Met hod for Slicing a Miultiplicity of Wafers froma Wrkpi ece The invention
relates to a nmethod for slicing a 5 multiplicity of wafers from a workpi ece
by neans of a wire saw. Wre saws are suitable for exanple for slicing a
multiplicity of sem conductor wafers, solar wafers and 10 other crystal

wafers froma Chetha RIgRC &1k iNRE o Wi i%ti%gr oGyl iQngl Principle

of such a wire sawis describedn US-5,6771,876. 15 Wre saws have a wre
gang, which is formed by a sawing weekeha€eis wound around two or nore
wire feed or guide rolls. 20 The sawing wire nay be covered with a cutting
| ayer. When using wire saws having a sawng wire wthout firmy bound
cutting abradihge, lowantigrabrasliatesn the af ongrbpda §ezspesdilednGsi @rry) is

supplied duri he . 2 | L el C ri : | gl cess,, the
wor kpi ecegf asn?g‘nttelgﬁolng%ft% Ig’gggége;ﬁﬁ% %ughatgﬁ%h\%c?e aﬁg‘?&?“ﬁ o iglh t he
sawi ng WwirewWisrearsaanged in the formof wire sections lying 30 parallel to
one anot her. The passage through the wire gang is brought about by neans of
a relative novenent between the table and the wire gang, induced by neans

of a forwardWiesd dewisceanshi chiiftedds t Horworekpimede dgai nstlitchiengn Be gang
(table forward .feed). or. the.wre. against - th rkpiLece,
Convent i onal Imﬁlttlr?e %r?pi%%esﬁglggﬁﬁigggg g’%f%%ég’ SoYBt “RaPefs %md

10 other crystal wafers from a crystal piece in one

working step.

The functional principle of such a wire saw is
described in US-5,771,876.

15 |
Wire saws have a wire gang, which is formed by a sawing
wire that is wound around two or more wire feed or

guide rolls.
20 The sawing wire may be covered with a cutting layer.

When using wire saws having a sawing wire without
firmly bound cutting abrasive, cutting abrasive in the
form of a suspension (slurry) is supplied during the

25 eglicing process.

During the slicing processg, the workpiece fastened on a
table passes through the wire gang, in which the sawing
wire 1s arranged in the form of wire sections 1lying

30 parallel to one another. The passage through the wire
gang 1is brought about by means of a relative movement
between the table and the wire gang, induced by means

of a forward feed device, which feeds the workpiece
against the wire gang (table forward feed) or the wire

35 gang against the workpiece.



circunferential surfaces to a sawing strip, into which the sawing wire cuts
after having sliced through the workpiece. 5 The sawing strip may for
exanpl e be a graphite strip, which is_aghesively bonded or cenented onto
the circunferential surface of the workpiece. Lastly, the workpiece with

the saw ng stcfcirafé&f&mf,d oo therkAetabl s AbbahetReas! ikl NGt d he
sliced wafers remain fixed on the sawing strip like the teeth of a conb and

thus can be digiKeanigrefiahesw faceawtoS@sitictd | §triRe 1n50r i ng
sawi ng strip dif reaRyYRd fif0m t hgewalaniSer | BalDBgPd10cR t chiBEgRN Gem
arises during wire sawing that the sawing wre experiences a glfferent
degree of wemrkgsiecdunction of the engagement |length. Wth 20 respect to
the term engagenent length, reference will be made to Fig. 3 and the
associ ated description. In order to avoid this, it is proposed in US

6, 109, 253 A The keapindie staBie nMay weed F@Eauprdendtcant G’ﬁﬁpg@t?h(@t@'&?:savw ng

process and (g, adapt, Lhe GRLLIGLIYe) SR Ofd Mo SAMADGSW L8 caCCqIMl ng to

t he engagene engt ere’is tnt e a proporfional relation
bet ween t he slirasireshtaiml t BeréagagerfentheéemprkpiWeesn shagbhy, the

sem conduct or. rs W ih, si I I t - fr t f exanpl e
300 mMm vvafersvfovﬁgiqelaebcfee #"gir-’&/ar% fgggh'ﬁg?r?g I%gpt ngﬁ%set:?%rﬁg%dz ﬁ%&gvgha

di sadvanttagedusblesi nce the total thickness variance (TTV) of the

sem conductor wafers is thereby increased in the region of the greatest
engagenent |engths. A constant table 35 forward feed, as disclosed in US

6, 109, 253 A, Afkter the slicing, the sliced wafers remain fixed on
the sawing strip like the teeth of a comb and thus can
be taken out of the wire saw. Subsequently, the

15 remaining sawing strip is removed from the wafers.

In the prior art, the problem arises during wire sawing
that the sawing wire experiences a different degree of
wear as a fﬁnction of the engagement length. With
20 respect to the term engagement length, reference will

be made to Fig. 3 and the associated description.

In order to avoid this, it is proposed in US 6,109,253
A to keep the table forward feed constant during the
25 sawing process and to adapt the (effective) speed of
the sawing wire according to the engagement length.
There is intended to be a proportional relation between
the wire speed and the engagement length. When slicing
semiconductor wafers with sgizeable diameters from a
30 crystal, for example 300 mm wafers, a table forward
feed being kept constant is however disadvantageous
gince the total thickness variance (TTV) of the
gemiconductor wafers is thereby increased in the region
of the greatest engagement lengths. A constant table
35 forward feed, as disclosed in US 6,109,253 A, is

therefore undesirable.



t herefore undesirable. 3 JP 9262826 A on the other hand teaches to vary the
table forward feed at a function of the engagenent Ilength. At the start of
the cutting, this leads to 5 initially_ificreased wire wear which is
subsequently reduced by lowering the table forward feed, which ideally
decreases linearly. The described nethod thus |eads as before to

i nhonogeneous, albeit linearly decreasing wire wear. 10 It was therefore an

obj ect of theB n98ARE8A th LEhiERe Arkieror IrnBartasichafe &8wi YRV téSver the

wire length, ¢ ite atrotharsaneetimsd 0 AVeldct hgndi SAdUAN agesLfenihe
met hods disclosed in the prior art. 15 The object of the invention is
achi eved by densttiod fbr thei @tigta Al tit i ECFi®0 . wakBis f¥rAR Wer kpi ece

whi ch hag a:ﬂnqrt@ﬂatlg@i nal, 3%i:$ e “dw%&rov'ﬁéan?e%ﬂﬁh the \WeJkhfee 1fast ened

on a table being fed’by a relative novenent, directed perpendicularly to

t he | ongi t udinsduceski Hyof lidwenimkpitdee Bableen forwamrshl degdd t Waigly e gang
of a wire saw, ;W th i farwar. e a ik ang
formed by a \ggv(\an\gr}& yw@%%n%ggég v]\ic'JLtm\f;gadarﬁli Yje'f feg%%i ygsggjéﬁea%fag[]rﬂ&éﬁg?wegﬁu\%e speed
of the 25 sawisagiani ras bdbagpregutat eiinhemagénactison sfibehs flamward yf eed

rate and thed\'%ﬁ%%ﬁ%% GJ49SS R8S ion so as to result in uniformwear of the

sawing wire. ece s preferably a cylindrical single 30 crystal of
silicon.1The nmethod is however also suitable for the saw ng of

It was therefore an object of the invention to achieve
uniform wear of the sawing wire over the wire length,
but at the same time to avoid the disadvantages of the
methods disclosed in the prior art.

15
The object of the invention is achieved by a method for
slicing a multiplicity of wafers from a workpiece which
has a longitudinal axis and a cross section, the
workpiece fastened on a table being fed by a relative

20 movement, directed perpendicularly to the longitudinal
axis of the workpiece between the table and the wire
gang of a wire saw, with a wvariable forward feed rate
through the wire gang formed by a sawing wire moved
with an effective speed, the effective speed of the

25 sawing wire being regulated as a function of the
forward feed rate and the workpiece crogs section so as

to result in uniform wear of the sawing wire.

The workpiece i1is preferably a cylindrical single

30 crystal of silicon.

The method is however also suitable for the sawing of
non-cylindrical crystal Dblocks which comprise a
circumferential surface, i.e. for example crystal
35 Dblocks which have a square or rectangular cross

gection.



non-cylindrical crystal blocks which conprise a circunferential surface,
i.e. for exanple crystal 35 blocks which have a square or rectangul ar cross
section. - 4 Sem conductor materials, fqgr exanple silicon, gernmanium

gal lium arsenide, are suitable as the workpiece material. It may al so be
polycrystalline 5 material. The sawing wire used preferably conmes froma
spool and is unwound several tines (for exanple 300-400 tines) around

gui de rolls s@emscoéndhiortara wimatqgaimls At t Herl0 exkbmpiet he silecgang, the

used wWire is gé%gﬁf&%y wouRd. WP on. A, fagt her, spool,,; [ng, gawing wygge moves
with an effective speed, whi ¢ can e vari’ed uring the Saw ng procéss on
the wre 15 sarkpTbdecesanhbgrikie prefenapl yakbxecuwes golwargsaadl idackwar d

nnvenentsgfyclicaél% 20 It is however also preferred for the sawing wire to
be noved3in BAF§TbAR direction. The workpiece is preferably fastened on a

table via a sawing strip, and is introduced vertically fromabove 25 into

the wiwre gang. The forward feed rate of t table is_varied accardin to
the inventi onlB¢t SPE’lBgef’”éngl%ﬁeéﬁj%?é‘?ffa;@}é CPYREL LERMoR tFRP] b"fl%g

position. 30 The gffReld vBespeal afirdie SEAWMALNEMiniSle | 300-L0O0 €XAeP) e the
speeds of the forward and backward novenents, can al so be varied as a
function of t®eound guide rolls so as to form a wire gang. At the

10 exit of the wire gang, the used wire is preferably

wound up on a further spool.

The sawing wire moves with an effective speed, which
can be wvaried during the sawing process on the wire

15 saw.

The sawing wire preferably executes forward and

backward movements cyclically.

20 It i1s however also preferred for the sawing wire to be

moved in only one directiomn.

The workpiece is preferably fastened on a table via a
sawing strip, and is introduced vertically from above

25 into the wire gang.

The forward feed rate of the table is wvaried according
to the invention. It is preferably adjusted as a
function of the table position.

30
The effective speed of the sawing wire, i.e. for
example the speeds of the forward and backward
movements, can also be wvaried as a function of the
table pogition.

35



table position. 35 - 5 The invention ensures uniformwear of the saw ng

wire by regulating the effective speed of the sawwing wire during the

sawi ng process on the wire saw as a funcgion of the forward feed rate and

wor kpi ece cross section. 5 To this end, an optim zed effective wire speed is

eslt abl i shgd fie e@ﬁheh?gbﬁf ]l?:@&ix@rie@’l-uﬂ'i’mmi zeﬂfgfc&'[] aphy gaﬁ&ﬁg?mjimal

rel ati on between the effective _wi re spee roduct of engagenent
BRE ot TR #

| ength and f dhaFaoRL8GLRPE: & SELBIVE. efaBi{9a ¥+
proportional dietiaid athdesawengt beocessechi ¥vReWviegespead agnd the@Engagenent

| ength. 15 If 2 foerrd rmélggen%/ and backward nmovenent of thet.savvi ng wre
are preferred®t tHEh THRET 9V E W T 1S LR L TR AR EBY ELX abl i shing a
forward peofile and a backward profile of the wire novenent as a 20
function of the table position. The,inve ti%;%will be expl ai ned in nore

detai |l bel ow T tH4%f &Fence®o PPELBIFED eMbbTFhthts. Wo5° | PRI scdhe of
the inventi onsstsinidifsed Ntex tdech | tiEI@geNEcsowear of the sawing wire in
the prior art wll be presented first. The wire novenent preferably takes
pl ace cyclically or 30 alternately forward and backward, i.e. for exanple

300 m forwartheardl idhepraAdrapbackwpibporteonglf eellbvebyy detwrlouttHR0 m per
cycle forward. fAt the start of a cycle, the wire ves fgrward by a
10 effective wlre speed and the product o engagement

length and forward feed rate of the table.

There.is preferably a proportional relation between the
effeétive wire speed and the engagement length._

15
If a forward movement and backward movement of the
sawing wire are preferred, then the effective wire
gpeed is regulated by establishing a forward profile
and a Dbackward profile of the wire movement as a

20 function of the table position.

The invention will be explained in more detail below

with reference to preferred embodiments.

25 In the scope of the invention, studies into the
inhomogeneocus wear of the sawing wire in the prior art

will be presented first.

The wire movement preferably takes place cyclically or
30 alternately forward and backward, i.e. for example 300
m forward and then 240 m backward, i.e. effectively at

about 60 m per cycle forward.

At the start of a cycle, the wire moves forward by a
35 distance Ax, during the time span Af, and immediately
thereafter backward by a distance Ax, in the time span

At, .

r



35 distance Ax,, during the tine span At, and immediately thereafter
backward by a distance Ax, in the tinme span At,. - 6 Wthin the cycle tine
of At,=At"+At" it therefore covers a digtance of Axe=Ax,-Ax, (see Fig. 2).
5 1t therefore noves with an effective speed AX. AX, Ax, ve.(] Ati At,
+ At, which is adjusted by corresponding sel ection of the forward and
backvvard novenments. 10 The table forward feed profile is preferahly stored

in the saw Mg BHdyr &he THYE LS ddie by estA&bﬁAéhTﬁ@ it hét dééllef@(fol"f@r war d

feed rate as @ Jfamctd iy Hadhe cu_abgop RESI Ad ONg¥e. F;_?_Ame_r oded volune Z is
given by the average cutting w dth’'D and the area of the workpiece over

which the wre sweeps. For a cylindrical workpiece, this gives for exanple

(cf. Fig.53) 1220 &2 5re nfeffed Wit Qahilf_%dtqsdéléiiééd the wire will have
covered only a part of the area to b;_xawegx le s may be represented as a
function of the table position ag,. 2 4_m_egLa of the engagenent | ength.
The correspondi ng eroded volume is giMen BY:+AY z(y) = DJI(Y/)d V/ 0 30
For the erosion rate z, i.e. the material renoval per wunit tinme as a
function of thdambie padivsbed the cpsresmPpgdiapplsebection of the

forward and backward movements.

10 The table forward feed profile is preferably stored in
the sawing program. This is done by establishing the
degired forward feed rate as a function of the table

position y.

15 An eroded volume Z 1is given by the average cutting
width D and the area of the workpiece over which the
wire sweeps. For a cylindrical workpiece, this gives

for example (cf. Fig. 3):

20 Z=D*21R>

For a given table position ¥y, the wire will have

covered.only a part of the area to be sgwept. This may

be represented as a function of the table position as
25 an integral of the engagement length.

The corresponding eroded volume is given by:

y
2()=D Jiy)dy .

30 For the erosion rate z, i.e. the material removal perx
unit time as a function of the table position, the

following applies:



7 _ z=at=_a =D1(y)y The wear of the sawing wire is preferably characterized
by wire abrasion and a corresponding change in the 5 dianmeter. For the wear
aat a wire position x, the following _applies: 10 a(x) _ .f (y) 1 Veff
Here, f describes all the factors relevant to the wear at a table position.
15 a(x) is kept constant, i.e. qu@pgduehi_zﬁ é} so that uniform wear of
the sawng wire results accordiﬁb‘%@f“%ﬂ@{T Ve on. 20 As a condition for
the effective speed of the wire, the ol lowing preferably applies: (y) =
const. Veff GV, f ccf (YY) 25 An optimal effective wire speed can therefore
be determn for each_table position. The foll.ow procedure i.s
preferably addtt dPForoL (10%: FGVLHE BpEFmiF BFFEEERDAYWCPESoseds 250 30
determ ni ng the @ateesgpndsngnf cnvar ¢ andrbaskwaddny r ehanigy enant $he
According_to first preferred enbodinment, the optimal effective wire
speeds are dét &K%t by the wear of the - 8 sawing wire on a wire portion
bei ng proportional to the eroded volune and selecting the effective wire

speed so . o .
P For the wear g at a wire position x, the following

applies:
10 1
ax) =7 —
e
Here, f describes all the factors relevant to the wear
at a table position.
15

a(x) is kept constant, i.e. independent of x, so that
uniform wear of the gawing wire results according to

the invention.

20 As a condition for the effective speed of the wire, the

following preferably applies:

f( y)w}— = const.
Verr

<:>veﬁ" OCf(y)

25 An optimal effective wire =speed can therefore be

determined for each table position.

The following procedure isg preferably adopted for
finding the optimal effective wire speeds  and
30 determining the corresponding forward and backward wire

movements,

According to a first preferred embodiment, the optimal

effective wire speeds are determined by the wear of the



as to obtain the following relation: 5 veff oc D (y) y Thus, there is
preferably a proportional relation between the effective speed of the
sawing wire and the product of engagemegt _| ength and forward feed rate. 10
According to a second preferred enbodi nent, the wear of the wire at a

posi tion x i SsrORTiLeoabnta (Aet '%-)es%ti\e!ﬁi &R b Hr¥PR-RRH AN o spends in
engagenent. Since “the table forward feed varies only very slowy_ in 15
conpari son wi¢FPdeR ViPtenpodnti salechénpekifeh cdfochd Ve NeiLs GP]atarifes only

little during,d hes cyst £5n i PndhEST oRi M r Lo PPSIEAON nOVes forward and
backward through the rod segnent. The tine which the wire segnent spends

novi ng forward and backward in the incision corresponds 20 approximately to
the tinme which this wire position needs in order to cover the current
cutting I&ngth with its effective sheedDE¥) oc | 1 vef 25 There is
preferably a proportional relation between the effective wire speed and the
engagenent length. This is already known in the prior art for constant
forward feedriwad es. charéheigcopeegbrbbly | BVeRpricpbriidmMer ,.re X Mai i abl e

[prverd feed 1ol es. gt epasauned, fecordin o agetfer, el stied spbagirent
force densit ypfodidt CHE asihGaddnehe WehiGPOShd | PirwdPdt Pe=di pReéal /veff.
10
Accoxrding to a second preferred embodiment, the wear of
the wire at a position x 1is proportional to the time
which this wire position spends in engagement. Since
the table forward feed varies only very slowly in
15 comparison with the wire position, the length of the
incision changes only little during the cycles in which
a wire pogition moves forward and backward through the
rod segment. The time which the wire segment spends
moving forward and backward in the incision corresponds
20 approximately to the time which this wire position
needs in order to cover the current cutting length with

its effective speed:

a(x)ecl L
Ve

25
There is preferably a proportional relation between the
effective wire speed and the engagement length. This is
already known in the prior art for constant forward
feed rates. In the scope of this invention, however,

30 variable forward feed rates are assumed.

According to another preferred embodiment, the force

density is kept constant: The wear a(x) is proportional



The force on the wire at a position x depends in turn 5 on the table
forward feed force F,(y) as well as on the instantaneous engagenent |ength
I (y): _F f | This gives the folfowng_fgr_the wear: Ft |I Ft 10 a(x)a_ |
Veff Veff Measurenent of the application force and regulation of the
effective speed mef frofcd NGBS NI /W KB1IRNE ad¥LicRl aley Eiard itk Qutoas a
function of this neasured 15 force and the engagenent |ength: ve ff cc Ft
For regulatihﬁPtWR?eﬁ¥%%t1Vé Wist e speed according to 20 the invention, a
forward profile and a backward profile of the wire novenent are preferably

determ ned. Myre honbgeneous wire wear is achi eved by the nethod according
to the inventi¥h EORPREr 88 Wilen Whe pit of BPEIt198 1% HRBEREENIE 48t ding to

t he invengi orgn thes WebBI1 S rakGapheffRcddlns®ld CEdyW 48 /Be1Use @ ard urry.
Since the sawing wire i s conventionall prOV|Pe with a 30 brass |ayer
before its fitRItaRanePRs RISt s/(Phat the container holding a
slurry becones contamnated with coppﬁ{_éions after a first saw ng
process, it is preferable to replace the gontam nated slurry container by
an uncontam nated s]urry container 35 with fresh slurry for the second
sawi ng proceé%hlqrﬂ%Yﬁﬁ-tﬁﬁ)fé&%ﬁW&P&uﬁP%LE@%dﬁ%ﬁﬁ:samﬁng processes, no

10 a(x)ocﬂim dl

! veﬁr - veﬂ

Measurement of the application force and regulation of
the effective speed v, of the sawing wire are
preferably carried out as a function of this measured

15 force and the engagement length:

veﬁ' OCF¥

For regulating the effective wire speed according to
20 the invention, a forward profile and a backward profile

of the wire movement are preferably determined.

More homogeneous wire wear is achieved by the method

according to the invention compared with the prior art.
25 |

In the method according to the invention, the wafers

are preferably sliced with the use of a slurry.

Since the sawing wire is conventionally provided with a
30 Dbrass layer before its first use, the effect of which
is that the container holding a slurry becomes
contaminated with copper atoms after a first sgawing
process, 1t is preferable to replace the contaminated
slurry container by an uncontaminated slurry container

35 with fresh slurry for the second sawing process. In the



contam nation of the second slurry container takes place since the brass

| ayer has been renoved. In the prior art, this is not possible owng to

i nhonbgeneous 5 wire wear. Another advaptage of the nethod according to the
invention is therefore that the sawing wire can be used several tinmes and

i ntroducti on gfcce@pper ahAt 0 t BebdOgsemt Ny SEing i s prsidfs frompohe
second use of the sawing wire onward. Preferably, the sawng wire is

depl oyed vi a SERTEFHARTiIGE00CE 1 &dCar SGRETGUI G USR] s COREALTES f SPfCPhe wire

15 gang, andfiizpal | yiNesNEnep Brasn eXxibrsprel . bdBg erido<and exi thepool s
are preferably exchanged before a second_saw ng process. As an alternative,
it is prefer @€ FrthetB3a%i A§ Wote PRI DLWRNR dEef LEECPPERRELHSt he

ot her directiQrduidsnq the second sawi ng process relative to the first
sawi ng process. Thus, if the first sawi ng process involves an effective
forward novenent of the sawing wire, then the forward and/or backward

rovenent pr ofdoesd:Or ddimAS o Atk supseRNent 2380 BInGr OFBS SRR @

nodified so as to result in™an effective backward nmovenent of the saw ng

wire. Figurednvegtiiog iF ridmprafans thrt vite fehegeving gapuhet uesdof the
used | ength %fee@&faﬁ FQf n2 gTehhod %{1‘:‘}51;%%%1%9 tZB% Boberd’ Lingld koe a

nmet hod according to the 1 nvention. sho e Wre novenent as a

profile b tkewinge shusivi o8 ayrexyehiect iforrrof theénsecandnalde agft hbe

sawing wire onward.

Preferably, the sawing wire 1is deployed via an entry
spool, fed axound guide rolls sco as to form the wire
15 gang, and finally wound up on an exit spool. The entry
and exit spools are preferably exchanged before a

second sawing process.

Ag an alternative, it is preferable for the sawing wire
20 to be moved effectively in the other direction during
the second sawing process relative to the first sawing
process. Thus, if the first sawing process involves an
effective forward movement of the sawing wire, then the
forward and/or Dbackward movement profiles for the
25 sgecond and subseguent sawing processes are modified go
as to result in an effective backward movement of the

sawing wire.

Figures

30 _
Fig. 1 represents the wire diameter as a function of
the used length of wire for a method according to the

prior art and for a method according to the invention.



effective wire novenent. 5 Fig. 3 shows a crystal piece of radius R as well
as the -engagenent or insertion |length and also the eroded volune for a
particular table positiony. Fig. 4 sho a workpiece with a sawi ng strip.
10 Fig. 5 shows a table forward feed profile. Fig. 6 shows forward wire and

backward W r epj@pVvesemtSwe 4Be Fvfre ImsheMEnt NeWar @rgan d eMaiodgs; ;accor di ng
to the prior art by a variation in the wire dianeter as a_ function of the
wire length RIHEEIe wifFe feaf PAtionnePhodtabeor dPfg 6 ltthe dshveritd on,

with regul atiofed+ i tdheyefd apdvapespeed of the sawing wire, is furthernore
20 represented. A significant difference fromthe prior art can be seen.

The i nhonbgeneous wire wear observed in the prior art can be elimnated in

the method aegpr di Nghdws theci-pyenti lecddSoFi Gad2ugh@wa st RRIW g renent in
a profile of the wire position as a function of tinme. The forward_ and
backwar d movetRFRIFIVEE | & ofl NEFEtSOW ndSRPEE caRdbedl8R@entier®iqfierhe

effective w rgmyen®iY 4 Spatid BRI ¥ So1eyesenisd., The effective wire
novenent or 30 the wire position as a function of time is a strictly

nmonotonically increasing straight line. The gradient of this straight |line

corresponds t®id hey efffed | ¥ avspgetecofwidie éaé/g@ﬂngvi derfh . the observed table
position. The Taccel eration phases have not been depicted for sinpler 35

rep_re_sentlati on. - 12 Fig. 3 represents a wire piece of radius R The table
posi tion, whighy vayifsdd oMbl 2Rrisrd Wdlerpmieile .

Fig. 6 shows forward wire and backward wire movements.

15 Fig. 1 shows the wire wear in methods according to the
prior art by a wvariation in the wire diameter as a.
function of the wire length used. The wire wear in a
method according to the invention, with regulation of
the effective speed of the sgawing wire, is furthermore

20 represented. A significant difference from the prior
art can be seen. The inhomogeneous wire wear observed
in the prior art can be eliminated in the method

according to the invention.

25 Fig. 2 shows the wire movement in a profile of the wire
position as a function of time. The forward and
backward movement profiles of the sawing wire can be
seen therein. The effective wire movement is
furthermore represented. The effective wire movement orx

30 the wire position as a function of time is a strictly
monotonically increasing straight line. The gradient of
this straight line corresponds to the effective speed
of the sawing wire at the observed table position. The
acceleration phases have not been depicted for sgimpler

35 representation.



shown. At the current table position y, we have the engagenent length 1 and
the marked eroded volune z. It 5 is also apparent therefromthat the
engagenent length 1 and the eroded val yge_z are functions of the table
position y. The engagenent length 1 as a function of the table position,

and thereforeigf, tjweré@ﬁégeﬁ@éw@r @i rfecash g eof b eralassa ubshanthah eef f ect
on the wear of 10 the saw wire. In_the nethod accordi n%Pto t he

i nvention, tRESEAEODY| v‘éhéﬁléed’ad?lec%efgaw My Wer e2Rs  FeghPAtBETIPES t s
forward and baekwar datoverenturpénti keeleCfpokifior) 80 hathd-he dapendency

of the wire wear on the wire position (cf. Fig. 1), 15 observed in the
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Fig. 4 shows a crystal piece having a diameter of 150
mm, which is connected to a sawing strip in the upper

20 region.

Fig. 5 shows a table forward feed profile, i.e. table
forward feed rates in um/min as a function of the table
position in mm, which is suitable in a method according
25 to the invention for slicing wafers from a crystal

piece having a diameter of 150 mm.

Fig. 6 shows the cyclic forward wire movements and
backward wire movements according to the invention as a
30 function of the table position. In this case, for the
table forward feed profile in Fig. 5, it was required
that 30 cycles should be executed per 10 mm of forward
feed so that a uniform groove pattern is formed on the

wafer.



A crystal piece having a dianeter of 150 nrmwas fastened on a sawing strip
having a wwdth of 70 mm(cf. 5 also Fig. 4). The table forward feed profile
was specified according to Table 1 (linear- interpolation was carried out

bet ween the support points, cf. also Fig. 5). 10 Table 1: Table position
(m) Tabl e fEwighd eed rate (mMmn) 0 600 10 600 20 360 75 240 130 360
155 360 For this cutting, 20 kmof wre were available, the 15 wire speed
was at nost 12 nis and the accel eration when reversing direction was 3

m s2. The optAd mM&BIYT e pianemaisideprLes il ddy FidE 6.ager empr adisced by
the wre prgga[amrecgresented in Table 2, with the, a sug‘ption that the wre
wear is proportdGiES P theSHRY odeHIRoNaKLEnd VAETPeQdi rémdt (Hat 30
cycl es sheoul dhl1dee mixpcutied per 10 nmof forward feed. - 14 - Table 2. Wre
novenent Wre novenent Table position forward per cycle backward per cycle
(m) (m (mM 0 132 132 1 136 128 5 141 123

The table forward feed profile was specified according
to Table 1 (linear interpolation was carried out

between the support points, cf. also Fig. 5).

10
Table 1:
Table position (mm) |Table forward feed rate (um/min)
0 600
10 600
20 360
75 240
130 360
155 360

For this.cutting, 20 km of wire were available, the
15 wire speed was at most 12 m/s and the acceleration when
reversing direction was 3 m/sg2. The optimized wire
movements represented in Pig. 6 were produced by the
wire program repregsented in Table 2, with the
assumption that the wire wear is proportional to the
20 eroded volume and the requirement that 30 cycles should

be executed per 10 mm of forward feed.
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264 240 142 264 240 150, 264 240 155,264 240 - 15 - Patent Clains 1. A
met hod for slicing a nultiplicity of wafers from a workpi ece which has a

| ongi t udi nal Taxile and a cross 5 section, the workpiece fastened on a table
being fed by a relative novenent, directed perpendicularly to the

| ongi tudi nal _axis of the workpiece between the table and the wire gang of a
wire saw, with a variable fomwaed feed naieenddt |ougle t he W nevgaggri or ned by
2a&Pnsam@ng Jiﬁ noved m%thnagoe&ge tive spee g} ef f ctivecsgﬁed of the
gwre r e§tPate&d LWAFHn RFn B Fekd<y and t he
wor kpi ece cfoss) section so asmpo result in unlfamﬁ1mear of the saw ng
wre. 15 0 132 | 132
136 128
5 141 123
10 144 120
15 192 162
20 269 235
30 291 252
40 315 271
60 372 324
75 427 377
90 372 324
110 315 271
120 291 252
130 269 235
135 267 - 237
140 ‘ 264 240
142 264 240
150 264 240
155 264 240




2. The nethod as clainmed in claiml1, wherein the effective speed of the
sawing wire is established as a function of an engagenent l'ength of the
sawing wire into the workpiece. 20 3- The_nethod as clainmed in claim1,
wherein the effective speed of the sawing wire is adjusted so that there
IS a proport ipaitaht’ elalim@n between the effective wre speed and the
engagenent length. 25 4. The nethod as clained in claiml1, wherein the
effective speed of the sawing wire is adjusted so that there is a
proportional irel all e dieidveRir tdie efdecd inelc W1 ecsppedrandrehe preduct of
table forward feed rate 30,and_engagenent |length, 5. The nethod as cl ai ned
inclaiml, RheVFPIee BRickt hes sape%‘an%t‘th%@'l%]amﬁﬁjsw%réil% &dpPdst ed so

that these iseciPHOPeHd ARk iRl | sdeiaeaih thecgbfechbyfy 88awoie speed
and the application force. - 16 6. The method as clained in one of clains 1

to 5, wherePn ¥RLABAVRnG WG s uddderseda PeFReRAISAlRREY FrocEss after

the end of a13aWiRGdRLRAESExid 6f TBﬁe%l%‘%é:l BLAREehN Qlai Bpbiewherein
the sawing wiré is used several tinmes. 8 he method as clainmed in claim®6

or 7, wherei AnPhethaafeiseardang i @dd @i tWirhe A% ofwidhs| @ ryarigbde The
nethod as cl FoRd a0 P0&g Ofr ‘%'ea' E‘ﬁrc@u&lﬁ’ &he V‘Qﬂ%@' ’éalr@e $8WMnBE Wy €4l S

depl oyed via an entry spool around guide roll's so as to formthe Wre
gang, and® sawing wire moved with an effective speed, the

effective speed of the sawing wire being regulated as a
function of the forward feed rate and the workpiece
cross section so as to result in uniform wear of the

gawing wire.

15
2. The method asg claimed in claim 1, wherein the
effective gpeed of the sawing wire is esgtablished as a
function of an engagement length of the sawing wire
into the workpiece.

20
3. The method as claimed in claim 1, wherein the
effective speed of the sgawing wire is adjusted so that
there is a proportional relation between the effective
wire speed and the engagement length.

25

4. The method as claimed in c¢laim 1, wherein the
effective speed of the sawing wire is adjusted so that
there is a proportional relation between the effective
wire speed and the product of table forward feed rate

30 and engagement length.

5. The method as claimed in claim 1, wherein the
effective speed of the sawing wire is adjusted so that
there is a proportional relation between the effective

35 wire speed and the application force.



finally wound up on an exit spool, the entry and exit 15 spools being
exchanged before a second sawi ng process. 10. The nethod as clained in
claim6 to 8 wherein the sawing wire kg noved effectively in the other
direction during the second sawi ng process relative to the first 20 saw ng

process. 11. cThe me{hode@fog! Aidmedidinode 1of Shai Bg % pfhd01 wbewein the
sawing wire is provided wth a brass layer before its first use, the effect
of which is Wharetime e copmaingerviiet ditAg Wesl ufey BecBbweshebneamilngted with

copper at oms (3l RlseA At} +FAMIMY RIFOGE S it preRiT nated slurry

container is tfurthernore replaced by an unconfam nated slurry container for
the second saw ng process and no contam nation of the second 30 slurry

containergtakes plgge fuphpe the SECOMULFaWNNIc1REACESS: wherein the

gsawing wire is used several times.

8. The method as claimed in claim 6 or 7, wherein the
wafers are sliced with the use of a slurry.

10
9. The method as claimed in one of claims 6 to 8,
wherein the sawing wire is deployed via an entry spool,
fed around guide rolls so as to form the wire gang, and
finally wound up on an exit spoocl, the entry and exit

15 gpools being exchanged before a second sawing process.

10. The method as claimed in claim 6 to 8, wherein the
gawing wire is moved effectively in the other direction
during the second sawing process relative to the first

20 sawing process.

11. The methed ag claimed in one of claims 92 and 10,
wherein the sawing wire is provided with a brass layer
before its first use, the effect of which is that the
25 container holding a slurry becomes contaminated with
copper atoms after a first sawing process, the
contaminated slurry container is furthermore replaced
by an uncontaminated slurry container for the second
gsawing procegss and no contamination of the second
30 slurry container takes place during the second sawing

process.





