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Method for Slicing a Multiplicity of Wafers froma
Wor kpi ece. The invention relates to a nethod for
slicinga 5 multiplicity of wafers from a workpi ece
by neans-of a wire saw. Wre saws are suitable for
exanple for slicing a rrultiplicity of sem conductor

waf er s, waf ers and er Gr stal er from
a cr y&&he ‘Jpaf%)cre E&,\A?-\% qg‘tc yy 8 Yrom A

functional princi pI e of sw@hkpla\aée saw [ s descrl bed
in US-5,771,876. 15 Wre saws have a wire gang, which
is formed by a sawwing wre that is wound around two

orrHIr & W {@ed BE1atkld decsol L s. n@bndhie §awi Nng1wchiey a
may be covered with a cutting |layer. Wen using wire

s dlst tavA gl 0 BwiAg eRer & 14 h%auworkpitﬁw byurfgpans of a
cuyfiddgsaprasive,. cutting abrasive in the formof a
suspensi on (slurry) is supplied during the 25 slicing
process. During the slicing process, the workpiece

fapt.ened, Qi a ,LAbl& iRAFHRS tHOUGR S W E%rga@guchﬁg a

which the sawing wre Is arranged in"the formof wré
semlatoml:lqnm e@ gémappeﬂupeoenefaé@étshersom wa&eﬁaeand

éﬁéy'téﬁ%} ght %Q%% arRs ofir@ one
rl{alve errent etvveent e table an Wre

garaykinguwstb by neans of a forward feed device
mhlch feeds the workpi ece against the wire gang

(table forward feed) or the wire
The functional principle of such a wire saw is

described in US-5,771,876.

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.
The sawing wire may be covered with a cutting laver.

When wusing Wire' saws hav1ng a- sawing ‘wire without
firmly bound cutting abrasive,.- cuttlng abrasive in the
form of a suspension (slurry) is supplied during the

slicing process.

During the slicing process, the workpiece fastened on a
table passes through the wire gang, in which the sawing
wire 1s arranged in the form of wire sections lying
parallel to one another. The passage through the wire
gang is brought about by means of a relative movement
between the table and the wire gang, induced by means
" of a forward feedr'device, which feeds the workpiece
against the wire gang (table forward feed) or the wire

gang against the workpiece.



10

15

20

25

30

35

35 gang agai nst the workpiece. 2 -. Conventionally,
the workpiece is connected on its circunferentia
surfaces to a sawing strip, into which the saw ng
wire cuts after having sliced, through the workpiece.
5 The sawing strip may for exanple be a graphite

stri whi ch .i.s adhesi vel v, _bonded or ¢ nt .
tié?dﬁﬂqﬁﬁﬁﬂéggéﬁtigﬂ“%ur %%%P%ﬁc?hel%nr %ﬁ@%ggegasgPy,lts
:Eﬂréﬁ?ﬂeﬁﬁﬁnia%téutfffsamtﬁgaﬁsawiﬂg;smmﬁmxeﬂnbotwhich
table. After the slici t he sli,ce fers

r n®frxed oH TS h‘éu'é%wia%(‘j &&t P}%?Jvﬁl%e SLAE e%ee Ffan the
cayiidddus can be taken out of the wire saw
Subsequently, the 15 rermaining sawing strip is

renoved fromthe wafers. In the prior art, the problem

ar’lil‘feelssé}b':[lilﬁgsﬂﬁ:ﬁ.g SR nﬂartﬁﬁ&mgmé @M NOgiebleite strip,
experiences a djfferent degree o wear as a functjon
oF I eriageARRESLERGYh, BAPERS20 Fos FeRteR'cPd heoPhPm the

engageErdrRngih, shetgrenes Wwhé weekpadeet.o Rgly, the
and the associ ated description. In order to avaid

t Workpieqss BibBodd® | RAVENS, BHF1P531S 9 CRMEH RS PR Ehe
tahpg forward feed constant during the 25 saw ng

process and to adapt the (effective) speed of the

sawing wire according to the engagenent |ength. There

i %éegﬁngfgg_ 10 h8 Ry ProRer H19rala rehation Jeekweensitde on
wire speed and the engggenent  ength. When slicin
saiec rinorswater $ikpt khsi Zeshhe ofi Aet@rl ?lfl‘érrgauéocan

cryst al g dPr &xanpbe 30Qe Myyaier sawd t abbachoewand, the

remaining sawing strip is removed from the wafers.

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

be made to Fig. 3 and the associated description.

In ordér to avoid this, it is proposed in US 6,109,253
A to keep the table forward feed constant during the
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 sizeable diameters from a
crystal, for example 300 mm wafers, a table forward
feed being kept constant is however disadvantageous
since the total thickness varilance (TTV) of the
semiconductor wafers is thereby increased in the region
of the greatest engagement lengths. A constant table -
forward feed, as disclosed 1in US‘ 6,109,253 A, 1is

therefore undesirable.
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feed being kept constant is however di sadvantageous

since the total thickness variance (TTV) of the

sem conductor wafers is thereby increased in the

region of the greatest engagement |engths. A constant .
table 35 forward feed, as distlosed in US 6,109, 253 A,

is therefore undesirable. 3 JP 9262826 A on the

ot her hand teaches to vary the table forward feed at

a Junge62826f A henengageneher |fengl htelthiele sdamamf the

the.cuttin this_leads to 5 pnitially inhcreased wr
wg:flbc'l\ﬁwl Eﬁgf“érgub%%% erft ya r %%tejdo%z 9 O\A/(te:f%lengg{lﬂ%ggment
t aldrgythar wat d fleed stehitchof i dead | yudedngaseshis ndaldp. to
Tﬁﬁﬂﬁ§§ r.i bed nmethod .thus |eads as. hefore to

i Séljré’ou§flc§faﬁt§?fi | VRESr P aTedTREd ngSwi PEORREPERELY
1@-dducems bgvfer eboke iar; ?lﬂjhect tabléhefopwanti ofekd, which
achj e uni form wear, ,of the sawing. wire.over t | r
oLy Rt daneatie tohodracEhged Mdthod "Enus
diizadantagepdticdde toet hgsnsisfdased | a1baet pridhearly
art. 15 The object of the invention is achieved by a
nSFEHGT YFEE W§E mul tiplicity of wafers froma

wor kpi ece which has a longitudinal axis and a cross
section, the workpiece fastened on a table be

. ng fed,
byt ta Wasl dth4e BRr $ro9BneRE eCli PéctEF peF et Ul %f? | §epbeve
Erﬂﬁﬂf@&@htv&td%lﬂlabf @X%leS gzsfw:%rtge WOk pbeee kt@ie\rl]veﬁhré heength,

abl e an e wre, gang or a, r saw, t a
VEitalfite 15 VEATE { BAHST 3o aVPHgo&g'ﬁ t#%‘f@fg%%egs of the
f alared Ry da s3awWsRd Wiy e lYRdor art.

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 c¢ross section, the
workpiece fastened on a table being fed by a relative
movement, directed perpendicularly to the longitudinal
axis of the workpiece between the table and the wire
gang of a wire saw, with a variable forward feed rate
through the wire gang formed by a sawing wire moved
with an effective speed, the effective speed of the
sawing wire being zregulated as a function of thé
forward feed rate and the workpiece cross section so as

to result in uniform wear of the sawing wire.

The workpiece is preferably a cylindrical singlé

crystal of silicon.

The method is however also suitable for the sawing of
non-cylindrical crystal . blocks which comprise a
circumferential surface, i.e. for example crystal

blocks which have a square or rectangular cross

section.
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Li) with an effective speed, the effective speed of
the 25 sawing wire being regulated as a function of
the forward feed rate and the workpi ece cross section
so as toresult in uniformwear of the sawng wre.
The workpiece is preferably & cylindrical single 30
crystal of silicon. The nethod is however al so
suitable for the sawing of non-cylindrical crystal

?Is@mKs:ow@iLﬁﬁo@onprI:rlgeeﬁ%?m'sLcuc\thxent | alkagnkace, silecon,
or exanple crystal 35 ocks ich have g square or
r@@t"-’ﬁﬁﬂgﬁﬁ}r cﬂ%]sll%ct?B%‘?nhdeSen?E%ndﬁé’tl&a% e as the

mgbekidkse f aarexanple sikli®ap al86MEPE UpoBRbHEAA11ine
arsenide, are suitable as the workpiece material. It

i t&rdélbe polycrystalline 5 material. The saw ng

Wi re used preferably conmes froma spool and is

unwound several tinmes (for exanple 300-400 tines)
affbendaguinge wiore sused aprebetrabhy acaines davy aAtSkerl and

195exﬁﬁw8£n&h%é@e&%lgaggme%hq §Ede¥éﬁ éSBQkﬁhﬁkﬂb£¥mes}
wound up on a further spool. The saw ng wi re noves
warbuad effiebt i velipesd, ashich foam Be wareedaggri g the
t he.sawi pg .pr.oc on_the wr aw,. The .saw ‘
vme?{é%pr% era ygfg%gcﬁéé%gfortv\h%r d&g‘%ﬁg ‘%lac{v\ér%d%ggferab-ly
mavenmentue oycki cakither2@plcbli.s however al so preferred

for the sawing wire to be noved in only one

direction. The workpiece is preferably fastened on a

t abke ¥ARiRg wire moves with an effective speed, which
can be varied during the sawing process on the wire

Saw.

The sawing wire preferably executes forward and

backward movements cyclically.

It is however also preferred for the sawing wire to be

moved in only one direction.

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

into the wire gang.

The forward feed rate of the table iz varied according
to the invention. It is preferably adjusted as a

function of the table position.

The effective speed of the sawing wire, i.e. for

example the speeds of the forward and backward
movements, can also be varied as a functiQn of the

table position.
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saw ng strip, and is introduced vertically from above
25 into the wwre gang. The forward feed rate of the
table is varied according to the invention. It is
preferably adjusted as a function of the table
position. 30 The effective éﬁ%eﬁ of the sawing wre,

[ exanpl e the speeds. of the for

i.e. for rd and . )

b FE e ot @te S UL 65N W E e Vatt ea%ﬁst%;i-‘ 010 ) M
ofbyt heeghdht €ngoiHd 08f F 35t bve Thpecdvest | Qhcensiwiasy wire
ugifqrn1 ar of the sawing wire_ by regulating th .

e FHECHTS, & Tp S BTY (HEP el Y WiBe WHET | Y (AR SabPREELOD
PraaC st AbrivRa-dMied AW tRs atvd wasikipdRceOforidie fseicwainh .
feed rate and workpi ece cross section. 5 To this end,

an optim zed effective wire speed is established for
eaeh table padlti an. Jheiwii&d prefmidilve awire speed is

proportional. relation be en the, 10 effective wire
D e i e oA G tlrgRGSEHC™ 1 angth and
forward feed rate of the table. There is preferably a
proportional relation between the %fffe tive

S PR i (e oyt PYRGt H 095, | FOLaFErRapgieen the
MRSt vandwiaekwapdegovanenttlaf  thedwaw bf wehgagement

preferred, then the effective w spe I's regul at ed
b}%’&%l%%ih%'@%ﬁﬁédd L5L6f ﬂfﬁhﬁ%ﬂ%ﬂ@ac kwar d
profile of the wire novenent as a

There is preferably a proportional relation between the

effective wire speed and the engagement length.

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

function of the table position.

The invention will be explained in more detail below

with reference to preferred embodiments.

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

will be presented first.

The wire movement preferably takes place cyclically or
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
distance Ax, during the time span Af, and immediately
thereafter backward by a distance Ax, in the time span

At

r -
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20 function of the table position. The invention wll
be explained in nore detail below wth reference to
preferred enbodi nents. 25 In the scope of the

i nvention, studies into the jnhonbgeneous wear of .the
sawing wire in the prior art © il be presented first.
The wire novenent preferably takes place cyclically or

30 alternately forward and backward, i.e. for exanple
BWchﬁnfOEMHrdchMethemmé4Ooﬁ1bAkaawd1y1 e.it therefore
effectivel abou cyc ward,, At the
SPRPELS: SabigtrBCerHE W 8 Mrovdl f ot Hidy 2 |35

di stance Ax, during the tlne span At and i mredi ately
thereafter backward b di st ance in the tinme span
alt EsrEhpPR ROVRS BYCheah rotortATE-RPoSR | I

therefore covers a dIStaﬁE£ ¥, AECAX, - AX, (see Fig.
2). 51t therefore noves mktﬁ &N &ff ective speed Axe
Ax, - Ax, v ff Ate At, + At, which i s adjusted by

CQhEL@ﬁIOO:DQI nESeled | By Odok dpémmgds@l@dea@mabﬂ the
mpvenent.s. 10 The tahle forward feed profile is

pﬁ@F@ﬁagl9n§tBP€HW?ﬁd PR¥C¥SHAg program This is done
by establishing the desired forward feed rate as a
fupction_of the tabl ositiony. 15 ed vo .
7Tre Gidbdf ﬁwdav%%fgepsaﬁfﬁgmmp& Bty tﬁﬁteore%lE n
atga Oofawiiey wekkpi-ege omers WhkcChidnee bV k@ tamddpsiinkorthe

a_cylindrical workpiegce, this gives
deélred forward Eeeg rate g functlon of the table

position y.

An eroded wvolume Z is 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):

Z=D*2zR*

For a given table position Yy, the wire will have
covered only a part of the area to be swept. This may
be represented as a function of the table position as
an integral of the engagement length.

The corresponding eroded volume is given by:

g
() =D [ly)dy -
0

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

following applies:
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for exanple (cf. Fig. 3): 20 Z=D*27VR2 For a given
table positiony, the wire will have covered only a
part of the area to be swept. This may be represented

-as a function of the table position as 25 an integral

of the engagenent |ength. The’ c‘orrespondi ng eroded
volunme is given by: .Y 622(3@2 | ¢YI)dWO 30 For

the erosion rate ;, Z%FE@H’E Jél)f renoval per

unit tine asafunctlon tabl e position, the
follow ng applies: 7 az az ay =----=Dy); at ay atl
The wear of the sawing wire is preferably

C ITa=a ot ze‘bl tkbey mwm@bwimse oihs apﬂeﬂerablgspbaﬂangerlzed
hang% int For_the vve% al,awre the
p&di t '6R°x, & %aes%%ﬁﬂ ovvl ng ¢ appftesk~1 % X)" oS (v
Vefifanddereer,. f describes all the factors rel evant to t he
wear at a table position. 15 a(x) is kept constant,

i.e. independent of x, so that uniformwear of the
s&wirngthe r eremesubt sataceordirg position x, the following

applies:

a(x) = f(y)#

Here, f describes all the factors relevant to the wear

at a table position.

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

the invention.

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

following preferably applies:

JFO) 1. const.
Vo

<i>veﬂ' ch(y)

An optimal effective wire speed can therefore be

determined for each table position.

The following procedure 1s preferably adopted for
finding the optimal effective wire speeds and
determining the coxresponding forward and backward wire

movements.

According to a first preferred embodiment, the optimal

effective wire speeds are determined by the wear of the
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the invention. 20 As a condition for the effective

speed of the wire, the follow ng preferably applies:
f(Y) 1 = const. vyep. gvefaf(Y) 25 An opti nal

effective wire speed can therefore be determ ned for
each table position. The fol 1Bovii ng procedure is

preferabl ado ted f.or di ng .t he opt.i nal effe t lve
nerutbhetis SRl o' in TS AR O BTyt the

]tefmﬁedl &deubﬁd&\t\ﬂr dsemacﬁ:m@mrﬁﬁeo%mcm di e teq:eaed so
irs erre nment timal effective
Wlalse Eglﬁr ghSnJ?g?L Wé&gb§e?ﬁg9%ér of the 8

saw ng W|re on a wire portion being proportional to
the eroded volunme and selecting §he effective wire
speed so as to obtain the «abi(pypng relation: 5 veff
cc D(y) y Thus, there is™preferably a proportional
relation between the effective speed of the saw ng

' and du t enent ; fo .
rakferat 05 Redor dne o RRCHE prR i A | B Chon
ebvbbderBNt:het teefﬁma:rn&f sperwed wof ethe sapospt ivdrrex drgl the

oL | : hi ) oy
CBaRAktE B s abeieht ofsntthy ol KR rb S, BB FEE
varies only very slowy in 15 conparison with the wire

pﬁ%bfn%&é}a?t e Ly ltﬁ%%tcé%(ﬁg g \%&%%H@B&WS M Ywear of
the wire at a position x is proportional to the time
which this wire position spends in engagement. Since
the table forward feed varies only very slowly in
comparison with the wire position, the length of the
incision changes only little during the cycles in which
a wire position moves forward and backward through the
rod segment. The time which._tﬁe wire segment spends
moving forward and backward in the incision corresponds
approximately to the time which this wire position
needs in order to cover the current cutting length with

its effective speed:

a(x) ! !
Vo

There 1is 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,

variable forward feed rates are assumed.

According to another preferred embodiment, the force

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

cutti l.ength with_ its effective speed:. a(x) oc | ve.
FEo' 5B REREL] athbdey. U6 P 3 Tahaind oY led orostion
bethweae thee ebfBelive wire speed and the engagenent
length. This is already known in the prior art for
constant forward feed rates. In the scope of this

| Thentiicaide ftﬁv\/emeéawiﬁé war iaal;ihc%jftmomarﬂ deedrndat esn turn
are assuned.. Accordin 0 anpt her eferred
oAt e RED e TOERY TR TYPeS RUR CBndEkh asnmp the
weaktahx anesupr epgetenaat Yentyoht i@)f:orce density f,

whi ch acts on the wire positign in the tinet cc

| /vff . The force on the wife a position x depends
inturn 5 on the table forward feed force F,(y) as
wWehlizsagioast bee fnilantapedus thgageaent |ength 1(y):

f | This gives the following for the wear: 10 a(x)X

Ft | =-Ft | veff V eff Measurenent of the application
force and regul ation qu{Qdﬁngﬁjggﬁiye speed veff of

the sawing wire are p é}erah%% ca&yied out as a
function of this neasured

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

force and the engagement length:

For regulating the effective wire speed according to
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.

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
brass layer before its first use, the effect of which
is that the container holding a slurry becomes
contaminated with copper atoms after a first sawing
process, it is preferable to replace the. contaminated
slurry container by an uncontaminated slurry container

with fresh slurry for the second sawing process, In the
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15 force and the engagenent |length: veff c Ft For
regul ating the effective wire speed according to 20
the invention, a forward profile and a backward
profile |l of the wire novengnt-are preferably
determ ned. More honbgeneous ™ W re wear i s achieved by

t hod cor dj I nvent. co r it h
t%%cg?%%r a??a 25§?%S%ﬁ%é£§tho§§§@b dingE?g %ﬁgs’ ne
i nverrtidmattilon waffer $hear eeppafier abliyrsgl | cedtaiinhrt heakes
use of a,slurr Si.nce t he_saw wWi.re is
CEATER I BRATT y BFoVT et WEhCh 36 raRs PRy SBer b P
i o ibirr striuse;hideief hett pafssvftileh owisng hiad  fhkomogeneous
container _holding a slurry beconmes contam nated with
c8ppér "&f6ms after a first sawing process, it is
preferable to replace the- contamnated slurry
cont ai ner by, an uncontam nated slurry container 35

AP EES h AV For The SECortF SR ng Prorabeg o the
t Rerwkbtisecard Mid-<lhsedlent Saw fgriPoessesecanobe used
contaninatigon of the second slurry contai ner takes
pIFEVETSnc & HRE bPESs FRYEPOHEE1BBenCfentbPBESTY| nTPHE the
PlslaQf raf tamﬂx i§ pebveassdblm-aw tige t 8ebBhENMRERNEDEISthe
5 wre wear. ot her advantage of the nethod according
t GAHET WAFENIHRES therefore that the sawing wire

can be used several tines and introduction of copper

into the 10 sawing slurry is prevented fromthe second
usEeSereRd Y s awittg SRS ke, 1Pr SteRLMISA Vhe S RGETY

Wéﬁ%dfiCK%&°¥§guﬁHag%1&§“falls so as to form the wire
gang, and finally wound up on an exit spool. The entry
and exit spools are preferably exchanged before a

second sawing process.

As an alternative, it is preferable for the sawing wire
to be moved effectively in the other direction during
the second sawing process relative to the first sawing
process. Thug, 1if the first sawing process involves an
effective forward movement of the sawing wire, then the
forward and/or Dbackward movement profiles for the
second and subsequent sawing processes are modified so
as to result in an effective backward movement of the

sawing wire.
Figures
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.
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spool, fed around guide rolls so as to formthe wire
15 gang, and finally wound up on an exit spool. The
entry and exit spools are preferably exchanged before
a second sawi ng process. As an alternative, it is
preferable for the sawing W f& “20 to be noved

ef fectively in the other direction during_.the second .
sf\ﬁgng_zpﬁé@%%_‘#bef dtive T WY i3%te s%%?ﬁc’] © pPhcklg, wire
Thigssitiibort hend | 18t SawWdihPr aeesidw ol s afell as the
eff%Ftlve forward novenent of the sawing wire, then

t Fd L5 WS &0 OV SFESkwar d movenent profiles for the

25 second and subsequent sawi ng processes are nodified
so,. as_to.result in an effective backward. novene of

t Fd9 s MiTHPHR e CRIGReP IR Bl B et €L hese che
WelhgradiediBier ogS anédAeiodAn Ningtihe dispdallergt Ahef eroded
Wi r forfa nmet hod gccaqrdin othe, prior art and for
avﬁgf“‘ﬁ’&d 8&c Gr BFG 1CE - Ble LRRGENPPEA oMY Fig. 2

shows the wire novenent as a profile of the wire
positign as a function of tine, as well as the

eff8ct itv ENRISe wgﬁw.ceswé%. 23S8HORE ECErPst al

piece of radius R as well as the engagenent or

insertion_ | ength and also th r oded olLume for a

o3 rc i SHOFADRD CBBF O OR T e0a DERER S, wor kpi ece
with a sawing strip. 10 Fig. 5 shows a table forward

&%ﬁ%.pr3%#@%?SEE%Wa§d§Q8¥% E%EW%%%kWBE% %E%eb%%%g%ggts.

Fig. 1 shows the wire wear in methods according to the
prior art by a variation 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 sawing wire, is furthermore
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.

Fig. 2 shows the wire movement in a profile of the wire
position as a function of time. The foxward and
backward movement profiles of the sawing wire can be
Seen therein. The effective wire movement is
furthermore represented. The effective wire movemeﬁt or
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 simpler

representation.
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15 Fig. 1 shows the wire wear in nethods according to
the prior art by a variation in the wire dianeter as
a function of the wire length used. The wire wear in
a nmethod according to the inpvention, wth regul ation
of the effective speed of'th% sawing wire, is

f rthernnre 20 represent.ed. Si_gni |ca t fer.gnc
f#é')‘?hthe prrfroefsenetp tanpe eLeeh:e E o}lr%géneggis% table

vvpoem&an obﬂ:ere&edvatrﬂetshefmmom atd> cmn besel furtiatewre
in the 0 the invention

ho accor di
FREEYE - Cie tPfe UV EHBHE PG IO Fe ofSt fave the
wengagpashti dengsha If umxl i oie ohatked. efhdeomedutheared It

backward npvenen o s of .the sawing wire ca
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gradi enblef pdsiitsicat,r aght thénefcos r oS pdahds tIa'b]Ieheforward

effective eed of the re t.he observe

t SBF Q&?fﬁﬂ alLEr gPQ?llWPT er‘il‘gftseecst have%ﬁot “Héen of

demact edwfiat swﬁcp1eer I35 m@ree@mtkmd oracdPrdiFigy. t the
resents a r ec r adi he table
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wear independent of the wire position is achieved.

Fig. 4 shows a crystal piece having a diameter of 150
mm, which is connected to a sawing strip in the upper

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
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
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.
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the table position, and therefore of the table forward

feed profile, has a substantial effect on the wear of

10 the sawing wire. In the nethod according to the

i nvention, the effective spe of the sawing wire is

regul ated via its forward and” backward novenent

Eofl | e (cf. Fig. 2) so that the dependency of the

WTe wear on the wire position (cf. Fig. 1), as 15

observed in the prior art, is avoided and constant

W €y ga%InSEQS deﬁévfﬁ the 1am£@S|thp IfBO mmn was

achi evéd Shows %rysta pi ece haV|ng a

dfaﬂEEBedobnlaosawungwhtchplha&ungeat&ddt@.aﬁS@W mgn {(cf.

st;%g gn g ) upper 20 region. Fig. 5 shows a table
*Peed’'profile, i.e. table forward feed rates

in mMmn as a function of the table position in mm

ch i SUI abl e a t ho ccordin t.
e ot atartd A drhiet Perad Meflfitd Mecoraing
hayi ngahldl anet e(EmeeaEI:SO 1Mer@ogatﬁoshomst he:accytcdad: out
nmovene ts and ba kma m%re ngvenents
a%%%V%Fﬂ %8 theFPThveh %Esas %S? d?lon of the

tabl e p05|t|on In thls case, for the table forward
f eg grgflle in Fig. 5 it was required that 30
@ % houl d be executed per 10 nm of forward feed
so that a uniformgroove pattern is formed on the

fer. 13 - Exanple A crystal piece having a dianeter
fTatA@ muanas.orf astmndhbdre & cgasintg feed ratayi (nn/ain)
width of 70 mm (cf. |5 also Fig. 4).

0| - 600

10 600

20 360

75 240

130 360

155 360

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

be executed per 10 mm of forward feed.



The table forward feed profile was specified according

to Table 1 (linear
bet ween the support points,

i nterpol ati on was
of . also

1. Table position (nmm Table%iormard

0 600 10 600 20 360 75 24

carried out
Fig. 5). 10 Table
feed rate (m mn)

130 360 155 360 For

thig gubting, 20 kmof wire were available, the 15
wire speed was at nost 12 m's and the accel eration

when reversing direction was 3 nfs2. The optim zed
wire novenents represented {n Eid..6,nere prodq&;&éﬁght
the wre progran(@%p%esente? ynhgablewgl W th the
askans | aposhiaton heowward waer | SYpRepbeckvpal pen Heycle
20(groded vol ume apg) the requirement |that 30 cycles
shoutd—beexecuted per 10 mmmof forward feed. 14 -
Teble 2: Wre no¥enent Wre moven®A#| Table position132
forward per cycl¢| backward per cyeke| (nm (m (m 0128
18327132 17136 128 b5 141 123 10 _144 120
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




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 15 CLAIMS: 1. A nethod for

slicing a nultiplicity of wafers from a workpi ece

whi ch has a | ongi t udi nal axi’® and a cross section,
Emﬁmrkplece fastened on a table being fed by a

relative novenent, directed perpendicularly to the

. o%@?tﬁwoh%ﬂcl”aﬁl@“@?w HlevafRst kP 8erpiecuaieh Faser lpagipdinal axis

a{ada tcnlaes &uoﬁ&u tl@axﬂtgkp@efoe Fasnb® o athIéNbéllhb fRd\ard alkie movement,

h
V\ﬁaerp%%ip%ar 6%0 g'ngﬁo \NP ?uﬁﬂhl at><|s]8 2 ec\ftor \):)Cw’e%n %ettuga[.n %tagg afiti the wire
m et Wiresaapeltith ofialihreedderdyaigitireudd é"rewgmrgeeﬂﬂomeé by agawing

Rire hbVaG MtPQn &fecth @pefeg rtH\@éfFéctfvg @;Qaeﬂ 3t t6e sshgtvire b‘é@@ Iﬁghl%&as a

Cross section so as ﬁ t.he
Bhing 08 PR SIoS TG aHEh O Broo oAt HeiSh SOt e 1O wear
eftieeatving @irepeed- of the sawing wire is established as a
function of an engagenent |ength of the saW| ng wire

into the workpiece. 3. The nethod of cla

R heeatsthog tof @e'msbé@areafthet FecaRpsry e apieg ; ﬁ’&? ffset%'a“%d e a
#UReton oftdn@RGagbMer [dnGtD plhd $=0Mmalwire @ltcathd @orkdeetween t he
effective wire speed and the engagenment |ength. 4. The
met hod of ctaim 1, wherein the effective speed of the
8.altereptivoi roé clieign bd‘fhggetnetae gifectivg ppeed of the sawing wire is adjusted so that

there is a proportional relation between the effective wire speed and the engagement length.
4. The method of claim 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 and engagement length.

5, The method of claim 1, wherein the effective speed of the sawing wire is adjusted so that

thereis a probortional relation between the effective wire speed and the application force.

6. The method as claimed in one of claims 1 to 5, wherein the sawing wire is used for a further

sawing process after the end of a sawing process. |

7. The method of claim 86, wherein the sawing wire is used several times.

8. The method of claim 6, wherein fhe wafers are sliced with the use of a slurry.

9. The method of claim 8, wherein the sawing wire is deployed via an entry spocl, fed around
guide rolls so as to form the wire gang, and finally wound up on an exit spool, the entry and'exif

spools being exchanged before a second sawing process.

10. The methed of claim 6, wherein the sawing wire is moved effectively in the other direction

during the second sawing process relative to the first sawing process.

11. The method of claim 9, wherein the sawing wire is provided with a brass layer before its first



there is a proportional relation between the effective

W re speed and the product of table forward feed rate
and engagenent length. 5. The nethod of claim1,

wherein the effective speed of the sawing wire is
adjusted so that there is a proportional relation
between the effective wre sﬂged and the application
force. 6. The nethod as clainmed in one of clainms 1 to

5, wherein the sawing wire is used for a further
§W’ﬁ@ﬁ?ﬁ‘ plovdics 'sdf‘ﬁt@“re SPRaIne hgldipg a é!“@é\%cﬁ@espﬁ%té@%@ted with copper
Thens amdr Aokt edwirgl ROABSH the Whrdrtihdled Sry SO isViUrt@rm dBe neépleckd by
& P/rgc:ogtgrg%étncg%mg 68nt-£mg fgﬁﬁéqgeg%n%f lk@bl%}eéé a?M] orc%nt?ﬁnat%n of the
Feaonbyurpfconthingriakes Plggeaiudnorihe deeong awmgprmeﬁ@ i s depl oyed
via an entry spool, fed around guide rolls 'so as to
formthe wire gang, and finally wound up on an exit
spool, the entry and exit spools being exchanged

before a second sawi ng process. 10. The net hod of
claim6, wherein the sawing wire is noved effectively

in the other direction during the second saw ng

process relative to the first sawing process. 11. The

met hod of claim9, wherein the sawing wire is provided
wWth a brass |layer before its first 16 wuse, the

effect of which is that the container holding a slurry
beconmes contami nated with copper atons after a first
sawi ng process, the contam nated slurry container is
furthernore replaced by an uncontam nated slurry

contai ner for the second sawi ng process and no

contam nation of the second slurry container takes

pl ace during the second saw ng process.



