 

15 workpiece diameter, 

- next, with a value v2 ^ 1,15 x v1( it passes through a 

local maximum, 

- subsequently, at the time when the wire gang comes in 

contact with the sawing strip for the first time, it 

2 0 takes a value v3 which is a local minimum < vx, and 
- it is then increased to a value v5 > v3. 

2. The method as claimed in claim 1, wherein the 

forward feed rate has a local minimum at a cutting 

25 depth of from 40 to 60% of the workpiece diameter. 

3. The method as claimed in claim 2, wherein the 

forward feed rate has a mirror-symmetrical profile with 

respect to the local minimum in a cutting depth range 

30 from 30 to 70% of the workpiece diameter. 

4. The method as claimed in claim 3, wherein the 

forward feed rate has a mirror-symmetrical profile with 

respect to the local minimum in a cutting depth range 

35 from 25 to 75% of the workpiece diameter. 

5. The method as claimed in one of claims 1 to 4, 

wherein v2 ^ 1.2 x vlf 
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6. The method as claimed in claim 5, wherein v2 ^ 1.25 

X Vi . 

5 7. The method as claimed in one of claims 1 to 6, 
wherein v3 ^ 0.9 x vx. 

8. The method as claimed in one of claims 1 to 7, 

wherein the forward feed rate has the value v4 at the 

10 time when the wire gang emerges from the workpiece, 

with v3 < v4 < v5. 

9. The method as claimed in one of claims 1 to 8, 

wherein V5 > V2. 
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Abstract 

Method for Simultaneously Slicing a Multiplicity of 

5 Wafers from a Cylindrical Workpiece 

The invention relates to a method for simultaneously 

slicing a multiplicity of wafers from a substantially 

circular-cylindrical workpiece, in which the workpiece, 

10 connected to a sawing strip, and a wire gang of a wire 

saw execute a relative movement directed 

perpendicularly to the longitudinal axis of the 

workpiece with the aid of a forward feed device with a 

defined forward feed rate, by which the workpiece is 

15 guided through the wire gang and is thereby sliced into 

a multiplicity of wafers, wherein the forward feed rate 

is varied in the course of the method in such a way 

that: 

- it has a value vx at a cutting depth of 50% of the 

20 workpiece diameter, 

- next, with a value v2 ^ 1.15 x vx, it passes through a 

local maximum, 

- subsequently, at the time when the wire gang comes 

into contact with the sawing strip for the first time, 

2 5 it takes a value v3 < vx, and 

- it is then increased to a v5 > v3 value. 

Figure for the Abstract: Fig. 2 


