Wre GQuide Roll for Wre Saw The invention relates to a wire guide roll for
use in 5 wire saws for sinmultaneously slicing a nultiplicity of wafers
froma cylindrical workpiece, in particular from .a workpi ece consisting of
sem conductor material, wherein with the aid of a forward feed device, the
wor kpi ece and a wire gang of a wire saw execute a 10 rel ati ve novenent
directed perpendicularly to the |ongitudinal axis of the workpiece, by

whi ch the workpiece is guided through the wire gan Sem conduct or wafers
are general |y produced by Wirei fgide Boll| faurWize %ﬁﬁo- or polycrystalline
wor kpi ece of the sem conductor material with the aid of a wire saw,
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step. 20 TheTB&sdmvieAIt TRt es of Ot RedE 5A r EdmsrPhél d@8 dS%mEhi ne

frane, a gorwakd feed deyd cglm@nﬂa@eémpgsm@hngw Ghu 100is1 sdse pfop gang of
parallel wre zectl ns. The wocﬁg_ ge is fixed on a so-called sawi ng strip,

general |y byY@&RERt TG o &dhed) pkﬁﬁ?%ﬁﬂﬂrﬁfﬁﬁ?ﬁﬁ}?ﬁ 5°%n turn
fastened on a nuMkpigeda at@on$ﬁsﬁilﬁj@r offo @Mdrf@dwﬂ(plmeerﬁalhe W re

saw. The mjre an of t wLre saw gene al | ornmed by, a. multiplicity of
parallef wirdnsastronet BN REY e VancFShudrdarion tetieke tRB w 1o
gui de rolls, wbhkpwece gmndezIOthebegm@grmﬁhtablw1n®unﬁﬂd andcatel emast one

of them ol ng ELNeR  HSaldrs S511005 genBLablyq el ang. o & sipgle finite

Wi re, which i's around emand is unwound from a
35 stock roIﬂooguoudlnedelwensromf D ngrart isane ,ng qur ocdsssh t hehd or war d

feed device ,ingigesea;itelaliia TRYSIBA! tAb LBgeyhRgections and

Semiconductor wafers are generally produced by slicing
15 a cylindrical mono- or polycrystalline workpiece of the
semiconductor material with the aid of a wire saw,
simultaneously into a multiplicity of semiconductor

wafers in one working step.

20 The essential components of these wire saws include a
machine frame, a forward feed device, and a sawing tool
which consists of a gang of parallel wire sections. The
workpiece 1s fixed on a so-called sawing strip,
generally by cementing or adhesive bonding. The sawing

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

to clamp the workpiece in the wire saw.

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

multiplicity of parallel wire sections, which are
30 tensioned between at least two wire guide rolls, the

wire guide rolls being rotatably mounted and at least

one of them being driven. The wire sections generally

belong to a single finite wire, which 1is guided

spirally around the roll system and is unwound from a
35 stock roll onto a receiver roll.

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



t he wor kpi ece directed against one another. As a result - 2 of this forward
feed novenent, the wire, on which a saw ng suspension is applied, works to
formparallel sawi ng kerfs through the workpi ece. The sawi ng suspension,:
which is also referred to as a slurry,- % contains hard nmaterial particles
for exanple of silicon carbide, which are suspended in a liquid. A saw ng

wire wth fpemy,hourd grasiye gy ghignpe used. (Lip.this, ¢asen 14 1s not
necessary to apply a saw ng suspension.. Pt is merely hecessary to supply a
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grooves.

15 The production of semiconductor wafers from cylindrical
semiconductor material, for example from single-crystal
rods, places stringent requirements on the sawing
method. The purpose of the sawing method is generally
that each sawn semiconductor wafer should have two

20 surfaces which are as plane as possible and are

mutually parallel.

Besides the thickness wvariation, the planarity cf the
two surfaces of the semiconductor wafer is of great
25 importance. After a wire saw has been used to slice a
semiconductor single crystal, for example a silicon
single crystal, the wafers thereby produced have a wavy
surface. This waviness may be partially or fully
removed in the subsequent steps, for example grinding
30 or lapping, depending on the wavelength and amplitude
of the waviness as well as the depth of the material
removal. In the least favorable case, such surface
irregularities (undulations, waviness), which may have
periodicities of from a few mm up to for example 50 mm,
35 may still be detected even after polishing on the
finished semiconductor wafer, where they have a

detrimental effect on the local geometry.



irregularities (undul ations, waviness), which may have periodicities of

froma fewmmup to for exanple 50 nm 35 may still be detected even after
polishing on the finished sem conductor wafer, where they have a
detrinmental effect on the |local geonetry. - 3 The parameters bow and warp

as a neasure of the deviation of the actual wafer shape fromthe desired

i deal wafer igape or "fori") depend cruciall% on_ the straigh%ne s of the
cut, which i &$7€n PEFAMEFEEPal PYVs BRberfitRd By of opBTRTRES of Ot het¥f re gui de
rol | s being dasedtidhe oii r ehguiadeudl | safiee chlaypent fomal ltheprawsdesdwith a

coating. The t her. e_.conpri & Jul.ti.pl i ci of poves t.hrough
whi ch the sa\%{md%éivwwr%ﬁ Sgg%?ggsé)d,(ggnd Sbrg;l anaseé)‘%rry%f:gﬁ%gﬁgi i e g%%eg of the
wire saw i s forpedhtngese @i déer oftts, wehdlehcohpr iige supol yerethahky coat are

conventi anal by cusedn BOLYTEINIANGS A GUD5E 18 L8l 13 HSIN! 3 46 the

abrasive slurry, or to e to cutting wires wt oun si ve.
Wear of the Weed.guide rolls, which essentially leads to nodification of
the geonetry of the grooves, 20 nevertheless gradually takes place in the
prior art, for exanple after 50 operations. This, however, is undesirable
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ur et hane. means of which the wire gang of the wire saw is formed.

Wire guide rolls which comprise a polyurethane coat are
conventionally wused. Polyurethanes are substantially
15 resistant to the abrasive slurry, or to abrasion due to

cutting wires with bound abrasive.

Wear of the wire guide rolls, which essentially leads
to modification of the geometry of the grooves,

20 nevertheless gradually takes place in the prior art,
for example after 50 operations. This, however, 1is
undesirable since optimal guiding of the sawing wire is
no longer ensured owing to such modification of the
groove geometry.

25
JP 2006102917 A2 proposes to use urethane with 5-30% by
weight of silicon carbide abrasive as a coating, so
that the coating is significantly harder than a coating
consisting only of urethane.

30
With too hard a wire guide coating, however, the
frictional locking between the wire and the wire guide
roll is no longer ensured so that the wire gang can no
longer be set optimally in movement.

35
This alsc applies for the wire guide rolls disclosed in
JP 11099465 A2. Here again, the cocating of the rolls is
intended to consist of a material which has a hardness

comparable to abrasive silicon carbide particles.



30 Wth too hard a wire guide coating, however, the frictional |ocking
between the wire and the wire guide roll is no Ionger ensured so that the
wire gang can no |onger be set optimally in novenent. 35 This al so applies
for the wire guide rolls disclosed in. JP_.11099465 A2. Here again, the
coating of the rolls is intended to consist of a material which has a
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roll lifetiE dbcfi2&3nb 29omEs a8 1S8AGlaTha@rpi@ddies Pf trhat saun thef er s

coul d al go thereede JO iapsovedre TheuyhEe gyide ke coBRLLSS Bard
urethane resin surfaces. The, grooves of unworn wire guide roll§~ have a
V- shaped forithdddh TR1gohfentiorrded ntohdadd ofheasuripsas Qs thRerefore

an obj egt ofyithe dgﬁvCﬁélthusf, Qn@f@¥&1dﬁfoﬁwj t@bi@hwig,rﬁmsahdetbpl;hsef l@r wire
saws and to avoi t he pr ns. of, the prior_art. ,The invention relates to a
wire guide e (9 EEeEPRT 30 HRiBeL R or T P AR AR YO8 T oG &
mul tiplicitwafinewd e f tam aseyhi ndifend verKpd ecd,savhittle riedypr bei ded
with a ¢ atL%%nngv%pg g éhigknesgﬁg%aat %iast 2 rrmandh at ngsé g.% nm and
consi sting of o hater i ? Wi ER has Shorg ANMErdiess bt at'™F QSP 60 and at
nost 99, andresin surfaces. The grooves of unworn wire guide rolls

have a V-shaped form which is conventional in the prior

art.

15 It was therefore an object of the invention to provide
suitable wire guide rolls for wire saws and to avoid

the problems of the prior art.

The invention relates to a wire guide roll for use in
20 wire saws for simultaneously slicing a multiplicity of
wafers from a cylindrical workpiece, which is provided
with a cecating having a thickness of at least 2 mm and
at most 7.5 mm and consisting of a material which has a
Shore A hardness of at least 60 and at most 99, and
25 which furthermore contains a multiplicity of grooves
through which the sawing wire is guided, wherein the
grooves each have a curved groove base with a radius of
curvature R which 1s given by 0.25-1.6 times a sawing
, wire diameter D, and an aperture angle a of 60-130°,
30
The wire guide roll accoxding to the invention
comprises a coating of a material with a hardness level
of at least 60 and at most 99 according to Shore A. The
hardness measurement of elastomers according toc Shore A
35 1is described in IS0 868.

The coating of the wire guide roll preferably consists
of a material with a Shore A hardness of between 82 and
99.




25 which furthernore contains a multiplicity of grooves through which the
sawing wire is guided, wherein the grooves each have a curved groove base
with a radius of curvature Rwhich is given by 0.25-1.6 tines a saw ng
wire diameter D, and an aperture angle @ of 60-130. 30 The wire guide roll
according to the invention conprises a coating of a material with a
hardness | evel of at |least 60 and at nost 99 according to Shore A The

har dness neasurenent of elastomers according to Shore A 35 is described in
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body of the geaometguy deso that the sawing wire i1s no longer guided
optimally and may easily escape 1if lateral forces

occur. This will have detrimental effects on the

accuracy and straightness of the cut, and therefore

15 lead to inferior bow and warp values which cannot be
improved and corrected at all or only with great outlay

in the subsequent processing steps.

The roll core, i.e. the base bpdy of the wire guide
20 roll, preferably consists of steel, for example a

special steel with low thermal expansion (Ingwar
steel). It is nevertheless also possible to wuse
aluminum, stainless steel, titanium, carbon or

composite materials such as GFP and CFP as roll core
25 material. GFP and CFP are plastics reinforced with

glass fibers or carbon fibers, respectively.

The wire guide roll contains a multiplicity of grooves
for guiding the sawing wire. All the grooves have a
30 defined, uniform geometrical shape with a curved groove
base and groove sidewalls having a particular aperture

angle.

The groove base, 1in which the sawing wire is guided,

35 has a radius of curvature R that corresponds to at
least 25% of the diameter D of the sawing wire being
used, but should be at most 60% greater than it. This
means R = 0.25D - 1.6D..



20 roll, preferably consists of steel, for exanple a special steel with | ow
thermal expansion (lngwar steel). It is neverthel ess 'al so possible to use

al um num stainless steel, titanium carbon or conposite naterials such as
GFP and CFP as roll core 25 material._GgP_and CFP are plastics reinforced
with glass fibers or carbon fibers, respectively. The wire guide roll

contains a ltipli.city of groqves,, for iding the sawng wire. Al the
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1.6D. - @ Rgefeyahly. dhoygver, the radius of curvature of the groove base
is less than the dianeter of the sawwng wre. The radius of curvature R of
the grooves is preferably 0.4-0.9 tinmes the sawing wire dianeter, i.e. 5 R

= 0.4D - 0. 9ihe Thge2PEFE UBRgRARILE Ha@RCdr A5 ROVEs| 50693830 saceridingg to the
i nvention. 10 Trg_ge aperture angle is preferably 80-110. The coating thickness
of the wire Qi rotYe4 s ®articul arly preferably greater than or equal to
2 mm and |less than or equal to 6 nm 15 The Inventors have found that the
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The coating thickness of +the wire guide roll is
particularly preferably greater than or equal to 2 mm
and less than or equal to 6 mm.

ib
The Inventors have found that the grcove shaped
according to the invention presents advantages over the
V-shaped groove form known frém the prior art.

20 The coating preferably consists of polyurethane, with a
particular hardness level according to the invention.
Polyurethanes are compressible materials. The sawing
wire tensioned over the rolls with a relatively high
force (20-30 N per wire turn, usually about 300 wire

25 turns) leads to compression of the coating in the range
of a few tenths of one mm. Furthermore the compression
is not constant over the entire coating, rather it is
subject to wvariations. The wire tension, which 1is
extremely important for the wire sawing process,

30 depends directly on this since the following applies:
F=AxE x dl/1,

where F denotes the wire tension, A denotes the cross-
35 sectional area of the wire, E denotes the modulus of
elasticity, dl denotes the length change and 1 denotes

the wire’s free length.



V-shaped groove form known fromthe prior art. 20 The coating preferably
consi sts of polyurethane, with a particular hardness | evel according to the
i nvention. Polyurethanes are conpressible materials. The sawing wre

tensi oned over the rolls with a relatjively high force (20-30 N per wre
turn, usually about 300 wire 25 turns) |eads to conpression of the coating

in the rang of ng hs, .of e .Further.nmore the conpressi-on is not
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the wire, E dRipoteentake ety @F the 8avidig wratesenot es the | engt h change
and 1 depotes the wire's free length. 7 The conpression of the coating

wi-ll be corrrrensurateI%/ nore as the coating thickness is greater and this
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i nventi B. avoi ds such variations in the wire tension and detachnent of the

roll codting, and it leads to an optinmal geonetrical quality of the wafers
sliced in tHehe coating thickness of 2 mm - 7.5 mm according to the

invention aveids such variations in the wire tension
and detachment of the roll coating, and it leads to an
optimal geometrical quality of the wafers sliced in the
15 wire sawing process. In the prior art, wire guide rolls
with coating thicknesses of more than 8 mm, usually
more than 10 mm have normally been used to date. The
present invention demonstrates for the first time the
relationship between the coating thickness and the

20 lifetime of a wire guide roll.

The Inventors have found that the inventive hardness of
the coating of the wire guide rolls and the coating
thickness according to the invention lead to an
25 optimization of the roll wear and therefore to a longer
lifetime of the wire guide rolls, which clearly
promises economical advantages in respect of more

economical use of additives.

30 The groove shaped according to the invention, in
conjunction with the ccating thickness, nevertheless
ensures optimized guiding of the sawing wire in the
grooves of the wire guide rolls, and it thus leads to
an improved cutting gquality and therefore to a better

35 geometry of the sawn wafer.

The wire guide rolls according to the invention are
used in wire saws. The sawing wire is in this case

wound several times around the wire guide rolls, so as

/



15 wire sawi ng process. In the prior art, wire guide rolls wth coating

t hi cknesses of nore than 8 mm wusually nore than 10 nm have normal ly been
used to date. The present invention denonstrates for the first tine the

rel ati onship between the coating thickness and the 20 lifetime of a wire
guide roll. The Inventors have found thagt _the inventive hardness of the
coating of the wire guide rolls and the coating thickness according to the
invention le n m ol h I n ef £ toa
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qual ity and thepebprsutn & pgféegaWBS geonetry of the sawn wafer. The wire ,
guide rolls according to the invention are used in wire saws. The saw ng !
wireis in this case wound several tinmes around the wire guide rolls, so as '
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cylindrical r EI eces, which are preferably sem conductor rods and nore
particul arly * ‘F%rably silicon rods, can be sawn in one working 5 step by
such a wire saw. The invention will be expl ai ned below with the aid of

figures 410 fig. 1 %l%ﬁl_%%%ttii 3y, R Wik T IYEORL VG 9§RBREEY 02 5 97 OOVE

of the wire gu de ro
groove of the wire guide roll.

Fig. 2 shows the number of possible operations with a

wire guide roll as a function of the coating thickness.
15

Fig. 3 shows a comparison of the geometrical parameter

waviness_max for two groups of coating thicknesses of

the wire guide rolls.

20 Fig. 4 shows a comparison of the geometrical parameter
waviness in for two groups of coating thicknesses of

the wire guide rolls.

Fig. 5 shows a comparison of the geometrical parameter
25 linear shape range (LSR, total warp) for two groups of
coating thicknesses of the wire guide rolls.

The geometry of the wafer in the saw’s forward feed
direction 1is determined, for example, by a scanning
30 capacitive sensor pair. First, the difference between
the front- and backside signals is taken. In order to
determine the waviness, a window with a length of 10 mm
is passed over the evaluation curve thus obtained. The
maximum deviation within the window generates a new
35 value for the window center (rolling boxcar filtering).
The greatest deviation (peak-to-valley (PV)) within the
entire scan over the wafer 1is the waviness max. The
waviness_in is determined in the 'same fashion, but only

the first 50 mm of the scan (wire saw incision region)



Fig. 2 shows the nunber of possible operations with a wre guide roll as a
function of the coating thickness. 15 Fig. 3 shows a conparison of the
geonetrical paraneter waviness nmax for two groups of coating thicknesses of
the wire guide rolls. 20 Fig. 4 shows a conpari son of the geonetrica
paranmeter waviness in for two groups_of coating thicknesses of the wire
guide rolls. Fig. 5 shows a conparison of the geonetrical paraneter 25
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wi thin the w ndow generates a new 35 value for the wi ndow center (rolling
boxcar filterjng he greatest deviation (peak-to-valley (PV)), wthin the
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saw s
For example, the measuring instrument MX 7012 (High

Resolution Thickness and Surface Profiler for as-sawn
Wafer) from E+H Eichhorn+Hausmann 1is suitable for
determining said geometrical parameters.
15
Fig. 1 schematically shows the inventive geometrical
shape of an individual groove of a wire guide roll, the
radius of curvature of the groove base being denoted by
R and the aperture angle of the groove sidewalls being
20 denoted by a. Alsoc represented are a sawing wire with
diameter D as well as slurry particles (sawing

suspension) .

Fig. 2 shows the average number of possible operations

25 using a wire guide roll until it 1is replaced, as well
as the assoclated standard deviation, as a function of
the thickness of the coating of the wire guide roll.

It may be seen that with a greater coating thickness
30 (above 8 mm) the number of possible operations
decreases. The main reason for changing the wire guide

in each case is a poor cutting quality.

Fig. 3 shows the cutting quality as a function of two
35 groups of coating thicknesses of the wire guide rolls

being used.

To this end a comparison is made between the

waviness max geometrical parameters when using wire
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of two groups of coating thicknesses of the wire guide
rolls being used. To this end a comparison 1is made
between the waviness in geometrical parameters when
using wire guide rolls with coating thicknesses of 1less
than or equal to 6 mm and for wire guide rolls with
coating thicknesses of greater than or equal to 8 mm.
The cumulative frequency, with which the geometrical

parameter occurs, 1s represented in each case.

Better waviness in values are in turn found with

coating thicknesses of less than or equal to 6 mm.

The cutting quality as a function of two groups of
coating thicknesses of the wire guide rolls being used
is also studied in Fig. 5. To this end a comparison is
made between the linear shape range geometrical
parameters when using wire guide rolls with coating
thicknesses of less than or equal to 6 mm and for wire
guide rolls with coating thicknesses of greater than or
equal to 8 mm. The cumulative frequency, with which the
geometrical parameter occurs, 1is represented in each

case.

Better linear shape range (LSR) parameters are found

with coating thicknesses of less than or equal to 6 mm.

Overall it is thus found that inferior cutting results
are achieved with higher coating thicknesses, and that



cunul ative frequency, with which the geonetrical 5 paraneter occurs, is
represented in each case. Better waviness max values are found with coating
t hi cknesses of |less than or equal to 6 nm 10 Fig. 4 |likew se shows the
cutting quality as a function of two_gfeups of coating thicknesses of the
wire guide rolls being used. To this end a conparison is made between the
wavi ness 1n Q@%”elﬁb%gbﬁé"% rsof’”% H26d8 1 Bt e gLl g, Lol % W{:fng coating
t hi cknesses of 1ess than 6t gua t0"6 mnandof of Wt e guide rolTs with
coating thi cknigsseaicfe goddiser st parrtdcudqurdly telv@nmagecTise cunul ati ve
frequency, with which the geonetrical paraneter occurs, is represented in
each case. 20 Better waviness in values are in turn found with coating

t hi cknesses of |less than or equal to 6 nm The cutting quality as a function
of two groups of coating thicknesses of the wire guide rolls being used 25
is also studied in Fig. 5. To this end a conparison is made between the

| i near shape range geonetrical paraneters when using wire guide rolls with
coating thicknesses of less than or equal to 6 mmand for wire guide rolls
Wi th coating thicknesses of greater than or 30 equal to 8 mm The cunul ative
frequency, with which the geonetrical paraneter occurs, is represented in
each case. Better |linear shape range (LSR) paraneters are found 35 with
coating thicknesses of |ess than or equal to 6 nm Overall it is thus found
that inferior cutting results are achieved with higher coating thicknesses,
and that - 11 the inventive range of the coating thickness of the wre
guide rolls is particularly advant ageous.



- 12 - Patent clainms 1. Awire guide roll for use in wire saws for 5
sinmultaneously slicing a nmultiplicity of wafers froma cylindrical
wor kpi ece, which is provided with a coating having a thickness of at |east
2 mfmand at nost 7.5 mm and consistingqef.a material which has a Shore A
hardness of at |east 60 and at nost 99, and which 10 furthernore contains a
multiplicity of grooves through which the sawing wire is guided, wherein

t he grooves each have a curved groove base with a radius of curvature R
which is gi v@teptoclmimss tines a sawing wire diameter D, and an aperture
angle a of 60-130 15 2. The wire guide roll as clainmed in claim1, wherein
the coating of the wire guide roll consists of a materjal with a Shore A
hardness of Between &2 WhEe Bid® FolFnef ok r &15§ui dB r'dl¥e a$aMSai fRE in

claiml of 2simiheleiddusls rddidingdfacunvaiplecReof oifheraay er bageal s
0.4-0.9 times the sawing wire dianmeter, D. 25 4. T] ire guide roll as
clainmed in clcé’ilﬁnij,srl r"@%ﬁ%‘?&%péﬁﬁf& %ggp%owfe{wewb;lgo@egopglg@_ 110. 5.
The wire gui daviel) aasticlckmess i of oae Qkagkaizmam hrid # mbeteln5 mm
S il € ancous YOS | Eorig S5 ul BPpl f oIy B Lt RSP ot o | NBPLEal ®
wor kpi ece by hanreamrssof ofi Wt e lsawt wheér eind wiarte gastde $9) | sanas wB5chl ai ned
in one O{OC|%Eq%h%fﬁ5f%é%éﬁﬁﬁ%ﬁg a multiplicity of grooves through
which the sawing wire is guided, wherein the grooves
each have a curved groove base with a radius of
curvature R which is given by 0.25-1.6 times a sawing
wire diameter D, and an aperture angle a of 60-130°.
15
2. The wire guide roll as claimed in claim 1,
wherein the coating of the wire guide roll consists of
a material with a Shore A hardness of between 82 and
99.
20
3. The wire guide roll as claimed in claim 1 or 2,
wherein the radius of curvature R of the groove base is

0.4-0.9 times the sawing wire diameter D.

25 4, The wire guide roll as claimed in claim 1,
wherein the aperture angle of the grooves is 80-110°.

5. The wire guide roll as claimed in one of claims
1 to 4, wherein polyurethane is used as the coating

30 material.

6. A method for simultaneously slicing a
multiplicity of wafers from a cylindrical workpiece by
means of a wire saw, wherein wire guide rolls as

35 claimed in one of claims 1 to 5 are used.





