- Method for slicing a multiplicity of wafers from a crystal composed of semiconductor material The
invention relates to a method for 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 10
semiconductor material and having a longitudinal axis and a cross section is sliced into a multiplicity of
semiconductor wafers simultaneously in one work operation with the aid of a. wire saw. is The
workpiece can be a cylindrical single crystal composed of silicon, for example. The term "cylindrical”
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 %M@a&ggrfgg&g\@;@ga 8'%9@{:%5%%“ éyovpa%rgggl @Jgnesc?the baste Eurfaces of
ta

the cylinder. 25 Such methods are therefore also sui for sawing non-cylin ric%“?%rsys?'al blocks
which comprise a peripheral sGA%EE ARGt R0/ e dniarbBeakswich have a square or
rectangular cross section. 30 Wire saws are used, in particular, for slicing a multiplicity of
semiconductor wafers, solar wafers and other crystal wafers from a crystal in one work operation. -2-
suitable for slicing semiconductor wafers from a crystal. DE 10 2006 058 823 Al, DE 10 2006 068 819
Al and DE 1620067644 366 Al5di&ciBEe eorespoRai Aethdds folvire: sawiriy: M/ire sawshiave a
wire gang feemed=byfasawing wiee-wound around two or more wire guide rolls.

Semiconductor wafers are generally produced by a procedure in
which a monc~ or polycrystalline crystal composed of

16 semiconductor material and having a longitudinal axis and a
cross section 1s sliced into a2 multiplicity of semiconductor
wafers simultaneously in one work operation with the aid of a

wire saw.

15 The workpilece can be a cylindrical single crystal composed of

silicon, for example.

The term "cylindrical' 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
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ce with a closed directrix and two parallel
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planes, the base surfaces of the cylinder.

25 Buch methods are therefore also suitable for sawing non-
cylindrical crystal blocks which comprise a peripheral surface,
that is to say e.g. crystal blocks which have a sguare or

rectangular crosgs section.

H

30 Wire saws are used, in particular, for slicing a2 multiplicity

i

of semiconductor wafers, sclar wafars and other cryvstal wafers

from a crystal in one work coperation.

US-5,771,87¢ describes ths functional principle of a wire saw



The sawing wire can be coated with an abrasive coating. When 10 using wire saws having a sawing
wire without fixedly bonded abrasive grain, abrasive grain is supplied in the form of a slurry during the
slicing process. In the course of the slicing process, the workpiece penetrates 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 toward the wire gang or the wire gang toward the workpiece. 20 When slicing
semiconductor wafers from a crystal, it is customaFy%oT the crystal to be connected to a sawing strip,
into which the sawing wire cuts at the end of the method. The sawing strip is a graphite strip, for
example, which.is.25 adhesively honded or, cemented on the peripheral surface of the crystal. The
workpiece v%sfﬁ fr%é%w*fr?g% stgﬁp‘i(':slt en Sceeztfﬁérﬁréauocr% 8supportbody Afet sHEHYE e resulting
semiconductor wafers remain fixed like the teeth of a comb on the sawing strip and can thus be

removed fram the wire saws T hesresidyal 30 sawingstrip 4 sulsequently defached fram 4,

semicondu%tg% \A@fers_!.?!réfgesgag%pg nlethog§ according to the prior art, sliced semiconductor wafers
often have increased warp Values. - 3 -1t has Beeh asstfied Réretofore H7ithe parameters bow and
warp as a measure of the deviation of the actual wafer shape from the ideal wafer shape sought (also

"son”) depentkvery-5 erucially enhe straighiness-ofthe.cut, The parameter. "warp’ is Q?QQ%Q in
SEMI-standard M1-1105. The measurement yariable warp is a measure of the deviation from an ideal
wafer shape c:%arac:teFi“zéd\T)"y""f?at%lnlag plané-parallel wafer sides. W 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

coarse of the,sawing pEpGessdnamaxial disection tejativeto the.warkpiece, This relafiye movement
may be caused for example by %”'Etin% forces occurring during sawing, axial 15 displacements of the
wire guide rolls &s & tesult of thermal expansioh by ilstahcés bf Blarifid’piay br byRedhermal
.expansion ¥t ke Wiorkpiece: DE 10222628 disctlosessa smethad 4ar slicinga rog-or dfock-type

slurry daring 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 toward the wire
gang or the wire gang toward the workpiece.

20
Wnen slicing semiconductor wafers from a crystal, 1f is
customary for the crystal to be connected to a sawing strip,
into which the sawing wire cuts at the end of the ﬁethod. The
sawing strip is a graphite strip, for example, which is

25 achesively bonded or cemented on the peripheral surface of the
crystal. The werkpiece with the sawing strip is then cemented
on a support body. After slicing, the resulting semiconductor
wafers remain fized like the teesih of a comb on the sawing
strip and can thus be removed from the wire saw. The residual

30 sawing strip is subseguently detached from semiconductor

wafers.

In the case of methods according to the prior ar
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semiconductor wafers often have increased warp valus
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20 workpiece by means of a saw, wherein the temperature of the workpiece is measured during slicing
and the measurement signal is forwarded to a control unit, which generates a control signal used for
controlling the workpiece temperature. 25 Furthermore, the prior art has endeavored to improve the
guidance of the sawing wire. DE 10 2007 019 566 Al discloses, for example, a wire guide roll for use in
wire saws for simultaneously slicing a multiplicity 30 of wafers from a cylindrical workpiece, which roll
is provided with a coating having a thickness of at least 2 mm and at most 7.5 mm and composed of a
material having a hardness according to Shore A of at least 60 and at most 99, which roll furthermore
comprises a multiplicity of grooves through which 35 the sawing wire is guided, wherein the grooves
each have a - 4 - curved groove base having a radius R of curvature equal to 0.25-1.6 times a sawing
wire diameter Q, and an aperture angle a of 60-130. The use of such a wire saw leads to an
improvement ir'fhie Waviness “BBEMelhE thicknEss Varaficrt tHe 1RHRESS 6f thew suragss of the
semiconduéter svaferisuofgreat iportance tiGAfter anise sawas been tiseg:tosslices,
semiconduetos single crystal, ;orsqegéggpgeag@qitgopasciggle,céggfl,)thg Wwafers thereby produced have a

wavy surface. This waviness can be partly or completely removed in the subsgqa/ent steps, e.g.

grinding or%ﬁbciﬁfj,ldé’pé’ﬁ“diﬁ&%nsﬁ%a\ivggél%‘ﬁé% &hd ahfiplitiide 1576T theeavikess andzibo on the

depth of the matefahmindval SE¥theswerstoaselisuch sarface dregularities £undedationst's

"wavinesse)quhich.may.haye perioficilies ofdior 2.few mIIPQ 4. 50 mm. Mmay st be detected
the '

even after polishing on the finished semiconductor wafer, where they have an‘a versé B0 effect on the

IocalgeomgPﬁFac“erlzed by flat and plane-parallel wafer sides.

W The warp also arises as a result of a relative movement of the

o)

sawing wire sections with respect to the workplece which takes
place in the course of the sawing process in an axial direction
relative te the workpilece. This relative movement may be caused
for example by cutting forces occurring during sawing, axial

15 displacements of the wire guide rolls as a result of thermal
expansion, by instances of bearing play or bv the thermal

expansion of the workpisce.

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

20 workpiece by means of a saw, wherein the temperature of the
workpiece is measured during slicing and the measurement signal
is forwarded to a control unit, which generates a control

signal used for controlling the workpiece temperature.

2
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Furthermore, the prior art has endeavorsd to improve the

guidance of the sawing wirs.

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

£ wire saws for simultaneously siicing a multiplicity

30 of wafers from a cylindrical workpisce, which roll is provided
with a coating having a thickness of at least 2 mm and at most
7.5 mm and composad of a material having a hardness according
to Shore A of at least 60 and at most 99, which roll

furthermcre comprises a multiplicity of grooves through which
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the sawing wire is guided, wherein the grocves each have a



DE 10 2006 OSO 330 Al discloses a method for simultaneously slicingleast two cylindrical workplaces
into a multiplicity of wafers by means of a wire gang saw having a specific gang length, wherein the at
least two workpieces are fixed successively in trie longitudinal direction on a mounting plate, wherein a
defined distance is respectively maintained between the workp eces, the latter are clamped in the wire
gang saw and sliced by means of the wire gang saw. 30 If a low warp value of the wafers is desired,
workplaces that are as long as possible are chosen. In order to achieve high warp values,
comparatively short workplaces are fixed on the mounting plate and correspondingly sawn. -5 It has
been found, however, that, despite all measures, wafers having increased warp values repeatedly
occur in the_prioy.ast. This.evident nnot always be attributed to the sawing process per se or to the
thermal proﬁ%{%ﬁe%aofgwjé?k\i?eg)eecf%v%rg%vgjﬁ}ae ?oIT,agé.“Em%o%m%ﬁfsvSf“fﬁéﬁn\?gfﬁ?&n §eek to get to the
bottom of these GbservaidiRs afd s providels Aovélanetsod for veire sawings40:Aceording to an
aspect of the inventier,2hére is provided a method for slicing a multiplicity of wafers from a crystal
composed of semiconductor material and having a longitudinal axis and a cross section, wherein the
crystal fixed on a table is guided by a relative movement between the table and the wire gang of a wire
saw, said réidfive foveméntheingdifccted pehserticilarls to the fongitueinal axiscakthe crystal,
through themaire gang.formed with sawing wire in such a way that the entry sawing effected by the
sawing wire takes place in a habit line of the crystal or the exit sawing effected by 20 the sawing wire
takes place in a habit line of the crystal. The crystal piece, in a manner dependent on its crystal
orientation &Rd ¥4 &@Smahfief BepEndent o’ He positiondfthe butlingsedges, is.fixedon a table or a
mounting plate #nee25 subsequentl: divided-into semicgnductor-wafers in the wire saw in such a way
that either %fteen;rygsawi{leg Rrocess ta!éeﬁs Blace in direct proximity to one of the pulling edges or the
exit sawing process takes place in d?recf’%roxlfr%ﬁg t6 dnerofthe pullitiy 8dGES B = sangle

crystal, for example & silicon single crystal, the wafers

thereby produced have a wavy surface. This waviness can be

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

grinding or lapping, depending on the wavelength and amplitude

15 of the waviness and also on the depth of the material removal.
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"waviness"), which may have periodicitizs of from a few mmoup
to e.g. 50 mm, may still be detected even after polishing on

the finished semiconductor wafer, where they have an adverse

260 effect on the local geometry.

006 050 330 Al discloses a method for simultansously

2
icing at least two cylindrical workpisces into a multip
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ity
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of wafers by means of a wire gang saw having a specific gang
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ngth, wherein the at lsast two workpieces are fiwved
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successively in the longitudinal directiorn on a mounting plate,
wherein a defined distance is respectively maintained batweszn
the workpieces, the latter are clamped in the wire gang saw and
sliced by means of the wire gang saw.

30
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IT a2 low warp value of the wafers is desired, workpieces that

re as long as possible are chosen. In order to achieve high

5 W
t

arp values, comparatively short workpieces are fixed on <he

mounting plate and correspondingly sawn.



The inventors have ascertained that the warp values of the semiconductor wafers are very
considerably dependent on the crystal plane of the workpiece at which the entry cutting process by
means of the wire saw begins. 5 As already describéd above, the workpiece is guided through the wire
gang, that is to say entry cutting is effected at a very specific position of the workpiece and exit cutting
is effected at the opposite position on the lateral surface of the W workpiece. It has surprisingly been
found that low warp values result if - 6 - exit sawing is effected at the pulling edg In order to achieve

this, the warkpiece,is fixed a3 lataral sydace n,the regiaggfthe puiing.edge an sawing. stip,
support body or table of the wire saw. 5 High warp values result, by contrast, if the crystal is fixed on
the supp&reBday in-BGEIPa SRSy tHarBnife SEGM g RMetst At SHE BRI DUIiIRY) BIGEE THetnumbem

pf pulling-egges ds prraeterMingdniBPriCiRie: LR erimBtry € the crystal struetue, Thus, e. a;,
<111>-si|ic$§(é% stals have three Qulling edges, of., figP 1. The warkpiege to b}g sawn is preferably a

single cr)% d¥&h di%ilbn Thé sflic n%lkrﬁrbef& yrs? ep]%fLe‘?r‘gblcﬁ as? e%%fs?ael’or‘l"\éjh]fgtion

<100, <gil=ier xil:] 20Entry sawing is preferably effected at the pulling edge in

Embodiments of the invention seek to get to the bottom of these

observations and to provide a novel method for wire sawing.

10 According to an aspect of the invention, there is provided a
method for slicing a multiplicity of wafers from a crystal
composed of semiconductor material and having a longitudinal
axis and a cross section, wherein the crystal fixed on a table
ig guided by a relative movement between the table and the wire

15 gang of a wire saw, said relative movement being directed
perpendicularly to the longitudinal axis of the crystal,
through the wire gang formed with sawing wire in such a way
that the entry sawing effected by the sawing wire takes place
in a habit line of the crystal or the exit sawing effected by

20 the sawing wire takes place in a habit line of the crystail.

The crystal piece, in a manner dependent on its crystal
orientation and in a manner dependent on the position of the
pulling edges, is fixed on a table or a mounting plate and

25  subseqguently divided into semiconductor waferg 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
sawing process takes place in direct proximity to one of the
pulling edges.

30



order to produce an increased warp. This may he advantageous for subseguent 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 descriptiofaof the figures  Fig. 1 schematically shows the
construction of the wire saw 30 with two workpieces. Fig. 2 shows the results of warp measurements
on sawn <111> crystals composed of silicon. -7- List of reference symbols 11, 12Crystal pieces 5
2Pulling edge 21 Pulling edge at which entry sawing is effected 22Pulling edge at which exit sawing is

effected 19,8 Saning.sldpAilie ga00 0l {he wlesah.: Reletivemovemenibetpeenorkpieces and
a wire gang bWarp distribution "entry sawing at pulling edge” Warp distribution "exit sawing at pulling
edge" gemiconductor wafers are very considerably dependent on the

crystal plane of the workpiece at which the entry cutting

process by means of 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
specific position of the workpiece and exit cutting is effected
at the opposite position on the lateral surface of the

10  workpiece.

It has surprisingly been found that low warp values result if



20 A crystal piece was cut into two parts by means of a band saw. The two crystal pieces Il and 12
were cemented differently mounting plate or sawing strip 3. on 25

exit sawing is ef

=

fected at the pulling =dge.

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

5
High warp values result, by contrast, if the crystal is fixed
on the support body in such a wasy that entry sawing is effacted
at one of the pulling =dges.

10 The number of pulling edges is predetermined, in principls, by
the symmetry of the cryvstal structure. Thus, e.¢. <lil>-silicon

crystals have three pulling edges, of fig. 1.

The workpiece to be sawn is preferably a single crystal
15 composed of gilicon
The silicen single crystal preferably has the crystal

orientation <I100>, <110> or <iil>.

20 Entry sawing is preferably effected at the pulling edge in

= o

order to produce an increased warp. This mav be advantageous
fcr subsegue

ent process steps, for example if an epitaxial

coating of the semiconductor wafer is provided,
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Brief description of the figures

Fig. 1 schematically shows the construction of the wire saw

30 with two workpieceas.

Fig. Z shows the results of warp wmesasurements on sawn <111>
¥

stals composed of silicon.



The two crystal pieces 11 and 12 have the crystal orient ion <111>.

pulling edges 2. 30

List of reference symbols
11, 12 Crystal pleces
5 2 Fulling edge
21 Pulling edge at which entry sawing is effected
22 Pulling edge at which exit sawing is effected
10
3 Sawing strip
4 Wire gang of the wire saw
is b Relative movement between workpieces and a wire gang
& Warp distribution "entry sawing at pulling edge"”
7 Warp distribution "exit sawing at pulling edge”
20
A crystal plece was cut into two parts by means of a band saw.
The two crystal pieces 11 and 12 were cemented differently cn
mounting plate or sawing strip 3.
25
The two crystal pieces 11 and 12 have the crystal orientation
<111>.
A <111> crystal comprises three pulling edges 2.
30
4 snows the wire gang ¢of the wire saw.

Crystal piece 1Z was fixed by its lateral surface

vicinity of a pulling edge 22 on the sawing strip 3 {(exit

A <111> crystal comprises three



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 - s - cutting at pulling edge). Crystal piece 11 was fixed by
that side of the lateral surface  which lies opposite a pulling edge 22 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 and W 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@\/Varp distribution 7 that is better by an order of
magnitude is manifested for the case of exit cutting at the pulling edge. 6 shows the warp distribution

for the crystal piece at WhICh the entry cutting was effected at the pulling edge.
utting at pulling edge).

Crystal piece 11 was fixed by that side of the lateral surfacs
which lies opposite a pulling edge 21 on the sawing strip 3

3 {entry cutting at pulling edge).

Both crystal pieces 11 and 12 were sawn in one work operation
in crder tc ensure identical process conditions. 5 shows the
direction of the relative movement v between workpieces 11 and

16 12 and wire gang 4.

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

resulting in the distribution shown in fig. 2.

15 A warp distribution 7 that iz better by an order of magnitude

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

& shows the warp distribution for the crystal piece at which

8!

the entry cutting was effected at the pulling edge.



20 -9 - Patent claims: 1.A method for slicing a multiplicity of wafers from a crystal composed of
semiconductor material and having a longitudinabaxis and a cross section, wherein the crystal fixed on
a table 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 longitudinal axis of the crystal, through the
~ wire gang formed with sawing wire in 10such a way that the entry sawing effected by the sawing wire
takes place in a habit line of the crystal or the exit sawing effected by the sawing wire takes place in a
habit liee bétite cAaials2. The method as claimed in claim 1, wherein the crystal is composed of
silicon and has a crystal orientation <100>, <110> or <111>. 3. The method as claimed in either of

claims 1 and 2, wherein 20the crystal is guided. h the yr in sych.a w at the exit
sawing%ff@‘cf@%%&?éme%gwi%g %v%lent%kgsnﬁi%glﬁigl%bmi%% t§” gr%%%cg::a wafers hg’/xi? | a low warp.
4. The methatkasetiméd seritharshetdimg Taha ahersif 2586 8y stal 1CGFHEdhfAGh the wire

gapg in such away that the eniry sauming e ffecies by theisawing péredakes plageon a
table is guided by a relative moﬁement between the table and
the wire gang of a wire saw, said relative movement being
directed perpendicularly to the longitudinal axis of the
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 a habit line of the crystal or the exit sawing
effected by the sawing wire takes place in a habit line of

the crystal.

15 2. The method as claimed in claim 1, wherein the crystal is
composed of silicon and has a crystal orientation <100>,

=23110> or <l1lll>.

3. The method as claimed in either 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 a habit line to produce wafers having a low warp.

4. The method as claimed in either of claims 1 and 2, wherein
25 the crystal is guided through the wire gang in such a way
that the entry sawing effected by the sawing wire takes place

in a habit line to produce wafers having an increase warp.



