- 1 - Method for slicing wafers from a workpiece The invention relates to a method for slicing wafers
from a workpiece, in which during a sawing operation 5 wire sections - arranged in a parallel fashion -
of a sawing wire are guided relative to the workpiece, thus giving rise to the wafers. A method of this
type is carried out using a wire saw. 10 The basictohsfiuction and the functioning of a wire saw are
described, for example, in US 2002/0174861 Al or US 2010/0089377 Al. A suitable wire saw
accordingly comprises a¥rBetvERfe SidE RIISHRESHE WEKPFa 3aWmiEkBRe®2wound multiply. This
gives rise to wire 15 sections which are tensioned between two wire guide rolls and arranged in a

parallel fashionle}péj V‘iq{%%?lar[f‘ %W;_;%Yvegetgroygh hi&gg}leo\%or%eigces(ijf MoV d duariggrt e sawing
operation. Wire sawing met o3 In which, instead, the wire web is move .tjhrou the workpiece 20
are also knownApBropridte Werksieges indluddhateridisiwhich faveé ¥ be Sepratéttirtd wafers, in

particglar lﬁpckstompﬂsed D@sgmieom@uc&ng&tﬁtgikal, _ﬁromamiaé@hsémmmmr 25wéfee§ are incc_ad.
The wire guide tolls,bave,A ceatihghayinga sbedfic thigkness and0avig pEAYEs hagide the wire

sections. The region of the surface of the coating
glving rise to the waters.

A method of this type is carried out using a wire saw.
10 The basic construction and the functioning of a wire
saw are described, for example, in US 2002/017486; Al
or US 2010/0088377 Al. A suitable wire saw accordingiy
comprises at least two wire guide rolls arcund which a
sawing wire is wound multiply. This gives rise to wire
15 sections which are tensioned between two wire guide
rolls and arranged in a parallel fashion and which form
a wire web through which the workpiece 1is moved during
the sawing operation. Wire sawing methods in which,
instead, the wire web 13 moved through the workpiece

20 are also known.

Appropriate workpieces include materials which have to
be separated into wafers, in particular blocks composed
of semiconductor material, from which semiconductor

25 wafers are sliced.

The wire guide rolls have a coating having a specific
thickness and having grooves that guide the wire
sections. The region of the surface of the coating
3¢ wears with the duration of the locading by the sawing
operation. As long as the coating is still thick
enough, the worn region of the surface of the coating
can be removed by being ground away and the thinner
coating regenerated in this way can continue to be
35 used.

The sawing wire 1is wound from a supply spool onto a

receiver speool during the sawing operation. In this



30 wears with the duration of the loading by the sawing operation. As long as the coating is still thick
enough, the worn region of the surface of the coating can be removed by being ground away and the
thinner coating regenerated in this way can continue,to be 35used. - 2 - case, the running direction of
the sawing wire is usually changed cyclically, as a result of which more comprehensive utilization of
the sawing wire is achieved. 5 Slici%% the wcffers requires abrasive grain that remqves material from

the workpiece i Eutting Tiod& 'BF BpBratich* THe Histasive grain'¢an B8 Yix8§ly Borided tothe sawing
wire. More oftensuseé isyinstead deatlef al 1@ sawing sherrydn whichlthe abrasivedrainds dispersed

and which is fed 4gthe ndresyel. Semicanductarwafersswhichnare praduced in this'way should have

side surfaces that are asdflat and plane- 15 parallel as possible. In order that wafers having such a

. ac eved., . . . . .
geometrical characteristic can arise, an axial relative movement between the workpiece and the wire
sections, that is to say a relative movement parallel to the central axis of the workpiece, should be
avoided 20 durmgithersawing operasios. It such agelative movement aeverthelesstakesptace, wafers

having a Curve%§E°eS§jl%efti°?La£§e- {he degree of bending of the walers i, gften, specified by a

characteristic value called warp. 25 As a cause of the occurrence of the abovementioned relative
movement, cha?@%%qﬁﬂ?élengﬁ?ofﬁﬁé WorkisieSE and of il Wire quidE Tolls drerisittiohed in

the sawing wire. More often, use is instead made of a
10 sawing slurry in which the abrasive grain is dispersed
and which 1s fed to the wire web.

Semiconductor wafers which are produced in this way
should have side surfaces that are as flat and plans-
15 parallel as possiblie. In order that wafers having such
a geometrical <characteristic can arise, an axial
reiagtive movement between the wocrkplece and tThe wire
secticns, that is to say a relative movement parallel
to the central axis of the workpiece, should be avoided
20 during the sawing operation. If such a relative
movement nevertheless takes place, wafers having a
curved cross section arise. The degree of bkending of
the wafers is often specified by a characteristic value
called warp.
25
As a cause o0f the occurrence of the abovementioned
relative movement, changes 1in the length of the
workpiece and of the wire guilde rclls are mentioned in
Us 2010/0089377 Al, said changes being attributed to
20 changes in temperature and an associated thermal
expansion or thermal contraction. In actual fact,
fricticnal heat is generated particularly during the
movement of the sawing wire around the wire guide rolls
and when the sawing wire engages into the workpiece,
35  and, in particular, the temperature of the workpiece,
of the wire guide rolls and of the bearings cf the wire
guide rolls is changed as & result of heat transport.

US 2010/0089377 Al proposes & method in which the



changes US 2010/0089377 Al, saidbeing attributed to and an 30 changes in temperatureassociated
thermal expansion or thermal contraction. In actual fact, frictional heat is generated particularly during
the movement of the sawing wire around the wire guide rolls and when the sawing wire engages into
the workpiece, 35 and, in particular, the temperature™of the workpiece, of the wire guide rolls and of the
bearings of the wire guide rolls is changed as a result of heat transport. US 2010/0089377 Al proposes
a method in whit] %aggmed'i%lé’dce of e Wofkpeckin &ft akiai-ditection 56 Medsured and the
axial displacenteat efittrecwirarguidéi €olls s regulated iresuchear way that it €orvesponds toithat

measured. 5 r511s is regulated in such a way that it corresponds to

that measured.

JP 10 loe 354 AZ describes a method comprising
measuring an axial displacement of the wire guide roll.
For this purpose, the distance between a sensor and a
measurement plate 1s measured, wherein the measurement

10 plate is fixed to the wire gulde roll.

The present invention relates to a method for slicing
wafers from a workpiece, comprising during a sawing
operation moving wire sections - arranged in a parallel
15 fashion - of a sawing wilire relative to the workpiece,
thus giving rise to the wafers, wherein the wire
sections are tensioned between tTwo wire guide rolls
each having & grooved c¢eoating having a specific
thickness; and measuring a change in the length cof the
20  coating of one of the wire guide rclls, said change
being brought about by temperature change, with the aid
of rings fixed exclusively to the coating at the ends
of the coating, by measuring distances between sensors
and the rings; and cooling the wire guide reolls in a
25 manner dependent on the measured distances.

The inventors of the present invention have ascertained
that the measurement c¢f the distance between the sensor
and a measurement plate fixed to the wire guide rcll is
30  unfavorable because this disregards a thermally
governed change in the length of the c¢oating of the
wire guide roll. The change in the length of the
coating should be taken into account because its
contribution to the displacement of the wire sections
35 from desired positions provided 1s greater than the
contribution owing to a change in the length of the

wire guide roll.



33 10 166 354 A2describesamethodcomprising measuring an axial displacement of the wire guide roll.
For this purpose, the distance between a sensor and a measurement plate is measured, wherein the
measurement 10 plate is fixed to the wire guide roll. Ihg present invention relates to a method for
slicing wafers from a workpiece, comprising during a 'sawing operation moving wire sections -
arranged in a parallel 15 fashion - of a sawggé%vire,relative to the workpiece, thus giving rise to the

wafers, whereirHfHe Wite SBEHSHS a8 ferssidrisibetedn i Rt guide rBRe 2aERHaving'a grooved
coating having aspecific ftiickresstarnd measuring aichagge inithe térgtie of thee2@Eodtimg of one of

the wire guide rolls,:said change-hejng broughtabout by fempergturg,changg,, with theaigd.of rings
fixed exclusively to the caatin ?Lt th% en%%of the coating, bé/hmeasurin dé%tancies be;cty}vee sensors
and the rings; ﬁoé%%ﬁﬁé“ ?ﬁ wire guci)de rqﬁs ey %rn%anner%lré%%n&ent oN the Measured distances.
The inventors of tfe preséntiaventios have adéefained tRatane meaBurémentici e distance

between the senger angka measurementyplaterixeddo the=wisg guidedat¥s-30 urfaverablebecause
this disregards a thermalle/u%over@leéincréange in the qu%tg c?f %‘f}t oagg% ofatjhg Wci>r§ g}J__iLde roll. The

change in the Ienegr%ﬁ%%e cc?ati(r:]g should be taken into account because its contribution to the

displacement of théSire*dections 35! frorh desitedl posRibhs Broditled 35redtEfthatt thé ®ntribution
owing to a change=in the Jength eftheawite guidlesrolineds between sensors and the

10 rings. The wire guide rolls are ccoled in a manner

dependent on the measured distances.

By virtue of the fact that the rings are arranged at
the ends of the coating and are fixed exclusively to
15 the coating, the axial position of the rings changes
proportionally to the change in the length of the
coating of the wire guide rell. With the coating of the
wire guide rcoll and 1its change in length, fThe method
takes account of the disturbance factor that is
20 responsible for the mest part for a possible axial
relative movement between the workpiece and the wire

sections.

The rings preferably consist of an electrically
25 conductive material, for example metal or graphite. The
measurement of the distances 1s preferably performed in
a manner representative of both wire guide rolls of the
wire web only at one of the wire gulide rolls. Howsver,
it 1s likewise possible to perform corresponding
30 measurements on bkoth wire quide rolls of tThe wire web,
and to cool the wire guide rolls in a manner dependent

cnn the distances respectively measured.

In accordance with a first embodiment of the invention,
35  the process of cooling the wire guide rolls is effected
in such a way that the difference with respect o
distances that existed between tThe senscrs and tThe

rings before the sawing operation becomes smaller or



The invention takes that into account by measuring how the length of the sawing operation,
proportionally to coating changes in the course of the and by cooling the wire guide rolls the
measured change in the length of length of about by ngs the  coating, by measuring distances
between sensors and the 10 rings. The wire guide rolls are cooled in a manner dependent on the

measured distances. By virtue of the fact that the rings are arranged at the ends qf the coating and are
fRedexdudeﬁ%fo‘ To put it another way, the wlre guide rolls are

cooled in such a way that thermally governed changes in
the length of the c¢oating of the wire guide rolls
during the sawing operation are as far as poessible

5 reversed.

In accerdance with a second embodiment of  the
inventicn, the process of cooling the wire guide rolls
is effected 1in such a way that the reaction to a

10  thermally governed change 1in the length of the
workplece comprises an equidirectional thermally
governed change in the length of the coating of the
wire guide rolls. To put it ancother way, the wire guide
rolls are cooled in such a way that a thermally

15 governed change in the length of the workpiece is as
far as possible compensated for by a thermally governed
change in the length of the coating of the wire guide
rolls.,

20 In accordance with one preferred variant of the method,
which c¢an be combined with the first or the second
embodiment, the wire guide rolls and their fixed
bearings are cooled independently of one another. This
variant additionally takes account of the influence of

25 a thermally governed linear expansion of the fixed

bearing during the sawing operation.

The change in the 1length of the workpiece during the
sawing operation 1s dependent on the length of the
30 workpiece before the sawing operation, and on the
amount of heat that arises during the sawing operation.
The latter 1s dependent on the process conditions
chosen, which are described by a totality of different
process parameters. These process parameters include,
35 in particular, the speed of the sawing wire, the amount
and temperature of the sawing slurry fed to the wire
web, the advancing speed at which the workpiece 1is

moved through the wire web, the type of abrasive grain



15 the coating, the axial position of the rings changes proportionally to the change in the length of the
coating of the wire guide roll. With the coating of the wire guide roll and its change in length, the
method takes account of the disturbance factor that is 20 responsible for the most part for a possible
axial relative movement between the workpiece and the wire sections. The rings preferably consist of
an electrically 25 conductive material, for example metal or graphite. The measurement of the

distances is pret&fably Pérform&fin fhanhiérfeprésentiivarorbbth fireguid® isif of B3& wire web

only at one of theowke igtide roks. Howaver ltis likewisppossible tapedomm corespondiy 30
measurements pg-both wire-giide Lellsefdhe wireweh, 1and to cookthe;wire guidesolis ina manner
dependent on tr%%gisé%nacnes res ec;ct'velylrgga%%red. In %((,‘acordar’&ge.with a tirst embodiment of the

invention, 35 the process 5t coo Ing Te Wire Qui e0%||§ i effectéd in Sicha Jﬁv:é@%hgﬂ%eo ifference

with respeét to LB Z8dw iTe p@tieandtheRway, Thel@irey@iidetrolisiate covledhia sdétnaWay that
thermally goverped €hanges ipthedengthrefthe epating of the wire guidedslls during the sawing
operation are as far as possible 5 reversed. In accordance with a second embodiment of the invention,
the process of cooling the wire guide rolls is effected in such a way that the reaction to a 10 thermally
governed chand@in thefBrgth oPRIAGHKPIETe (Ompisesan egaidirectioRal thefifially §BFerned
change in the lengtlr otthe eeatihgrafthe wireguide folis: ,To put it andtherway, theawire guide rolls

are cooleg in S@%Wﬂéh%a tmgq_rﬁgl&ye,]:@ governed g@p@ggn tgg@ptha{éhewg@gge is as far

as possible compensated for by a thermally governed change in the length of the coating of the wire
guide rolls. 20 1T FeTSPIEMRE With°SFE praferr&d vaTArT Of the e thod WHGH B&1T b8 %oﬁb‘?ned with
the first or the secorg embodithentithe Wie gaidelrolls apbtheirifixed beatirgsrareicoolen:

independently of ,ong angther~This vadantaddifionallytakes-account;of thﬁc}q@yencgac;jing
operaticns which are intended to proceed under the
15 process conditions chosen and by means of which
material of the same type is intended to be cut, it is
possible to create a curve that predicts the change in
the length of a workpiece as a function of the cutting
depth or the duration of the sawing operation. The
20 change in length can be calculated with the aid of the
coefficient of linear expansion of the material of the
workpiece, the measured temperature profile and the
length of the workpiece before the respective sawing
operation.
25
The process of cooling the respective wire guide roll
and the respective fixed bearing is preferably effected
in such a way that at every point in time in the sawing
operation the difference ALy(x) - (ALr + Alp(x)) is less
30 than 20 um, wherein ALy{x) 1is the axial displacement
experienced by an axial position x on the workpiece on
account ©f a change in the length of the workpiece that
is caused Dby the change in the temperature of the
workpiece, ALy is the change in length experienced by
35 the respective fixed bearing as a result of the change
in the temperature of the fixed bearing, and Alz(x) is
the axial displacement experienced by the axial

position x on the coating of the wire guide roll on



25 a thermally governed linear expansion of the fixed bearing during the sawing operation. The
change in the length of the workpiece during the sawing operation is dependent on the length of the 30
workpiece before the sawing operation, and on the amount of heat that arises during the sawing
operation. The latter is dependent on the process conditions chosen, which are described by a totality
of different process parameters. These process parameters include, 35 in particular, the speed of the
sawing wire, th8 &notiht af te%pcé?ﬁfbgg of‘fﬁe% %:Qgegh?m?feﬂ o e wiré et the"ddvancing
speed at whichithe werkpiede iBynovéd thrioughdhe wire welbe the typeeofadbrasivecgraine 6 and the
type of carrier maateriahyith whish theworkpiece is:hald. if the progessconditions ehpsemeemain
unchanged oveégn;%llrucjiaiity oc_;‘ sg\éving eraﬁti&gs, tvr\}%ggan%%in th%]I:engghnof tge L‘Q@”ﬂ%%% during one
of 5 the sawing operations is éepend%nt only on the Fen%%h of the workpiece befora the sawing
operation. For $8#a§ operations which proceed under the same process conditions, therefore, it
suffices once to 10 separate a workpiece into wafers under the process conditions chosen and to

measure the temperafyre.of the workpjece during the sawing pperation. Aftetwarg, for, this _sawing

operation and for all other sawing operations which are intended to proceed under the 15 process
conditions chosERANBY mésits of whIth maferidt F tHeSamBype ihtendetfto b& it & is possible
to create a curventhatpredictstthe icifangeurt thellengthrof aiveorkpieés as @sfunctioneafithe cutting

depth or the dujation-of-the sawing.gperation.sThe-2Q changeindgpgthcanhe calgulated.with the aid
of the coefficient of linear ex\% nsion of the material of the Work%\lle%e the meas%r"ogd temperature
awin

profile and the I%ﬁaﬁltgﬁhe kai@Eee Before tﬁ@?esﬁéétﬁ%nsc éotp"“reefﬁﬁon.t Thaexﬁ‘r% ess of

cooling the respectivé Wire guidefollthe center of the wire guide roll. That
should be taken 1into acccocunt particularly when a
plurality of wecrkpieces are arranged alongside one
15 another in order to saw them simultaneously. Such an
arrangement of workpileces i1s implemented in order that
the available wire web can be utilized as completely as

possible.

20 It is preferred to react to an axial displacement
Aly(x) by cooling the respective wire guide roll and
the respective fixed bearing in such a way that the
difference ALy{x) - (ALgs + Alz(x)}) is less than 20 um.

25 That can be done by measuring the axial change in the
length of the ccating of the wire guide roll during the
sawing operation, and likewise the axial change 1in the
length of the fixed bearing, and regulating the ccoling
of the wire guide rolls and the fixed bearings thereof

30  in a manner dependent on the measured changes in length

in a manner independent of one another.

That can alternatively also be done by cooling the
workpiece in such a way that Aly(x) 1is less than 5 um
35 during the sawing operation, and cooling the wire guide
rolls and the fixed Dbearings thereof in a manner

independent of one another in such a way that the sum



and the respective fixed bearing is preferably effected in such a way that at every point in time in the
sawing operation the difference AL(X) - (ALF + ALB(x)) is less 30 than 20 pm, wherein AL(X) is the
axial displacement experienced by an axial position x on the workpiece on account of a change in the
length of the workpiece that is caused by the change’in the temperature of the workpiece, ALF is the
change in length experienced by 35 the respective fixed bearing as a result of the change in the
temperature of tHefixed Bearifg, artPALBEx) i theSadartisphatenient ¥xpefencethythe hxial
position x on thé Toating f tieewire guiderall ginary LAcaount of a change in the length of the coating
that is caused by the change in the temperature of the coating. The axial position x is a position on the
central axs of the workpiece oran equivalent SPOSION. o o completely suppress
5 changes in temperature and associated changes in length
of the workpiece and cof the fixed bearing and of the
coating of the respective wire guide roll during the

sawing operation.

16 The method according to the invention 1s preferably
used to produce wafers having side surfaces that are as
plane-parallel as possible. However, this alsc does not
rule out modifying the aim of the method and producing

wafers having a specific intended bending.

15
The workpiece 1s typically held during the sawing
operation in such a way that it can axially expand or
contract 1in the event of a change in temperature at
both ends. It consists, for example, of polycrystalline

20  or monocrystalline semiconductor material, in
particular of silicon. It typically has the form of a
cylindrical rod porticn having a diameter that suffices
in crder to be able to produce wafers having a diameter
in the range of 200 to 450 mm.

25

A single crystal composed of silicon which is separated
to form semiconductor wafers having a diameter of 300
nm experiences, during the sawing operation, a maximum
change 1in temperature of an order of magnitude of
30  typically 30°C, which corresponds to a maximum change
in length of an order of magnitude of typically 25 um.
The specified orders of magnitude are <typical of
methods in which the single crystal is not cooled.

35 The change in the length of the coating of tThe wire
guide roll during the sawing operation on account of a
change in the temperature of the coating 1is dependent,

in particular, on the coefficient of linear expansion



The greater the difference, the further away the wire sections are from the desired positions that would
ensure a straight cut through the workpiece. Moreover, 10 without countermeasures, the difference
becomes all the greater, the greater the distance between the axial position x and the center of the
wire guide roll. That should be taken into account patrticularly when a plurality of workpieces are
arranged alongside gne 15 another in grder to saw them simultaneously, Such an arrangement of

workpieces is iMplerméntdd i order tidt thé Gvaifitie Wire &b E&F bERAITFEFES cBmpletély as
possible. 20 It isperaferred torkactto ahaxiaindisplacemenit &t ¢x) byxoolngi theseshectivg wire guide

roll and the respegtive fixagh bearing in.such;away that the difference ALOQ - (ALF £ ALB(X)) is less
than 20 pm. 25 That can beeddokr;e b%/hmeasurin the axial chan%e in th%Ie&gth f the coating of the

wire guide roll diting the Sawing’operatidh, an ﬁﬁevc\:/%%fjtﬁé BXIAT chalige'in the BRGH of the fixed
bearing, ard regtifatingp thecdooting bethenRire-§eide rolisramd e firdd baringstheyaofl3ain a
manner dependgsit eatthemeeasured chargessindengthdm a manner indepesngdest ehone-arother. That

can alternativelg 8!15(%%_ 8‘8@9 QX &ool%qgﬂthg c\)/\E/iocrli@liec?n Cj:1 séu__(clha Wg¥ th&'{ ALQé)mig less tgan 5pm 35
during the sawing operation, and cooling the wire gl?ide rolls and the fixed '%earlnlgst &feof in a
manner independént StibieSEnothér intStith a#Ry that thé suhiie 8 SERIFE FALBK)) diiing the sawing
operation is less ¢hamabpm, prefetalaly less dhian IOFpm.Hiis particplagdy @dvaniagenusttioscompletely

suppress@chaggg%j&[gg%oq@t%g@ng&ﬁgﬁ@ed changes in length of the workpiece and of the
fixed bearing and of the coating of the respective wire guide roll during the sawing operation.

The ccating is typically fixed on the core of the wire
guide rolls in such a way that it can axially expand or
contract in the event of a temperature change in an

15 unimpeded manner at both ends. However, the change in
the length o©of the c¢oating can be restricted within
certain limits by virtue of the cocating being clamped
onto the underliying core of the wire guide roll, for
example by clamping rings arranged at both ends of the

20 coating. The clamping rings fix the coating on the core
of the wire guide rc¢ll and restrict a change in the
length of the coating that is caused by a change in
temperature. Clamping the coating onto the core of the
wire guide rcll 1is appropriate particularly when the

25 intention 1s tce permit a smallest possible or no
thermally governed change in the length of the ccating
of the wire guide reoll.

Given a typical thickness of the coating of 6 mm, a
30  coating composed of peolyurethane experiences, during
the process of slicing the wafers from the
abovementioned single c¢crystal composed of silicon
without taking account of cocling measures and without
taking account of the clamping of the coating on the
35 core of the wire guide roll, a maximum change in
temperature of an order to magnitude of typically 20°C
and a maximum linear expansion of an crder of magnitude

of typically 80 wum. Accordingly, the coating 1is



10 The method according to the invention is preferably used to produce wafers having side surfaces
that are as plane-parallel as possible. However, this also does not rule out modifying the aim of the
method and producing wafers having a specific intended bending. 15 The workpiece is typically held
during the sawing operation in such a way that it can axially expand or contract in the event of a
change in temperature at both ends. It consists, for example, of polycrystalline 20 or monqcrystalline
semiconductor FteR&I T parficufar 5f Scon. oA RE& Hecfor 67 & Lylifarica 164 portion
having a diametérahatsufficés inlerder iebe able to produce wafers having a diameter in the range of
200 to 450 mm. 25 A single crystal composed of silicon which is separated to form semiconductor
wafers having %gigmeﬁrr%f 300urrl1 G,experiJ(iTges, dlurin j:[ple Sa"%’lﬁ‘g opﬁﬁtgeon, Va}ergaxirglrj(ren change in
temperature of an order of magthtu & of 30 ypicalﬁ/ 3 , Wwitich corresponds to a maximum change in
length of ah ordefif Aiadriitude ot Bisically 256, TheSpeLifieg dfders bf thatfiittitle afe §/pical of
methods in whigh theisinglercrystakis dok caaled-3% The ghange inTthe tength-okthe coatiag of the
wire guide rQII dégggﬁl eﬁ‘?‘"’%@nﬁ%%@ﬂﬂ@ é)n'atch;(guggL gfeqiclg)a&gfilg %h% E%B%ragg{gaoﬁ@/e poatlng is
dependent, in particuiar, on the coefficient of linear expansion -9-. of the material of the coating, on

the thickness oftHe*ctating ard o tHearfbum Sthedt i afisés HaTHG the*Sawing opefidtion. The
latter is cruciallginfluénced by the process icenditiond and ithe: lehgth o5 theaworkpiecethefore the

sawing opeyation. f;.0f sawing operations-whieh are carried qut undar the.same,procgss conditions and
with coating mat%\r%l of the same type, i%e chapge. in the Ienﬁth of th coati,nf% is only dependent on
the length of thé r%]i&?e S B tHe 10 tHiBkness Bt tie Sating. The cdat % iS¢ p‘icléifﬁlafixed on the
core of the wirelguide vollsfin Suchacway tekt it can axially expand or contract in the event of a
temperature change in an

In the case of a typical configuration of the fixed
15 bearing, the fixed bearing experiences, during the
process of slicing the wafers from the abovementioned
single «crystal composed of silicon without taking
account of cooling measures, a maximum change in
temperature of an order of magnitude of typically 1.5°C
20  and a maximum linear expansion of an order of magnitude

of typilcally & um.

The invention 1s explained in greater detail below with
reference to figures.

25
Figure 1 schematically shows the changes in length that
are crucially responsible for the fact that an axial
relative movement between the workpiece and the wire
sections can occur.

30
Figure 2 shows in c¢ross section a wire guide roll
suitable for use in the method according to the
invention, and the fixed bearing associated with said
wire guide roll.

35
Fig. 1 is a schematic sectional illustration through
the workpiece 12, the wire guide roll 1 and the fixed

bearing 2. The illustration shows the changes in length



15 unimpeded manner at both ends. However, the change in the length of the coating can be
restricted within certain limits by virtue of the coating being clamped onto the underlying core of the
wire guide roll, for example by clamping rings arrgnﬁ d at both ends of the 20 coating. The clamping
rings fix the coating on the core of the wire guide roll and restrict a change in the length of the coating

that is caused bﬁ/ a change in tem(gsearige. Clamgin #ﬁi coating onto the_core of the wire guide roll is
appropriate partiédiary Whenthe 25 intehticit s rb%r S shidilest PSssibie br nd thernidlly governed
change in the length bf theledating ofithieewiza yuide rokkeGivama typivakthickress ofithéleeating of 6

mm, a 30 coating eempesad; of Rolytiethane-experieneas, during thespracess etslicing the wafers
from the abovementioned single crystal compased of silicon.withaut taking account of cqoling
measures and \%Hggt a%ﬁ?l"b %gpo%{ﬁ oVﬁ%%é%%?ng%f thg %%aF?#E 8%%% %501(:%?%@ t(E))Pth?(\a%\ﬁlire guide
roll, a maximunPéhahfé intefiperaturé ofdn ordeér ' ferynittidé st typreally 20Camd afigximum
linear expansion:of ancorder of magrifude.of typically=80mimsAccoedingly cthe coating isnd O -

subjected to a significantly guggler ehange in jenathhapdie sinala chystal- Thie wirg guige,rolls

clamping the wire web are 5 typically mounted in each case by means-of a shaft in a fixe Dbearing and
a movable beati§ In-the"&Vertt'of A cAdngetin tetfiperatifc! tHefkedSeafifd cantfot 4xiafy expand or
contract at bothcendss butmratler omly et therend lying oppasitedtthe movable dearigoAhehange in the

10 length-of thezfixed. beaying displages the oating.of the wire guide; fofl and.thus each of the wire
sections by a uniform magnitude, In the case of a typical configuration of the fixed 15 bearing, the fixed
bearing experie?lgegf]l?ﬁrigﬁ'g %Ii(é) EJFO%%ssléf scﬁ&i%@]ttﬁg fe%é’ err[ﬁethén%%B\}étrﬂgﬁtio‘h]é‘ﬂ s?ﬁgle crystal

composed of sikcorrwithout fakinteattalntofeeding meaduras)a medpaecikangeinitemperature of
an order of magnitude of fypically L2€=20 ard atmaximum lingar exgansien of.an osder;efynagnitude
of typically 6 pr, The aveption is explaineg in greater detall belgw with reference to figures.

15 Al on account of thermal expansion of the coating.

The illustration in accordance with fig. 2 shows that
the wire guide 1roll 1 and the fixed bearing 2
asscclated therewith respectively have channels 3 and 4
20 connected to c¢ooling circuits that are supplied with
coclant independently of one another. The cooling
circuit of the wire guide roll 1 is embodied in such a
way that a coclant such as water, for example, 1is
conducted through rotary leadthroughs intoc the wire

25 guide recll 1 that rotates during the sawing opesration.

Respectively incorporated into tThe cooling clrzcuits are
heat exchangers (not illustrated), control units 5 and
&, and also sensors 7 which supply two control loops
30 that operate independently of one another for cooling
the wire guilde roll 1 and the Ifixed bearing 2 with
measurement signals. The measurement signals supplied
by the senscors 7 are converted, in the control units 5
and 6, 1into coeoling parameters as manipulated variables
35 for cooling the wire guide roll 1 and the fixed bearing

Z2 in a manner independent of cone another.



Figure 1 schematically shows the changes in length that are crucially responsible for the fact that an
axial relative movement between the workpiece and the wire sections can occur. Figure 2 shows in

cross section a wire guide roll suitable for use in the method according to the invention, and the fixed
bearing associated with said wire guide roll. 35 Fig.ejl is a schematic sectional illustration through the

workpiece 12, the wire guide ro% 1 and the fixe% be%r,in 2. The illustration shows the changes in
length that are%?ﬁciﬁﬁs?llse%ﬁ%n ibT&°roF tHe fakt th {f Felative" midemeRb BEtwesh the
workpiece and #swire sectisnsisarfoceur aTiese ingludé thessiihge in lengthcAkwigtthéworkpiece

12, the change &1 length ALBS efithecoating 8 of thewire-gride roll 1 and the change indength ALF of
the fixed bearing 2. For th% s%kce ofl%'m y%'tyéthe chan‘ggf in Eggéh ALB and ALw are [ I%strated as if

the fixed bearingcy*e§'1ir%tdl the wire g&lﬁe roll were ﬁ(o%%%%ﬁecteé to ohe another 10 X&“cordingﬁ/, a point

with an axial positiontatthefend$ of the wéikpieee iscgidplaced by five magnitutle ALlv oldccount of
thermal expansier:etihe workpieece, andca poind Wvith iag axiakposttion atthe ends of ¢he eeating of the

wire guide roll i§gi$rlacec_g by the magnitude 13 ALB on a_tggguntb%j thgrp&@li gnsiquqége coating.

The illustration in accordance with fig. 2 shows that the wire guide roll’1 and the fixed bearing 2
associated ther8GAtR 1e§5ectiily hvd danfel 5Uhd 420 coiiécted Yo olirg Girctfitsthat are

supplied with ceplankindependeritheof oneandthero T he beoling circuitofdbhe wiré guide dall 1 is
embodied in sugh-a.way, that acealant-such aswater, forexample.is;conducted, throughJotary
leadthroughs mtqlthe wire 25 guide rgll 1 that rgtates durlng the anhqg ogeratlon. '

The change “in the axia positidn of i 1re sections

is correspondingly small.

Example:

15 Single crystals composed of silicon having a diameter
cof 300 mm were separated into wafers by means of a wire
saw comprising four wire guide rolls. The wire guide
rolls clamping the wire web and their associated fixed
bearings had the structure shown in figure 2 and were

20 cooled according to the invention. The measurement
according to the invention of the distances bestween the
senscrs and the rings was effected in & manner
representative of both wire guide rolls of the wire web

on one of the wire guide rolls.



Respectively incorporated into the cooling circuits are heat exchangers (not illustrated), control units 5
and 6, and also sensors 7 which supply two control loops 30 that operate independently of one
another for cooling the wire guide roll 1 and the fixed bearing 2 with measurement signals. The
measurement signals supplied by the sensors 7 are converted, in the control units 5 and 6, into cooling
parameters as gapinulated vgriables 35 for cooling the wire guide roll 1 and the fixed bearing 2 in a
manner independent of one another. - 12 - The sensors 7 measure the distance AL from respectively
assigned rings 9 arranged at the ends of the coating 8 of the wire guide roll 1. The rings 9 are fixed to
the coating 8 itself andiexclasively hdve contactwith the Hicoatingi8.dfit is desived o take,account of
the change in the Jength; of the core of the wire guide roll, a further sensor 11 can be provided, which
measures fhe distance from the core 10 of the wire guide roll. The core 10 of the wire guidg roll 1is 10
usually produced fromanvar, sGEN thid its?ﬁf?fe%%éogh thB¥hahde in'theSaxidl Positiohof the wire
sections is correésponditgly shhall sExampte: 15.1Singlestrystals confposetl ofsilicéarvhavingsa diameter
of 300 mm were separated inte wafers byongans eka wire saw earprsing:fouewireguigdgdolls. The

wire guide rolls %aﬁnpcigg t% {\elvgreeiwet%{élgd xghlerié a%s@ogj'categ,l ;ixec_:}lcllr ge%rg}%s.%andeyebsé ucture shown in
figure 2 and were 800.ble acchEﬁng 6 the invention. The .measuremen%accordlng o?he invention
of the distances-hé&wee the §8ASETs ariththe rifigSad effectéd it a maRREE@préséntatide of both

wire guide golls o thenwire web<an ane ottheavine guide olts. mekksulPatent elaittsange in
the length of the cocating cf one of the wire guide

rolls, said change being brought about by temperature

change, with the aid of rings fixed exclusively to the

coating at the ends of the coating, by measuring

15 distances between senscrs and the rings; and cooling

the wire guide rolls in a manner dependent on the

measured distances.

2. The method as claimed in claim 1, comprising
20  cooling the wire guide rolls in such a way that the
difference with respect to distances that existed
between the sensors and the rings before the sawing

operation becomes smaller or zero.

25 3. The method as claimed in claim 1, comprising
cooling the wire guide rclls in such a way that the
reaction to a thermally governed change in the length
of the workpiece comprises an equidirectional thermally
governed change 1in the length of the coating of the

30 wire guide rolls.

4, The method as claimed in any of c¢laims 1 to 3,
comprising cooling the wire guide rolls and a fixed
bearing of the wire guide rolls in a manner independent

35 of one another.



1. A method for slicing wafers from a workpiece, comprising 5 during a sawing operation moving wire
sections - arranged in a parallel fashion - of a sawing wire relative to the workpiece, thus giving rise to
the wafers, wherein the wire sections are tensionedjetween two wire guide rolls each having a
grooved coating 10 having a specific thickness; and measuring a change in the length of the coating of

one of the wire guide ralls, Sﬁ&ﬁ@@gggeiggﬂ%@t ngu_gW teg}ipegaitgrlemg]a@get with Fhe aid of

rings fixed exclusively to the coating at the ends of the coating; by measuring 15 distances between
sensors and th& ARG -and BoSiny e Fire-§GidE 761is % rﬂﬁﬁﬁeradjep}é%ﬁ%ﬁtlé’ﬁ% fmeaSured
distances. 2. Thé méthodiassclgimettinrelaibhs 1, comprising 20 cooling the wire guide rolls in such a
way that the difference with respect to distances that existed between the sensors and the rings before
the sawing operation becomes smaller or zero. 25 3.The method as claimed in claim 1, comprising
cooling the wire guide rolls in such a way that the reaction to a thermally governed change in the
length of the workpiece comprises an eguidirectional thermally governed change in the length of the
coating of the 30 wire guide rolls. 4.The method as claimed in any of claims 1 to 3, comprising
cooling the wire guide rolls and a fixed bearing of the wire guide rolls in a manner independent 35 of
one another. - 14 - 5.The method as claimed in any of claims 1 to 4, comprising clamping the coating
onto an underlying core of the wire guide rolls.



