- 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 basic ToAstruction and the functioning of a wire saw are
described, for example, in US 2002/0174861 Al or US 2010/0089377. A suitable wire saw accordingly

comprises at least two wive ghiste 08 as@uac niniokaT e2wiNgruire i worke padiply. 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 is moved during the sawing operation. Wire
sawing methodg HEwWHIEN SAStE3M, the WirReb R noved tHiGGghtAE workifdde2047E 8159 known.
Appropriate workpigces: ineludeémiatesals whichinave todoe separatedsmnid wafers; am pattiaular blocks
composed of semicanductor:raterial, frem.which semiconductan 25 wafers are sliced Ehe wire guide

rolls have a coatin% having a specific thickness and having grooves that guide the wire sections. The

, g . -
region of the suffate of the'ddating 30Weats WithGha di¥ation f heElo4Gmh ey the salviy operation.

As long as the cbatihgds stilbthickenogghiaie 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
A method cf 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 2002/0174861 Al
or US 2010/008%377. A suitable wire saw accordingly
comprises at least two wire guide rolls arcund which a
sawing wire 1is wound multiply. This gives rise toc 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 is moved during
the sawing operation. Wire sawing methods in which,
instead, the wire web 1s 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
30  wears with the duration of the loading by the sawing
operation. As long as the coating 1s still thick
enough, the worn region of the surface of the coating
can be removed Dby being ground away and the thinner
ccating regenerated in this way c¢an continue to be
35 used.



35used. - 2 - The sawing wire is wound from a supply spool onto a receiver spool during the sawing
operation. In this case, the running direction of the sawing wire is usually changed cyclically, as a
result of which more 5 comprehensive utilization of the sawing wire is achieved. Slicing the wafers
requires abrasive grain that removes material fronTthé workpiece in a cutting mode of 10 operation.
The abrasive grain can be fixedly bonded to the sawing wire. More often, use is instead made of a
sawing slurry inmhichstheiabyasive-graings dispersed ansl whichsisdedsto teawire webk.cSemiconductor
waters which argrdyecd n s waygia g have.side.gulagesihat areag,at and Rlang parallel as
possible. In order that wafers having such a eometncaFc aracteristic can arise, an axial relative
_movement betwedfithe Wworkpiece and the fir8 20 déttions fthalt iSto §ay a'telatiyéRovérhent parallel

to the central axis of theywarkpiegegshoutd be avdided daring the Samvctngo(ﬁoewmm Ifisuek a relative
movementnevertheless fakes place, waters bavipg a cypved cross section, arise;, The degree of

bending of 25 the wafers is often specified by a characteristic value called warp. As a cause of the
occurrence the 366vEMERt oned relative movement, changes in the length of the 30 workpiece and of
the wire guide rolls are mentioned in US 2010/0089377 Al, said changes being attributed to changes in

temperature angd an-assgciated thermak requires abrasive grain that removes
material from the workpiece in a cutting mode of

10 operation. The abrasive grain can be fixedly bonded to

the sawing wire. More coften, use 1is instead made of a

sawing slurry in which the abrasive grain is dispersed

and which is fed to the wire web.

15 Semiconductor waiers which are produced in this way
should have side surfaces that are as flat and plane-
parallel as possible. In order that wafers having such
a geometrical characteristic can arise, an axial
relative movement between the workpiece and the wire

20 sections, that is to say a relative movement parallel
to the central axis of the weorkpiece, should be avoided
during the sawing operation. If such a relative
movement nevertheless takes place, wafers having a
curved cross section arise. The degree of bending of

25 the wafers is often specified by a characteristic value
called warp.

Az a cause of the occurrence the abovemeniioned
relative movement, changes 1in the length of the
30 workpiece and of the wire guide rolls are mentioned in
05 2010/0089377 Al, said changes being attributed to
changes in temperature and an associated thermal
expansion or thermal contraction. In actual fact,
fricticonal heat 1is generated particularly during the
35 movement of the sawing wire around the wire guide rolls
and when the sawing wire engages into the workpiece,

and, 1in particular, the temperature of the workpiece,



expansion or thermal contraction. In actual fact, frictional heat is generated particularly during the 35
movement of the sawing wire around the wire guide rolls and when the sawing wire engages into the
workpiece, and, in particular, the temperature of the workpiece, -3 of the wire guide rolls and of the
bearings of the wire guide rolls is changed as a resulf of heat transport. US 2002/0174861 Al
describes a method which provides 5 for regulating the temperature of the workpiece during the
sawing operationt USh2010/068937 8 Al proposes adnethod #e whichrtheghsplacernent.of tbe

workpiece In anauialliection I3 10 measued and.he axdal displagemant of he wire guide rolls is
regulated in such a way that it corresponds to that measured. The regulation of the axial displacement
of the wire guide rolls is effected, according to one example, by cooling water being conducted through

the 15 shafts ofitfe wité Ylide’¥dlIsland by deaptatior of the tempecatureraindior flowratessf the

cooling water. Festhernagre, its proposed te record @ cWve,showing the displacement.afthe
workpiece as a flﬂréctisogwo.f the 8ugin%;+de£th, and to regulate the displacement of the 20 wire guide rolls
on the basis of ﬁ'ue curve. Tie iMtehtors of the present invention have ascertained that, over and

above the solutions offered by the prior
Us 2010/0089377 Al proposes a methed in which the

displacement of the workpiece in an axial direction is
10  measured and the axial displacement of the wire guide
roils 1s regulated in such a way that it corresponds to
that measured. The regulation of the axial displacement
of the wire guide rolls is effected, accecrding to one
example, by cooling water being conducted through the
15 shafts of the wire guide rolls and by adaptation of the
temperature and/or flow rate of the coocling water.
Furthermore, 1t 1s proposed to record a curve showing
the displacement of the workpiece as a function of the
cutting depth, and to regulate the displacement of the
20  wire guide rolls on the basis of the curve.

The inventors of the present invention have ascertained
that, over and above the soluticns offered by the prior
art, there 1s a need for improvements in order to
25 reduce or prevent an axial relative movement of the
wire secticns and of the workpiece that i1s caused by

changes in temperature.

The present invention relates to a method for slicing
30 wafers from a workpiece, comprising during a sawing
cperation 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 tensioned between wire guide rolls each
35 having a grocved coating having a specific thickness;
and cooling the wire guide rolls and cooling the fixed

bearings of the wire gulde rolls, wherein the wire



art, there is a need for improvements in order to 25 reduce or prevent an axial relative movement of
the wire sections and of the workpiece that is caused by changes in temperature. The present
invention relates to a method for slicing 30 wafers from a workpiece, comprising during a sawing
operation moving wire sections - arranged in a pa?alfél fashion - of a sawing wire relative to the
workpiece, thus giving rise to the wafers, wherein the wire sections are tensioned between wire guide
rolls each 35 havinga groovedscoatmgihavingea speckiethickress; agd coaling thecwipd gdide rolls
and cooling theifg%g@@'g}g@g the wire.guide #glis, wherein the wire - 4 - guide rolls and the fixed
bearings are cooled independently of one another. The wire guide rolls and the fixed bearings thereof
are 5 cooled from inside and independently of one another in order to reduce or completely prevent an
axial relative méementef thie visrkpiece androt thé wiré seetormsduring theStiviAg bpekdtion. For this
purpose, dedicated cooling sircuitsAradn gaeh caseseiruPently of one another in

order to reduce or completely prevent an axial relative
movement of the workpiece and of the wire sections
during the sawing operation. For this purpose,
dedicated cooling circuits are in each case set up,
10  through which cecolant 1s in each case conducted, the
properties of which are coordinated with the cooling of
the wire guide rolls and of the fixed bearings,

regpectively.

15 In contrast to known solutions, the present invention
takes account of the fact that said axial relative
movement 1is substantially to be attributed to changes
in the temperature of the workpiece, of the respective
fized bearing and of the coating of the respective wire

20 guide roll. it takes account o©f the fact, in
particular, that the changes in the length of the
coating and of the fixed bearing of the respective wire
guide ©roll that are brought about by changes in
temperature are different and, from this insight, draws

2% the conclusion that it is more advantageous 1if the
temperature of the respective wire guide roll, in
particular the temperature of 1ts coating, and the
temperature of the fixed bearing of the respective wire
guide roll are controlled in a manner independent of

30 one another.

The change in the length of the workpiece during the
sawing operation 1s dependent on the length of the
workpiece before the sawing operation, and on the
35  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



10 through which coolant is in each case conducted, the properties of which are coordinated with the
cooling of the wire guide rolls and of the fixed bearings, respectively. 15 In contrast to known solutions,
the present invention takes account of the fact that said axial relative movement is substantially to be
attributed to changes in the temperature of the W6rkﬁie_ce, of the respective fixed bearing and of the
coating of the respective wire 20 guide roll. It takes account of the fact, in particular, that the changes
in the length ofithe ceatingeakbokihefixed Bearity of the fespedtiveanird giile tollFthatigre brought
about bé/ changes ipatglglp@{@tg@ a@@ffg@g@ngﬁfrgméhigimg@t, gll_ﬂta;yg}s, 251&!3? g@h@ﬁm&ﬂon that it is
more advantageouys if the temperature of the respective wire guide rall, in particular the. temperature of
its coating, and’ trﬁ% té:rﬁrﬁgfeaﬁ%uoﬁheoﬁxegi eear%g‘jq of the ?(ZisgprelafivgIJ Jé\/#qe%aidécu?cﬁl are f:eg;ltrolled ina
manner indepef@ent of 30 orftCAAGtRER Thé BR&Age Fr the'fehgin of ftfe Witksieé& aaringthe sawing
operation i dependentomnrthadengih of therworkpiece Biefore the:sawing lopetation, amd on the 35

amount of heat gt arses,during the ﬂ‘éf@dolgr‘;%@%’- Jhe latter Is dependeqt pp.the, prgcess

conditions chosen, which are described by a totality of different - 5 - process parameters. These
process param&fer§inchite, HPFaTHCERF the spEedof the shlvigRwirs IR afdunt BhdEmperature
of the sawing sturnsted tortheanire wet; thergdvancing speed at whiehi theyworkpieee isimoved through
the wire web, the type.of ahrasive, grain.and the type-efliquid phase of thersawing-slyrry with which the
workpiece is held. If the process conditions chosen rerggiqunchanged over av\%lurality of sawing
operations. theChange ir'fhe IeQngtht Fthé WorkBieCd 10 Auring one df tHeXaWiry operations is
dependent onlyon thé:lengtitobithie werkpidceshefore: thielssiiing operation. Fof sawngiogerations
which proceed ypderthessame

For sawing operations which proceed under the same
15 process conditions, therefore, it suffices once to
separate a workpiece intc wafers under the process
conditions chosen and to measure the fTemperature c¢f the
workplece during the sawing operation. Afterward, for
this sawing operation and for all other sawing
20 operaticns which are intended to proceed under the
process conditions chosen and by means of which
material of the same type 1s intended to bes cut, 1t is
pecssible to create a curve that predicts the change in
the length of a workpiece as a function of the cutting
25 depth or the duration of the sawing operation. The
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

30  coperation.

The process of cooling the respective wire guide roll
and the respective fixed bearing i1s preferably effected
in such a way that at every point in time in the sawing
35 operation the difference ALy{x) - (ALp + ALg(x)) 1s less
than 20 um, wherein ALy(x) 18 the axial displacement

experienced by an axlial position xz on the workpiece on



15 process conditions, therefore, it suffices once to separate a workpiece into wafers under the
process conditions chosen and to measure the temperature of the workpiece during the sawing
operation. Afterward, for this sawing operation and far all other sawing 20 operations which are
intended to proceed under the process conditions cHbsen 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 afunctiort of-the xuttingr 25 depthtdrethe elugationof thé:sawingkaperationt.Iie change in

length can be calculated.with the aid gf the-gaefficient of lingar expansion efithe materiakof the
workpiece, the meaﬁ(sured tempﬁature prpflile angl the Ienlgth qu tge %rkgiece befg&e@t&megespective
sawing 30 oper"é%n?‘i‘ﬁé: %foces§ of csoohna the rae%%gctivg wire guide roif and the respecﬁve fixed
bearing is preferably efferteetinstich axmdy ot at Bderypoint ifEtieé fin e saling 85 epeération the
difference ALwx) - {ALF + MBS tessdhian 2@ um;, wdhereia At (x)gs thenaxialidisplacement
experienced by.an axial position x.on t rkpjece -6 :- untpfac e in the length of the
workpiece that i’s%ga_usg§ Jbcf{/*the cﬁwlaﬂp gglﬁv%%eé%mpeéigﬁﬁg 6?%%8%ork§%ce,% is r%h%]{:‘éah%nge in
length experiere@d 5y the respéctivé figedBesringfasH resilfof te EhaRe in fie-temperature of
the fixed bearing; andALB{X) is theraxialalisptacenent experienced by thewdal jpositionaton the

coating of the wite guide Joll on,accqynt of.a,change in;the length of the.coating thatis gaused by the

change in the temperature of the coating. The aXial position X is a position on the central axis of the
workpiece Or arr8gaivaknt %%ﬁior‘?‘.xﬁ‘r?ggr@é)@}eroa‘ifféfenéé, the fdtther GWay té wird 45 sections
are from a straighticutahrough tounterimeasfes, thergreatet sthe greaterrpositignivalent

position.

The greater the difference, the further away the wire
15 sections are from a position that would ensure a
straight cut through the workpiece. Moreover, without
countermeasures, the difference becomnes all the
greater, the greater the distance between the axial
pesition x and the center of the wire guide roil. That
20  should be taken into account particularly when a
plurality of workpleces are arranged alongside one
another 1in order to saw them simultanesously. Such an
arrangement cf workpieces i1s implemented in order that
the available wire web can be utilized as completely as

25 possible.

In accordance with a first embodiment, the method
according to the invention provides for controlling the
temperature cof the cocating and the temperature of the
320 fixed bearing of the respective wire guide roll in such
a way that the reaction to a change in the length of
the workpiece during the sawing operation comprises
equidirectional changes in the length of the coating
and of the fixed bearing.
35
Accordingly, the reaction to an axial displacement

Aly{x) comprises coocling the respective wire guide roll



position that would ensure a the workpiece. Moreover, without difference becomes all the the
distance between the axial roll. That 20 should be taken into account particularly when a plurality of
workpieces are arranged alongside one another in O{Jdgr to saw them simultaneously. Such an
arrangement of workpieces is implemented in order that the available wire web can be utilized as
completely as 25possible. In accordance with a first embodiment, the method according to the
invention providesifor tentroHiRetheitgmpératere oPEFe eoating amdeha températupe ofithe 30 fixed
bearing of the r\@§9eq{£}y§@mt@1guig§ folbinesuich aswaysthatthe A@@Ctj,on,gtg]sq ghangeinithe dength of the
workpiece durin glthe iajwdgg operation comprises equidirectional changes in the length of the coating
and of the fixe bearlng 7 - and the respective fixed bearing preferably in such a way that the
difference ALw(x) - (ALF + ALB(x)) is less than 20 2m. 5 The control can be effected by providing a
first predefinitionreurveonhich descebes e tenfijeratise ortke speed otiacgolant farieanting the

respective Wire%tlé% nguri%thghsg‘\;\gng gperation, hy. Qroe{ggngc g éeﬁgﬁ% QE%dﬁIIQgIOQYCU rve, which

describes the 10 temperature or the speed of a coolant for cooling the respective fixed bearing during

the sawing opefatfon>Bfd by Coolingthe ré8pectios wie guidé rol dhdtheRespeciive fik&d bearing by
means of the respectvercddlantur acgordanceswithitle finskand secondcy providing a

second predefinition curve, which describes the
10 temperature or the speed of a coolant for cooling the
respective fixed bearing during the sawing operation,
and by cooling the respective wire guide roll and the
regpective fixed bearing by means of the respective
coolant in accordance with the first and second

15 predefinition curves.

Providing the first predefinition curve as a function
of the thickness of the ceoating of the respective wire
guide roll is particularly preferred.
20
The control can also be effected by measuring an axial
change in the length of the coating of the respective
wire guide roll during the sawing coperatiocn, by
generating a filrst and second regulation signal on the
25  basis of the measurement, and by regulating the cooling
of the respective wire guide roll by means of the first
regulation sgignal and regulating the cooling of the
respective fixed Dbearing by means of the second
regulation signal.
30
In accordance with a second embcdiment, the method
according to the invention provides the following:
cooling the workpiece in such a way that Aly(x) 1s less
than 5 um during the sawing operation; and cooling the
35 resgpective wire guide roll and the respective Ifixed

bearing in such a way that the sum (ALr + Alg(x)) 1is



15 predefinition curves. Providing the first predefinition curve as a function of the thickness of the
coating of the respective wire guide roll is particularly preferred. 20 The control can also be effected by
measuring an axial change in the length of the coating of the respective wire guide roll during the
sawing operation, by generating a first and second regulation signal on the 25 basis of the
measurement, and by regulating the cooling of the respective wire guide roll by means of the first
regulation signalsifl fdgaiating tHE ceBlngef theTespattivg fiked baafRg by PiédrsrefthE second
regulation signale 3@ Inaggormangg with a second embodiment, the method according to the invention
provides the following: cooling the workpiece in such a way that AL(x) is less than 5 pm during the

sawing operation; and cooling the 35 respective wire guide roll and the respective fixed bearing in
such a way that tHe st {REF FRBEG)TE ™ 81 RS tRan™25 pAUring The sawirfy Gpération,
preferably fess thare@ pexdhessecond embodinment aikps. as far asgosdible te avaid t ing

and of the fixed bearing of the respective wire guide
roll. Therefore, 1t is particularly advantageous to
completely suppress changes in temperature and
associated changes in length o©of the workpiece and of
10 the fixed bearing and of the ccating of the respective

wire guide roll during the sawing operation.

Avoiding linear expansions of the workpiece and of the
coating and of the fixed bearing of the respective wire
15 guide roll is particularly advantageocus 1f a plurality
of workpleces arranged alongside one ancother are to be
sawn simultaneously. The length of the workpieces and
the arrangement thereof relative tc the center of the
wire guide roll then have no influence on whether or

20 not wafers having the desired gecmetry arise.

The method acceording To the invention 1s preferably
used to produce wafers having side surfaces that are as
plane-parallel as possible. However, this also does not

25 rule out modifyving the aim c¢f the method and producing
wafers having a specific intended bending. In this
case, the change in the length of the workpiece 1is
compensated for by a change in the lenagth of the fixed
bearing and of the ccating of the respectlve wire guilde

30 roll only to the extent necessary to achieve the
intended bending.

The workpilece 1is typically held during the sawing
operation in such a weay that it can axially expand or
35 contract in the event of a change 1in temperature at
both ends. It consists, for example, of polycrystaliine

or monocrystalline semiconductor material, in



5 linear expansions of the workpiece and of the coating and of the fixed bearing of the respective wire
guide roll. Therefore, it is particularly advantageous to completely suppress changes in temperature
and associated changes in length of the workpiece %nd‘of 10 the fixed bearing and of the coating of
the respective wire guide roll during the sawing operation. Avoiding linear expansions of the workpiece
and of the coating and of the fixed bearing of the respective wire 15 guide roll is particularly
advantageous Harplirality of wérkpieeés arrandéd dloRgside btie BRGthérgre 6 Ba safna
simultaneouslyc } hedength:0f the wopkpieces-antktherayrangement thereefyetative 46 the senter of the

wire guide roll then hracyeernqcicgflg%n%%g% ngt er or 20.nqt X‘@é‘%rss Q_@/m%g]eadeéirgrggggpetry arise.

iRl
The method acc;ord?ng to the invention is prefe ab?y used to produce wafers having side surfaces that
are as plane-paralléfss pessiBle® HoweVer thisHisd@oes not 25 rule out modifying the aim of the
method ar@ producing wafers having a specific intended bending. In this case, the change in the

length of the werkpigge is campensated.for By, a.change jn the Jenggh;ofithe fixed bearing and of the

coating of the respective wire guide 30roll only to the extent necessary to achieye thg igt&nded
bending. The workpistelis Bical EiG dufing theSSawing: Speraticn in steR & way that it can axially
expand or 35 comtractir theavent,of dwhange imtenseratute atsoth ehds. It sonsists forexample, of
polycrystalline ermopacrystallinesemiconductorynatefial, Brder of magnitude of
10 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.

15 The change in the length of the ccating of the wire
guide roll during the sawing operation on account of a
change in the temperature of the coating 1s dependent,
in particular, on the coefficient o¢f linear expansion
of the material of the coating, on the thickness of the

20 coating and on the amount of heat that arises during
the sawing operation. The latter is crucially
influenced by the process conditicons and the length of
the workplece before the sawing operation. For sawing
operations which are carried out under the same process

25 conditions and with ccating material of the same type,
the change in the length of the coating 1s only
dependent on the length of the workpiece and on the

thickness of the coating.

30 The coating is typically fixed on the core of the wire
guide rolls in such a way that it can axially expand orx
contract in the event of & temperature change in an
unimpeded manner at both ends. However, the change in
the length of the coating can be restricted within

35  certain limits by virtuse of the coating being clamped
onto the underlving core of the wire guide rell, for

example by clamping rings arranged at both ends of the



- 9 - particular of silicon. It typically has the form of a cylindrical rod portion having a diameter that
suffices in order to be able to produce wafers having a diameter in the range of 200 to 450 mm. 5 A
single crystal composed of silicon which is separgtefleto_form semiconductor wafers having a diameter
of 300 mm experiences, during the sawing operation, a maximum change in temperature of an order
of magnitude of 10 typically 30C, which corresponds to a maximum change in length of an order of
magnitude of typically25-urhnFhe spusified orders df Magnhide are fibical 8P mefifodsdnsvhich the
single crystal isgyot eaeled, 1b-Thechange imthe length-ef she coating obthenwise guidecred during the
sawing operaticpegn account begechgggeipl e temper gurecgutgggco%' g %S qﬁpaelgggntim particular,
on the coefficient of linear expansion o tfhe aterial of t e coating, on the thickness of the 20 coating
and on the amdtfitief hadatthat afses @iy “BperafiGne WhichATare cafffed GUt eindér thBame

rocess 5 wire gulde roll 1s appropriate articularly when tThe
g pprop p Y
intention is to prcoceed in accordance with the second

embodiment of the invention.

The measurement of the change in length experienced by
10 the coating during the sawing operation 1s not simple.
An optical measurement on the coating is nct
appropriate owing to the presence of the sawing sliurry.
The method according to the invention prefers
measurement with the aid of eddy current sensors. For
1%  this purpose, 1t 1is advantageous to fix rings to the
coating, to be precise to the ends therecf, and to
measure the change in the distance Dbetween the
respective ring and the respective senscr. The rings
preferably consist of an electrically conductive
20  material, for example a metal or graphite. In general,
it suffices to measure the change in the length of the
coating of one of the wire guide rolls and to assume
that the change in the length of the coating of the
cther wire guide roll 1is the same. However, 1t 1is
25  likewise possible to perform corresponding measurements
of changes in the length of the coating on both wire

gulde rolls of the wire web.

Given a typical thickness of the coating of ¢ mm, a
30 coating composed of polyurethane experiences, during
the pProcess of slicing the wafers from the
abovementioned single <¢rystal composed of silicon
without taking account of cooling measures and without
taking account of the clamping of the coating on the
35 core of the wire guide roll, & maximum changs in
temperature of an order of magnitude of typically 20°C

and a maximum linear expansion of an corder of magnitude



25 conditions and with coating material of the same type, the change in the length of the coating is
only dependent on the length of the workpiece and on the thickness of the coating. 30 The coating is
typically fixed on the core of the wire guide rolls in h a way that it can axially expand or contract in
the event of a temperature change in an unimpeded manner at both ends. However, the change in the
length of the coating can be restricted within 35 certain limits by virtue of the coating being clamped
onto the underlying core bftHeliire YridelBH, foP&ample By dlampingSings &franyed at Both ends of
the - 10 - coatiggoTbe clamping rngs fixrthe toating on the=careof theawise gdide talkand:restrict a

change in the length af the 59%@’1@@3}%%%% by a change in temperature. Clamping the coating
onto the core of the 5 wire guide roll 1s appropriate particularly when the intention is to proceed in

accordance with the second embodiment of the invention. The measurement of the change in length
experiencéd byI'h@ thewcoating gluring thersdAwing apksatioiis not sinpleriAreopticalbmeasarement on

the coating is nol,appropriate,owing.to the presence.ofthe.sawing-slurry: Thesmgthod;accerding to the
invention prefers measurement with the aid of edgcglgc rrent sensors. For this gur ose, it is
ise

advantageous tofiXTing& o the Coafifg, o B lﬂﬁ? fie ets thereof and o heasturé

: measure the change
in the distance betwern the respestivetringand ie respectiviesseonsoE Theigs préterably consist of
an electrically copgdstive,20 materal: for.exampie asnetal orgraphite.Ha.gepera), issuffises to
measur(?f e ch&q{%eﬂn t%e Iegﬁné%gfitchg (;E%aéln%g@g}ggeof %he%vggie%fplq? re Ilsr%l(ej tgﬁs_%%rge that the
change in the length of the'c6 ng of the other wire guide Toll i the 'same. However, it is

length of the fixed bearing displaces the coating of

the wire guide roll and thus each of the wire sections

by & uniform magnitude.

15 In the case of & typical configuraticn of the Ifixed
bearing, the fixed Dbearing 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

20 temperature of an order of magnitude of typically 1.5°C
and a maximum linear expansion of an order of magnitude

cf typically © um.

The change in the length of the fixed bearing that is
25 initiated by & change in temperature in the course of a
sawing operation affects the position of the wire
sections in & fundamentally different manner than a
change in the length of the coating that 1s initiated
by a change 1in temperature. The former displaces each
30 of the wire sections by a uniform magnitude, while in
the case o©f the latter the magnitude of the
displacement 1s dependent on the distance between a
wire section and the center of the wire guide rcll. The
displacement 1s all the greater, the greater the
35 distance,



25 likewise possible to perform corresponding measurements of changes in the length of the coating
on both wire guide rolls of the wire web. single account of the clamping of the coating on the 35
core of the wire guide roll, a maximum change in temperature of an order of magnitude of typically 20C
and a maximum linear expansion of an order of magnitude of typically 80 pm. Accordingly, the coating
is subjected to a significantly greater change in length than the single crystal. The wire guide rolls
clamping the wite avetrarengpicaly motunteduipsasthicase by mesns of@dhaft #ratfitedbearing and a

movable bearings i thergvent ef:a eharrgedn demperaturg, the fixarkbeasingLannetaxially-expand or

contract at both ends b%torﬁhe only %1% the 10 em(ijyirkg 9;%%05%% ghe. movable b%aéingﬁAr change in

the length of thglﬁ]{(gg bearing |§bla%es fﬁ"engoaﬁng of the wire guide Tof ar?d thiis eac lofe1the wire
sections by a UAHGIAT magritude ! £ ¥ Hieigast ot a typicel @BRfigratichL o thE Fixed béaithg, the fixed
bearing experiences;-turtrg thesprogess of shicing the waferg fromcthenalioverentipnedtsiagle crystal

composed of siligg witau{aking acrauntaf ceoling, Measuies, AR, §1AAs A

temperature of an order of magnitude of typica Ly 1.5C and a maximum linear expansion of an order of
magnitude of typitay B Pm™¥hé eRardgeinthé fehdgth 6f thEtked BRAAAG tHat is25inifiatéd by a
change in temperatdre inthé cotirsehofcasawimg operation affectis the position:okthesviressections in a

fundamentally different manner than.a changg indhe dength of the ¢oating,thatis initiated by a change
in temperagure. The former dlsglaces each 30 of the wire sections béa uniform magnitude, while in the

case of the'lattét the aegnitEuﬁ %??ﬁétafﬁs%lac%fnen’f%ede Tidenit oft the distancd Between a wire
section and thecaitsr ot the wvirelglidie rolb Therdisplacementis atf #9d gieater] tive greatsr the

rcell in a manner independent of one ancther.

In accordance with the first embodiment of the method,
15 the reaction tco a change in the length of the workpiece
during a sawing coperation under specific process
conditions comprises supplying independent cooling
circuits with coolant, which is coordinated with
respact to bringing about changes in length in the case
20 of the fixed bearing and the cocating of the wirs guide
roll, the sum of which corresponds as far as possible

to the change in the length of the workpiece,

The cocordination is done empirically, fcr exanple, by
25 determining sultable cocling parameters 1in series of
experiments. This involves determining what temporal
profile ¢of the temperature and/or speed of the coclant
during the sawing operation 1s necessary in order to
achieve requlired changes in the length of the fixed
30  Dbearing and of the coating of the respective wire guide
roll. The determined temporal profile of the cooling
parameters 1is then stored in the form of predefinition
curves in the data memory of a computer that controls
the cooling circuits. If a workpliece with the same
35 length and under the same process conditions 1s to be
divided into wafers, the cooling circuits are

controlled with regard to the coolant temperature



35distance. - 12 - The control of he temperature of the fixed bearing and the temperature of the
coating of the respective wire guide roll by cooling the fixed bearing or the wire guide roll disregards
this fundamental difference and is therefore disaclv%T ageous. It cannot change the temperature of the
fixed bearing without simultaneously influencing the'temperature of the coating of the wire guide roll.
Such control cannot achieve what the method according to the invention achieves, namely the control
10 of the temperagure bf thegixedPbeariy ahdale tehteratire 6FhebHtiAg ofthEtespbEtive wire
guide roll in a manesdngepensient ot ene anathessin accordance with the first embodiment of the
method, 15 the reaction to a change in the length of the workpiece during a sawing operation under

specific process ponditiops comprises supplying independent cooling circuits ith coolant, which is
coordinated withré§fecttd Drirfgirfg dBout-Ehangdss inYIBRGthTn thé ca5820 GFRe fiXed bearing and
the coating of the worenguide toll, the stimaofehichrcorrespordsaasitar as possibletoithé thange in the

length of the WQfé‘B@?SeEIBe geordinatiqn,isgone.empircally fop.example, By 25 detefmining suitable

cooling parameters in series of experiments. This involves determining what temporal profile of the

|
temperature andfbrépeed o thé'2dol8At durig tHid SaWing operafion’is hekessary Mordéfto achieve
required changésdn thiezfength ofthefixed80 bearing and of thecouetingcot the fespectigewire guide

roll. The determined tempgral prefile of the sooling parametgrs is-thesrstered in the-fora of
predefiniti%n curvesdin the data memor;(/)gfea 8gr{1£ut§é%hat contgols thelcooling circuitsc. If a workpiece

with the same 35’ fénb rand Under the dame process COSndi‘fll(JjﬁS is16 be divided J|:na’troﬁ§/vaef5r‘ss, the

cooling circuits @re 8ontrofiée wittt fesgaid tothe Eostant fempérafife 213 TAAd/GFRAE Todfant flow rate
in accordance with: thenstored predefinition cytyeseSinea theghange i thedength eftthe geating on

workpiece to be divided.

15 The coordination can also be effected by setting up a
contrel loop that supplies cooling circuits 1in  the
respective fixed bearing and 1in the respective wire
guide roll with coolant. The control licop comprises
sensors that are wused tc check during the sawing

20  cperation whether a deviation of the position of the
wire sections from a desirsed positicn is present. When
a deviaticon 1s present, cocoling parameters of the
cooling circuits such as the femperature and/or the
gpeed of the coolant are changed until the deviatiocon no

25 longer exists.

The invention 1is explained in greater detail below with

reference to figures.

30 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

sectlons can occur.

35 Figure 2 shows in cross section a wire guide roll

suitable for wuse 1in the method according to the



5 account of a change in temperature is crucially dependent on the thickness of the coating of the wire
guide roll and on the length of the workpiece before the sawing operation, it is recommended, for each
sawing operation carried out under specific proces 30 conditions, to store data sets with cooling
parameters which take account of the thickness of the employed coating of the wire guide roll and the
length of the workpiece to be divided. 15 The coordination can also be effected by setting up a control
loop that suppligs?&doling tircditcin tHerespedive fivéd bBArimEaRFikithetespettive®®iré guide roll
with coolant. The contralileep cohiprises sensors that are used to check during the sawing 20
operation whether a deviation of the position of the wire sections from a desired position is present.
When a deviation is present, cooling parameters of the cooling circuits such as the temperature and/or

o

the speed of the ¢Btiant arethakged tnti T BEGALISIT no 25 18nger Exists. THE inVéntioris explained
in greater Oetait belowiwith geferencecto figuses! 30 Figuterl sclematically showsatie chasges in
length that are gruciallysresponsible for the fact that an axial relative movement between the workpiece
and the wire sections can occur. - 14 - invention, and the fixed bearing associated with said wire guide
roll. Figure 3 shows in perspective view a wire saw having 5 two wire guide rolls and a workpiece
arranged abové H¥el@ire Sawl ORRUEE 2 ShOWS ipre88finitioRvéuTves thiat Weke usetRfdr €66ling wire
guide rolls and the fixed bearirgs;thereof A1inA methodhia accekdance avthrihe firstambadiment.
Figure 5 shows, predefinition curves.t ed far,caoling wire_guide rolls. e fixed bearings
thereof in?g mefrrflodal inmaectco?é%n*cré ﬁi??%r?égéégfng’ é"on%rﬁc%)igr{]%en*f.’”]%%ig%ﬁrléggla?&rﬁql?éhow the result of
expansion measurements. Fig. 1 is a schematic sectional illustration through

Figure 5 shows predefinition curves that were used for

cooling wire guide rolls and the fixed bearings thereof

in a method in accordance with the second embodiment.

[
(8]

Figures & and 7 show the result o¢f expansion

measurements.

Fig. 1 is a schematic sectional illustration through
20 the workpiece 12, the wire gulde recll 1 and the fixed
bearing 2. The illustration shows the changes in length
that are crucially responsible for the fact that an
axlal relative movement between the workplece and the
wire sections can occur. These include the change in
25 length ALy of the workpiece, the change in length ALy of
the coating of the wire guide roll and the change in
length ALy of the fixed bearing. For the sake of
simplicity, the changes in length ALz and ALy are
illustrated as if the fixed bearing and the wire guide
30 roll wers not connected to one another. Accordingly, a
point with an axial position at the ends of the
workpiece is displaced by the magnitude Aly on account
of thermal expansion of the workpiece, and a point with
an axial position at the ends of the coating of the
35 wire guide roll is displaced by the magnitude ALz on

account of thermal expansion c¢f the coating.



20 the workpiece 12, the wire guide roll 1 and the fixed bearing 2. The illustration 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. These inglude the change in 25 length ALw of the
workpiece, the change in length AL, of the coating of the wire guide roll and the change in length ALF
of the fixed bearing. For the sake of simplicity, the changes in length ALB and ALw are illustrated as if
the fixed bearidg:&nd-theakiré JaiR 30101l WeFs FBEEG ettt o ohé anéth&F AtTordiily, a point
with an axial pasiton atithe ends nfi¢he woikpiece is displaced dy tHie magnitbde Alwson dccount of

thermal expansian of ihe werkpiece. aodia RAIBLILh Ahx(al posiion at e eads otihe cpating of the
35 wire guide roll Is displaced by the magnitude ALB on account of thermal eﬁanﬁlon of the coating. -
15 - The iIIustrét?HP’Piﬁ%Fc%%rdBﬁce%ﬂ%ﬁ&.gz Shofethaf thé Wire gl rsiFTBndThe fiked bearing 2
associated therewifharespectividyrhaviechannels 8 andrdgcorireetdkto.coolihg ciredits thag are

supplied with 5.coplantindepepdently; gf.one anpther, The coeling-gircsitof dhe wire gridesroll 1 is
embodied in such a way that a coolant such as Wr?ter’ for eé%rgple, igggnd%%tgd through, rotary
leadthroughs ifto the fao“guFde foll“L tHat rofates du‘ﬁ%g the sawing bperatlon.ni% He cooling circuits
each comprise teat excitshgers (rodiiusteatedy @ndlconteliritss andié, ithichican bé Efbodied for

controlling cooling parameters forgesting-theawire guigeirol and thestixedhheasingdnacsardance with
stored predefinition curves. 15 However, the coglin cﬂ{ gi:tL% aqjglgp b&gﬁg&p&é@gd 'gltsensors 7in
two contr%ﬂloopgsl? %a%%%%%a?g in%le%%%élgr?tlfofc?)%neggnégther_%r cooITn# the wire guide );Yo{ll and the fixed
bearing. The sénsbrs tHeH - &ibply2Poimeastrafent'Sighals frorfvhich: in'the Sontfs unitE cooling
parameters aresgenetated asomaniputated Variables édricopling thenrespectivieowire guidemll and the

respective fixed pearing. 25;The;sensors 7.nteferaply measure the distanee from. respectively
assigned metal rings 9 arrangﬁd at the_ends of the coating 8 of the wire guide roll 1. Since the coating
8 of the wire guide folPf 8% Jogfefinition curves.

15
However, the cooling circuits can alsc be inceorporated
with sensors 7 in two contrel loops that operate
independently of one another for cooling the wire guide
r0ll and the fixed bearing. The senscors then supply

20 measurement signals from which, in the control units,
cooling parameters are generated as manipulated
variables for cooling the respective wire gulde roil

and the respective fixed bearing.

25 The sensors 7 preferably measure the distance from
respectively assignsed metal rings & arranged at the
ends of the coating 8 of the wire guide roll 1. Since
the coating & of the wire guide roll 1 expands or
contracts to & comparatively great extent on account of

30 a change in the temperature of the wire guide roll, it
is advantageous to fix the metal rings 9% to the coating
8 itself. In the case of the metal rings being fixed to
the core 10 of the wire guide roll, the change in the
length of the coating 8 would be disregarded during the

3%  measurement. If it is desired tc take account of the
change in the length of the core of the wire guide

roll, a further sensor 11 can be provided, which



contracts to a comparatively great extent on account of 30 a change in the temperature of the wire
guide roll, it is advantageous to fix the metal rings 9 to the coating 8 itself. In the case of the metal
rings being fixed to the core 10 of the wire guide roll, the change in the length of the coating 8 would
be disregarded during the 35 measurement. If it is desired to take account of the change in the length
of the core of the wire guide roll, a further sensor 11 can_be provided, which_measures the distance
from the core TOPGFtRE e 'giifde TOIF SH Core 168 thé Riré"giide rofl 1 Fushify pfddiced from
invar, such thatjits idluencelon the<hange:in e axial position.ofetheywirdsections 5lis is
correspondingly smalk Figure 3 showsy jn,perspegtive vigwy, a wite-saw baving twewike guide rolls 1
and a workpiece 12, which is fixed tq a sawing.strip 16 and is ar;antqu above the 10 wire saw. The
wire saw is con‘ffé%re%?%gin@%bfg}% cafryout Fﬁ%srh‘éflh%l& if accordante with the second
embodiment ofitke drvertiops THe wire/guide +olls 1 and the fixed bearings 2 respectively assigned to
them are embodied in accordance with the lIllustration as shown

Figure 3 shows, in perspective view, a wire saw having
two wire guide rolls 1 and a workpiece 12, which is
fizxed to a sawing strip 16 and i1s arranged above the

10 wire saw. The wire saw is configured for being able to
carry out the method in coordance with the second
embodiment of the invention. The wire guide rolls 1 and
the fixed bearings 2 respectively assigned to them are
embodied in accordance with the illustration as shown

15 in fig. 2. The cooling circuits for cooling the second
wire guide roll and its fixed bearing are not
illustrated, for the sake of Dbetter clarity. The
cooling circuits for cooling the wire guide rolls can
be combined to form one cooling circuilt or be embodied

20 independently of one another. The cooling circuits for
cooling the fixed bearings of the wire guide rolls can
likewise be combined to form one cooling circult or be
embodied independently of one another.

The illustration alsc shows & further cooling circui

ct

+

25 for cooling the workpiece 12Z. This cooling circuit

{

comprises a heat exchanger (not d1llustrated) and a
control unit 13 which can be embodied for controlling
cooling parameters for cooling the workpiece in
accordance with a stored predefinition curve. The
20  coolant for cooling the workplece is distributed by
means of a nozzle strip 15 and drops from the workpiece

12 into a trough 14.

However, the cooling circult can also be incorporated
3%  with & further sensor into a contrel loop for cooling
the workpiece. The sensor then supplies measurement

signals from which, in the contrecl unit, cooling



15 in fig. 2. The cooling circuits for cooling the second wire guide roll and its fixed bearing are not
illustrated, for the sake of better clarity. The cooling circuits for cooling the wire guide rolls can be
combined to form one cooling circuit or be embodied-20 independently of one another. The cooling
circuits for cooling the fixed bearings of the wire guide rolls can likewise be combined to form one
cooling circuit or be embodied independently of one another. The illustration also_ shows a further
cooling circuit Z5FGHE0RAG thelforl5iees 15 SFhis EodiAg tREdE C6Mpricesd Re&texcRanger (not
illustrated) and@vednitngl unit 18 whichréan beembodtied for controlfing teslmgryearameters for cooling

the workpiece in,aceordance with a stored predefinitign curye. The,39 coglant for.gooling the
workpiece is distributed by means of a nozzle strip 15 and drops from the workpiece 12.into a trough
14. However, th& EEBHSY Gitcuit Cartarss b%a}ﬁ'&&gofsa]tga 35 V\ﬁ P4 furthe? s8Rsorinto a control loop
for coolingtthe wotkpiece. Thessensefthen supplies Mmeasutément sighals fropi Which, ithe control

unit, cooling paramelers-are genetated as;manipulated variables forgeslingthe werkpiece. The

sensor measures, for exakmple the distance from the end side of the workpiece. The ame sawing
) £h WO gl?te =) c%olanL Such ?s Water FOr exampLle, LY
slurry that is also’tised for 5slicing the waférs can be used for cooling the workpiece. However, it is

preferred to us&fof Boolifg therworkpiéte, & e6elaRE such s water, fof example, WfidiE hias only the
cooling function;rand te prevent thisreeolant fronymixingwithithe sawingeslusry: For 10 this purpose,

the coolans canhe Intejgepiedhy wingrsaot liystrated) applied { heypdpiace efare,said coolant

reaches the wire web ¢ > sawing slurry. Example: 15 Single crystals composed of silicon having a
diameter of 300 Fith wete $8parited intGRafer& by ednsf AWire s&W Tomphising fSarWire guide
rolls. The wire guidé zolts clampirg thehwire web and theidassoeiated fixed béarings had the structure
shown in figures 2 and 3 and 20 were cooled according to the invention. The cooling of said wire guide
rolls and their fixed bearings was effected in a mutually independent manner by means of water as

coolant, the terig&rAtrs 'of which was changed during the sawing operation in accordance with stored
15 Single crystals composed of silicon having a dliameter

of 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 asscciated fixed
bearings had the structure shown in figures 2 and 3 and
20 were c¢ooled according to the invention. The cooling of
said wire guide rolls and their fixed bearings was
effected in a mutually independent manner by means of
water as coolant, the temperature of which was changed
during the sawing operation in accordance with stored

25  predefinition curves.

Figure 4 shows the predefinition curves that were used
for cooling the wire guide rolls clamping the wire web
and the fixed bearings of said wire guide rolls, in
30 order to divide a single crystal into wafers in
accordance with the first embodiment of the method.
Accordingly, the predefinition curves were designed
such that the reaction to a change in the length ¢f the
workplece during the sawing operation comprised
35 equidirectional changes in the length of the coating
and of the fixed bearing of the wire guide rolls. The

predefinition curves illustrated show the desired



25 predefinition curves. Figure 4 shows the predefinition curves that were used for cooling the wire
guide rolls clamping the wire web and the fixed bearings of said wire guide rolls, in 30 order to divide a
single crystal into wafers in accordance with the firs&gm_bodiment of the method. Accordingly, the
predefinition curves were designed such that the reaction to a change in the length of the workpiece
during the sawing operation comprised 35 equidirectional changes in the length of the coating and of
the fixed bearirgeafheawrE §uide rolis. THegredefiRiibn cuives Alustratéd-dRéw thé ddsired - 18 -
temperature T githetcoolant@s adfunetion of dhei pasitor PUS-afthe feeddabley shicttisteguivalent to
the temporal progression.of the sawi tion. The r [ w the desi

temperature of ?hge% 5 %goﬂgéf} or c%%%ﬁﬁg gvé\]/ﬁ%? gl}%ae %ﬂ}?ais(% %%%ﬂcu%?%%falgghts%gggw the

desired temperafiité o tiéeécol &t ¥ CoofifG the e deathge of FERRTE Gafde rofis. =he

5 coclant for coocling the wire guide rolls and the
circular data points show the desired temperature of
the coolant for cooling the fixed bearings of the wire

guilde rolls.

10 Figure 5 shows the predefinition curves that were used
for cooling the wire guide rclls clamping the wire web
and the fixed bearings of said wire guide rolls, in
order to divide a single c¢rystal into wafers in
accordance with the second embodiment of the method.

15 Accordingly, the predefinition curves were designed to
achieve, during the sawing operation, as far as
possible no changes in the length of the coating and of
the fixed bearing of the respective wire guide roll.
The sguare data points again show the desired

20  temperature of the coolant for cooling the wire guide
rolls and the circular data points show the desired
temperature of the coolant for cocoling the fixed

bearings of the wire guide rolls.

23 The effect of c¢ooling the wire gulde rolls and of
cooling the fixed bearings of the wire guide rolls in a
manner independent of one another becomes apparent when
expansion measurements of the coating and of the core
of the wire guide roll are considered.

30
Fig. 6 illustrates the expansion Al of the coating of
the wire guide roll on the fixed bearing side (solid
iine), of the coating of the wire guide roll on the
movable bearing side (dash-dotted line) and ¢f the core

35  of the wire guide roll on the movable bearing side
{dashed line) as a function of the position Pecs of the

feed table. Fig. 6 shows the measurement result of an



10 Figure 5 shows the predefinition curves that were used for cooling the wire guide rolls clamping the
wire web and the fixed bearings of said wire guide rolls, in order to divide a single crystal into wafers in
accordance with the second embodiment of the method. 15 Accordingly, the predefinition curves were
designed to achieve, during the sawing operation, as far as possible no changes in the length of the
coating and of the fixed bearing of the respective wire guide roll. The square data points again show
the desired 20 tEfRFErHRTTa O tHe EhélaRt for Lobythedwife glids rvis andthe Grctifar'data points
show the desired:temgeratuse of theicaptantfaneoating the:fixedrzearings«of thel wire guide rolls. 25
The effect of cqling the wirg ghide;qlls apd ot gooling the,fixed;bearings.of the wire-quide rolls in a
her b [

manner independent of one another becomes apparent when expansion measurements of the coating
and of the core'Gtih&Wire Guide Bl Ate EoRidERRd “36 By B illttratEIHe EXiandfon 1 of the
coating of the wirecguide rell wn:the dixedbenring sided(sotic lide ) of theceoating-of the wire guide roll
on the movable bearing side (dash-dotted line) and of the core 35 of the wire guide roll on the movable
bearing side (dashed Iipe), ??la fggction of tF% pogiti%n gpcs)rg)f E&e feed E@PL‘?- g%pishowgghe
measurement resdlt of an- = 19 e)?p%?iﬁwe% ih Whic! I’Ehefcooling of’ the wire gui e folls and of the fixed
bearings of the Wite guide rofls ila miamnér independeritiof ofle Afigther Badbeén diSperised. Instead,
a common cooling-cifcuit had bgen sefdp;fof capting awire gride ol aad itsfixedhearing Fig. 7
HMSUmegﬁpee%%@g%g%ﬁ%gé%f%gﬁg@géﬁ(dash_dotted line) and of the ccre
of the wire guide roll on the movable Dbearing side
{dashed line) as a function of the position Pos of the
feed table. Fig. 7 shows the measurement result of an
experiment in which the coocling of the wire guide rolls
15 and of the fixed bearings of the wire guide rolls was
effected according to the invention, namely 1n a manner
independent of one another. The elliptically delimited
area merely indicates a disturbance during the
measurement which is of no ilmportance for the

20 invention.



the wire guide roll on the fixed bearing side (solid line), of the coating of the wire guide roll on the 10
movable bearing side (dash-dotted line) and of the core of the wire guide roll on the movable bearing
side (dashed line) as a function of the position Fos of the feed table. Fig. 7 shows the measurement
result of an experiment in which the cooling of the wiré guide rolls 15 and of the fixed bearings of the
wire guide rolls was effected according to the invention, namely in a manner independent of one
another. The efptamy delidi#d8 area merely indicates a disturbance during the measurement which
is of no importance for the 20invention. - 20 - Patent claims 1. A method for slicing wafers from a

workpiece, conhprisingAS d[%igg Oqisa\ﬁ/gp op rfggg (%now'gg M@e sections -arrgnge ina parallel
fashion - of a sawing wire relative to the workpiece, thus giving rise to the wafers, wherein'the wire
sections are tensigied Beétween wire guide rolls each having a grooved coating having a 10specific

thickness; &ind coaling:the aviresguide gollsoard-eadling thedixed dearings of theanitegaide-rolls,
wherein the wirg guide.rolls and the fixgd bearings are coaled independently of 9;@? anpther. 15 2.

The method as claimed in claim 1, comprising ¢ooling the wire gujde rolls and the fixed bearings in
such a way that &t-éVery pointin {ith& in'thie SRty operation the difféténce Aigx) F(ALEF ALB(x)) is
less 20 than 20+eni swhereimALRAX) i§ltkke axiakdisglatement experiented by<ah ddalposition x on the
workpiece on aggount of a.change in thelengthefithe workpises, that is,caused by therchange in the
temperaturée of tsheevc\:/ci)rg (ijeq& f‘cl‘y';: igé[ge Chg. ge in length experienced by 25 the fixed bearing as a
result of the chan?ge in‘thé temperaﬁure of the Tixed bearing, and ALB(X) is the axial displacement
experienced by@fé Bxial position ¥ phfthesebaiing 6ftheé viré gidefolllomaccsint of'a 8R&nge in the
length of the coatiag thaids caasedy wire guide rolls, wherein the wire

guide rolls and the fixed Dbearings are coolad
independently c¢f one another.
15
2. The method as claimed in claim 1, comprising
copling the wire guide rolls and the fixed bearings in
such a way that at every point in time 1in the sawing
operation the difference ALy(x) - (ALy + ALps(x)) 1s less
20 than 20 pm, wherein Aly{x) i1z the axial displacement
experienced by an axial pesition ® on the workplece on
account of a change in the length of the workpiece that
is caused by the change 1in the tempsrature of the
workpiece, ALy 13 the change in length experienced by
25  the fixed bearing as a result c¢f the change in the
h

axital displacement experienced by the axial position x

temperature of the Ifixed bearing, and Algix) is

ct
[}

on the coating c¢f the wire guide reoll on acccunt of a
change in the length of the coating that is caused by

30 the change in the temperature of the casing.

3. The method as claimed in claim 2, comprising
reacting to an axial displacement ALy{x) that is
greater than 0 um by cocling the wire guide rolls and
35  the fixed bearings in such a way that the difference

Alyix) ~ {(ALy + ALg{x)) 1s less than 20 num.



30 the change in the temperature of the casing. 3. The method as claimed in claim 2, comprising
reacting to an axial displacement ALw(x) that is greater than 0 2m by cooling the wire guide rolls and
35 the fixed bearings in such a way that the diffe[_ené:f AL(x) - (ALF + ALB(x)) is less than 20 um. - 21
- 4. The method as claimed in any of claims 1 to 3, comprising providing a first predefinition curve,
which describes the temperature or the speed of a coolant for cooling the wire guide rolls during the
sawing 5 operation, ah@@a sBEGHP Bredéfinftiohidfide, WhickésGbes tieliéperaftfe orthe speed of
a coolant for caafing the fixed pearngs atthe wite-guide relts=during thersawing eperationhand

cooling the wire,guiderolls aeﬂéhetgﬁ%i%ps@ﬂ&%s g, 10.aceordance with the firshand seegnd p

edefinition curves. 5, The method as claimed in claim 4, comprising _providin% the first pregefinition
curve as a functioh 4 5'6F the- fHicknBss B th8'ebfing &fthe vire Juidé Folls.  BEThe MEHHEH as claimed
in any of clhaimsf4a 3¢ comprismg20 measaringan axiacchange in dre lengtty of thewéoatimg of one of

the wire guide rolls during the sawing.eperation..generating afisst and a secend regulation signal on
the basis of the megsuremeg{% and 25 reg Iatirl%;he cooling thhe Wire%?]uide r%IIs t(;¥ means of the
first regulation ?@ﬁ A r gulati ézfﬁg coofi g of the fixed beaﬁng@%‘? e Wire geui erolls by means
of the second régulatian siyhaf BOL7.Thenhsthodds claied in claim 2, comprising cooling the

workbiece in sueh-a way thatALX)1is legsithan bdim dudng: the-sawing eperation; and in
10 accordance with the first and second predefinition

curves.

5. The method as claimed in claim 4, comprising
providing the first predefinition curve as a function
15 of the thickness of the coating of the wire guilde

rolis.

6. The method as claimed in any of claims 1 to 3,
comprising

20 measuring an axial change in the length of the coating
of one of the wire guide rells during the sawing
operation;
generating a first and a second regulation signal on
the basls of the measurement; and

25 regulating the cooling of the wire guide rolls by means
of the first regulation signal and regulating the
cooling of the fixed bearings of the wire guide rolls

by means of the second regulation signal.

30 7. The method as claimed in claim 2, comprising
cooling the workpiece in such a way that Aly(x) 1s less
than 5 um during the sawing coperation; and
cooling the wire guide roll and the fixed bearing in
such a way that the sum (ALy + ALg(x)) 1is less than

35 25 pym during the sawing operation.



cooling the wire guide roll and the fixed bearing in such a way that the sum (ALF + ALF(x)) is less than
35 25 pm during the sawing operation. - 22 - 8.The method as claimed in any of claims 1 to 7,
comprising clamping the coating onto an underlyi_ngﬁ%org of the wire guide rolls. 5 9.The method as

claimed in any of claims 1 to 8, comprising moving the wire sections relative to the workpiece in the
presence of a sawing slurry. ‘ _
8. The method as claimed in any of claims 1 to 7,

comprising clamping the coating onto an underlying core

of the wire guide rolls.

5 9. The method as claimed in any of claims 1 to 8,
comprising moving the wire sections relative to the

workpiece in the presence of a sawing slurry.



