Met hod and Device for Sawi ng a Workpi ece The invention relates to a device
and to a nethod for sawng a workpiece. 5 In order to saw a workpi ece by
slicing a nultiplicity of wafers fromthis workpiece, wire saws are for
exanpl e used. Wre saws are suitable in particular for slicing a
multiplicity 10 of sem conductor wafers, solar wafers and other crystal
wafers froma crystal piece in one working step. The functional principle
of such a wire saw is described in US- 5,771,876. Wre saws have a wire
gang, which is fornedebhod sadi DgviceefomhEawing aoWndkpieged two or nore
wire feed or guide rolls. The sawing wire may be covered with a cutting

| ayer. 20 When using wire saws having a sawing wire without firmy bound
cutting Fheashventdoht kefaaksasove devthe tadmrof aarmet$pengicon sapsingr @y) is
supplied during the slicing process. 25 During the slicing process, the

wor kpi ec?é{OFk gﬁ@d on a table passes through the wire gang, in which the
sawing wire is arranged in the formof wire sections |ying paraIIeI to one
anot her. The passage through the Wi re gang is brought abou s of a
rel ati ve IROPERERAt thefAleR PMREXPABCE RidSLREINSr & 361§dmd 1r?d>/€£E StEans

of a forwapd teed devkpeecwhi Ghrteedss the %Ek%k%%l%g%'s'&i the wire gang
(table forward feed) or the wre gang agai nst the workpiece.
Wire saws are suitable in particular for slicing a multiplicity
10 of semiconductor wafers, solar wafers and 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.

Wire saws have a wire gang, which is formed by a sawing wire

which is wound around two or more wire feed or guide rolls.

The sawing wire may be covered with a cutting layer.

20
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 slicing process.

25 During the slicing process, the workpiece fastened on a table
passes through the wire gang, in which the sawing wire is
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

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

wire gang against the workpiece.

Conventionally, the workpiece is connected to a sawing strip,

35 into which the sawing wire cuts after having sliced through the



Conventional ly, the workpiece is connected to a sawing strip, 35 into which
the sawing wire cuts after having sliced through the 2 workpiece. The
sawi ng strip may for exanple be a graphite strip, which is adhesively
bonded or cemented onto the circunferential surface 5 of the workpiece.
Lastly, the workpiece with the sawing sérip is cemented onto the table.
After the slicing, the sliced wafers remain fixed on the sawing strip |ike
the teeth of a conb and thus can be taken out of the 10 wire saw
Subsequentlkipithe.renmai ning sawing strip is renmoved fromthe wafers. It has
been found that in the case of wre sawi ng, sawing grooves (saw ng tracks)
occur on the sliced wafers in the 15 region of the wire exit. Since no

met hod nekengaiwingossirhbembo @vei dxbhese Bawangragha@eestirdpknamiidhn ifshe
prior art, it was an object of the inventors to provide such_a nmethod. 20
The objeé@hSﬁlYﬁéY|99§ﬁ?ﬁoﬁrl§65€ﬁF§@e8n59 SDReCREGUFSETSRNIRG SATHGCRpi ece,

in whicholhenwopkpkgseces tadetihrowgh @owWkbecganyithokmed dawidios awig W re,
characterized in that kerfs of he workpiece are filled with Saw ng

suspensi 8 @8MER§eEhensawihg tablgrocess. The workpiece is preferably
imrersed into a reservoir which is filled with the sawi ng suspension, so

that the kerfs of the
After 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
10 wire saw. Subsequently, the remaining sawing strip is removed

from the wafers.

It has been found that in the case of wire sawing, sawing
grooves (sawing tracks) occur on the sliced wafers in the

15 region of the wire exit.

Since no method making it possible to avoid these sawing
grooves is known in the prior art, it was an object of the
inventors to provide such a method.

20
The object of the invention is achieved by a method for sawing
a workpiece, in which the workpiece is fed through a wire gang
formed by a sawing wire, characterized in that kerfs of the
workpiece are filled with sawing suspension during the sawing

25 process.

The workpiece is preferably immersed into a reservoir which is
filled with the sawing suspension, so that the kerfs of the
workpiece become filled with sawing suspension.

30
The sawing suspension preferably contains an abrasive and a

carrier liquid.

The invention also relates to a device that is suitable for

35 sawing a workpiece, which comprises a wire gang formed by a



wor kpi ece becone filled with sawi ng suspension. 30 The sawi ng suspensi on
preferably contains an abrasive and a carrier liquid. The invention al so
relates to a device that is suitable for 35 sawing a workpiece, which
conprises a wire gang forned by a 3 sawing wire, a forward feed instrunent
hol di ng the workpi ece to be sawed and feeding the workpiece in the
direction of the wire gang, as well as a reservoir filled with a saw ng
suspension, the reservoir being arranged and filled such that at |east the
S part obkawhagsewrsg w ferwhidhfesd Anefgagenenhodddingg tmewoscmpii@@eprt@cess

is respectively i rsed into he sa suspe n of ther rvoir. The
i nvent or ehﬁ@@gaigngvgﬁﬁélpﬁaF §fW8Fﬁ%é%Fﬁgl§u§E§n 1ERCtdoM @ %s S &d*6nt o
the saw Bany, resagendkBgat @ckbevpirorianta wden % Bgwahdt bﬁls%ﬁﬂsri@)n,
suspensi on takes place in the saw n kerf. This dEHIXIag of the saw ng

n

suspensi 6Rei FSPRTERAEIPEANINBARNASE ERE SAMLRE SUSPehsdn dts 18854r &0&d i nt o
the 90”§5%U8Et %h@bg%hﬁge%% %@@B' esSiihi epRacatRhde quSiiGy and 15 the

carrier Tiquid exanp gl ycol). The i nventors have furthernore
est abl i shemnﬁaprphesebser vegpesawiveg Ygrooeasedr énget ithisutsahliadt o this

den1X|ngSgggggglgﬁw%@gth@ugggg§bgg in the samnng kerf. 20 The dem xi ng of
ed

the saw Nng sSuspensi on can pe avol

The inventors have discovered that after sawing suspension is
10 applied onto the sawing wire according to the prior art,
demixing of the sawing suspension takes place in the sawing
kerf. This demixing of the sawing suspension is intended to
mean that the sawing suspension is separated into the
constituents abrasive (for example silicon carbide, SiC) and

15 the carrier liquid (for example glycol).

The inventors have furthermore established that the observed
sawing grooves are attributable to this demixing of the sawing
suspension in the sawing kerf.

20
The demixing cf the sawing suspension can be avoided by the

method according to the invention.

This is achieved according to the invention, when using a

25 device according to the invention, in that the sawing kerfs are
filled with sawing suspension during the slicing process,
preferably by the workpiece to be sawed being immersed into the
reservoir filled with a sawing suspension, the reservoir being
filled from below.

30
The sawing suspension is in this case preferably supplied via
one or more nozzles fitted on the bottom of the regervoir. This

prevents sedimentation of the abrasive.

35 The end sides of the reservoir, which lie parallel to the wire



met hod according to the invention. This is achieved according to the

i nvention, when using a 25 device according to the invention, in that the
sawi ng kerfs are filled with sawi ng suspensi on during the slicing process,
preferably by the workpiece to be sawed being imrersed into the reservoir
filled with a sawi ng suspension, the redervoir being filled from below. 30
The sawi ng suspension is in this case preferably supplied via one or nore
nozzles fitted on the bottomof the reservoir. This prevents sedi nentation
of the ahrlualsﬂi\mg. daﬁeﬁlneoend asied @5 edie riahd yr es;elrf\igiwred/\MOcttHaite tpanal lel to

the wire 4 ru d|rec are prefer confj ed SO t hey

pr ot r ude P5&Y 4 Y&Eﬁertth@ Q@?ec'?f S9ESs %bt%z?c@sl oeftsg:rak{fo This
ensures trféeter%qrsa%rie SHERERY ehaft! eMe eulvitly S err@efrymro@r@id Jf to
the wire running direction, i.e. the 5 flow lines of_the saw ng suspension

flowing e Eveeryofar aRral ledo toh& i e Heu AMindg 'dl (KBS SHiOThe Shafd'S%f t he

reseryoi Ir13pd 14 he snezz 't%%s)sa%ntgh%u%%teh%rl‘o?lf £ 11RA LRIV ARt A E anfiigur ed
so that a maxinally ITamnar flow 10 of the sawi ng suspension is forned in

the trougl. thki wire puandrabldirestileved by various perforated plates, which
produce a uniform pressure distribution in the saw ng suspension at the
bottom of the reservoir. 15 OMng to the fact that the entire sawing kerf is
filled wilhe shape of the reservoir and the nozzle(s) on the bottom of

the reservoir are configured so that a maximally laminar flow
10 of the sawing suspension is formed in the trough. This is

preferably achieved by various perforated plates, which produce

a uniform pressure distribution in the sawing suspension at the

bottom of the reservoir.

15 Owing to the fact that the entire sawing kerf is filled with
sawing suspension, demixing of the sawing suspension is
prevented. This is based on the fact that the concentration
gradient of the liquid of the sawing suspension between the
sawing kerf and the surrcundings is smaller. The carrier liquid

20 remains in the sawing kerf and is transported with the wire.

Owing to this, no depletion of abrasive takes place at the wire
exit. The sawing grooves (sawing tracks) formed in the prior

art are therefore avoided.

25
Another advantage of the invention is that uniform thermal
regulation of the entire workpiece can be ensured throughout
the method. Negative temperature effects can therefore likewise
be avoided.

30

Compared with the prior art, a sawing suspension or slurry

circuit can furthermore be obviated.

DE 19841492 Al discloses a wire saw using a sawing suspension

35 with firmly bound abrasive (without supplying a sawing



saw ng suspension, dem xi ng of the sawi ng suspension is prevented. This is
based on the fact that the concentration gradient of the |iquid of the
sawi ng suspensi on between the saw ng kerf and the surroundings is smaller.
The carrier liquid 20 remains in the sawing kerf and is transported with the
wire. Owing to this, no depletion of aBrasive takes place at the wire

exit. The sawi ng grooves (sawing tracks) forned in the prior art are

t heref ore avoi ded. 25 Anot her advantage of the invention is that uniform

t her mal snegehatiban, okntherentiidee workpitadeeccal 138 eensiitéd at kroauigimayt  t he

met hod. ative tenperature effects,c therefore |ikew he avoi ded. 30
Conpar ed Mot FAETB LT POF Car 1 1O ARG SHEpSRG: of GFTErarry CErE P an
further mea@ibg.obptamad. cBb11984 492 Al kéir$el 0$e% ha rebye isAwndEdg ca saw ng
suspension. ;35 with firmy bound abrasive (w.thaout suppLyingla sawi ng 5
suspensi 61 SHRE - prBF Y& cHREATHEC ] HIPER i (L & UG0S qq%ﬂ“%xanple
waters iBkeiwChnt Beieed keryMEIEFedct4r kBl thie oFawHed prddnral cooling of
the kerfs is thereby intended"'to be achieved. The device described therein
is thus iAvendée@nto 5 achieve an object very different to that of the
present invention. The invention will be illustrated below with the aid of
a

The invention will be illustrated below with the aid of a

figure.
10
Fig. 1 schematically shows a preferred embodiment of the device

according to the invention.

Fig. 1 shows four wire feed rolls, around which the sawing wire

15 1s wound. A wire gang is thereby formed. The workpiece is
fastened on a support plate and is fed from below in a forward
feed direction through the wire gang. Also represented is a
reservoir, which is filled with a sawing suspension. A nozzle,
via which the sawing suspension is supplied into the reservoir,

20 1is fitted on the bottom of the reservoir. The workpiece is
immersed progressively into the sawing suspension. This ensures
that the sawing kerfs are filled with sawing suspension

throughout the method.



figure. 10 Fig. 1 schematically shows a preferred enbodi nent of the device
according to the invention. Fig. 1 shows four wire feed rolls, around which
the sawing wire 15 is wound. A wire gang is thereby fornmed. The workpi ece
is fastened on a support plate and is fed frombelowin a forward feed
direction through the wire gang. Also répresented is a reservoir, whichis
filled wth a saw ng suspension. A nozzle, via which the saw ng suspension
is supplied into the reservoir, 20 is fitted on the bottom of the reservoir.
The wor kpaeerti Slaimsaer sed progressively into the sawi ng suspension. This
ensures that the sawing kerfs are filled with sawi ng suspension throughout
the method. 6 Patent Cains 1. A nethod for sawing a workpi ece, in which

the workpi eceai sethed tbrosghiagwar Rogrpgeter ned Wiiahsawengowkpeece is
characterized 5 in that kerfs of the mork iece are filled with samnn%t
suspensi 6AIdERFAYILNR WARFng2PPoEEEES] agytﬁesﬂBFRﬁlgééev chaxreredd Zfht o a

reseryoi £nf thhedcw- £l sawng qUsReNeLANarsupRhied whianoReawahghore nozzles
fitted on the bottomof the reservoir. 10 2. The nethod as clained in claim

1, wher eBnsPhBsSiani AYrisgdsphAsEeniBenPaPASSan abr &8evwoak®igceadsi er | i qui d.

immersed into a reservoir filled with sawing suspension
supplied via one or more nozzles fitted on the bottom of the
reservoir.

10
2. The method as claimed in claim 1, wherein the sawing

suspension contains an abrasive and a carrier liquid.

3. The method as claimed in claim 1, wherein the sawing
15 suspension flows out of the reservoir parallel to the wire

running direction.

4, The method as claimed in claim 1, wherein the reservoir is
arranged and filled such that at least the part of the sawing
20 wire which is in engagement during the sawing process is
respectively immersed into the sawing suspension of the
reservoir, so that the kerfs of the workpiece become filled

with sawing suspension.

25 5. The method as claimed in claim 1, wherein end sides of the
reservoir, lying parallel to a wire running direction, protrude

beyond the upper edges of the side faces of the reservoir.

6. A device suitable for sawing a workpiece, which comprises
30 a wire gang formed by a sawing wire, a forward feed instrument
holding the workpiece to be sawed and feeding the workpiece in
the direction of the wire gang, as well as a reservoir filled
with a sawing suspension supplied via one or more nozzles
fitted on the bottom of the reservoir, the reservoir being

35 arranged and filled such that at least the part of the sawing



3. The method as clainmed in claim1l, wherein the sawing 15 suspension flows
out of the reservoir parallel to the wire running direction. 4. The nethod
as claimed in claim1, wherein the reservoir is arranged and filled such
that at |east the part of the sawing 20 wire which is in engagenent during
the sawi ng process is respectively imersed into the saw ng suspension of
the reservoir, so that the kerfs of the workpiece becone filled wth
sawi ng suspension. 25 S. The nmethod as clained in claiml, wherein end sides
of the weserwbirh ligi ng pagabeskentodaringe thensawgndi peoidess, igr ot r ude

beyond t he ugggn egges of thg sige Egees of. _the reservo%rbf6th% devi ce

sui t abl e*FEP-Saw’fi aIWSFEBF cel whi-eh ESW&P?S&ESP§5SéQN re gang fornmed by a
sawi ng wreeer@ofierward feed i nstrunent hol ding the workpiece to be sawed
and feeding the workpiece in the direction of the wire gang, as well as a
reservoir filled wth a sawi ng suspension supplied via one or nore nozzles
fitted on the bottomof the reservoir, the reservoir being 35 arranged and
filled such that at |least the part of the sawing 7 wre which is in
engagenent during the sawi ng process is respectively imersed into the

saw ng suspension of the reservoir.





