Apparatus and method for simultaneously slicing a multiplicity of slices from a workpiece Subject
matter of the Invention 5 The present invention relates to an apparatus and a method for slicing a
multiplicity of slices from a workpiece, in particular of semiconductor wafers from a crystal, by means
of a wire slicing lapping method with alternating wirelrunning direction. 10 Prior Art Semiconductor
wafers are slices composed of semiconductor materials such as, for example, elemental
semiconductors (silicon, germanium), compound semiconductors (for example 15 composed of an
element ofApp ghirtmaimgdupesfithe pErindiisystdramsech sbwalshinumggallivmIor ipditmiagd an

element of the fifth main group of tr@fp%r'iq_@%§ys£t§gin31éc%§%rfggg, phosphorus or arsenic) or

compounds thereof (for example SilGex, 0 ¢ x ¢ 1). They are required, in particular, as basic 20
material for electronic components and have to meet stringent requirements with regard to flatness,

cleannessand &0k efsefests Jtlat skcesneampassd of other materials are required for other 25
appli%atio S for exgrggLe glg\sl_segléces a%g!fb?trates for producin ma%netic memor)ég{ijscli(s or slices

composed OF SAPphire s 3 sUpPPort10r Manuratturity SptoetroRid Somponantes for
slicing a multiplicity of slices from a workpiece, in

particular of semiconductor wafers from a crystal, by means of
a wire slicing lapping method with alternating wire running
direction.

10
Prior Art
Semiconductor wafers are slices composed of semiconductor
materials such as, for example, elemental semiconductors
(silicon, germanium), éompound semiconductors (for example

15  compeosed of an element of the third main group of the pericdic
system such as aluminum, gallium or indium and an element of
the fifth main group of the periodic system such as nitrogen,
phosphorug or arsenic) or compounds therecf (for example
Si;.xGex, 0 < x < 1). They are required, in particular, as bagic

20 material for electronic components and have to meet stringent
requirements with regard to flatness, cleanness and lack of

defects,

Flat slices composed cf other materials are required for other
25 applications, for example glass slices as substrates for
producing magnetic memory disks or slices composed of sapphire

as a support for manufacturing optoelectronic components.

Such slices composed of semiconductor material or some other

30 material are sliced from a rod consisting of the respective
material. In particular, a chip-removing machining method such
as slicing lapping is appropriate for slicing the slices. Chip
removal or chipping is understood to mean, according to DIN
8580, mechanical machining methods in which material is brought

35 to the desired form by removing excess material in the form of



Such slices composed of semiconductor material or some other 30 material are sliced from a rod
consisting of the respective material. In particular, a chip-removing machining method such as slicing
lapping is appropriate for slicing the slices. Chip removal or chipping is understood to mean, according
to DIN 8580, mechanical machining methods in which material is brought 35 to the desired form by
removing excess material in the form of 2 chips. In this case, the tez.m chip denotes a particle
detached from the workpiece. According to DIN 8589, lapping is chipping using loose grain 5
distributed:mig fiquiirorgiaste dappingshernpeasnabiasivedahicteis guiged-an alrorthatlyched
shape-beg%cg%%tewg%Qgg@ipg tool) with the cutting paths of the individual grains being as far as
possible non-directional. THe material removal is effected by brittle-erosive separation of the material
M cohesion via the formation of micro cracks at the penetration location of the lapping grain and

spalling ohsmaltdatgriakpartisles skapping iphased en athgerbedy,interaction betweeay workpiece,
lapping grain and lapping tool. Lapping is characterize the fact that the tool carrier (lapping disk,
15 Iapspin§ \J/“v?r%eﬂj%Le%p %%% %gnt%ir?l lfgr#é%b%?al?cae%t\ﬁhﬂﬁ%@ﬁf&%tféﬁﬁggéméﬁt WHE B aterial in
chipping fashioh. Gsaigs toathosedaofuiamendysiktmpearbisker bornccarbidepoearenitride, silicon
nitride, zirgeni ide,.sjlico iQxide, i i chromium oxide. titani nitride, tungsten
carbide, tigsgyglgﬁb%%?%gngyd%gg ?ﬁr%idcggr%i%%llﬁ%%grs?fn %sogé%(%r:leg%#ge%{aaﬁgsused as
loose lappifig28bSantas safpREGI MG sy bERTY- DBBidmdHee siebrEarside ama adminum

oxide, in pastielaesitieen parhide, wre dnpedantas Bppingsubstancesiuben, skicing semiconductor
Waferg. . . . . .
1 cohegion via the formation of micro cracks at the penetration
location of the lapping grain and spalling of small material
particles. Lapping is based on a three-body interaction between
workpiece, lapping grain and lapping tool. Lapping is
characterized by the fact that the tool carrier (lapping disk,
15  lapping wire) does not contain hard substances which come into

engagement with the material in chipping fashion.

Grains composed of diamond, silicon carbide, boron carbide,
boron nitride, sgilicon nitride, zirconium oxide, silicon

20 dioxide, aluminum oxide, chromium oxide, titanium nitride,
tungsten carbide, titanium carbide, vanadium carbide and many
others, and also mixtures thereof, are used as loose lapping

substances supplied during slicing lapping.

25 Diamond, silicon carbide and aluminum oxide, in particular
silicon carbide, are important as lapping substances when

slicing semiconductor wafers.

In the case of single slicing lapping, exactly one slice is

30 sliced from the workpiece per cut; in the case of multiple
glicing lapping, a multiplicity of slicesg are sliced
simultaneously per cut. Multiple slicing lapping can be carried
out using a wire which ig multiply diverted via rolls, such
that it comes multiply intc engagement with the workpiece} This

35  is then referred to as single-wire multiple slicing lapping.



In the case of single slicing lapping, exactly one slice is 30 sliced from the workpiece per cut; in the
case of multiple slicing lapping, a multiplicity of slices are sliced simultaneously per cut. Multiple slicing
lapping can be carried out using a wire which is multiply diverted via rolls, such that it comes multiply
into engagement with the workpiece. This 35 is themreferred to as single-wire multiple slicing lapping.
3 Alternatively, methods are known in which a multiplicity of individual wires, which are fixedly braced
in a frame like strings of a harp, work through the workpiece. This is then correspondingly referred to
as multi-wiretrauttitel skciny SdappingsT ke présesvinvention telates gereraly: tocthesslieing of a

multiplicity ' m.arbitrarily d_warkpieces-composed of arbitrary materjals which can be
&8&%&%&%‘} RiLrarily, shaped wa E;;..xeéfa;"iif’ goap maeehas

machined'in chipping fashion. The invention relates particu aﬁﬁlct% heslicing O%H}aemui’tlpﬁcity of slices

from prisnf&ficHiS Shaped wWiiibkpidiceshaing vettandelardelkagessl orBeiagoral base surfaces or
of cylindetscompaser ohglass »sanphire Orsemisongugter patesiah, Sipglerwirg Multiple slicing

lapping is_described more thoroughly below. This is also referred to in shortened designation as slurry
wire SawinGFEWRTS ﬁﬂﬁyﬁﬁeﬁ g\//v?rg‘é‘ﬁE‘iﬁ@“ﬁ?Aﬁe&ﬁpta‘?Etugef&eﬁﬁél%ywﬁé’ ntiEple shiedgdapping
("slurry wirg sawitudanprisesiay esserdibl apparatusnfeatires wete, B leash paa wirergiite felis
arranged barigially aad pagle) 20 iLieshech o ope another, afake-off and g take-up spool, an
apparatus forpre-tensioning a wire in the wire longitudinal direction, a féed apparatus, by means of
which theSiomRBieee cambe el pdipendieuifily t6%ha axas oftHeawitd guidenrbils towalekthe plane

spanned Ry theiaxpssand anarpyatusifer 28 anphyiee anabrasiye-instheforn of @ siiuy of loose
hard substances.in a carrier chl]lwd. The wire %wde rolls are
10 workpieces having rectangular, hexagonal or octagonal base
surfaces or of cylinders composed of glass, sapphire or
semiconductor material. Single-wire multiple glicing lapping is
described more thoroughly below. This is alsc referred to in
shortened designation as slurry wire sawing (SWMS “slurry

15 multi-wire slicing”}.

An apparatus for single-wire multiple slicing lapping (“slurry
wire saw”) comprises as essential apparatus features wire, at
least two wire guide rolls arranged horizontally and parallel

20 with respect to one another, a take-off and a take-up spool, an
apparatus for pre-tensioning a wire in the wire longitudinal
direction, a feed apparatus, by means of which the workpiece
can be fed perpendicularly to the axes of the wire guide rolls
toward the plane spanned by the axesg, and an apparatus foxr

25 applying an abrasive in the form of a slurry of loose hard
substances in a carrier liquid. The wire guide rolls are
¢ylindrical and mounted rotatably about their longitudinal
axes. Their lateral surfaces have a multiplicity of grooves
running concentrically about the axis and largely equidistantly

30 with respect to one another.

In the case of slurry wire sawing, the wire is guided under
tension by means of the grooves spirally multiply via the wire
guide rolls such that individual wire sections become situated

35 in parallel fashion and form a web. By rotating the wire guide



cylindrical and mounted rotatably about their longitudinal axes. Their lateral surfaces have a multiplicity
of grooves running concentrically about the axis and largely equidistantly 30 with respect to one
another. In the case of slurry wire sawing, the wire is guided under tension by means of the grooves
spirally multiply via the wire guide rolls such that individual wire sections become situated 35 in parallel
fashion and form a web. By rotating the wire guide 4 rolls in the same sense, the wire is unwound
from the take-off spool and wound onto the take-up spool. In this case, the wire sections of the web
respectivety Maevei pargiiel tosore arother intthe witerlbongitudinabdirertipnotn atder te senpliy the 5
explanatiq warkpiece is.assume reinafter. to be a cylin ica% od composec% f semiconductor
material (sg]gré%:%én q&%tovgr)gé)% S%l%ll Cs)e%ﬁzson %%t%)rlrlgd %ggr)i(e'si(\jlferfy %ﬁgeg afi¢ la glreal diiffSce to an
axially rurftfisg seipsceripsbed vEh saeriaa rhaehal [Wavenparip), fol exampleel@somiposed of

glass or graphites apd-ds clarpped by meansgfthedattar andwith-§s workpigeegxissaraliel to the axes

of the wire guide rolls in the feed apparatus. By slowly feeding the rod parallel to the perpendicular of

the 15 safviny BB tdWard tHaSwdE THE WstRpitte TOMEEH AEahHEthe"ReBByhat section of
its lateral syifacelwhich isrsitilateshppesitedhie sawingstiipc aod adfarcertiuifds up in the wire

transverse directi weh)_and workpiece, As_a result of the relative movement between
‘?Qéﬁég%@@gx%%%“ togk(weby and sgmfc%%du&§ ocﬁ Lejative moy

workpiece an on account of the sawing wire move ﬁwgug the apparg%u%e, Material removal
is effectedOREECpRS S and Withaad dfionfeafe thrasive By ki taitingL i@ Wire Hansverse

tension by-means< further catinusus feading of theyrod thewits wal-warks thaugh the enlire cross
section of the workpiece, and a 25 multiplicity. of slices are obtained simultaneously. Single-wire

multifle sFERGTE5HING taf 1R Ee & WRH GfectRIN ot Mo verBRES the WiRPSECtdhs TFEhe web
that is coﬁﬁam:ta:tv&mﬂe‘eﬁtite c‘;tjrtsowwithpe‘\ﬁe:realamfﬂhegﬁmﬁia@l to the axes of the

wire guide rolls in the feed apparatus.

By slowly feeding the rod parallel to the perpendicular of the
15 sawing web toward the web, the workpiece comes into contact
with the web by that section of its lateral surface which is
situated opposite the sawing strip, and a force builds up in
the wire transverse direction between tool (web) and workpiece.
As a result of the relative movement between workplece and web
20 on account of the sawing wire moved through the apparatus,
material removal is effected under pressure and with addition
of the abrasive. By maintaining the wire transverse tension by
means of further continuous feeding of the rod, the wire web
works through the entire cross section of the workpiece, and a

25 multiplicity of slices are obtained simultaneousgly.

Single-wire multiple slicing lapping can be effected with a
direction of movement of the wire sections of the web that is
constant over the entire cut, or with reversal of the direction

30 of movement. In this case, cutting with continual reversal of
the wire direction ig of particular importance since specific
disadvantages for the achieved flatness and front/rear side
parallelism of the slices obtained are avoided by the reversal
of direction. Asymmetries between the entry side of the wire

35 sections and the exit side of the wire sections can be averaged



30 of movement. In this case, cutting with continual reversal of the wire direction is of particular
importance since specific disadvantages for the achieved flatness and front/rear side parallelism of the
slices obtained are avoided by the reversal of direction. Asymmetries between the entry side of the
wire 35 sections and the exit side of the wire sections can be averaged 5 out by the reversal of
direction and thus are partly compensated for, and the wire consumption can be reduced by the
reversal of direction. 5 The reversal of direction of the wire run corresponding to the pilgrim step
method ("pilgrim stemenations ' vdre eeipieeation heompasesa dirstraoyamentof the wire in a first
wire Iongitucgjrinna@l' déraegg%n Y 2 firg&l&ng heanql%@segond movement of the wire in a second direction,
which is 1%‘e>%cﬁy opposite fg the first |re(§¥|on, by%lnsseucm Eligﬁlgtﬁ?%h ?eiﬁﬂﬁjélgggoﬁﬂ/leﬁﬁﬂw is
chosen tousvress alarpthelfisse feipigtim For each pilgrim step, overall a wire length corresponding to the
sum of both lengths thereby runs through the workpiece, while the wire section which comes into
cutting engagement with the workpiece in this case moves further only by a magnitude corresponding
to the"g différnce DERFEET tRF it IeFigtHORoM i E Rk &b iRowER FrRIBRERP ST, 1H2h&Rfgrim
step methoetl] therefose «henvdte: isautilized Tawttiply 4% adaiie ©f Hie'sumiie the difference of the two

lengths. ZQeAéfterrvg)%rgjcn%r@?ug:%the %rggg CrOSs,se tio{g Q\; the Wé)ralépéec , the wire web reaches the
" sawing stiip adhesively bonded onto the workpiece. The Turhar feed is stoipeland e 2

t

0]
first wire longitudinal direction by a first length and a
second movement of the wire in a second direction, which is

10 exactly opposite to the first direction, by a second length,
wherein the second length is chosen to be legsg than the first
length. For each pilgrim step, overall a wire length
corresponding to the sum of both lengths thereby runs through
the workpiece, while the wire section which comes into cutting

15 engagement with the workpiece in this case moves further only
by a magnitude corresponding to the difference between the two
lengths from the take-off toward the take-up spool. In the
pilgrim step method, therefore; the wire is utilized multiply
in a ratio of the sum to the difference of the two lengths.

20
After working through the entire cross section of the
workpiece, the wire web reaches the sawing strip adhesively
bonded onto the workpiece. The further feed is stopped and the
now multiply severed workpiece is withdrawn again from the

25  sawing web by reversal of the feed direction. The workpiece has
now been separated into a multiplicity of slices which adhere
by part of their circumference to the half-severed sawing strip
equidistantly and parallel to one another and perpendicular to
the workpiece axis. By chemical, thermal or mechanical release

30 of the adhesive bond, the slices are separated and supplied to

a further application-dependent subseguent processing.

The slurry wire sawing and an apparatus suitable for siicing
gsemiconductor wafers are described for example in EP 0 798 091
35 AZ.



now multiply severed workpiece is withdrawn again from the 25 sawing web by reversal of the feed
direction. The workpiece has now been separated into a multiplicity of slices which adhere by part of
their circumference to the half-severed sawing strip equidistantly and parallel to one another and
perpendicular to the workpiece axis. By chemical, thgimal or mechanical release 30 of the adhesive
bond, the slices are separated and supplied to a further application-dependent subsequent processing.
The slurry wire sawing and an apparatus suitable for slicing semiconductor wafers are described for
example in EP 0 798 091 35A2. 6 The flatness of the sliced slices that can be achieved by wire slicing

lapping isjmpaired by a multiplicity of effects. These include effects related.tq the kinematics of the
wire, the g@ﬁpég%ﬁﬁeﬁ&rigﬁic&%f Fniela er%sﬁ/%%ﬁ Tive g&%&gcﬁlélp,[fﬁe %%?’%Yﬁée e "Ahdthe
sawing graii Theemakmpeagsesshavwrs paettutaryagmatl influgnce op thé cattifgaesult Thissknown

from DE 101.22,628 thatchinping yark anddrigtion progesses; hring,abeuta heatinpyginto the
workpiece that leads tQ an 10 axial relative movement between the workpiece and the wire sections. In
a cylindricAfRBHpIENE! the FigthWitFRnieh thESafMiFRiEss ifetdfycrrermdt Ste woidiece
changes with theo€uttihg pragresanthe heakigptihandsthuisthemxalrglative srvesent hehwegn the
workpiece and the wire.sections 15 copsequently changes slowly (quasi-statjcally) with time. When
cutting int%gaxh%dl W (:lvr? Elj}s%fin roeuaf%f neE \?v%%ﬁlpﬁgce?%;nﬁﬁt c%lg%rl%}éégn HeBndagentertierigiit hre
present, dncciielFattindlrate tfat e Shiegivha prcorstarmiirendnduerse fensign isqeastiearly high.

Therefore, apasticularl great axial 2Qglatiye displagementhetween warkpiece andeh geeurs

during cutting in and out, with the result that all slices of the sawing cut acquire a flatness deviation
curv % ot the HBAPLIWIRg MY EREsRRTFAIRAR thd e alRrdenRcs PrfthBRanE 8%ent. This
flatness dewiatiapnieferred (o ay saningtireS andiop ietdinduiations isspartiedlady faimful sipce it has
a long Wagglmgggth J%graleL scegylmﬁgjaltler&swL gn% H‘Fth&% %%s%%nepaigs t}%e.parallel'ﬁm of the front and rear
sides of the slices (thickness homoggn tytflon y to'a’sma extent. Sce e sg%gc%%d‘ﬁ%%} wafers
exhibit large alasticlibehaieanaRe 30Tangbet teAmpoters@r tdneer); ilse sawmy-in and/or -out

undulation-gaarathe remeveshOrsanReemaued ol inadeguately Hy.the mategial remayal
acc%g"ﬂﬁﬂggég%ﬁﬁﬁ%%ﬁegﬂgggggCS%%Q §E?§dasi—statically) with time. When
cutting into and when cutting out of the workpiece, abrupt
changes in the engagement lengths are present, and the cutting
rate that results given a constant wire transverse tensgion is
particularly high. Therefore, a particularly great axial
20 relative displacement between workpiece and web occurs during
cutting in and out, with the result that all slices of the _
sawing cut acgquire a flatness deviation curved out of the ideal
gsawing plane substantially in the same sense and to the same
extent. This flatness deviation, referred to as sawing-in
25 and/or -out undulation, is particularly harmful since it has a
long wavelength (several centimeters) and in this case impairs
the parallelism of the front and rear sides of the slices
{thickneés homogeneity) only to a small extent. Since the
semiconductor wafers exhibit largely elastic behavior in the
30 range of centimeters, (or longer), the sawing-in and/or -out
undulation cannot be removed, or can be removed only
inadequately, by the material removal accomplished by the

subseguent processing steps.



7 Such undulatory slices are unsuitable for demanding applications. In the case of slicing lapping of
large, and particularly in the case of slicing lapping of very large, workpieces into slices, these
undesirable thermally governed 5 defects are particularly pronounced. Workpieces having a large
diameter are those whose area-equal circle upon projection of a cross section along the principal axis
with the smallest moment of inertia has a diameter (equivalent diameter) of greater than or equal to
300 mm; workpieces having a very large diameter are M those having an equivalent diameter of
greater thanoh equakibaAsf-mns:11R-2018@ 25 Q:descl ibels remethoddenahieh tae temperature of the

abrasive s lﬁl he _sawi by spraying from above.onto M the ing web is adapted in a
closed coﬁﬁ g%é%?’?er%ﬁelrgl'?urgg}%g%%%gn% tﬁo’éi ét{):r%\%%/elaarrl)(f) fen e?%?l\%ggﬁéadsu%%dent and
temporallpearaste heaiiig isthuscoumisracieds 20 DR J01 20062884 Heseriyes angethod in which

the entire pattirsituated above theiwite wabyQfdhg lateral suage of the.rodiis flushed with coolant

that is temperature-regulated in a manner dependent on time and cutting progress, and the rod is thus
temperatFEFEG TSI 2515 B1F38 681 APFERNBES Fkth I IFRRCAThE Bt fic HdtEfRte of the
abrasive sipplied etheaiscoshy smdthe decd rate -of the lod-tortbe samiiagh webare altesed ra sanner

dependenct:gg eg ing [ogress, 3 Finally, US. 7,959,491 B2 describes a method jn which the
temperature o_%%‘ue s%%:?né%app?nog gggrﬁes%%ﬁgﬁg %gre%}élea con |§uggl§iy %%a%%,sbuﬁﬁ A manner
depender®bniRé fiistantadgoas poameRr tHewebva tsefod] byveetiRrentré 3Braatisg ptdgrass from

Swnginé@ﬁgéﬁﬂmgﬁﬁﬂﬁﬂdlﬁﬁﬂmworkpieces having a very large diameter are
10 those having an equivalent diameter of greater than or equal to
450 mm.

JP 10180750 describes a method in which the temperature of the
abrasive supplied to the sawing gap by spraying from above onto

15 the sawing web is adapted in a closed control loop of
temperature regulation of the abrasive and temperature
meagurement and temporally variable heating is thus

counteracted.

20 DE 101 22 628 B4 describes a method in which the entire part -
situated above the wire web - of the lateral surface of the rod
is flushed with cocolant that is temperature-regqulated in a
manner dependent on time and cutting progress, and the rod is
thus temperature-regulated.

25
EP 0 798 091 A2 describes methods in which the volumetric flow
rate of the abrasive supplied, the viscogity and the feed rate
of the rod to the sawing web are altered in a manner dependent
on the cutting progress.

30
Finally, US 7,959,491 B2 describes a method in which the
temperature of the slicing lapping agent supplied is increased
continuously steadily, but in a manner dependent on the
instantaneous position of the web in the rod, over the entire

35  cutting progress from sawing in until sawing out and partial



8 compensation of the thermal effects is thus performed in a manner dependent on the web position in
the rod. The slicing gaps hidden in the rod can be observed if the 5 workpiece is pellucid or
transparent at least in a certain spectral range. Thermal observations of the slicing zone on a rod
composed of silicon which is transparent in the infraged spectral range showed, by means of a thermal
imaging camera, that the heat input into the sawing gap and over the length of the sawing gap is not
effected uniformly. In particular, it was observed that the temperature in the slicing gap increases with
the engagemeririengthdrom the: wirererdtyrtowasd the-wie exitt hbe hotlestpaiatisiaaghed shortly
before Wirlg aenx'% dir%%lryn eg&t@g,ﬁsu{gfac&y on. ire gxit,tthg r’gemgega}ﬁurer%%creases again 15 somewhat,
probably via therma isSion and aif convection At that surface of the rod which is close to this point.
The heating along the wire engagement thus takes place in a very complicated way. 20 In the slicing

gap of a werkpiece compPasedOfsilicenna iemprratiginereass of Jprethan 20€ is;pbserved over
the wire engaggment length, and just approximately 5C in the mass of the surrounding silicon volume

that tas N8t YEPBEST caf TRE HBAE §radien -t AR IRESENInPdap-rdetsdd o aSEFE2S timescale (a
few secongsy ifithe direstior of wite maverseskreversesiuring stiningdappingpretesably.cagried out in

the pilgrim step_ method, These dynamic temperature fluctuations are considerable, take place for a
short perig of ﬁ?n%év?/%iegfgfegggnl&o& tﬁrg%ﬁgrir%sstgﬁ: Enaar ee%cg%eeﬁ]thgga%e%iéﬁlerf §§ %/?vorkpiece
temperatlFBRR&L P i s oder e CREMEE progrésst Teiabwimarimglsceny campensate

for this slqsﬁggaéh%taﬂeaedn@%?wei%@gehghémﬁ%lgngapbﬁ@r&e&p%@ﬂm% 3p e rapid
and much h|%her temperature changes and the effects 9 thereof, in particular the resulting undulation
cﬁth@chEB iE&Y1iNg gap 1s not effected uniformly. In particular, it wasg
obgerved that the temperature in the sglicing gap increases with
the engagement length from the wire entry toward the wire exit.
The hottest point is reached shortly before wire exit; directly
at the surface upon wire exit, the temperature decreases again
15 somewhat, probably via thermal emission and ailr ¢onvection at
that surface of the rod which is close to this point. The
heating along the wire engagement thus takes place in a very

complicated way.

200 In the slicing gap of a workpiece composed of silicon, a
temperature increase of more than 20°C is observed over the
wire engagement length, and just approximately 5°C in the mass
of the surrounding silicon volume that has not yet been cut.
The heat gradient over the sawing gap reverses on a short

25  timescale (a few seconds) 1if the direction of wire movement
reverses during slicing lapping preferably carried out in the
pilgrim step method. These dynamic temperature fluctuations are
considerable, take place for a short period of time with the
frequency of the pilgrim step and far exceed the averaged

30 workpiece temperature that varies only slowly over the cutting

progress.

The known methods only compensate for this slow gquasi-static
temperature change. They are unsuitable for compensating for

35  the rapid and much higher temperature changeg and the effects



Object 5 The object of the present invention is to specify an apparatus and a method for
simultaneously slicing a multiplicity of slices from a workpiece with which the rapid and high
temperature fluctuations during the slicing lapping of the workpiece are compensated for as much as
possible and 10 deviations of the actual cut surface §rom that of an ideal cutting plane are avoided as
much as possible. The abrasive (slurry) is depleted in the slicing gap over the length of the
engagement from wire entry to wire exit on 15 account of displacement, dripping away and

consumptiofegad is, distibyied: Rerrvaiformly thera, Its cencenisation-ans cempesition chagge over the
length of wire engagement on account of grain wear and grain fracture. In particular, the decreasing
guantity of E')Faes'l%/e from wire entry to wire exit 20 leads to a decreasing width of the slicing gap and
thus to a thickness of the sliced slices that increases in a wedge-shaped manner in the wire running
direction. Jhe ohject furthermore consists in specifying an apparatus and 25 a method which
counteract dépletion of the abrasive in the sawing gap over the wire engagement length, such that
slices’ havimfa thicREEsthat e rédcsesan the Wit YuhAmgldirdetiofiRR dtharse. 3DREREent The

object is aghievedy: Rieans Of ap aRpearatis dasnuitanesusly sliging @ipultipliely efsslices from a
workpiece, comprising wire, at least two cylindyical wire guide rolls arranged horizontally and parallel

with respect 16 ohe 35 BhSthEPAA® Mot tdd Fitatibly B sttihéit Feshetide 3%88 and 10

temperature fluctuations during the slicing lapping of the
workpliece are compensated for as much as possible and
10 deviations of the actual cut surface from that of an ideal

cutting plane are avoided as much as possible,

The abrasive (slurry) is depleted in the slicing gap over the
length of the engagement from wire entry to wire exit on

15 account of displacement, dripping away and consumption and is
distributed non-uniformly there. Its concentration and
composition change over the length of wire engagement on
account of grain wear and grain fracture. In particular, the
decreasing quantity of abrasive from wire entry to wire exit

26 leads to a decreasing width of the siicing gap and thus to a
thickness of the sliced slices that increases in a wedge-shaped

manner in the wire running direction.

The object furthermore consists in specifying an apparatus and
25 & method which counteract depletion of the abrasive in the

sawing gap over the wire engagement length, such that slices

having a thickness that increases in the wire running direction

do not aricse.

30 Achievement
The object is achieved by means of an apparatus for
gimultaneously slicing a multiplicity of sglices from a
workpiece, comprising wire, at least two cylindrical wire guide
rolls arranged horizontally and parallel with respect to one

35 another and mounted rotatably about their respective axes and



having grooves, and a feed device, wherein the wire is guided in the grooves around the wire guide
rolls such that a horizontal web composed of a multiplicity of wire sections running parallel to one
another and in one plane is present 5 between the wire guide rolls, furthermore comprising first
nozzles, which are arranged above the wire guide ralfs, for spraying an abrasive onto the wire sections
and second nozzles, which are arranged below the web parallel to the axes of the wire guide rolls, for
spraying a coolant into slicing gaps of 10 the workpiece from the side and from below. The object is

also achievediyymgapsata mathedforsianllaaeodsly slisvga; muttipdiciy obslicesdromas

workpiece, comprising holding the workpiece with an axis of the workpiece parallel to axes of wire
guide rolls5f & regggagﬁ%?/smgg%lg#a %éed device %thzewi'f??s%lﬁ/; %‘?ﬁhggmaetwﬁrkpiece by means
of the feetidevicerperpemeiculacyfrape dbove through tipe webtof tie wirersave, anhedreirsthe web is

formed oA ullinicthy, of whe sslions auiiapaalel e pnganaihet 20 apdinone pane:
supplying a slurry of hard substances in a carrier liquid as abrasive to the wire sections while the wire
sections deREHBER relftiveihsvemeRtwite tshe ct 15 HeWBApRe ceary Fe3uldofirbidtion of the wire

guide rolls;with Begontinuabshange inthedirestian et sotatien wiltieh gelative 258 maevermeent guides the
wire sections from an entré side to an exit side through the workgiece; S ra%gg a coolant from the side
r

h
and from BEBA AR sTinG GRBE that ariss UurG the TiovErTent Bt the C&'thrBHR 1€ web,
wherein thé:dadlantis spragedrtriobgti nezzies intetheslicing gaps,ovtibk sxe 86 arfanged below the

web paralie) i thy,axes oliheavire guldgplls anyl whesl the-caolant I8 peraxey iglg ine.glcing gaps

only through the hozzle situated opposite the’entry side of the wire sections. r slurry of hard
substancedif &'eaiFiet figaidicrbe Bse & AdeheBEolbhE™ HhéAbrasive used and the coolant used
can have identical 5 properties with the exception of the temperature. The abrasive used and the

coolant usﬁgec% have thle same terarg ﬁriatyfred T}g]e %tggrsli%/e ugegl1 andttﬁe goglant used can have
different témpera gres, T° &8¢ eves oY © method tor

simulitaneously slicing a multiplicity of slices from a
workpiece, comprising holding the workpiece with an axis of the
15  workpiece parallel to axes of wire guide rolls of a wire saw by
means of a feed device of the wire saw; moving the workpiece by
means of the feed device perpendicularly from above through the
web of the wire saw, wherein the web is formed from a
multiplicity of wire sections running parallel to one another
20 and in one plane; supplying a slurry of hard substances in a
carrier liquid as abrasive to the wire sections while the wire
sections describe a relative movement with respect to the
workpiece as a result of rotation of the wire guide rolls with
a continual change in the direction of rotation, which relative
25 movement guides the wire sections from an entry side to an exit
gide through the workpiece; spraying a coolant from the side
and from below into slicing gaps that arise during the movement
of the workpiece through the web, wherein the coolant is
sprayed through nozzles into the slicing gaps, which are
30 arranged below the web parallel to the axes of the wire guide
rolls, and wherein the coclant is sprayed into the slicing gaps
only through the nozzle situated opposite the entry side of the

wire sections.



10 The temperature of the coolant can be altered during the movement of the workpiece through the
web. The temperature of the coolant can be altered in a manner dependent on the wire engagement
length of the wire sections in the workpiece. The 15 temperature of the coolant can be increased as
the wire engagement length increases, and reduced:as the wire engagement length decreases. The
volumetric flow rate of the coolant sprayed in can be kept 20 constant during the movement of the

workpiece through the web. The volumetric flow rate of the coolant sprayed in can be altered during

the movementefthewerkpieee throughnibe seks Theclumetric flow-rate;of thegeealant sprayved in
can be altereddin amanner dejpen(gent on the wire engagement length of 25 the wire sections in the
Workpiecel%sl‘eﬁe volurmietric fTow Tate of the coolant sprayed in can be increased as the wire
engagement length increases, and reduced as the wire engagement length decreases. 30 The

temperatugg angdithe yelumetiic flowrate of thecoolant cangmultangausly bg altered according to the

abovementioned stipulations.  The method is preferably used for producing semiconductor 35
wafers, p&tHeRaHy bretetdo oo 8GR SeRficGHducisr toRgEataBiRposed of silicon, which

have a diameter that is not less than 300 mm, for example for producing wafers composed of silicon

having a diameter of 450 mm. 5.Brief cription of the Figures Figure 1 shows an apparatus for
ATeLeL sgription o Fig

slicing slicesTrém & ot according 1 the BinGin s in JESKrS AaIiE §idiRg ofiflmg or single-wire

multiple skengptyping.e. The abrasive used and the coolant used can have

different temperatufes.

10
The temperature of the coolant can be altered during the
movement of the workpiece through the web. The temperature of
the coolant can be altered in a manner dependent on the wire
engagement length of the wire sections in the workpiece. The

15 temperature of the coclant can be increased as the wire
engagement length increases, and reduced as the wire engagement

length decreases.

The volumetric flow rate of the coolant sprayed in can be kept
20 constant during the movement of the workpiece through the web.
The volumetric flow rate of the coolant sprayed in can be
altered during the movement of the workpiece through the web.
The volumetric flow rate of the coolant sprayed in can be
altered in a manner dependent on the wire engagement length of
25 the wire sections in the workpiece. The volumetric flow rate of
the coolant sprayed in can be increased as the wire engagement
length increases, and reduced as the wire engagement length

decreages.

30 The temperature and the volumetric flow rate of the coolant can
simultanecusly be altered according to the abovementioned

stipulations.

The method is preferably used for producing semiconductor

35 wafers, particularly preferably for producing semiconductor



10 Figure 2 shows the distribution of abrasive and the profile of the temperature over the wire
engagement length L in the case of a sawing wire running from left to right, when an apparatus in
accordance with figure 1 is used. Figure 3 shows the distribution of abrasive and the profile of the
temperature over the wire engagement length L in the case of a sawing wire running from right to left,
when an apparatus in accordance with figure 1 is used. 20 Figure 4 shows the distribution of abrasive
and the profile of the temperature over the wire engagement length L in the case of a sawing wire
running fremieft to dghtyad dde oStant Wwhemthewlite sebtorewebdlitsninte thectogd; whenst apparatus

in accordance with figure,251 is used, Figure 5 shauws.t @8&5@%&8” v% g%rrasivceo%n% g(ejglag%and the
profile of the temperature over the wire engagement length L in the’casé o the savv?ng wire rinning
from left t& tHghE WhetpdBRSIVR IS PRSI irofPthe@ft onto the web and coolant is sprayed from
the right into the sawing gaps by means of a nozzle arranged below the web. Figure 6 shows the
distril%utiog of ajb:r%sive and i(u':()olan\tl\)?ng the E[ofile of the temperature over the wire 35engagement
length L in Jéecaseegfctﬁ'—é%aﬁ\ﬁﬁlg Qe 18 r Fiﬁiﬁﬁ?ﬁom right to left, when abrasive is sprayed from the
right onto ¥ieweb dnd ebolant Brsprayed-frdomsthEdeft &#itd thegawinggapstirwmeansaf a nozzle

arranged below the wef 3 Retailed desariptio of fhe Ioventien The avention is describgd in detail
below with reference to the figures.
slicing grinding or single-wire multiple slicing
lapping.

10 Figure 2 shows the distribution of abrasive and the profile of
the temperature over the wire engagement length L in
the case of a sawing wire running from left to right,
when an apparatus in accordance with figure 1 is
used.

15 Figure 3 shows the distribution of abrasive and the profile of
the temperature over the wire engagement length I in
the case of a sawing wire running from right to left,
when an apparatus in accordance with figure 1 is
used.

20 Figure 4 shows the distribution of abrasive and the profile of
the temperature over the wire engagement length L in
the case of a sawing wire running from left to right,
at the instant when the wire section web cuts into
the rod, when an apparatus in accordance with figure

25 1 is used. |

Figure 5 shows the distribution of abrasive and coolant and
the profile of the temperature over the wire
engagement length L in the case of the sawing wire
running from left to right, when abrasive is sprayed

30 from the left onto the web and coolant is sprayed
from the right into the sawing gaps by means of a
nezzle arranged below the web.

Figure 6 shows the distribution of abrasive and coolant and
the profile of the temperature over the wire

35 engagement length L in the case of the sawing wire



10 Figure 1 shows the essential elements of an apparatus for single-wire multiple slicing lapping,
comprising sawing wire 1, which, wrapped multiply spirally around a left 3 and a right wire guide roll 4,
is guided by grooves 2 such that the wire sections running on the top side of the wire guide rolls
("upper wire strands") run parallel and form a regulagyveb 11 having constant distances between
adjacent wire sections. A workpiece 15 is adhesively bonded to a sawing strip 16 by means of an
adhesive 17. The sawing strip 16 represents a feed device, by means of which the workpiece is moved

20 perpendicularly to thenebdd along aprownt8 and iskrought into sﬁga%%%n&@eé%%@ed
Furthermore, the apparatus comprises left nozzle combs 19 and right nozzle combs 20 for supplying

abrasive (slurry) in the forfifof Al fefEaiBnGga}EC2 3 Shid Wiyt origité Ft L aiontRk& 1 wire guide
roll 3 and the 25 right wirecguid@«oll & &indithus ontestheawend 1gEbe wike gidde solisfare mounted

rotatably about axes 5 %rg)dz géghg% f%(g§ ea&dhggﬁ %%(TIS 4 o{ﬁ thg.workplece 15 - a cylindrical _rod in the
example shown - are oriented parallel to one another 30 and run through the corners of an isosceles
triangle, the base of which connects the axes of the wire guide rolls. In order to initiate the slicing

process, @na:-wire ulidRmih- foriaxamnple the leftrwive guidgyroll 3, is driven to rotation 7 ("Master”). The
other wirea%geide roll 3"Sl_ave")d In the example the right 35 wire iuide roll 4, concomitantly rotates, in a

manner paliéd By 81 HF 1A SShE e Th R AtAtidRdREHEhE! 1A FHEERRTBIEShown in

figure 1, thédavirtiisrsupplied from the left in the arrow direction 9, runs in multiple alternation over the
upper web 11 and in the opposite direction over a resulting 5 lower web 12 multiply via the wire guide
rolls and then finally runs out from the apparatus toward the right in the arrow direction 10. The
workfiecé” 151 movedpetiseridiculafy sithadireslionastiraig hiheapss 12 hysméans of a feed

device, whichds kepresented by:thesaying skip 1Gindhedl0 lustiation As soop:as,theiuaderside of
the Workpi%c%(_e 5 comes intQ contact with the weh 11, a force builds up between web 11 and the

4 FeRRRAA TN (2 Wire FRISVRTSe dRecidi wire ver&PferRichy 9BY means of

workpiece
the relativeimevemenieof:the Wite sectionsirdedingyin ¢hesame sensadh therwebdiawith respect to the

workpiece, J¢ lappind.agentaprayed ROt g wiesweb and.eniyaned by fig wirg segtions, and the
wire transverse tension, material removal from the workpiece
15 (“upper wire strands”) run parallel and form a regular web 11
having constant distances between adjacent wire sections. A
workpiece 15 is adhesively bonded to a sawing strip 16 by means
of an adhesive 17. The sawing strip 16 represents a feed
device, by means of which the workpiece is moved
20 perpendicularly to the web 11 along arrow 18 and is brought
into engagement therewith. PFurthermore, the apparatus comprises
left nozzle combs 12 and right nozzle combs 20 for supplying
abrasive (slurry) in the form of a left elongate jet 22 and a

right elongate jet 23 onte the left wire guide roll 3 and the
25 right wire guide roll 4 and thus onto the web 11.

The wire guide rclls are mounted rotatably about axes 5 and 6.
Their axes and the axis 14 of the workpiece 15 - a cylindrical
rod in the example shown - are oriented parallel to one another
30 and run through the corners of an isosceles triangle, the base
of which connects the axes of the wire guide rolls. In order to
initiate the slicing process, one wire guide roll, for example
the left wire guide roll 3, ig driven to rotatlon 7 (“Master”).
The other wire guide roll (“Slave”), in the example the right

35 wire guide roll 4, concomitantly rotates, in a manner pulled by



20 (and the sawing wire) is brought about, and sawing gaps 13 form in which the web 11 works
through the workpiece 15 upon further feeding in the arrow direction 18. In the pilgrim step sawing
method, the direction of the wire 25 longitudinal movement 9, 10 is reversed multiply during a
complete cut through the workpiece 15, wherein, in each individual one of these pairs - called "pilgrim
step” - of direction reversals, the wire is moved by a longer length in one direction and a shorter length
in the opposite direction. 30 As a result, overall in each complete pilgrim step a wire length
corresponglingetaitheisunt bébetimlengthissaind through thoe slicing gapseaawerersthat iengta of the
engaged wj (o] ich.the.enti ire I thus shifted after gne completely. performed
pilgrim stégpgggﬁr{?]% e%tagevivg‘fgf%whfﬁﬂ%gﬂ% 'tal%g%o pxég%%l Eof%egsps(t)?%%a{oln?é to%f?]%mdi glreen%:% tetween
these twod&ndths. Rigtfs2 3hoRs eszenfial dlemenisofithé bppafatad it BrrEdrtaneesvtitigure 1 in

side viewfgrherprgsiserat theinstantatavihishdas wired: outhewire seetions ofdhe weh 11 move from
left to rigrgfﬁi{ the arrow direction 9. The jet 22 spra%ed onto the web from the left nozzle combs 19 and

residdes of tHE Tet S spray B frok the figit HorZie"cdimibg 36 End&iith adcerindfi théire Xre for
the most partstripped away hhtheasyrfacetofthe averkpiecaavheigthe wire ehters intethe workpiece.

A wire-enfry-side z for, in which. abrasi I nrg nly a_small guantity of
abrasive s%l%q:r%a%l%?r% %o% 'thg}v%rewé&mg%eg gor%%ﬁg%t%%;é%rﬁ% %ﬁ%&%ﬁéﬁ%ﬂﬂ% o:%éllert trcl)gbring

about mafétiarfemeval Herehoveathelengitel ot thévawrgarE3 drdmsdradeniy o wire exit from

the workpigeecas agestib ok displacemsnt - ddpping am@y-Ane grains fragture,.as measured from the
location of Fh e 20 wire entry, a progressive depletion of the abrasive S occurs, as is illustrated

schelhaticaty By dirve 9% in the diagram S S(L) in Figure 2. The depletion of the abrasive, the total

guantity of the chipping work carried out over the wire engagement length in the gap on the workpiece

andtheuﬁ%'soon as the underside of the workpiece 15 comes intoc contact
with the web 11, a force builds up between web 11 and the
workpiece 15 in the feed direction (= wire transverse

15 direction; wire transverse tension). By means of the relative
movement of the wire sections running in the same sense in the
web 11 with respect to the workpiece, the lapping agent sprayed
onto the wire web and entrained by the wire sections, and the
wire transverse tension, material removal from the workpiece

20 (and the sawing wire} is brought about, and sawing gaps 13 form
in which the web 11 works through the workpiece 15 upon further

feeding in the arrow direction 18.

In the pilgrim step sawing method, the direction of the wire
25  longitudinal movement 9, 10 is reversed multiply during a
complete cut through the workpiece 15, wherein, in each
individual one of these pairs - called “pilgrim step” - of
direction reversals, the wire is moved by a longer length in
one direction and a shorter length in the opposite direction.
30 As a result, overall in each complete pilgrim step a wire
length corresponding to the sum of both lengths runs through
the slicing gaps; howevexr, that length of the engaged wire
section by which the entire wire supply hag thus shifted after

one completely performed pilgrim step from the take-cff toward



25 quantity of shear work carried out over the wire engagement length during the movement of the
wire against the viscous abrasive lead to a temperature that increases from wire entry to wire exit in
the sawing gap in the wire longitudinal direction. This is shown schematically by curve 25 in the 30
diagram T = T(L) in Figure 2. Figure 3 differs from Figure 2 in particular in that the wire running
direction, represented by arrow 9, is reversed and runs from right to left. Curve 27 schematically
shows the 16 distribution S = S(L) of abrasive over the wire engagement length L and curve 28 shows

the profileche Hhket the tepmerate pyeptheiwire engagemnentleagir b as measyreekitam the
ire entranc§ intoé{ae workpiece to the 5 location of wire emergence from the workpiece.

location OIH
Figure 4 s %I%s’sethtéiﬂffﬁe digffittion S = S(L) of the abrasive and the profile T = T(L) of the temperature
also change with the length of wire engagement. If the workpiece has the 10 cylindrical form shown,

for exampja.Jnelie agagerngnlangthyl chanass dmapner dependantonfle path length of the

feeding of the workpiece. Figure 4 shows the instant of sawing into the workpiece, at which the length
of wiré endagerfetESs Partitulakgsiore Adeofdifgly Ve tistFiBulisn BY o i€ aBtasiesand the

profile 38 phiestemperatiie @ver the shark wiresengagement engtl Liygcopmartively low 1At the
instant of engagement (the beginning of cut), hqwever, the change in the quantity of abrasive and the
LR P EAMCA Are For Rt abiE! 20

change inThe temparattife are const igGre™s ¥héws B dRbtibtition S =J&(t ) dfthe

abrasive ameftne couvtant@ame thelpréfilerT £hEL ) effthertempeeatarenbeerithearide engdgeraent
length L wihen-garmyjag oy thejpethodl agegrdipg Jo e dnvenfion  the.apparaiys aeeording o the
10 adhering to the wire are for the most part stripped away by the
surface of the workpiece when the wire enters into the
workpiece. A wire-entry-side zone 26 formg, in which the
abrasive accumulates, and only a small quantity of abrasive
still remaining on the wire is introduced from the wire into

15 the sawing gap in order to bring about material removal there.

Over the length I of the sawing gap 13, from wire entry to wire
exit from the workpiece, as a result of displacement, dripping
away and grain fracture, as measured from the location of the

20 wire entry, a progressive depletion of the abrasive 8 occcurs,
as is illustrated schematically by curve 24 in the diagram S =
S({L) in Figure 2. The depletion of the abrasive, the total
cguantity of the chipping work carried ocut over the wire
engagement length in the gap on the workpiece and the total

25 gquantity of shear work carried out over the wire engagement
length during the movement of the wire against the viscous
abrasive lead to a temperature that increases from wire entry
to wire exit in the sawing gap in the wire longitudinal
direction. This is shown schematically by curve 25 in the

30 diagram T = T(L) in Figure 2.

Figure 3 differs from Figure 2 in particular in that the wire
running direction, represented by arrow 9, is reversed and runs

from right to left. Curve 27 gchematically shows the



25 invention comprises, in addition to the apparatus shown in Figure 1, a left nozzle 29 and a right
nozzle 32. These nozzles are arranged below the wire web 11. The distance between the nozzles is
dimensioned such that the workpiece 15 has enough space between the nozzles when working
through the wire web. 30 The nozzles 29 and 32 respgctively form an elongate, for example cylindrical,
comb whose axis 41 and 42, respectively, is parallel to the axis 14 of the workpiece 15. The comb
consists of a multiplicity of punctiform individual nozzles or 35 is embodied as an elongate nozzle slot.

The lengthy oE the: Jifcnezzles 29 and B2andihe.adalarangement thereof 5%1%2&?&%@@ web 11 are
such that the web is spra{ed over its entire width, 5 In the example of the method according to the

invention 2§ 3A6WNY N EGUrEE. Yie afre PaNE thiCalP RS wiré sEcffors! i thefvétie1 move from the
left, the alrasiversupphebeing:stippeddway epoaydre-antry ke the workpieee ithezoner2éand
being acc lated. The abrasive. is sprayed onto the web .10 from above by the nozzle 19. In this
phasge, on ym[ eeingéd'zai é% is?ifsw?{c %d gﬁ)%%ﬁ)%ﬁ'nel\?vté 31 ﬁ’hvér%roz%leegfistt%a{;ﬁgzzle below the
web Which &csitubgad eppusiteterangeside of isewiresseetishs andsprays the coolant with a jet 30
from the side and from below into the slicing gaps 13 in the workpiece 1515. Since the slicing gaps are
narrow and become very deep with increasing progression of cutting, the coolant s%rayed in

penetrate 158 e $IiGHG Gaps Bty t0° cBhai hifg S = S{L) of the abrasive

and the profile T = T(L) of the temperature also change with
the length of wire engagement. If the workpiece has the
10 cylindrical form shown, for example, the wire engagement length
L changes in a manner dependent on the path length of the
feeding of the workpiece. Figure 4 shows the insﬁant of sawing
into the workpiece, at which the length of wire engagement L is
particularly short. Accordingly, the distribution 37 of the
15 abrasive and the profile 38 of the temperature over the short
wire engagement length L are comparatively low. At the instant
of engagement (the beginning of cut)}, however, the change in
the guantity of abrasive and the change in the temperature are
congiderable.
20
Figure 5 shows the distribution 8 = S(L} of the abrasive and of
- the cooclant and the profile T = T(L) of the temperature over
the wire engagement length L when carrying out the method
according to the invention. The apparatus according to the
25 invention comprises, in addition to the apparatus shown in
Figure 1, a left nozzle 29 and a right nozzle 32. These nozzles
are arranged below the wire web 11. The distance between ths
nozzles 1s dimensioned such that the workpiece 15 has enough
space between the nozzles when working through the wire web.
30
The nozzles 29 and 32 respectively form an elongate, for
example cylindrical, comb whose axis 41 and 42, respectively,
is parallel to the axis 14 of the workpiece 15. The comb
consists of a multiplicity of punctiform individual nozzles or

35 ig embodied as an elongate nczzle slot. The length of the



20 thus only in a certain region 31. As a result of the coolant being sprayed from the side and from
below into the slicing gaps, the region 31 acquires a particularly large area and the cooling effect of the
jet 30 of coolant becomes particularly effective. The distance 43 between the nozzle 32 and the web
25 11, the distance 44 between the nozzle 32 and the surface of the workpiece 15 and the width 45
and angular orientation 46 of the jet 30 of coolant are preferably set such that a temperature-regulated
region 31 arises in the slicing gaps, which leads to a profile T = T(L) of the temperature over the 30

wire engaggment lengsh Lnuith thesgreatest possible unifermity s« Thecoolantis praferably a slurry
of cutting-active hard substances in an aquequs or oil-containing or glycol-containing 35 carrier liquid.

Particularly5rel&i 2oy 1 EodiiitusetRis a- 48 Gy havingHAd SanfeSompdsitiithd e abrasive

sprayed onigitite.wire web from above. If such a slurry having the same composition is used, the 5
spraying of the coolant also has the effect that the side depleted of abrasive receives additional

abrasive. This then results in a distribution S = S(L) of abrasive and coolant over the wire engagement
lengthA L whicH:-BErrésisotitsetofie tufverey Bad is panicdiaty dgriforme 10 THeneftezake 29 and the

right nozzle-34,are preferabhe aganged syeh-that thejgaxes 41 and 4%,and,the.axds ddiefthe;
workpiece 15 form the corners of an isosceles triangle, in which the axes 41 and 42 form the base and

wherein sEifbd&Fruhs PiTiffel 16 Tk Wite sktlions bRfheRiraSversL Fupply being

stripped away upon wire entry into the workpiece in the zone 26
and being accumulated. The abrasive is sprayed onto the web

16 from above by the nozzle 19. In this phase, only the nozzle 32
is switched on below the web 11. The nozzle 32 is that nozzle
below the web which is situated opposite the entry side of the
wire sections and sprays the coolant with a jet 30 from the
side and from below into the slicing gaps 13 in the workpiece

15 15.

Since the slicing gaps are narrow and become very deep with
increasing progression of cutting, the coolant sprayed in
penetrates into the slicing gaps only to a certain depth and
20 thus only in a certain region 31. As a result of the coclant
being sprayed from the side and from below into the slicing
gaps, the region 31 acquires a particularly large area and the
cooling effect of the jet 30 of coolant becomes particularly
effective. The distance 43 between the nozzle 32 and the web
25 11, the distance 44 between the nozzle 22 and the sgsurface of
the workpiece 15 and the width 45 and angular orientation 46 cof
the jet 30 of coolant are preferably set such that a
temperature-regulated region 31 arises in the glicing gaps,
which leads to a profile T = T(L} of the temperature over the
30 wire engagement length L with the greatest possible uniformity

£0.

The coolant is preferably a slurry of cutting-active hard
substances in an agueous or oil-containing or glycol-containing

35 carrier liguid. Particularly preferably, the coolant used is a



In the example shown in Figure 5, only the nozzle 19 on the entry side of the sawing wire 1 into the
workpiece sprays abrasive 22 onto the web 11. The nozzle 20 on the opposite side 20 remains
switched off at this point in time. Owing to the current wire movement in the arrow direction 9 from left
to right, abrasive sprayed by the nozzle 20 would be,fransported away from the workpiece by the
movement of the wire sections and would not manifest a slicing effect in the slicing gap. 25 Alternate
spraying only from that nozzle 19 or 20 which respectively lies on the side of the current wire entry into

the workpiece.is-pdvantageos sincent savasprasive, Flgure A shows, complimentarily to Figure 5,

the situation if 30 the Wif&eg%ections move from right to left in the arrow dailrection%?N(%/ onlyq[ e nozzle
29 situateliBppBLiE tHEBniry SUSEAKE wire sections is switched on below the web 11. Through said
nozzle, coolant is sprayed with a jet 33 into the slicing gaps 13 of the workpiece 15. Depending on the

distance %bgtw en the nozzle .29 and the.web 11, the distance between the nozzle 29 and the
surface of:l.t uc%p%cgellg e Width Shdthe ahgurar BReRtAtion oF the fet $34Hd Hitvolumetric flow

e wor
rate of theSje¥ 83 vrgoslant e parielisnly effeetvélyS teheperdtteetedqulatedregioni® arises in the

slicing gape3Theredaresglaadn-ihe case ofa dirggtion oftheimgyement,af theywire sgetions that is

directed o gositely by comparison with Figure 5, this results in a temperature profile T = T(L) over the
wire engagefeht fenigth T \WHRhCHEEpERdSITthe F0 e Toratd S ahcuISAy LTSRS
coolant istisedwihasescompesitian coeagponds tenbahotibeahsasiva sised, thedistibution $ = S(L)
qf abra&vg&pdi%o %@t%%\éeﬁfg% fvllfreu%r}%acglenrp_ent length L, which corresponds to the curve 35, is
likewise very uniform. 1
10

The left nozzle 29 and the right nozzle 32 are preferably

arranged such that their axes 41 and 42 and the axis 14 of the

workpiece 15 form the corners of an isosceles triangle, in

which the axes 41 and 42 form the base and wherein said base

15 runs parallel to the wire gectionsg of the wire web 11.

In the example shown in Figure 5, only the nozzle 19 on the
entry side of the sawing wire 1 into the workpiece sprays
abrasive 22 onto the web 11. The nozzle 20 on the opposite side

20 remains switched off at this point in time. Owing to the
current wire movement in the arrow direction ¢ from left to
right, abrasive sprayed by the nozzle 20 would be transported
away from the workpiece by the movement of the wire sections
and would not manifest a slicing effect in the slicing gap.

25 Alternate spraying only from that nozzlie 1% or 20 which
respectively lies on the side of the current wire entry into

the workpiece is advantageocus since it saves abrasive.

Figure 6 shows, complimentarily to Figure 5, the situation if
30  the wire sections move from right to left in the arrow
direction 9. Now only the nozzle 29 situated opposite the entry
side of the wire sectionsg is switched on below the web 11.
Through said nozzle, ccolant is sprayed with a jet 33 into the

slicing gaps 13 of the workpiece 15. Depending on the distance



The method according to the invention preferably comprises single-wire multiple slicing lapping carried
out according to the pilgrim step method, and a pilgrim step in the method according to the invention
preferably consists of a sequence of 20 the steps illustrated in Figure 5 and Figure 6: In the first partial
step, the sawing wire runs from left to right in the arrgw direction 9. In this case, a jet 22 of abrasive is
sprayed onto the web 11. At the same time, the 25 right nozzle 32 arranged below the web 11 and
situated opposite the entry side of the wire sections is switched on and sprays a jet 30 of coolant into

the regiono3t etthe slicinggaps ¢32Bhenazzle20wmranged abpvethenuire-wehanckibe nazzle 29
arranged gelzo%thezvge%gcrie Ewgcge%ggf in the me ntime. As an 30 alternative to this, the nozzle 20
arranged ab6ve the Wire Web can af50 Be Switched on. 1R tHE s8E6nd partial'Step tHe s&Rig wire runs

from righttbdefengtiis case l@jsta23icfabrésitbds Jprayed omaltherds webubis tAtthe Same time, the
left nozzle-29 arrapged belqw the, 20:-web 11.and situated pppasite t _%%%ye%@%%ﬂfhwife sections
g

is switched on and sprays a jet 33 of coolant into the region 34 of the $licing gaps 13. The nozzle 19
arrangyed BBREHREAWITE WSPEAG H5En6 294 32 atfarjetisstowth& e bsdre S BWiteifaPoft in the

meantimeTAs:afE alternativesto this, the nezzle 1orasangedabavhtherwira wahsamalge herswitched
on. The ogbgmum. distanceg betwe%% é@’e mozz%es 29 an res&et’:tiyﬁgfz and the web 11, the optimum

distances betwéan the nozZ16s 29 and respectively 32 andthe 2hiface of the BT the optimum
width andviirgyldrigrisrgation 6fthe jeed8:and réspettively3raraitiee pptiniumhevdiumetritLflow rate of

coolant spyayed thigugh the pazzles £9.andiespectively,32 ase 98&%@1&%%%@ PAplg, by test cuts

with in each case varied arrangéments with assessment of the resulting temperature distribution by

mealts of thERMABINRRfng EakRFE ARY 1RE fesurBAEaERibuTBnDf SBPIASHE aRé cBERML by means of

measuring theswedgesoafigurat oo sif the sligesohtaineddn the wingdoagitudinaldirgstian. Sueh an

Opmnuaﬂ89§%¥ﬁ%%tion S5 = S(L) of abrasive and coolant over the wire
engagement length L, which corresponds to the curve 35, is
likewise very uniform.

i5
The method acceording to the invention preferably comprises
single-wire multiple slicing lapping carried out according to
the pilgrim step method, and a pilgrim step in the method
according to the invention preferably consists of a seguence of

26 the steps illustrated in Figure 5 and Figure 6:

In the first partial step, the sawing wire runs from left to
right in the arrow direction 9. In this case, a jet 22 of
abrasive is sprayed ontco the web 11. At the same time, the

25  right nozzle 32 arranged below the web 11 and situated opposite
the entry side of the wire sections is switched on and sprays a
jet 30 of coclant into the region 31 of the slicing gaps 13.
The nozzle 20 arranged above the wire web and the nozzle 29
arranged below the web are switched off in the meantime. As an

30 alternative to this, the nozzle 20 arranged above the wire web

can also be switched on.

In the second partial step, the sawing wire runs from right to
left. In this case, a jet 23 of abrasive is sprayed onto the

35 web 11. At the same time, the left nozzle 29 arranged below the



20 performed individually for a type of saw, since the number, size and distance of the wire guide rolls
(web length), the type and arrangement of the nozzles 19 and 20 and also the thermal conditions of
the surrounding machine housing are different depending on the design series and, consequently, 25
have a different effect on optimum cooling and distribyition of abrasive and coolant. The optimization
can also accompany production, that is to say be effected without any loss of yield through test cuts.
21 Claims: 1. An apparatus for simultaneously slicing a multiplicity of slices from a workpiece,

comprisinggyire, Bt east twe 2.ediadreayuire guidedolls arranged borizontally grd parallel with
respect to one another and mounted rotatably about their reSpective axes and having grooves, and a

feed deviGE WHEBM the vite s tide®Th HEyBBYEY Srdtindtthe Wir@§uiteFordSudifat Bhe
horizontakweti semposed of asmaultiplidifygofaaire: Jo Sectivnrs tunnitigparallehtoonpsanather-and in

one plane s present betwesn ihe yire.guids rolls, furthermore camprising, fist nozzles, which are
arranged above the wirs gw&é rolls, for spraying an Abrasive onto tha wire sections and second
nozzles, whith ahedrrahfed heldie tieea@b agallel o e axdseatthb ivike uidehdks, féhspraying a

coolant infp,slicing gaps, o eqwarkpieeafremdhe side ang,frogibelows 3,A methed\fof on .
simultaneously slicing a multiplicity of slices from a workpiece, comprising

The optimum distances between the nozzles 29 and regpectively
32 and the web 11, the optimum distances between the nozzlesg 29'

10 and respectively 32 and the surface of the workpiece, the
optimum width and angular orientation of the jet 30 and
respectively 33 and the optimum volumetric flow rate of coolant
sprayved through the nozzles 29 and respectively 32 are
determined, for example, by test cutg with in each case varied

15 arrangements with assessment of the resulting temperature
distributicn by means of a thermal imaging camera and the
resultant distribution of abrasive and cooclant by means of
measuring the wedge configuration of the slices obtained in the
wire longitudinal direction. Such an optimization is to be

20 performed individually for a type of saw, since the number,
size and distance cof the wire guide rolls (web length}, the
type and arrangement of the nozzies 19 and 20 and alsc the
thermal conditions of the surrounding machine housing are
different depending on the design series and, conseguently,

25 have a different effect on optimum cocling and distribution of
abrasive and coolant. The optimization can also accompany
production, that is to say be effected without any loss of

vield through test cuts.



20 holding the workpiece with an axis of the workpiece parallel to axes of wire guide rolls of a wire saw
by means of a feed device of the wire saw; moving the workpiece by means of the feed device
perpendicularly from above through a web of the wire saw, 25 wherein the web is formed from a
multiplicity of wire sections running parallel to one another and in one plane; supplying a slurry of hard
substances in a carrier liquid as abrasive to the wire sections while the wire sections describe a
relative movement with respect to the workpiece as a result 30 of rotation of the wire guide rolls with a
continual ghange.in the direction of rotation, which relative movement guides the wire sections from an
entry side to an exit side through the workpiece;  spraying a coolant from the side and from below
into slicing 35 gaps that arise during the movement of the workpiece through 22 the web, wherein the

coolant is sprayechihreightnezzes inka the skigiaegans: whick areyaganged Dsiow the,wek parallel to
the axes of_the wire.guide rolls nd wherein the coolant is s%a ed into_the slicin ‘%gaps only through

the nozzleséiﬁfaeigd opposne? %n?r?%ldecgf%EW?‘élge& ns! ajfh&?r?&ﬁo& S claimed in claim 2,
wheréin adfutthersiung of hWars sghstdacesinls carriertigeid ibusedasthe tpoland. 1&4aThe nethod

as claimeg}in glaj 3, aherein teﬁ@bg%%\e%g%@t%%@%ﬁﬁ@@%ﬁ%@Qsi?( idsntical properties with

the exception of the temperature 5. The method as claimed in claim 2 ot claim 3, wherein the 15
abrasive FSSPETF THEECGBIET ol RVELHe SFReTEfiperdiied oL a3 MetHoeras waRied h claim 2
or claim 3y whexgipdha abeasi\iedsachand hereoolantusadnave differenttempeialuress1is

such that a horizontal web composed of a multiplicity of wire
10 sections running parallel to one another and in one plane is
present between the wire guide rolls, furthermore comprising
first nozzles, which are arranged above the wire guide rolls,
for spraying an abrasive onto the wire sections and second
nozzles, which are arranged below the web parallel to the axes
15  of the wire guide rolls, for spraying a cooclant into slicing

gaps of the workpiece from the side and from below.

2. A method for simultanecusly slicing a multiplicity of slices
from a workpiece, comprising

20 holding the workpiece with an axis of the workpiece parallel to
axes of wire guide rolls of a wire gaw by means of a feed
device of the wire saw;
moving the workpiece by means of the feed device
perpendicularly from above through a web of the wire saw,

25 wherein the web is formed from a multiplicity of wire sections
running parallel to one another and in one plane;
supplying a slurry of hard substances in a carrier ligquid as
abrasive to the wire sections while the wire sections describe
a relative movement with respect to the workpiece as a result

30 of rotation of the wire guide rolls with a continual change in
the direction of rotation, which relative movement guides the
wire sectlons from an entry side to an exit side through the
workpiece;
spraying a coolant from the side and from below into slicing

35 gaps that arise during the movement of the workpiece through



20 7. The method as claimed in claim 2 or claim 3, wherein the temperature of the coolant is altered
during the movement of the workpiece through the wéb. 8. The method as claimed in claim 7,
wherein the temperature of 25 the coolant is altered in a manner dependent on an engagement length
of the wire sections in the workpiece. 9. The method as claimed in claim 8, wherein the temperature of
the coolant is increased as the wire engagement length 30 increases, and is reduced as the wire
engagement length decreases. 10. The method as claimed in any of claims 2 to 9, wherein a

volumetri W o] r in.is kept t 35 during the_ movement, of the
Workpiec:e(;t 'Ejrl]%oﬁ @r%?t'hefz"\I v%gﬁcggl??nﬁﬁg Tar%é?ﬁ”llegtﬁ%d %% c%g%%ﬁga%%y%?%mgozz t%)%fiswﬁélr%?n a

volumetricfiSw At df e T8t YpiR FiRSs aKsrsaedwinecthewnsvemesioihsalorkpiete through

the web. &He2. Shesmethogas elaireedini elaimdly whesein theuolumetrs, lowate afithecoolant
sprayed in is altergd inam %ner ej;\)ﬁendent on the wjre engagement length in the workpiece. W 13.

1S8R Cralth T2, 3 HE2irP RS STtmétric Fot Pate OHth &' B8 GIARt SprayaEFtis

The meth88 a5*Craime
incredsedcaptheivite engagernemt lehdth imEredsesyand isrecutedas the wire engagement length
decreases. 14. The method as claimed in any of claims 2 to 13, wherein a single crystal having a

diameter of at least 450 mm is used as the workpiece.
3. The method as claimed in claim 2, wherxein a further slurry

. of hard substances in a carrier ligquid is used as the coolant.

10 4. The method as claimed in claim 3, wherein the abrasive used
and the coolant used have identical properties with the

exception of the temperature.

5. The method as claimed in claim 2 or claim 3, wherein the

15 abrasive used and the coolant used have the same temperature.

6. The method as claimed in claim 2 or claim 3, wherein the

abrasive used and the coolant used have different temperatures.

20 7. The method as claimed in claim 2 or claim 3, wherein the
temperature of the coolant is altered during the movement of

the workpiece through the web.

8. The method as claimed in claim 7, wherein the temperature of
25 the coolant is altered in a manner dependent on an engagement

length of the wire sections in the workpiece.

9. The method asg claimed in claim 8, wherein the temperature of
the coolant is increased as the wire engagement length
30 increases, and is reduced as the wire engagement length

decreases.

10. The method as claimed in any of claims 2 to 9, wherein a
volumetric flow rate of the coolant sprayed in is kept constant

35 during the movement of the workpiece through the web.
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11. The method as claimed in any of claims 2 to 9, wherein a
volumetric flow rate of the coolant sprayed in is altered

during the movement of the workpiece through the web.

12. The method as claimed in claim 11, wherein the volumetric
flow rate of the ceoolant sprayed in is altered in a manner

dependent on the wire engagement length in the workpiece.

13. The method as clazimed in claim 12, wherein the.volumetric
flow rate of the cocolant sprayed in is increased as the wire
engagement length increases, and is reduced as the wire

engagement length decreases.

14. The method as claimed in any of claims 2 to 13, wherein a
single crystal having a diameter of at least 450 mm is used as

the workpiece.



