A Method for Resuming a Wire Sawing Process of a Workpiece after an Unplanned Interruption The
present invention relates to a method for resuming an interrupted process for sawing a workpiece into
a multipl city of wafers with a wire saw. The method according to the invention will be explained here
with reference to the example of. a process for saV\{ing a workpiece of semiconductor material into a
multiplicity of wafers with a wi.re saw, although it is also suitable for workplaces of other materials. For
electronics, microelectronics and micro-electromechanics, semiconductor wafers with extreme
requirements for global and local planarity, one-side referenced local planarity (nanotopology),
roughness and cleaAn¥es-hraindedeRes staitigy adfénals $smbistimt@s)oSerscantiuctor wafers are
wafers of semiconductorﬁgggglgigjascén Q@r{@glaglgog}pg&mnseeéni%@%%%?ﬁ%g as gallium arsenide
and predominantly elementary semiconductors such as silicon and sometimes germanium. According
to the prior art, semiconductor wafers are produced in a multiplicity of successive process steps: in a
first step forexamplera single-erystal (red) of semicondugtorimaterial-is pulled by the Czochralski
method or a polycrystalline block of semiconductor material is cast, and in a further step the resulting
circular-cylindrical br block-shaped workpiecé of Sefhicondutor matefial (ifgdty is cdt into individual
semiconductoraiafers by wireasawing. Wire-saWs: arectsedincorder toicut & muttipticity of wafers from
a workpiece,mane of semiconductor.material DE 125.77,107.12 and US-5,771,876 desgribe the
functional prinhiple of a wire saw which is suitable for the production of semiconductor wafers. The
essential TonfUGHENS of thdsed dawintiule a hachine framg™a Forwvird féed delies and a sawing
tool, whichr: conbis ts of awebr (wisrecweb):of paraliel wirezsections sEhe spacintgof the:wires in the
wire web depends on the desired, target: thickness of..the wafers to.be cut, and for semiconductor
material wafers is for exahylé from 100°to 1000 pm. 101 47 434 B4 describes a. method for cutting
wafers of.  conductor material from a single crystal., the single crystal being rotated about a.
longitudinal.raxis during the-eytting et the.semiconductarwafers while penetrating intg the sawing
wires of two ire webs of a wire saw, the.sawn wafers of semdcondector mater.iai havi.nq parallel
rotatetxical-Curved Siffest in §énérar tiie Wire Web 7 formed by & il ficity of &' °Prefsetitions wh.ich
are tensioned:between-atieast twoguide rollers shide reltérs being notatablybbunted and at least. one
Oth€ﬁ1b@ﬁg£%QQ¥%hgwy)’ roughness and cleanness are needed as starting

materials (substrates). Semiconductor wafers are wafers of

semiconductor materials, in particular compound semiconductors




sectionb may beloa single finite wire, which1 is spirally around thb system of rollers and .i

.anwound tic

3k speyi onto a receiver spool. Patent. spec.cation 101, on the other hand, di.scloses a wire saw in
which ty of firare provided and each wire wire web is-ssighed to coed:Ca 522 542 Al also discloses a
wire saw in which a mul.tipli city of endless wire loops run aroutern of wire-guide ro, the workpiece is
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4s bl)43(4 hT. r ai..i.. a]. no one an okher. wire web is breyab about: by meanb of a forward phehe
agatnst the wire web, or the wcykrhand the When the wire web penetrates into the workpiece,
according. to the prior axt, for. a defined time and with a particular speed, a. defined length of the
sawing wire is fed forward (wire forward) and a further defined length is fed back (wire backward), the
backward length. WEL generally beibq shorter than the forward length (NFL) This sawing method is
also referred to as a reciprocating movement method and is disclosed, for example, in 26 39 40 691 Al
and in U$;2010 1630,10.142,.621,7 70017131 teaches thbt g fopward..movement and a hackward

wr

movement are carried out when. sawing a workpiete with. a wire saw, the length of the wire during the

backward nfovement (Whit) being shortet thai the WEingliff of oheé wird’ddiairg theforvara Sn(WITT).
PE 11 2003:003:32LiTi discloses, for remaval of the:wire web from & sawn-workpiefle, a wire running
length in the forward arj__% bgc%v{garrgqq‘igecg:é}qqsprespggt{iy{qu} of im _Q,r._leis_s and a wire running speed of

,,,,,

2 m3mib or feV\]sﬁsT.:%eﬂsiéwing of a workp.W3ce info many wafers With a. Wire saw is carried out in the
presence-ofaliguid cuttingemediuly whdchrinterralmalis anto-transporbthe matariat abrbhed=y the

sawing wirg:out of the-sawing kerf, and;accerding ta. the, prior, artis applied, onto the sawing; wire. If

j- St )

the sa,/Prig wire is covered. with. an abrasive coating, for example diamond, a. cutting medium
without. ffée brasive’is geheratiy used” WHeH liSing “Wirg ‘sais coniprising a%sawinb wire
w-ithoughmmded-gbrasivefthetabxasiveisinthig-form:ofiazsuspensiarn (cutti(1:g TLeCCI"M
suspension., sawing slurry, sliwrry) during the cutting. process. 4 to a sawing strip into which. the
sawing wire outs at the end of the process. The sawing strip is for example a graphite strip, which. is
adhesively"bonded ‘or'ceménted o -thedateral face o thexwerkpistenThe orkpiecewith-thecsawing
strip is then-cemented on a-supportbody. Afterthe cytting, the resulting. semiconuchoy; wafers remain
fixed on the sawing strip like the teeth of a. comb, and can thus be removed from the wire saw.
Subsequéitly, thé femaikiig'sawing Strip is Sepatatddfromthe “SericormApatcr Wafehs = -

Deing anoytery CThan tne Lendtn o6 the wire Qurin g the Iorwarda

DE 11 2008 0032 321 7% discloses, for removal of the wire web
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The prdduction of semiconductor wafers from workpeces made of' semiconduptor material, for
example from a circular-cylindrical rod of a single crystal or a chbojd polyorysta line block, places great
demands on. the wire sawinp. The aim of the sawing process is generally for each sawn
semdconductor wafer to heve side faces whicn areas planar as possible abd. Lie parallel to one
another. Deviatione frcmi the ideal wafer shape are described, inter alia, by the parameters warp and
bow. The so-called warp of the wafers is a known measure of th.e deJfation of the actual wafer shape
from the Qesjrecd_qig@gl(w_sh?apye{ ghg_wg}rpﬁh‘:egil\d gggerglly amount to at most a Tfevy.,microm_etegs (pm).
The bow is a measure of the Convex or concape deformation of a wafer an should in general: be at
most a feWemicrprireters Kprfip SFhe warp andbowsoithe wafersoare eskenizally caused byra relative
mvem.ef, of the:sawing wire,sections relative to thewarkpiecp, which. takes ¢ f.ace in.thg axial
direction with tespiem to tho, workpHece in the course of the sawinp process. This relative movement.
may for example bE thé Te-,. 28ult o ctitiriy foréeb Whictocttir dlfing the SawihgbHxial
displacements ofctherwire guidecrolieiscdue. torthermal-expabsmon; bearing plajs or thermal expansion
of the workplace, Jicalion. u3,2010/0089377A1 teaches a method forgutt .,  ; , Of wafers from a
workpiece, in which the warp and the bow of the wafers are reduced. To fl.i i end, the displacements of

correspendingly: adapted_ Buring he, cutt ineurian.ical and thermal Cl d.from-a; warxplete,stronb of
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The bow iLs a measure of the convex or concave deformation of a

and should in general be at most a few micrometers (um).
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-process dub to wirea .ng (wire fracture).  order to askages when cutting a workpieceto a. iicu iH)iJtj
rniOcfwire web, laid-open specification DE 10 2011 008 397 Al teaches oneicarn.on or a. torque
detectdon device on the stationary. a. x |. a ot a deflection pulley, (i,ly llar pa term..il.a strbss the saw
I.Lire c a.n. J(ofded. After a wire breakage and switching off of f.1] wire saw, thb workpiece and the
wire web are separated from one another. To this end, for example, the wor:kpieo.e may be removed
upward from the web. After repair, the workplece is reintroduced into the wire web, optionally with

minor meyement.of the sawing, wiies in the.presenee of the cutting medium,, The:interrub Cutting

oy thermal expansion of the workpisce.
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of the wire sawi inca 2he sawln the workplece cool rocess shf as brief ccb. raction of the sawing
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wire a avoid contrao ...on of th.e heated saw.i.ng wiresand on unplanned shutdown, publication 01 11
2009 001 method for rPSUirdioperrinonor a. wire saw, ring the unplanned )2rmitdown, thermal
reou fation of of the releof the mire saw (sawing ) is ensuredr medium. )) In addition, a oiso.Eac.ement
magnitude r07.,t. n.e ouide rolls of wire web, whimh cbrresponds to the ddsplthe workplece on .) n tet
run tifwf k is set. 1 n the axial direction. For 25-suming II::, h as awl.og pro Ein owe var, the teacl) n.9
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Wlre 2aw, COMmpIrLs

SHAWLNg wire 3 1S5 anwound

movement and guided over at least one rotatable deflection

5ointo the ¢ LT SAWIngG Kery 5
with the addition of a Liguid sawing medi

or Lhe Workpiece 5,

Lo a ston,

ia moved

movement and a backward movement oorresponding

cycle 7, and during each forward movement, every oth




publication DE 11 2009 001 7 7 T5 dons not take in t.ccoun.t. the fact thatsawing wire has at least.
partial]) of wear athan bef.ore the pflo wafers are n@ longer suitable for further processing owing to the
inferior surface topography. It is this problem which gives rise to the object. of the present. invention. It.
was an object of the jinmmitalon to provide a method which, in the event of an. unplanned process
interruption during the wire sawing of a workpdece of semiconductor material, avoids negative effects
on the surface topography of the sawn wafers of semiconductor material when resuming the process.
The object'is Aehieved by e ‘method forfresuniifg ah ikterrepted process forsawibig a'wérkpiece 5 into
a outof wafergwithra wire saw, compxisng asawing. wire<whichispans;a-wire.web 4 gonsisting of
‘many wire sections adragged parallel, t sawing wire 3 is unwound from. a feed spool la with a. forward
movement and. guided over at least one rotatable deflection. pulley 2 into tbo wire web 4, leaves tho
wire web# againviaat least ongdurtherrotatablecdeflection pulley 2yistwound: ontoias take<hp spoo..
lb and, befere, the inthe sawing wire, 3 is. mcyed@temale[y qmdgflnedume intervals fat vya,rd by a.
lehgth LI and backward by a Iength L24 in. order to resume the bytearupted process, the wire web 4
penetrates by foritdrd ovement With[° 4 first'spob®d vicof~ the?dawing Wife 3 intothe exisMing sawing
kerfs of G;Pa workpiace 5-with the:additionief ayliquid sawing medium of the.sawingwire 3 until the
wire web 4, or the wgrkplace 5, has reached the posmon of. the inter- ructlon of the er sawmg
process, and the S sawmg Wire'3 comestto a top witerein, when resumlng‘the sawmg process, taa
wine 3 is toved-alterbaMelyrincdefined time intetvals:forward: by=a hingth: L3 with a apeed v and
backward by a length L4 with a speed. Y, L4 being less than. L3 and a forwamd movement and a
baokward movement correspondlng to a cycle Z, and during each forward movement, every other.
forwamd friovemént or dfter An&rbitrary Hunibet of Frward moverfierts the wily “4érgth £ 3%hwound
during the forward moevement-is rinereased, unti the wirelengths: L3 corresppnds to:thewire lepgth 1A .
of. the forwa[d movement before the mterruptlon A wb. aplece isa geometrlcal bod.y havin.g a
surface con§|§f|r‘ig of af least two paraﬂel plane* aces (end faces. 5 and alateral face, which is formed
by parallel straight lines. In the case of a circular-cylindrical body,end faces are circular

A workpiece of semiconductor material is a single ory T or &
crystval of semiconductor material, the semiconductor =rial
vsually being silicon.

The semiconductor material wafers sawn from the werkpiece of
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according to the prior ! ihe jing wire 3 18 guided from a
fead spool la via at least one into & wire
web 4. The wire web 4 Wil
sections, which Lnto 1
workplioce dur The wire

out of the wire web 4 is at least one further
deflection pu 2 onto SLOC Ik 0 By (wire

forward, W) . When the sawling wire 3 1g wound back (wire
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areas and the lateral face is convex In the case of a cubcp cylindrical workplace, the lateral face is
pEanar. Although the presenton relat '3 rimari sy to wp rkp..ieoes of semiconductor
materienevertbeiess uccanl.e for sawing a. workplace of any desired m pie or semiconductor
ma.te ri.e 1 icc as ngle crystal or a crystal of semiconductor materiwal, the semiconductor mat. (Hal
usually being stleitior processing. steps. a highly s1, :he thucture circular- ylindricai workptecc 5 ided
from a ‘Lley 2 into a wire muiripli 't.- of wire el and penetrate into

and the feed spool la becomes the take-up spool ib
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igure Zz shows the wire v (m/=2) for the oscillation

according to

function of time t during the wire

the reciprocating movement method. A cycle 7 of the wire
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in this case comprises the period of acceleration

wire at thne start of the forward movement {(wire
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(PHIL. The wine leash one further. Ib (Ib) wound be c k. (wire me cc the feed 5000l and the feed spool
la becomes the ake-up spoo Ib in the wire forward step. Figure 2a shbws the wire speeds v Km /s) for
the oscillation (forward and backmaru movement) of roe Occe Inc ware 3 as a. function of t.Ime t
during the wire sa.wiacg process according to the reciprocating movement method. A cycic 2 of the
wire oscillation in this case comprises the period of acceleration of the. sawing wire at the stadt of the
forward. movement.. (wire forward) at time th until the end of- the hackmard movement directly 5
owing on from t.he ferward, meverment of thexwire Scivinierto8. Aeeoldingly pa.zcyele 2 is-temposed of a
forward mqvement, phase, w 1. retq,nva rd, WF) and,a ha c kwa.rd movement, (wire backward, WE).
Figure 2h shows the wire oscillation, inrocat movement' method according to the inentioh toc resuming
a wire. sawing préiéess-after ab unplanned shutdown. - tn.L3 unwound from the feed spool la.
inforwaih di rec. td on K) becomes longeheach cycle until Li is equal toln t embodiment shownof
example, th% {l_,"’irw‘?il?é‘gtb@y Wo%nd_ back from th takebqpﬁ%)%gl IQ in the ,b,ackwa[q_ (g._iirgctiotpf(WE')

hechmes longer i each cycle uhi_ T'Lii.¢ equal to'L2, Li being shorter than 13 (ot shown).

parallel wire sections which are fensioned between at least two

(and optionally three, four or more) wire guide rollers 6, the
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wire gulde rollers 6 being mounted rotatably and at Jleast one
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of the wire guide rollers & being driven. The wire sections
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_tqure 3 schematicalthe profof the surface. of a a em I. con Gu. 0. tor materna] wafer. sawn tram a
workpiece 5. The dee groove in Fig. 3a is a result of the resumption of a. wi. Ice sawing process after
ah unpl a.nneo s.nu tdown according to the prioi.lbnWprot resumption of a. wire sawing process after
an er,plchlrieci shutdo with. the me hoa accordth the invention.  the m hod according to thd
invention, a bonder saw is used. The workpto be sawn is TO sawing strip, which is clamped with a
mounting plate in the: wire saw. The sawing of the workpiece is carried out wit.h a ware web 3. The
wire web 31of the wirecsaw:isiformed byca mthitsaty of parallekwire seetionss whichidare temsioned.
batest two. (and aptiopally three, four,or;more) wire guide rollers 6, wire.guide rollers 6 heing mounted.
rotatably and at least. one of the wire guide rollers 6 being driven. Thesections gennradbelongle finite
wire 3, which Ta=&idBa ™" @ L r6ind the'system ot roltérs aid isunvound from a feed spool (wire
-atoo spcla onto a tspool spoof ) Ib (Fig. la). The sawing, or -ene wire web 4 inc. o

The workpiece 5 to be sawn is fastened by means of a sawing
strip on a holding device (not shown) in such a way that the
end faces ba are allgned parallel with the wire sections of the

ing the sawing process, the forward feed device

itually directed relative movement of fthe wire
Workplece . As &
, the wire 3, to which
applied, works by material ercosiocn through orkpiece B to
form parallel sawing kerfs, with a comb resulting from the

waters peing formed.

The wire sawing of semiconductor material workpieces is

preferably carried out according Lo the so

movement method (wire oscililation method, pilgrim step motion

18 to say the sawing wire is moved alie:

e T et FER e P
LoYWwara and Dackward in Uhe wire welD Dy oA

a defined time period with a constant speed v of the sawing
wire 3 and & deceleration phase until the sawing wire comes 1o
a stop, and & backward movement phase WBZ, comprising an
acceleration phase in the opposite direction, a defined time

the sawing wire 3 in the

OPPROos ation phase until the szawing

i} Iy

wire comes to a stop, corresponding to a cycle Z (Fig. Z2a).

me t., t Wire X018 aQ¢ in

on (W speed v is reached. The
moved forward in the time interval o o

constant V. In the fime period bt b




workpiec 5 is car) El outforward feed dev moves the workpsece 5 against. the wire web 4, against the
workpaec:ebor the workpiece against one another. (eutming movement.). sawing wi €3 is wounca from
a feed spool onto a takauu spool Ib (Fig.. Ib). rnzies (not aown Both te saws in r) contaxediy bol ye a,
for. exampdeca m or all I.con carbine, ands saws in. which thesaw' not have an abrasive: co suspense
onto theing wire dux I.. rag or be.fore: the sami suitable for the method accordthe in "Yen All ligpid
media according to the prior art are suitable as cutting media_ Preferably, glycol, oil or water is uhed
as a. carrer‘materiatand:silicorecaibidelas abrasivesawing wire 3 in the backward

direction (WE} is accelerataed to a speed v until time ts, the

Dackward movement of the sawing wire 3 taking place with the

f

constant speed v until time t,. In the time pericd t, to Loy,

(

e DaCkWara speed 15 reduced Tood m/s (Fig. Za).

he speed v or

15

£~ Ty e v . RS
ol the sawing wire

preferably b - 20 meters per second (hereafter m/sa},

4 e

particularly preferably 10 - 15 m/s.

While the wire 3 is being moved in the forward direction in the

Lime anterval U Lo Thy (= WEL), a wire length L1 is unwound
o fon by my ol . .\ Ty . - - . I g e e N TR T o7 P,
from the feed spool 1z and a corresponding wire length L1 is
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wound onto Lhe taxe-up spool 1hb.

In the time period ts: to te: (= WBZY, in which the wire 3 13

S P T e A N S P P 3 S S - P o 4+ T Toer ws .
moved in tne bDackward ALrection, 4 Wire [2nNgin Le 18 unwound

agaln from the take-up spceol I1b and a corresponding wire length
L2 is wound back onto the feed spocl la, with L2 < L1,

The length LI 1s preferably from 200 m toe 500 m, particularly
preferably from 300 m fto 400 m.

. T

e length LZ preferably corresponds to from 30% to 90% of the
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SLnee Ly L8 snorier Uhan Ll W1THh 2ach sawing oyole 2 & deilined

(Linew) = L1 minus L2} of fresh wire is fed into

The time pericd for a ¢ycele 7 (= WFL + WBZ} is oconstant
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The workpiece 5 to be sawn is fastened by means of. a. sawing vtfip on a. holding device (not shown)
in such a. way that the end faces 5a are aligned parallel with the wire sections of the wire web 4.
During the sawing process, the forward feed device induces a mutually directed relative movement of
the wire sections and the workpiece 5. As a. consequence of this forward feed movement, the wire 3,
to which a cutting medium is applied, works by material erosion through the workpiece 5 to form
paxellel sawing kerfs, with a comb resulting. from the wafers being. formed. The wire sawing of
semiconductor materialaworkpiewes-is preferably “carred out accordingetosthe soscalled reciprocating
movement.method.(wire; oscillation.method pilgxim.step motion;methad), that is.to;say the sawing
wire is moved alternately forward and backward in the wire web by a suitable drive, with a forward
movement phasé 31E, tomprising’at’accelétation phasé, & defined fimetperiodiwith a. constant
speed v of the:sawing-wite: 3 anta decelerationphaseuntit the-sawing wire cormea:to . astoprand a
backward,;gg{vgmggt?pktllY‘,srg.,g\,[:\/?ggé g,orﬁp"%irswiing. art acceleration phase in the opposite direction, a
defined time period with a.”constant speedof the sawing wire 3 in the opposite direction and a
deceleration ph a.until the sawinp wire comes to a. stop, corresponding to a. cycle Z (Fig. 2a). From
time tee te timetb, the sawing.wire, 3.is. agee; harated in,the fopward.direction(WR) urrlL the- speed v. is
reached_ The sawing wire 3 is moved forward in the time interval tl to tk with. a defined and. constant
speed v. In'th&tifie' péridd’ .t5 Yo t2, thé forwalr speed is redticed t5 21/s (Fed 2a). Eronthifne try?,
the speed:-ofitisersawi.ngow.ire-3 im dhelbackward:direction (Wa)rig accelerated to acspeed v' until time
t:3, the backward movement of the sawinp wire 3.taking place with the constant speed v_ until time ti.
In t.h.e time pemiod t4 the 'backward sbepyrreduced0 mis (Fig. 24). The speed a _ V', respect.lvel y, of
the sawing Wireis preferably 5 - 20 meters per second (hereafter m/s), particularly preferably 10 - 15
m/s. Ph.: lie the wire 3 is being moved in the D rward Cirectmcthe time interval. thi to -WI1), a. wire
lengthunwoub from the feed spool Is. ann.a corresponding wire length Li is wound onto the take-up
spool Ib. In‘the fime 04r.iod tto 103 (2 W32),which? the' wjre 3 fdved in the 0ackwirb ditection, a wire;
4-h L2 is unweund sawing wire with a metal surface.

Im the case of a wire breakage, the Dbroken wire is removed

manually from the workplecse L necessary.

After an unplanned interruption of the wire sawing process, the

. N im, e g g g el B, ~ — T e v 1 i

5 ois removed from the wire welb 4.
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lhe resumption of the wire sawing process takes place atirer
repalr or opticonally the sawing wire 3 or the

resciution of another fault.

he resumption of an interrupted wire sawlng process begins

with introductlion of

the wire web 4
gawing kerts in the workpiece 5. The

Case

inly wound with & low speec

m/s, in the “wire forward” direction

through the wire web onto a take-up
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rTormed DY OUNe wirle seCllons arrancged parallel, 13 reintroduded
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into the workplece 3 1n the presence of fhe cutitlng medium

15 reached.




again from the take-up spool Ib and a. ccspondinp wire. length L2 is wound hack onto the feed spool
la, witch L2 < Li. The lencjth LI is preferapiy from 200,in to 500 m, partic.ul.arly preferably from 300 m
to 400 The length L12 preferably cc rre spon dci to30% to ILenot.h Li. length(new) (1,(new) = mr minus
L2) of fresh wire is feo. into web 4 in order ro minimize the Thene peri.od for a cycle Z (= P11W132) is
constant Jire sawing!Parc k breakage or another unplannedezca le an t h ea sawing process, thb wire
sawing process consisting of the wire drive and the cutting movement is aut.:omaticaiiy terminated and
the wire sSAWES brdughttoa stop it a. contrdlled-way: withircaflew setends:after thewiresbreakage or
other unpi.zg the signal for terminating, the, sawing.proeess, 1.3 triggered automatically by;at least
one monltorlng dewceﬁsnt- .ernaa to the system. A monitoring dbvice may, for example consist. of

wire sectlions of the wirfe welb 4 have Feached the upper end of
the respective sawing kerfs, the wire introduction process is
ended and the forward winding of fThe sawing wire ig stopped
(wire speed O m/is) .

In another embodiment, when the wire web 4, or the workplece 5

te be sawn, has agaln reached the position at the time of the

intervuption, the ras tion of the wire sawing

started without stoppling the forward winding of

W Yre
The resumplion 0 The wire Sawing process an unplanned

. 3oy - £ . e o W A Vo R
interrupticon is preferably carried out in the “wire forward”
i TE et 1y Siries vy Thla wme Tirtie used sawinag wire 3 entors
LTSN A0Nn, 2L 1N LRSS Way 1Ithie uUsed SawWwing wWire o oenters

bne already existing sawing kerfis in the workplece - via the
wire web 4 from the s00oCk spool.

LE th SEWLiNng proce 8 etarted alter the unplanned
interruption immediately with the same wire oczcillatvion, that

e : = A e ey P for o L N Tt 5 1 - . H = b= - =
13 to say the same ratio of the wire lenagths L1 {wire forward)

e L2 {wire backward) as before the unplanned interruption, the
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formation of saw incisions {(grooves) on tne surfaces of the
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PG Dawn Irom Tne wWor i<p lece 5 ocours OwWing Lo Tne dilirerent

sawing wire 3 before and after the

T T
SAWILNG UNiCckness I TN SawWh wWalel

With the method according to the invention for resuming 4n

inte ed wi; sawing vrocess, the depth of e saw i L5
due to different degree of wear of the sawing wire 2 before
and aflter the unplanned interruption on the surfaces of the



breakage monitor.'a gtounb shOhS circuit al nd Shc.i. _cult signal is triggbredcbnt-ct of he ben sawire
with a mbtal surface. In the case of a. wire breakage, the broken wire is removed manually from the
wor,ridece if. nbcessaby. After an. unpla ned "Jterruptlon of the wire sawing process,the workpiece 5 is
removed from the wire web 4. The resumption of the wire sawing process cakes place after repair or
optionally replacement of the sawing. wire 3 or thb resolution of2 another fault. The resumption of ad
interrupted wire sawing process begins :1. nt roducti on of the wire web 2 into the already existing
sawing harts ir:the workpiecesb. The: sawingo wire=is i this case p«e..ferably woaunda.daw-speed vi,

pre' ably 1%ZLZS the( ¥V|re forwakei*fe s tlgrougjgl the wire ) Web gnto a.tk.e: >y sgool and the wire web
4, formedt e wire sections a..rrangec prallel, is rei. ntroduced into the Workplece 5n he presence of the
cutting mediurs Unti tHe poserTat'the tirie” Fthedifiterruptionreached 14

The method according to the Invention is characterized by a

ial wire osciilaricn, that i1sg Lo say a movement of the
y wire through the workpiece by a length L3 which is

initially not egual to the length L1 in one direction (wire

forward, WF3) and a length L4 which is equal

nob equal o the length LZ in the other directios

hackward, WB4) .

In the wire forward phase WEFI of the cycle 72 in tThe method
acoording to the invention e wilire Jlenath .3 at the arart of
ool T The Lnventlon, e wilre Llengin 3 o at the 3tart i

b the wire sawing process, that 13 Lo zay in

the first cycle or cycoles, is less than 95% of the wire length

L1 of the forward movement phase WEL of the regular wire sawing

=N 24 o R - T3
sawing proc y between 5% and 90% relative to LI,
ERT D N T T A G Lo P SRV p o S B S ) + 4 - .n M

and partvicul L3 L3 1s reduced by between 10% nad
0% rel T L

&

In this way, the length of fresh wire during the resumption of

the wire sawing process is reduced in comparison with the wire
sawlng process before the interruption, and the risk of deep
incisions formed

=t e o s ke -
SAaWLING MpTion 18

Iin a firvsr embod: oI the method azccoording to the invention,

the length L3 is linearly by a constant
value with each th Li of the forward
movemeni phase WD before fhe interrvuption is reached again.

TN e o A e o
FreTaera

CREAT 43 " 1 age
L3 is lengthened by 1 to 40%,



When the. wire web 4, or the workpiece 5 to be sawn, has again reached the position at tho time of the
interruption, i.e. the wire sections of the wire web 4 have reached the upper end of the respective
sawing kerfs, tho wire introduction process is ended and the forwarc.i winding of the sawing wire is
stopped (wire. speed. 0 Iris). In another embodiment, when the wire web 4, or the workpiece 5 to be
sawn, has again reached the position at the time of the interruption, ho resumption of the wire sawing
process is started without stopping tho forward winding of the eawiug wire. Tho resumption of the wirn
sawing. precessaftng ahvwunplarined: interruption isopreferablyicarried oatimtthe"Wireifotward:h
direction, sir.no.in this,way littdo used sawing wire 3 enters tho already existing,sawing kerfs in the

workpiece 5 via the wire web 4 from the stock spool. If the wire sawing process is started after the
unplanned interruption immediately with the sane wire oscillation, that is to say tho sane ratio of the
wire lengths el (wire forward)-to-{ 2{wirebackward)-as.before the-unplanned interruption, the
formation of saw inisions (grogves) on the surfaces of the wafers sawn from the workpiece § occurs
owing. to tho diiferent decreer of wear of the sawing wire 3 before and after the Uinck)wmad
interruption. Thecdepth ©f the:saw incidions in thewater surface may thon locdllybe:several times
deeper (Fig..3a).s0 that the minimum sawing thickness of the sawn wafer.may,rmo1). be attained.
With the method according to the invention for resuming a.n interrupted wire sawing ortho depth of the
saw in dub'to thé& diffelomt'deghée ‘of weat Cofthe saiing Wird3 béfokd:and aftéf tho-unplaniisd:
intenruptioh on:the surfaces of:the: mafers:sawn. from theworkptace issminimised (Figavhich. has a
pos...tire effect. on the mi.n.imum sawing thickness of the wafers sawn from the workpiece. The
mcathe invention is ch-iaractérized by a specialis to say a movement of the sawing. wire through. phe
workpiece bya length. L3 which is (nitianot equal to the length 1 in one directionire forward, WF3) and
a length LA which, is eqmal to gr.notedma. it the Il ¢ n.gth.Liin the ot.rer d.iye ction (wire,
backward, AEA) , ) , _

LengTn s Ls Lhdreased

[ I - % v o b [
TononLinearl YoOoWLTh every

interruption 1s

ngthened by 1 Lo 40%, particulariy by 2 to

length L3 in the first cycle after the
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reDumpLIon, unvil TNe Jengra Ll 18 edual U0 The Lengith sl

The number of oyoles of the method according to the invention

for resumling an anterrupted wire sawing process, until the

s ] O Ty P e S N P g o oy A - 3 Vg
cyole in which L3 = L1 {(normal operation), depends on the
respective embodiment and on the respective lenagthening of the

length L3,

T e e Wy e ey e, | . PUR . R § iny = o - ' . A “ ¥ 1 A
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Creleralzly, Dhe umber of Oyoles Delorre The normal operaction 18
T o T SV S R T PRI,
G Ledsl L, Partifulariy prefievanly al ieast
B 3

during the backward mevemsnt phase WB4 of the cyole 7 may be

To or initially different Irvom Lhe lenghth LZ2.



forward phase WF3 ofcv(fl, method accordino to the I.nva.n tion,e lenotthe start the resumption ofwire
sa wino process,to say de the 1.1cycles,i lessthe ere length. Li of the forwardmenc phase WF1.- the
regular wire sawing process. Preferabi. ,at the start ofresumpuloa or the (id" re sawing process is
reou.c.e .by -et5% and 90% relative to Li, and particularly preferably Li is reduced by between.rand
70% relative to In this war, the lenoth of fresh wire during the resumption of the wire sawing proc.ess is
reduced in comparison with the wire saw ..ig orocess before the interruption, and tna risk of deep
sawi7Isions:beingformed.during theresunrption is ,,- red) ) aaii., ratiembodiment-of. thiegmethod
accorden. - Nl) th 1773 is. |n reased (Ien Ihened) Ilnear{l Y, by a donstag]t value)(rt ach cycle 1,
until the Iength Li OF the forward movement Lhase \K/wl before ﬁ1e mterruptlon is feac ed agaln

Preferablyt fedength'lA iséned Ly *#040%, - nto the wire web 4 with each sawing

cycle, every other sawing oyocle or another arbitrary ovole

number Z, 1in order Lo minimize the wire wear.

length LZ, the length L4

. Yo g e e [
Wi every sawing o

e e e N N e 1 o [ N - o A N,
eVery Oolher Zawing Cyole Or 45 arpDlirary number of Sawing
cyocles, until the length L4 corresponds f©o the length

of The wire sawing process.

If, for example, the of L3 18 120 m in the first cyole

WE3-1 and L3 = 200 m in the second cycle Wi¥3-Z, then the
backward winding length L4 of the sawing wire may be 75 m in

the first cyole WB4-1 and 100 m in the second oycle WRB4L-2.

. . L .
L7, 5 Dack iz the
same both when resuming the interrupted sawing orocess and in

$ L g%
he SAWLNG DYoo Tt ~mbodiment, the wire length

L4 wound back remains constant
Lorward beoomes greater, or 1s lengthened, 1in the next or next
but one sawing cycle or after an arpitrary number of sawing

e [ [ M T T
cycles, until L2 o= L.

The speed v or v, regpectively, of the sawing wire, that is to
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Say Che speed WLUN WILCOD UNe Sawlind wlre 13 wWwour il forward or
Dack 1o bime interval L. Lo Ty or Lh Lo by during the method




paxticulatly preferably by 2 to 20%, of the length Li with each cycle, until the length 1.83 is equal to the
length Li. in a second embodiment of the method according to the invention, the length L3 is increased
(lengthened) nonlinearly with each cycle, until the length La before the interruption is reached again.
Preferably, the length L3 is lengthened. by 1 to 403:, particularly. by 2 to 20%, relative to the length L3
in the first cycle after the resumption, until the length L3 is equal. to the ..ength LI. In a third.
embodiment of the method according. to the invention., the iengti Lii is increased. linearly or
nonlinearBrwith every cdniter cyclesor anothenarbitrally cyicke mamber; untiktheilengthid Heibre the
interruption, is reached. again. Rreferaply, the length.. 103 is lengthened by 1 ta 40%, particylarly by 2
to 20%, relative to the length L3 in the first cycle after the resumption, until. the length. L3 is equal tp
rhe lengtff Thentimber of cyclés 6f the rietHod dccordany tothevifveéntioh fof festuiniifig. an interrupted
wire sawing preeess, until.dhe cycle; in whigh. L3 is Li (normal operation), depends on thi:r respective
embodiment and on. the respectiv.e lengthening of the length L3. Pre ierabiy, the number of cycles

Independently of the. aforememtiamed embodiments, the wirerbangth. lsA woeunddbabk ir:thesmethod.
abpording, to,the imyention during; the.bapkwatd movement phase P134,of the. cycle Z may be equal
to or iffitialiy different from the length. L2. The length L4 is shorter than L3, so that, depending on the
embodimeht % deéfinéd length Ltevi (L (Rt} 2913 miffus E4)6f fiésHwite tstirftrodiicéd: fnto the wire
web 4 with:each:sawing.cycte, every qther sawing cycle or another arbitrary cycle number Z, in order
to minimize the wire weat. If the wire. length L4 in the wire backward phase 2114 is initially different
from the length. L2, the length L4 preferably corresponds to a fixed fraction. of L3. In this case, the
length L4"Becomes:somewhat greateriwith:every'sawing cycle; everyother sawing.cycle or an
arbitrary nymber.of.sawing cycles, HB“%H},? length L4 corrgsponds to.the. length. L2 before, the
interruption of the wire sawing. process. If', for example, the length. of L3'is 150 In in the first cycle
2113-1 and 32200 m'if the’ sec¢ond tyicle 211312, thery the ‘backward windinglefigth-L4%f the sawing
wire may e £5m inthediest-cyi..:2284=i-andi100' m: in:-the:second-cycle 2284-2. Rarticularly

preferably, the length L4.is equal to the length L.2, that is to say the length of the wire wound back is
the same both when resuiming in—:}Jiht‘er‘rUpted sawing process and in the regular sawing process. In
thHc, embodiment, the wire Ibhgth LA wound back remains constant, while the wire length L3 wound
forward becomes greater, or is lengthened, in the next or next but. one sawing. cycle or after an
arbitrary number of sawing CT. ycles, lintil L3 ...a. Li. The speed y cry', respectively, of the sawing
wire, that is to say the sue. en with. which. the sawing wire is wound. forward or back in. the time

intervag fa to t..,... or Itt durtng the method



according to the invention, is preferably 5 to 20 m/s, particularly preferably 10 to 15 m/s. Preferably,
the speed. v with which the sawing wire is moved for“ ard in. the time interval ti to t2 is equal to the
speeds' with which the sawing wire is moved backward. in the time interval. t3 to ti (Fig. 2a). L,kewise
preXerabdy, the speed v with which the sawing wire is moved forward. in the time interval ti to te! is
not equal to the speed v' with which the sawing wire is moved backward in the time interval M) to
When the nesumption of the intexrupted sawing process is completed, that is to say 53 = Li and
optionally e4+eg tthelsaimig of the woxkpiece is continued directly with. the wedde sawinC cycles and
the speed of thc sawing. wime which were set before the interruption_ Patent Claims: 1. A method for
resuming an interrupted process for sawing a workplace 5 into a. multiplicity of wafers with a. wire
saw, comprisifig A%awinlg. Wire 357HiEh 'spais a'Wite Web 4 eongisting 6Fmany wirs'séctions
amrangod paraliel the-sawing-wire, 3 being umwoumd fronra feed:-spoal 1a with a,forwakd; ymovement
and. guidod over at least. one rotbt.able d_e.fleg_;.tign i_p}y!.le_)é 2 into the wire web 4, leaving the wire web 4

Dalls A

again via at least. ‘one Tartier rotatable? défiéction ﬁiuil‘!ety 2,35émg wiound ontd’ %zi‘fal?e-up spool Ib and,
before the interruption!- thoisawing awire 8 being anoved altermaotely«ni dellimied time intervals forward
by & length TA, andbackwamd by a length. 1.2, inorder o resumosthe imMemrupted;process, tho wire
web 4 penetrating by forward movembmt with a first speed vi of the sawing wire 3 into ho existing
sawing karts of the’ workpieBe Bu ithithe addition-bfa’liquid sawitig mgditim bf the"sawifig wire 3 until.
t. ha wire web:4; nir the workplage 5y/has reached the position=0f the inteeruption. of the,;wire sawing
process, and tho, sawing wire 3 comes to. a stop, wheroin, when resuming, the sawing process, the
thiro 3 is moved alternately in defined time Lntervals fomward by & length 23 with a speed v. and
backward by a’lehgttyL4 withea speed WL, 14 being less thane L3randla fdrward mévemont and a
babkward movement, corrosponding te a..cycle Z, and during gach forward movemaonty gvory, other
flamward movomont or. aftor an arbitrary nmbem of forward movements tho wire length L3 unwound
curing the forward MOVErillifit IS iDrieagPd’ thiMoil tho*wire. lehgth L3 tarreésidonds to the. wire length
Li of the forwamd: mevemant beflare:the intorruption. 2. The method as claimed in claim. 1, wherein the
length L3 is inggp@ggiquilneg[\ly or nonlinearly with each cycle. Z, every other cycle Z Or after an.

. e Yo Signe T i nlaerrupLed procass, TR Wilre wWern 4
arbitrary number of cyclosZ antil the length. L3'is edtfa] to the Ieﬁbtﬁ Li before jtheélnté(rritjptlon_

venatrating by forward movement with a first spesd vl of the
wire 3 into the existing sawing kerfs £l
workpiece 5 owith the 3 tion of & llaguid sawing of
ZWing wire i Lhe wivre web 4, on f workplece 5,
has reachsd the posiftion of the interruption of the wire

B
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moved alter

torvward movensnt and a

mackward movement corresponding Lo a cycile 2, and during
each forward movemsnt, every obher {orwarnd movement or after
an arbitrary number of forward movementis the wire length 1.3
unwound during Porward movemsant is untl S T1e
wire length L3 rresponds o The wire ot the
forward movement before the interruptlon.

2. The method as claimed in claim 1, wherein the length L3 ig
increased lineariy or ty with each cvole 7, every
other cycle 7 or a 10 rary number of cyoeles 7,




3. The methhd as claimed in one of claims 1 and 2, wherein the length. L4 is equal_ to the length 2. 4.
The method as claimed in one of claims 1 and 2, wherein the :length. L4 is shorter than L2 and. the
length L4 is increased linearly or nonlinearly with each cycle 7, every other cyc. Z or after an arbitrary
number of cycles 7, until the length. L4 is equal to the length L2. The method as claimed in one of
claims 1 and. 2, wherein I. he length L3 increases by 1 to 401 with each cycle 7, every other cycle 7 or
after an arbitrary number of cycles 7, until the length. L3 is equal to the length. LI before the
interruption. 6:Theimethodias:claiméd iniene: oficlaims | t0:5, whereim thel lengtholckZ intthe first cycle
corresponds tg&epyggg 5 and 90% of the length The method as cialmod in one of claims | to 6,
wherein tho shehd v. with which the wire is moved forward is eghal to the speedwith which the wire is

moved backward. 8. The mePhod as ciadmed in. one of clahos | to 6, whothe speed. y with. which the
wire is moved:fopvard-is ot equal 1o the:speed.ev with which the wits is;moved-hackward: .

-~

length L4 is equal to the length 2.

as clalmed in one

I
Q]
i
0]
T

o
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o

18 shorter than LZ

— PR, B o v ) g e T
Crononilnearly wWitn

L4 is equal to the langth L2,

5. The method as claimed :n one of clzims 1 and 2, whereln the
length L3 increases by 1 to 40% with each oyole 7, every
other cycle Z or affter an arbitrary number of cycles 7,
until the length L3 is eqgual to the length L1 before the

interruption.
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6, The method as oclaimed In one of olalms o o whierein nhe

Lrst oyole corvraesponds o Detween 5 oand
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the wire ls moved backward.
. The method as claimed In one of claims I ©to €, wherein the

speed v with which the wire is moved forward Ls not egual to

the spesed v with which the wire i3 moved backward.



