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Method for slicing a multiplicity of wafers from a crystal 

composed of semiconductor material 

s The invention relates to a method fer slicing a multiplicity of 

wafers from a crystal. 

Semiconductor wafers are generally produced by a procedure in 

which a mono- or polycrystalline crystal composed of 

JO serr.iccnductor material and having a longitudinal axis and a 

cress section is sliced into a rau.ltiplicity of semi.conductor 

wafers simultaneously in one work operation with the aid of a 

wire savJ. 

IS The workpiece can be a cyl:'.ndrical single crystal composed of 

silicon, for example. 

The term 'rcylindrical'' should not be understood to mean that 

the crystals must necessarily have a circular cross section. 

20 Rather, the crystals can have the shape of any general 

cylinder. A general cylinder is a body which is bounded by a 

cylindrical surface with a closed directrix and two parallel 

planes, the base surfaces of the cylinder. 

25 Such methods are therefore also suitable for sawing non­

cylindr ical crystal blocks vJ1-1ich comprise a peripheral surface, 

that is to say e.g. c~ystal blccks wnich have a square or 

rectangular cross section. 

30 irVire sav1s ar::e use.d, in part.icuJ~ar, for slicing a multiplicity 

of semiconductor wafers, solar wafers and other crys~al wafers 

from a crystal in one work operacion. 

US-5,771,876 describes the functional principle of a wire saw 



5 

- 2 -

suitable for slicing semiconductor wafers from a crystal. 

DE 10 2006 058 823 Al, DE 10 2006 058 819 JU and DE 10 2006 044 
366 Al disclose ·corresponding methods fer wire sawing. 

Wire saws have a wire gang formed by a sawing wire wound around 
two or more wire guide rolls. 

The sawing wire can be coated with an abrasive coating. When 
IO using wire saws having a sawing wire without fixedly bonded 

a:Orasive grain, abrasive grain is supplied in th.e form of a 
slurry during the slicing process. 

In the course of the slicing process, the workpiece penetrates 
15 through the wire gang, in which the sawing wire is arranged in 

the form of wire sections lying parallel alongside one another. 
The penetration of the wire gang is brought about by means of 
an advancing device that guides the workpiece towa.:-d. the wire 
gang or the wire gang toward the workpiece. 

20 

When slicing semiconductor wafers from a crystal, it is 
customary for the crystal to be connected to a sawing strip, 
in~o which the sawing wire cuts at ~he end of the method. The 
sawing strip is a graphite s::rip, for example, which is 

25 adhesively bonded or cemen::ed on the peripheral surface of the 
crystal. The workpiece v.;itl1 :.he sav.1ing strip is ther1 cernented 
on a support body. After slicing, the resulting semiconductor 
wafers ::erna_:_n fixed like the teetf1 of a comb on tr~e sawing 
strip and can thus be removed from the wire saw. The residual 

30 sav.ririg strip is subsequer1tly detached frorn sern.iconductor 

wafers. 

In the case of methods according to ~he prior art, sliced 
semiconductor wafers often have increased warp values. 



It has been assumed heretofore that the paramete.::-s bow and ;,varp 
as a measure of the deviation of the actual wafer shape from 

the ideal wafer shape sought (also 11 sori'') depend very 

5 crucially on the straightness of the cut. The parameter "warp'' 

is defined in SEMI-standard Ml-1105. The measurement variable 

warp is a measure of t:he deviation from an ideal wafer shape 

characterized by flat and plane-parallel wafer sides. 

10 The warp also arises as a result of a relative movement of the 
sawing wire sections with respect to the workpiece which takes 
place in the course of the sawing process in an axial direc~ion 
relative to the workpiece. This relative movement may be caused 
for example by cutting forces occurring durin_g sav.1ing, axial 

15 di.splacements of the wire guide rolls as a result of thermal 
expansion, by ir1stances of bearing play or b:;/ the thermal 
expansion of the workpiece. 

DE 10122628 discloses a method for slicing a rod- or block-type 

20 workpiece by rneans of a saw, wherein the ternperature of the 
workpiece is rneasured during sJ .. icing and :.be rneasu:::::-ement signal 
is forwarded to a control unit, which generates a control 
signal used for controlling the vJorkpiece temperature. 

25 Furthermore, the prior art has endeavored to improve the 

guidar1ce of the sawing wire. 

DE 10 2007 019 566 Al discloses, for example, a wire guide roll 

for use in wire saws for simul taneous.l.y slicir1g a multiplicity 

30 of wafers from a cylindrical workpiece, which roll is provided 

with a coating b.a11ing a thickness of at least 2 mm and at rnost 
7.5 mm and composed of a material having a hardness according 

to Shore A of at least 60 and at most 99, w~ich roll 

furthermore comprises a multiplicity of grooves through which 

35 the sawing ·11ire is guided, wherein the grooves each 11a-\re a 
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curved groove base na~\ring a radi·ss R of curvature equal to 

0.25-1.6 times a sawing wire diameter D, and an aper~ure angle 
a of 60-130'. 

5 The use of such a v.rire saw leads to an improvemer1t in the 

waviness. 

Besides the thickness variation, the flatness of the two 

surfaces of the semiconductor wafer is of great importance. 
10 After a wire saw has been used to slice a semiconductor single 

crystal, for example a silicon single cr~/S::al, the wafers 

thereby produced have a wavy surface. This waviness can be 

partly or completely removed in ttie subsequent steps, e.g. 

grinding or lapping, depending on the wavelength and amplitude 
IS of the waviness and also on the depth of the material removal. 

In the worst case, such surface i~regularities (*1 undulations'1
, 

"waviness 1.1 ) , \'llhich rnay have periodicities of from a few rnm up 

to e.g. 50 mm, may still be detected even after polishing on 
the fir1isbed semiconductor wafer, where they have ar1 adverse 

20 effect on the local geornetry. 

DE 10 2006 050 330 Al discloses a method for simultaneously 

slicing at least two cylindrical workpieces ir1to a rrtultiplicity 

of wafers by means of a wire gang saw havi::ig a specific gang 

25 length, wherein the at least two workpieces are fixed 

successively in the longitudinal direction on a mounting plate, 

wherein a defined distance is respectively maintained between 

the work.pieces, the latter a.re clamped in the wire gang saw and 

sliced ]Jy means cf the wire gang sav.1. 

30 

If a low warp value of the wafers is desired, workpieces that 

are as long as possible are chosen. In order to achieve high 
warp values, comparatively short workpieces are fixed on ~he 
mounting plate and correspondingly sawn. 
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It has been found, however, that, despite all measures, wafers 
having increased warp values repeatedly occur in the prior art. 

This evidently cannot always be attributed to the sawing 
5 process per se or to the tf'1ermal p_ropert.ies of workpiece, 1vire 

guide roll, etc~ 

10 

It was an object of the invention to get to the bottom of these 

observations and to p~ovide a novel method for wire sawing. 

The object of the inver1tion is achieved by means of the rr,eth0d 

according to claim 1. 

The crystal piece, in a manner dependent on its crystal 

15 orientation and in a manner dependent on the position of the 
pulling edges, is fixed on a table or a mounting plate and 

subsequently divided ~nto semiconductor wafers in the wire saw 
in such a way that either the entry sawing process takes place 
in direct proximity to one of the pulling edges or the exit 

20 sawing process takes place in direct proximity to one of the 
pulling edges. 

The inventors have ascertained that the warp values of the 

semiconductor wafers are very considerably dependent on the 
25 cry.stal plane of the workpiece at which the er1try cutting 

process by means o~ the wire saw begins. 

As already described above, the workpiece is guided through the 
wire gang, that is to say entry cutting is effected at a very 

30 specific position of the workpiece and exit cutting is effected 
at the opposite position on the lateral surface of the 

workpiece. 

It has surprisingly been found that low warp values result if 
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exit sawing is ef~ected at the pulling edge. 

In order to achieve this, the workpiece is fixed at its lateral 
surface in the region of the pulling edge on sawing strip, 
support body or table of the wire saw. 

High warp values result, by contrast, if the crystal is fixed 
on the support body in such a way that entry sawing is effected 
at one of the pulling edges. 

The r1umber of tern1in_ed, .:Lr:r. 

tf1e syrrunetry of tf1e crystal structure;. Thus, e.g. <111>-sil:l.con 
als f1ave t:nree ling edges, cf. f . 1. 

The workpiece to be sawn is preferably a single crystal 
15 composed of silicon. 

The silicon single crystal preferably has the crystal 
orientation <100>, <l:C> or <111>. 

20 Entry sawing is preferably effected at the pu:ling edge in 
order to produce an increased warp. This may be advantageous 
for subsequen.t process steps, for example if an epitaxial 
coating of the semiconductor wafer is provided. 

25 The invention is explained below with reference to two figures. 

Brief description of the figures 

Fig. 1 schematical 

30 with two workpieces. 

shows the construction of the wire saw 

Fig. 2 shows the results of warp measurements on sawn <111> 
crystals corrcposed of silicon. 



5 

10 

]5 

20 

25 

30 

- 7 -

List of referenoe symbols 

11, 12 Crystal pieces 

2 Pulling edge 

21 Pulling edge at which entry sawing is effected 

22 Pulling edge at which exit sawing is ef feoted 

3 Sawing strip 

4 Wire gang of the wire saw 

5 Relative movement between workpieces and a wire gang 

6 Warp distribution "entry sawing at pulling edge" 

7 Warp distribution ''exit sawing at pulling edge 1
' 

A crystal piece was cut into two parts by means of a band saw. 

The two crystal pieces 11 and 12 were cemented differently on 

mounting plate or sawing strip 3. 

The two crystal pieces 11 and 12 have the crystal orientation 

<111>. 

fa_ <111> crystal c::omprises three pulling edges 2. 

4 shows the wire gang of the wire saw. 

Crystal piece 12 was fixed by its lateral surface in the 

vicinity of a pulling edge 22 on the sawing strip 3 (exit 
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cutting at pulling edge) . 

Crystal piece 11 was fixed by that side of the lateral surface 

which lies opposite a pulling edge 21 on the sawing strip 3 

5 (entry cutting at pulling edge). 

Both crystal pieces 11 and 12 were sawn in one work operation 

in order to ensure identical process conditions. 5 shows the 

direction of the relative movement v between workpieces 11 anci 

10 12 and wire gang 4. 

All the sliced wafers were examined with regard to warp, thus 

resulting in the distribution shown in fig. 2. 

15 A warp d.ist:ributior1 7 that is better by ar1 order of magnitude 

is manifested for lhe case of exit cutting at the pulling edge. 

20 

6 shows the warp distribution for the crystal piece at which 

the entry cutting was effected at the pulling edge. 
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Patent claims: 

1. A merhod for slicing a multiplicity of wafers from a crystal 
composed of semiconductor materi.al and having a longitudinal 

s axis and a cross section, wherein the crystal fixed on a 

~able is guided by a relative movement between the table and 
the wire gang of a wire saw, said relative movement being 

directed perpendicularly to the longit~dinal axis -- ...._, or t.-rie 

crystal, through the wire gang formed with sawing wire in 

10 such a way that the entry sawing effected by the sawing wire 
takes place in the vicinity of a pulling edge of the crystal 

or the exit sawing effected by the sawing wire takes place in 

the vicini~y of a pulling edge of the crystal. 

15 2. The method as clai:ned in claim .t., wf1erein the crystal is 

composed of silicon and has a crystal orien~ation <100>, 

<110> or <111>. 

3. The method as claimed in ei~ner of claims 1 and 2, wherein 
20 the crystal is guided through the wire gang in such a way 

that the exit sawing effected by the sawing wire takes place 

in the vicinity of a pulling edge if wafers having low warp 

are desired. 

25 4. The method as claimed in either of claims 1 and 2, wherein 

the crystal is guided thro~gh the wire gang in such a way 

that the entry sawing effected by the sawing wire takes place 
in the of a pulling edge if wafers having increased 

warp are desired. 


